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Abstract

Objective: The objective of the study is to compare the clinical, microbiological and host-derived

effects in the non-surgical treatment of initial peri-implantitis with either adjunctive local drug

delivery (LDD) or adjunctive photodynamic therapy (PDT) after 12 months.

Materials and Methods: Forty subjects with initial peri-implantitis, that is, pocket probing depths

(PPD) 4–6 mm with bleeding on probing (BoP) and radiographic bone loss � 2 mm, were randomly

assigned to two treatment groups. All implants were mechanically debrided with titanium curettes

and with a glycine-based powder airpolishing system. Implants in the test group (N = 20) received

adjunctive PDT, whereas minocycline microspheres were locally delivered into the peri-implant

pockets of control implants (N = 20). At sites with residual BoP, treatment was repeated after 3, 6,

9 and 12 months. The primary outcome variable was the change in the number of peri-implant

sites with BoP. Secondary outcome variables included changes in PPD, clinical attachment level

(CAL), mucosal recession (REC) and in bacterial counts and crevicular fluid (CF) levels of host-

derived biomarkers.

Results: After 12 months, the number of BoP-positive sites decreased statistically significantly

(P < 0.05) from baseline in both groups (PDT: 4.03 � 1.66–1.74 � 1.37, LDD:

4.41 � 1.47–1.55 � 1.26). A statistically significant (P < 0.05) decrease in PPD from baseline was

observed at PDT-treated sites up to 9 months (4.19 � 0.55 mm to 3.89 � 0.68 mm) and up to

12 months at LDD-treated sites (4.39 � 0.77 mm to 3.83 � 0.85 mm). Counts of Porphyromonas

gingivalis and Tannerella forsythia decreased statistically significantly (P < 0.05) from baseline to

6 months in the PDT and to 12 months in the LDD group, respectively. CF levels of IL-1b decreased

statistically significantly (P < 0.05) from baseline to 12 months in both groups. No statistically

significant differences (P > 0.05) were observed between groups after 12 months with respect to

clinical, microbiological and host-derived parameters.

Conclusions: Non-surgical mechanical debridement with adjunctive PDT was equally effective in

the reduction of mucosal inflammation as with adjunctive delivery of minocycline microspheres up

to 12 months. Adjunctive PDT may represent an alternative approach to LDD in the non-surgical

treatment of initial peri-implantitis.

Outcomes from long-term studies with a

mean follow-up of at least 10 years indicated

that the use of titanium dental implants rep-

resents a predictable treatment approach for

the prosthetic rehabilitation of fully (Ueda

et al. 2011; Frisch et al. 2012) and partially

(Buser et al. 2012; Dierens et al. 2012) eden-

tulous patients. Peri-implant inflammatory

processes (e.g. bleeding and/or suppuration)

associated with radiographic bone loss

(i.e. peri-implantitis), however, have been

shown to occur more frequently in periodon-

tally susceptible patients (Hardt et al. 2002;

Karoussis et al. 2003; De Boever et al.

2009; Matarasso et al. 2010; Roccuzzo

et al. 2010, 2012) and tobacco smokers
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(Aglietta et al. 2011) compared with peri-

odontally healthy and non-smoking patients.

The presence of biofilms dominated by

Gram-negative anaerobic bacteria has been

associated with sites characterized by peri-

implantitis (Salcetti et al. 1997; Leonhardt

et al. 1999; Hultin et al. 2002). Hence, from a

therapeutic point of view, implant surface

decontamination and resolution of inflamma-

tion represent the main objectives in the

treatment of peri-implantitis. Impaired access

for plaque control around the prosthetic

reconstruction (Serino & Str€om 2009) and

surface roughness of the contaminated

implant (Subramani et al. 2009), however,

limit the reduction of the bacterial load at

sites with peri-implantitis and resolution of

inflammation is often incomplete. A modest

reduction in mucosal inflammation was

observed when implants affected by peri-im-

plantitis were treated only by means of car-

bon fibre curettes or with the Vector�

system, respectively (Karring et al. 2005).

Pocket probing depths, however, remained

unaffected (Karring et al. 2005). These results

were duplicated when mechanical debride-

ment alone of peri-implantitis was performed

either with titanium curettes or with the Vec-

tor� system (Renvert et al. 2009). Although

plaque and bleeding scores improved, no sig-

nificant reductions in pocket probing depths

were observed (Renvert et al. 2009). Therefore,

in the non-surgical management of peri-im-

plantitis, the effects of adjunctive therapies to

mechanical debridement alone such as the

delivery of antiseptics and antibiotics and the

use of lasers and air-polishing devices were

investigated. Mechanical debridement of peri-

implantitis lesions in conjunction with the

placement of non-resorbable tetracycline

fibres yielded clinical benefits in terms of

reductions in pocket probing depth and bleed-

ing tendency after 12 months (Mombelli et al.

2001). Clinical and microbiological improve-

ments of peri-implantitis lesions were also

reported after adjunctive delivery of local

resorbable antibiotics and chlorhexidine gel

(B€uchter et al. 2004; Renvert et al. 2004,

2006, 2008; Persson et al. 2006; Salvi et al.

2007). Complete resolution of mucosal

inflammation, however, remained unpredict-

able after adjunctive delivery of antiseptics

and antibiotics to the mechanical debride-

ment of peri-implantitis lesions. The applica-

tion of photodynamic therapy (PDT) was

investigated as a further approach in the bac-

terial decontamination of implants affected

by peri-implantitis. After treatment of experi-

mentally induced peri-implantitis in dogs

with toluidine blue O (TBO)-mediated PDT,

a reduction in the counts of Prevotella inter-

media/nigrescens, Fusobacterium spp., and

beta-haemolytic streptococci was reported

(Shibli et al. 2003). No differences with

respect to reduction in counts of Prevotella

sp., Fusobacterium spp., and beta-haemolytic

streptococci, however, were observed compar-

ing the treatment of peri-implantitis with

azulene-mediated PDT with that of a muco-

periosteal flap and adjunctive irrigation of

chlorhexidine (Hayek et al. 2005). In vitro

outcomes showed that PDT mediated by

methylene blue dye and chlorhexidine were

more efficient than laser irradiation alone in

the bacterial decontamination of anodized

rough titanium surfaces (Marotti et al. 2012).

Results of a histomorphometric study indi-

cated that bacterial decontamination with

toluidine blue O-mediated PDT of smooth

and rough titanium discs implanted subcuta-

neously in rats was superior compared with

other methods of decontamination over a per-

iod of 7 days (Salmeron et al. 2012).

Recent outcomes of a randomized clinical

trial showed that adjunctive delivery of

minocycline microspheres or PDT to the

non-surgical mechanical debridement of ini-

tial peri-implantitis lesions yielded compara-

ble clinical outcomes after 6 months with

respect to the reduction of bleeding sites and

pocket probing depths as well as attachment

level gain (Sch€ar et al. 2013).

Hence, based on these 6-month outcomes

(Sch€ar et al. 2013), the aims of the present

randomized controlled clinical trial were

(i) to assess whether the 6-month outcomes

could be sustained up to 12 months and

(ii) whether the changes in clinical parame-

ters could be explained by changes in

microbiological and host-derived parameters.

Material and methods

Study design

This study was designed and performed as

a prospective randomized clinical trial of

12 months duration. The study protocol was

submitted to and approved by the Ethical Com-

mittee of the Canton Bern, Switzerland (KEK

approval Nr. 79/10).

Subject selection

After completion of periodontal and implant

therapy, all subjects had been enroled in a

regular supportive periodontal therapy (SPT)

programme either at the Department of

Periodontology of the University of Bern,

Switzerland, or in private practice. The individ-

ually tailored recall appointments were

scheduled independently of the 3-month

treatment intervals. Study implants were

excluded from SPT provided at the recall

appointments.

Subjects were included based on the fol-

lowing criteria:

(1) Age �18 years.

(2) Absence of relevant medical conditions.

(3) Partially edentulous subjects with healthy

or treated periodontal conditions enroled

in a regular supportive care programme.

(4) Initial peri-implantitis defined as:

a pocket probing depth (PPD) of 4–6 mm

with concomitant bleeding on probing

(BoP) at �1 peri-implant site and.

b radiographic marginal bone loss ranging

from 0.5 to 2 mm between delivery of

the suprastructure and pre-screening

appointment.

(5) Implant in function for � 1 year.

(6) Solid-screw tissue level titanium implants

with a sandblasted and acid-etched (SLA)

surface (Straumann� Dental Implant

System, Institut Straumann AG, Basel,

Switzerland).

(7) Full-Mouth Plaque Score (FMPS) �25.

(8) Full-Mouth Bleeding Score (FMBS) �25.

Subjects were excluded based on the fol-

lowing criteria:

(1) Uncontrolled medical conditions.

(2) Pregnant or lactating females.

(3) Tobacco smoking.

(4) Untreated periodontal conditions.

(5) Use of antibiotics in the past 3 months.

(6) Subjects treated for � 2 weeks with any

medication known to affect soft tissue

conditions (e.g. phenytoin, calcium antag-

onists, cyclosporin, coumadin and non-

steroidal anti-inflammatory drugs) within

1 month of the baseline examination.

(7) Peri-implant mucositis defined as the

absence of radiographic marginal bone loss

between delivery of the suprastructure

and pre-screening appointment.

(8) Failure to sign written informed consent.

Null hypothesis

No statistically significant differences are

observed with respect to the clinical (e.g. BoP,

PPD, REC, CAL), microbiological and

host-derived parameters between the two

treatment modalities (i.e. adjunctive PDT vs.

adjunctive LDD).

Primary and secondary outcome variables

The primary outcome variable was the

change in the number of peri-implant sites

with bleeding on probing (BoP+). Secondary
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outcome variables included the changes in

the clinical parameters PPD, REC and CAL

as well as changes in microbiological and

host-derived parameters in the crevicular

fluid (CF).

Sample size calculation

A sample size of 20 subjects per group

resulted in a power of 63% to detect a mean

difference of one BoP+ site out of six sites per

implant with a standard deviation of 1.3

(Fisher’s exact test). The calculated means

and standard deviations were based on the

3-month outcomes by Schwarz et al. (2005).

Assessment of clinical parameters

One blinded and calibrated examiner (C. A. R.)

assessed the clinical parameters at six sites per

implant (e.g. disto-buccal, buccal, mesio-buc-

cal, disto-oral, oral, mesio-oral) with a colour-

coded periodontal probe (UNC15, Hu-Friedy,

Chicago, IL, USA). The applied probing force

ranged from 0.15 to 0.25 N. The implant

shoulder was used as landmark for the calcula-

tion of the mucosal recession and clinical

attachment level.

The following clinical parameters were

assessed at baseline, 3, 6, 9 and 12 months:

(1) Pocket Probing Depth (PPD).

(2) Clinical Attachment Level (CAL).

(3) Mucosal recession (REC).

(4) Bleeding on Probing (BoP) (Lang et al.

1986).

(5) Modified Plaque Index (mPlI) (Mombelli

et al. 1987).

Treatment of peri-implantitis

Only subjects with one implant fulfilling the

definition of initial peri-implantitis were

included in the study. If additional implants

in the same subject were affected by more

advanced peri-implantitis, treatment was

provided according to the same protocol but

the implants were not included in the evalu-

ation.

All treatment procedures were provided by

two operators (D. S. and M. B.). At baseline,

all subjects received instructions in the use

of superfloss (Superfloss Oral-B, Procter &

Gamble, Cinncinati, Ohio and Emoform

Duofloss, Natim Handels GmbH, St. Stefan,

Austria) around the neck of the implant. The

peri-implant soft tissues were anesthetized

with articain (UbistesinTM, 3M ESPE AG, See-

feld, Germany) before mechanical debride-

ment was provided. Mechanical debridement

was carried out with titanium currettes

(Deppeler SA, Rolle, Switzerland) and a gly-

cine-based powder airpolishing for submuco-

sal biofilm removal (Air-Flow Master�, Perio

Powder�, Perio-Flow� nozzle, E.M.S. Electro

Medical Systems SA, Nyon, Switzerland).

Implants in the test group received adjunc-

tive photodynamic therapy (PDT). This

was performed with a set-up for PDT

(HELBO� Photodynamic Systems GmbH,

Wels, Austria), including a hand-held diode

laser (HELBO� TheraLite Laser, HELBO� 3D

Pocket Probe, Photodynamic Systems GmbH)

with a wavelength of 660 nm and a power

density of 100 mW. The dye phenothiazine

chloride (HELBO� Blue Photosensitizer, Pho-

todynamic Systems GmbH) was applied sub-

mucosally from the bottom to the top of the

peri-implant pockets and was left in situ for

3 min. Subsequently, the pockets were irri-

gated with 3% hydrogen peroxide according

to the manufacturer‘s instructions. Each

pocket was exposed to the laser light for

10 s. Adjunctive PDT was repeated 1 week

later according to the manufacturer‘s instruc-

tions. Subjects were instructed to continue

flossing the day after treatment.

Implants in the control group received

adjunctive delivery of one unit-dosage of

minocycline hydrochloride microspheres

(OraPharma Inc., Horsham, PA, USA). Each

unit-dosage cartridge delivers minocycline

hydrochloride microspheres equivalent to

1 mg of minocycline. As with the implants in

the test group, prior to Arestin� application,

the pocket was irrigated with 3% hydrogen

peroxide. Subjects in the control group were

instructed to discontinue submucosal flossing

for 10 days to avoid mechanical removal of

the minocycline microspheres.

Check-ups and reinforcement of oral

hygiene instructions followed at weeks 1, 2,

4 and 8. Clinical follow-up assessments were

performed after 3, 6, 9 and 12 months from

baseline. In both groups, repeated treatments

equivalent to initial therapy were provided at

each implant site displaying bleeding on

probing after 3, 6, 9 and 12 months.

Collection of CF and microbiological samples

The collection of CF samples was performed

first followed by the microbiological sam-

pling. Crevicular fluid and microbiological

samples were collected from the implant

sites displaying the deepest PPD at baseline.

These predetermined sites remained the

same throughout the study period. The CF

and microbiological samplings were carried

out at baseline and after 3, 6 and 12 months.

Host-derived biomarkers sampling and analysis

The sites were isolated with cotton rolls and a

saliva ejector and gently air-dried after removal

of the supramucosal biofilm. The CF samples

were collected by means of sterile paper strips

(Periopaper, Oraflow Inc, Smithtown, NY,

USA) placed at the entrance of the crevice and

left in place for 30 s. Subsequently, the paper

strips were placed into a screw top plastic vial

and placed immediately into dry ice. Paper

strips were stored at �80°C until assayed. One

day before analysis, samples were eluted at 4°C

overnight into 750 ll phosphate buffered saline

(PBS) containing proteinase inhibitors (Sigma-

Aldrich, St. Louis, MO, USA). The levels of

total interleukin-1beta (IL-1b), interleukin-8

(IL-8), interleukin-10 (IL-10), matrix-metallo-

proteinase-1 (MMP-1) and matrix-metallopro-

teinase-8 (MMP-8) in the CF were determined

according to the manufacturer’s instructions

using commercially available enzyme-linked

immunosorbent assay (ELISA) kits (R&D Sys-

tems Europe Ltd, Abingdon, UK). The detec-

tion levels of the kits were 2.5 pg/site for IL-1b,

IL-8, IL-10, MMP-1 and 25 pg/site for MMP-8.

Submucosal bacterial sampling and analysis

The implant was isolated with cotton rolls

and submucosal plaque samples were col-

lected for 15 s with sterile absorbent paper

points (ISO 055, Dentsply Maillefer, Monti-

gny Le Bretonneux, France).

DNA was extracted using Chelex Method

(Yang et al. 2008). Real-time PCR for Porphyro-

monas gingivalis, Tannerella forsythia,

Treponema denticola, Aggregatibacter actino-

mycetemcomitans, Prevotella intermedia,

Campylobacter rectus, Fusobacterium nuclea-

tum, Capnocytophaga gingivalis, Parvimonas

micra, Eubacterium nodatum and Eikenella

corrodens was carried out as described by Eick

et al. (2011) using GoTaq� qPCR Master Mix

(Promega Corporation, Madison, WI, USA).

Data analysis

Only one implant per subject was included

in the study. Therefore, each variable was

analysed on a subject level.

Descriptive statistics present an overview of

the study sample. Mean values and standard

deviations (SD) were calculated for every vari-

able and for every assessment timepoint. Mean

values � SD of the parameters assessed around

implants in the test group (PDT) and in the

control group (LDD) were compared with the

unpaired Student‘s t-test. Levels of significance

within each group between baseline and the 3-,

6-, 9- and 12-month assessments were calcu-

lated with the paired Student‘s t-test and the

Wilcoxon‘s signed rank test. Adjustments were

made for multiple comparisons.

The difference in proportion of subjects

with a history of treated periodontitis

was tested using the chi-square test. The
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Mann–Whitney U-test was used to assess the

differences in the mean number of implants

and in the mean number of implants with

peri-implantitis between subjects in the test

and control group.

Parameter-free tests were used for the sta-

tistical analysis of the microbiological and

host-derived biomarkers data. The Wilcoxon’s

signed rank test was used to compare the 3-,

6-, 9- and 12-month data with baseline data.

Adjustments were made for multiple compar-

isons. The Mann–Whitney U-test was used to

analyse differences between the two groups.

The Spearman rank correlation coefficient

was used to report correlations between clini-

cal and microbiological and host-derived

parameters.

The level of significance was set at a = 0.05.

Results

Forty subjects with at least one implant each

with initial peri-implantitis were recruited

for the study. Each group consisted of 20 sub-

jects. One subject in the PDT group did not

attend the 9-month follow-up and another

subject in the same group did not attend the

12-month follow-up. No adverse events

related to both treatments were reported.

A statistically significantly higher

(P = 0.002) proportion of subjects (90%) who

received adjunctive PDT had a history of trea-

ted periodontitis compared with that (40%) in

the group who received adjunctive LDD. In

addition, subjects in the PDT-treated group

had a statistically significantly higher mean

number of implants (3.5 vs. 1.9, P = 0.003) and

a statistically significantly higher mean

number of implants with peri-implantitis (2.1

vs. 1.2, P = 0.009) compared with those in the

LDD-treated group.

After study completion, three subjects in

the LDD group and two subjects in the PDT

group underwent additional surgical therapy

at the experimental implants.

Baseline demographic characteristics of the

subject sample are summarized in Table 1.

Bleeding on probing

Table 2 summarizes the mean values � SD of

BoP-positive sites from baseline to 3, 6, 9 and

12 months. At baseline, the mean number of

BoP-positive sites per implant amounted

to 4.03 � 1.66 in the test group and to

4.41 � 1.47 in the control group. No statisti-

cally significant difference (P > 0.05) was

detected at baseline between the two groups.

Nine months after therapy, the reduction in

sites with BoP amounted to 65% in the LDD

and 63% in the PDT group and after

12 months to 65% in the LDD and to 57% in

the PDT group, respectively. No statistically

significant difference (P > 0.05) was observed

between groups after 9 and 12 months.

A complete resolution of mucosal inflam-

mation after 9 months was detected in 35%

of the patients in the LDD group and in

42.1% of the patients in the PDT group.

After 12 months, the corresponding percent-

ages remained unchanged in the LDD group

and amounted to 31.6% in the PDT group.

In the LDD group, of the 44 sites BoP+ at

3 months, 21 sites were still BoP+ after

6 months, 15 BoP+ after 9 months and 13 BoP+

after 12 months. In the PDT group, 45 sites

showed BoP+ after 3 months. Of these 45 sites,

16 sites were still BoP+ after 6 months, 14 BoP+

after 9 months and 17 BoP+ after 12 months.

Among the 40 subjects, a statistically signifi-

cant correlation between BoP scores and MMP-

1 levels after 6 (r = 0.430; P = 0.006) and

12 months (r = 0.479; P = 0.002) was observed.

Moreover, the BoP scores were statistically

significantly correlated with MMP-8 levels

(r = 0.504; P = 0.001) and with IL-8 levels

(r = 0.554; P < 0.001) after 12 months.

Pocket probing depth

Mean values � SD of PPD at baseline and after

3, 6, 9, and 12 months are presented in Table 3.

At baseline, the mean PPD value amounted to

4.39 � 0.77 mm at implants in the LDD and

to 4.19 � 0.55 mm at implants in the PDT

group, respectively. Between baseline and the

9-month follow-up, the reduction in PPD was

statistically significant (P < 0.04) in both

groups (LDD group: 0.45 mm, PDT group:

0.30 mm). After 12 months, PPD reduction

from baseline was statistically significant

(P < 0.001) only in the LDD-treated group

(0.56 mm) but not (P > 0.2) in the PDT-treated

group (0.11 mm). The between-group compari-

son revealed no statistically significant differ-

ence (P > 0.05) at baseline, 9 and 12 months.

Table 1. Demographic characteristics of the study sample at baseline (from Sch€ar et al. 2013)

All

Local drug
delivery (LDD)
(Control group)

Photodynamic therapy
(PDT) (Test group)

Number of subjects 40 20 20
Gender (males/females) 20/20 10/10 10/10
Mean age (years) (range) 58 (27–78) 57 (29–75) 59 (27–78)
Mean time (years) after implant
placement (range)

7.4 (2.6–15) 7.2 (2.6–15) 7.3 (4–14.8)

Subjects with a history of treated
periodontitis

26 8 18

Number of implants placed 107 37 70
Mean number of implants per subject 2.7 1.9 3.5
Number of implants with peri-implantitis 67 24 43
Mean number of implants/subject with
peri-implantitis

1.8 1.2 2.1

Table 2. Mean number of BoP-positive sites � SD at baseline and after 3, 6, 9 and 12 months

Baseline 3 months 6 months 9 months 12 months

LDD group (N = 20) 4.41 � 1.47 2.20 � 1.28* 2.10 � 1.55† 1.55 � 1.79‡ 1.55 � 1.26§
PDT group (N = 20) 4.03 � 1.66 2.26 � 1.28* 1.51 � 1.41† 1.48 � 1.26

(N = 19)‡
1.74 � 1.37
(N = 19)§

LDD, local drug delivery; PDT, photodynamic therapy; SD, standard deviation.
*Statistically significant change from baseline to 3 months.
†Statistically significant change from baseline to 6 months.
‡Statistically significant change from baseline to 9 months.
§Statistically significant change from baseline to 12 months.

Table 3. Mean pocket probing depth (mm) � SD at each implant at baseline and after 3, 6, 9 and
12 months

Baseline 3 months 6 months 9 months 12 months

LDD group (N = 20) 4.39 � 0.77 3.93 � 0.59* 3.90 � 0.78† 3.94 � 0.77‡ 3.83 � 0.85§
PDT group (N = 20) 4.19 � 0.55 3.92 � 0.61* 3.83 � 0.58† 3.89 � 0.68

(N = 19)‡
4.08 � 0.81
(N = 19)

LDD, local drug delivery; PDT, photodynamic therapy; SD, standard deviation.
*Statistically significant change from baseline to 3 months.
†Statistically significant change from baseline to 6 months.
‡Statistically significant change from baseline to 9 months.
§Statistically significant change from baseline to 12 months.
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Clinical attachment level

Table 4 presents the mean CAL � SD values

at baseline and after 3, 6, 9 and 12 months.

At baseline, the mean CAL amounted to

2.72 � 0.72 mm in the LDD group and to

2.66 � 0.73 mm in the PDT group. No statis-

tically significant changes (P > 0.05) were

observed over time and between both groups.

Mucosal recession

At baseline, the location of the restoration

margins in the LDD group was submucosal

in 96 sites, at the mucosal margin in 13 sites

and supramucosal in 11 sites. The corre-

sponding values in the PDT group were 99

sites with submucosal restoration margins,

12 sites at the mucosal margin and nine sites

with supramucosal margins.

Table 5 shows the mean values � SD of

mucosal recessions at baseline and after 3, 6,

9 and 12 months. The mean baseline values

were 1.68 � 1.04 mm in the LDD and

1.53 � 0.91 mm in the PDT group, respec-

tively. A statistically significant change

(P < 0.04) from baseline was observed only

after 9 months in the LDD group. No statis-

tically significant changes (P > 0.05) were

observed in both groups between baseline

and the 12-month follow-up. Furthermore, no

statistically significant differences (P > 0.05)

between groups were found at the after

9- and 12-month appointments, respectively.

Modified Plaque Index

Mean values � SD of the mPlI at baseline

and after 3, 6, 9 and 12 months are presented

in Table 6. Statistically significant changes

were observed over the 12-month study per-

iod in both groups. However, no statistically

significant differences (P > 0.5) were found

between groups at baseline and at completion

of the study.

Microbiological outcomes

Table 7 presents the bacterial counts in both

groups at baseline and after 3, 6 and 12 months

categorized into samples being positive and

with � 105 bacteria per site. With the excep-

tion of C. rectus at baseline (P < 0.01), the

counts in the submucosal biofilm was not sta-

tistically significant different between the two

groups at any time point. At baseline, the most

frequently identified species in the submucosal

biofilm were C. gingivalis, F. nucleatum,

P. micra and T. forsythia.

Three months after baseline, statistically

significantly lower counts of three bacterial

species in the PDT group (P. gingivalis, T. for-

sythia and T. denticola) and of seven bacte-

rial species in the LDD group (P. gingivalis,

T. forsythia, T. denticola, P. intermedia,

C. rectus, F. nucleatum and E. corrodens) were

observed. The bacterial load of the red com-

plex (Socransky et al. 1998) was statistically

significantly reduced (P < 0.05) in both groups.

Six months after baseline, a statistically signifi-

cant decrease in the counts of P. gingivalis

(P < 0.05), T. forsythia (P < 0.01) and F. nuclea-

tum (P < 0.05) was observed in the PDT group. In

the LDD group, the counts P. gingivalis

(P < 0.05), T. forsythia (P < 0.01), T. denticola

(P < 0.01), C. rectus (P < 0.01), F. nucleatum

(P < 0.01), E. nodatum (P < 0.05) and E. corrodens

(P < 0.01) decreased statistically significantly.

Twelve months after baseline, no statistically

significant difference with the exception of

F. nucleatum (P < 0.05) was found with respect

to bacterial counts in the PDT group. In the LDD

group, the counts of P. gingivalis (P < 0.05),

T. forsythia (P < 0.01), T. denticola (P < 0.05),

C. rectus (P < 0.01), F. nucleatum (P < 0.01) and

E. corrodens (P < 0.01) demonstrated a statisti-

cally significant decrease frombaseline.

No statistically significant correlations

were found between BoP scores and submu-

cosal bacterial species.

Levels of host-derived biomarkers in the
crevicular fluid

The median levels and the 25 and 75 percen-

tiles of MMP-8 in the CF are presented in

Fig. 1. With the exception of a statistically

significant decrease (P < 0.05) in median CF

levels after 3 months in the LDD group, no

statistically significant changes from baseline

in MMP-8 levels in the CF were observed.

The median levels and the 25 and 75 per-

centiles of MMP-1 in the CF are presented in

Fig. 2. No statistically significant changes

from baseline were detected at any time

point in both groups.

Figure 3 presents the median levels and the

25 and 75 percentiles of IL-1b in the CF. The

mean CF levels of IL-1b in the LDD group

showed a statistically significant decrease from

baseline to 3 months (P < 0.05), 6 months

(P < 0.01) and 12 months (P < 0.05), respec-

tively. In the PDT group, only the mean CF lev-

els of IL-1b at 12 months differed statistically

significantly (P < 0.05) from those at baseline.

Figure 4 presents the median levels and the

25 and 75 percentiles of IL-8 in the CF. With the

exception of a statistically significant decrease

(P < 0.01) of mean CF levels of IL-8 after 3 and

6 months in the LDD group, no statistically sig-

nificant differences in mean levels of IL-8 in the

CF were detected in both groups over time.

Figure 5 presents the median levels and the

25 and 75 percentiles of IL-10 in the CF. Com-

pared with baseline, the median CF levels of

Table 4. Mean clinical attachment level (mm) � SD at baseline and after 3, 6, 9 and 12 months

Baseline 3 months 6 months 9 months 12 months

LDD group (N = 20) 2.72 � 0.72 2.62 � 0.68 2.53 � 0.65 2.54 � 0.63 2.41 � 0.70
PDT group (N = 20) 2.66 � 0.73 2.66 � 0.83 2.50 � 0.77 2.54 � 0.75

(N = 19)
2.58 � 0.94
(N = 19)

LDD, local drug delivery; PDT, photodynamic therapy; SD, standard deviation.

Table 5. Mean mucosal recession (mm) � SD at baseline and after 3, 6, 9 and 12 months

Baseline 3 months 6 months 9 months 12 months

LDD group (N = 20) 1.68 � 1.04 1.30 � 0.10* 1.38 � 1.02† 1.4 � 1.06 1.41 � 1.18
PDT group (N = 20) 1.53 � 0.91 1.26 � 0.88* 1.33 � 0.90† 1.34 � 0.94

(N = 19)‡
1.5 � 0.86
(N = 19)

LDD, local drug delivery; PDT, photodynamic therapy; SD, standard deviation.
*Statistically significant change from baseline to 3 months.
†Statistically significant change from baseline to 6 months.
‡Statistically significant change from baseline to 9 months.

Table 6. Mean mPlI � SD at treated implants at baseline and after 3, 6, 9 and 12 months

Baseline 3 months 6 months 9 months 12 months

LDD group (N = 20) 0.21 � 0.27 0.01 � 0.04* 0.03 � 0.15† 0.04 � 0.15‡ 0.00 � 0.00§
PDT group (N = 20) 0.13 � 0.21 0.01 � 0.04* 0.00 � 0.00† 0.00 � 0.00

(N = 19)‡
0.01 � 0.04
(N = 19)§

LDD, local drug delivery; PDT, photodynamic therapy; SD, standard deviation.
*Statistically significant change from baseline to 3 months.
†Statistically significant change from baseline to 6 months.
‡Statistically significant change from baseline to 9 months.
§Statistically significant change from baseline to 12 months.
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IL-10 were statistically significantly reduced

in both groups after 3, 6 and 12 months.

Discussion

The aim of the present randomized controlled

trial was to compare the clinical, microbio-

logical and host-derived changes after non-

surgical mechanical debridement of initial

peri-implantitis lesions with either adjunctive

photodynamic therapy or adjunctive local

drug delivery. Treatment was delivered at

baseline and was repeated at BoP+ sites after

3, 6, 9 and 12 months. After retreatment at

3 months, the number of BoP+ sites remained

stable in both groups up to 12 months.

Despite the fact that a significantly higher

percentage of patients treated with adjunctive

PDT had a history of treated periodontitis

when compared with that of the adjunctive

antibiotic group, no significant differences

were observed between groups with respect to

clinical, microbiological and host-derived

parameters after 12 months. Moreover, a

decrease in the counts of red complex bacterial

species (e.g. P. gingivalis and T. forsythia) and

of IL-1b, IL-8, IL-10 and MMP-8 levels in the

CF was observed in both groups.

Owing to the fact that non-surgical mechani-

cal therapy alone of peri-implantitis was shown

to have a minimal impact on changes in muco-

sal inflammation, pocket probing depth and

microbiological parameters (Karring et al.

2005; Renvert et al. 2009), adjunctive delivery

of minocycline microspheres (i.e. Arestin�)

was selected as control therapy in the present

study. Several studies investigated the benefits

of adjunctive delivery of minocycline micro-

spheres to the mechanical debridement of peri-

implantitis lesions (Persson et al. 2006; Ren-

vert et al. 2006, 2008; Salvi et al. 2007). The

clinical effects of adjunctive delivery of mino-

cycline microspheres (i.e. Arestin�) to non-

Table 7. Bacterial counts at baseline and after 3, 6 and 12 months after therapy

BaselinePositive (%)/
� 105 (%)

3 months Positive (%)/
�105 (%)

6 months Positive (%)/
�105 (%)

12 months Positive (%)/
�105 (%)

Porphyromonas gingivalis
PDT 5 (25)/2 (10) 5 (25)/0 (0)* 6 (30)/0 (0)* 4 (21)/0 (0)
LDD 10 (50)/5 (25) 9 (45)/1 (5)* 4 (20)/1 (5)* 4 (20)/1 (5)*
Tannerella forsythia
PDT 11 (55)/4 (20) 4 (20)/0 (0)** 6 (30)/1 (5)** 7 (37)/2 (11)
LDD 13 (65)/6 (30) 5 (25)/1 (5)** 6 (30)/1 (5)** 8 (40)/2 (10)**
T. denticola
PDT 8 (40)/2 (10) 3 (15)/0 (0)* 4 (20)/0 (0) 3 (16)/1 (5)
LDD 10 (50)/3 (15) 3 (15)/0 (0)** 4 (20)/1 (5)** 4 (20)/1 (5)*
Aggregatibacter actinomycetemcomitans
PDT 7 (35)/1 (5) 6 (30)/0 (0) 3 (15)/0 (0) 6 (32)/0 (0)
LDD 7 (35)/2 (10) 8 (40)/0 (0) 5 (25)/0 (0) 7 (35)/0 (0)
Prevotella intermedia
PDT 6 (30)/2 (10) 5 (25)/1 (5) 5 (25)/0 (0) 6 (32)/2 (11)
LDD 6 (30)/0 (0) 3 (15)/0 (0)* 4 (20)/0 (0) 4 (20)/0 (0)
Campylobacter rectus
PDT 6 (30)/3 (15) 4 (20)/1 (5) 3 (15)/1 (5) 8 (42)/2 (11)
LDD 17 (85)/3 (15)‡‡ 5 (25)/1 (5)** 7 (35)/0 (0)** 7 (35)/0 (0)**
Fusobacterium nucleatum
PDT 19 (95)/9 (45) 12 (60)/3 (15) 16 (80)/3 (15)* 14 (74)/2 (11)*
LDD 19 (95)/12 (60) 14 (70)/3 (15)** 17 (85)/3 (15)** 15 (75)/3 (15)**
Capnocytophaga gingivalis
PDT 20 (100)/1 (5) 20 (100)/1 (5) 20 (100)/2 (10) 19 (100)/2 (11)
LDD 20 (100)/5 (25) 20 (100)/1 (5) 20 (100)/1 (5) 20 (100)/2 (10)
Parvimonas micra
PDT 13 (65)/3 (15) 13 (65)/1 (5) 11 (55)/1 (5) 14 (74)/0 (0)
LDD 14 (70)/5 (25) 11 (55)/3 (15) 11 (55)/2 (10) 16 (80)/2 (10)
Eubacterium nodatum
PDT 11 (55)/0 (0) 9 (45)/0 (0) 12 (60)/0 (0) 12 (63)/0 (0)
LDD 11 (55)/3 (15) 8 (40)/0 (0) 9 (45)/0 (0)* 9 (45)/0 (0)
Eikenella corrodens
PDT 9 (45)/4 (20) 5 (25)/1 (5) 6 (30)/1 (5) 6 (32)/2 (11)
LDD 13 (65)/7 (35) 5 (25)/1 (5)** 2 (25)/0 (0)** 8 (40)/1 (5)**

*P < 0.05; **P < 0.01 compared with baseline (Wilcoxon test).
‡‡P < 0.01 between PDT and LDD group (Mann–Whitney test).

0

0.2

0.4

0.6

0.8

1

1.2

Baseline 3 months 6 months 12 months

ng
/s
it
e

MMP-8
LDD

PDT

*

Fig. 1. Mean levels � SD of matrix-metalloproteinase-8

(MMP-8) at baseline and after 3, 6 and 12 months in

the PDT and LDD group, respectively. *P < 0.05 com-

pared with baseline.
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Fig. 3. Mean levels � SD of IL-1b in the CF at baseline

and after 3, 6 and 12 months in the PDT and LDD

group, respectively. *P < 0.05; **P < 0.01 compared

with baseline.
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and after 3, 6 and 12 months in the PDT and LDD
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and after 3, 6 and 12 months in the PDT and LDD

group, respectively. **P < 0.01 compared with baseline.
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surgical mechanical therapy were investigated

in a case series of peri-implantitis lesions (Salvi

et al. 2007). The results of that study showed

significant reductions in mucosal inflamma-

tion and pocket probing depths up to

12 months (Salvi et al. 2007). Moreover, in that

patient cohort treated with Arestin� (Salvi

et al. 2007), reductions in levels of T. forsythia,

P. gingivalis and T. denticola were reported up

to 6 months (Persson et al. 2006). After the

6-month follow-up, however, bacterial recolon-

ization of treated peri-implantitis sites was

observed up to 12 months (Persson et al. 2006).

Larsen & Fiehn (1997) investigated develop-

ments of resistance of periodontal pathogens

after exposure to minocycline in vitro. The out-

comes of that study indicated that very high

initial concentrations of minocycline were rap-

idly replaced by subinhibitory concentrations

increasing the risk of development of bacterial

resistance when repeated applications were

performed (Larsen & Fiehn 1997). Conversely,

the development of bacterial resistance to PDT

was reported to be highly unlikely, even in the

event of repeated applications (Raghavendra

et al. 2009; Takasaki et al. 2009). Although

PDT application was more time consuming

compared with LDD delivery, repeated treat-

ment of peri-implantitis lesions with PDT may

yield a potential advantage from a microbiolog-

ical point of view when compared with that of

repeated minocycline applications.

Optimal conditions in terms of full-mouth

plaque and bleeding scores (i.e. �25%) were

instituted in the patients enroled in the pres-

ent study before peri-implantitis therapy was

delivered. Furthermore, excellent levels of

self-performed plaque control were recorded

during the 12-month study period contribut-

ing to the reduction in mucosal inflamma-

tion. Thus, minimal bacterial reservoirs were

present in the residual dentition at baseline

and after delivery of anti-infective therapy.

Outcomes from clinical studies in periodon-

tally compromized patients indicated that

microbial transmission from residual peri-

odontal pockets to implant surfaces repre-

sented a common phenomenon (Mombelli

et al. 1995, Quirynen et al. 1996, 2006; Sumi-

da et al. 2002; De Boever & De Boever 2006;

F€urst et al. 2007; Salvi et al. 2008).

Long-term results from comparative studies

revealed that patients with a history of treated

periodontitis and rehabilitated with dental

implants were more prone to develop biological

complications compared with non-periodontitis

patients (Hardt et al. 2002; Karoussis et al. 2003;

De Boever et al. 2009;Matarasso et al. 2010; Roc-

cuzzo et al. 2010, 2012). Therefore, the impor-

tance of supportive periodontal therapy in

maintaining high survival and succes rates of

implants placed in patients susceptible to peri-

odontitis must be emphasized. This is reflected

in the fact that patients with a history of treated

periodontitis not compliantwith regular support-

ive therapy displayed a higher incidence of

implant losses and peri-implant bone loss

� 3 mm compared with compliant patients after

an observation period of 10 years (Roccuzzo et al.

2010, 2012). Moreover, recent data indicated that

periodontitis patients who received dental

implants displayed a higher rate of compliance

with scheduled supportive therapy appointments

compared with patients not experiencing

implant therapy (Cardaropoli &Gaveglio 2012).

The first therapeutic step for all implants

in the present study included mechanical

debridement with titanium currettes followed

by a glycine-based powder airpolishing and

irrigation with 3% hydrogen peroxide. Sahm

et al. (2011) reported a significant reduction

in bleeding scores when the rough implant

surface was debrided with a glycine-based air-

abrasive device compared with mechanical

debridement with carbon fibre curettes and

local delivery of chlorhexidine. Irrigation of

the peri-implant pockets with 3% hydrogen

peroxide in the present study was based on

the effects of this chemical agent against bac-

terial lipopolysaccharides attached to the

implant surface (Zablotsky et al. 1992).

The clinical outcomes of the present study

support the fact that reduction in the number of

sites bleeding on probing occurred predomi-

nantly during the first 3 months after therapy in

both groups. Complete resolution of mucosal

inflammation, however, was achieved in 31.6%

of implants receiving adjunctive PDT and in

35% of implants with adjunctive local drug

delivery after 12 months. Therefore, 68.4% of

the implants in the PDT group and 65% of the

implants in the LDD group were retreated after

12 months. This is in agreement with previous

reports on non-surgical anti-infective treatment

protocols that failed to yield complete resolution

of mucosal inflammation after observation peri-

ods ranging from 6 to 12 months (Mombelli &

Lang 1992; Karring et al. 2005; Salvi et al. 2007;

Renvert et al. 2008, 2009; Sahm et al. 2011). Par-

allel to the reduction in mucosal inflammation,

significant reductions in PPD ranging from 0.27

to 0.46 mm were observed during the first

3 months after therapy in both groups. No fur-

ther significant reductions in PPD occurred

between 3 and 12 months. The reduction in

PPD from baseline to 3 months was accompa-

nied by a significant reduction in the counts of

red complex bacteria (i.e. P. gingivalis, T. denti-

cola and T. forsythia) in both groups. Moreover,

crevicular fluid levels of IL-1b, IL-8, IL-10 and

MMP-8 decreased from baseline to 12 months

in both groups. The diagnostic potential of CF

levels of IL-1b, IL-8, IL-10 and MMP-8 in dis-

criminating healthy from inflamed peri-implant

sites was suggested in various studies (Salcetti

et al. 1997; Teronen et al. 1997; Kivel€a-Ra-

jam€aki et al. 2003a,b; Xu et al. 2008; Duarte

et al. 2009; Petkovic et al. 2010). Reductions in

CF levels of IL-1b were reported after non-surgi-

cal therapy of chronic periodontitis with the

adjunctive delivery ofminocyclinemicrospheres

(Oringer et al. 2002) and the adjunctive applica-

tion of PDT (Lui et al. 2011). Crevicular fluid

levels of IL-1b increased significantly after

3 weeks of experimental plaque accumulation

around dental implants and were reversed to

pre-experimental levels after reestablishment of

self-performed oral hygiene practices (Schierano

et al. 2008; Salvi et al. 2012).

After non-surgical therapy of peri-implanti-

tis with adjunctive local delivery of mino-

cycline microspheres, a mean reduction in

PPD of 1 mm was reported after 3 months

around implants with mean baseline PPD (e.g.

4.5 mm) comparable with those in the present

study (Salvi et al. 2007). However, at sites

with mean baseline PPD of 3.85 and 3.87 mm,

reductions in PPD of 0.17 mm and 0.19 mm

were reported 3 months after therapy of peri-

implantitis with local delivery of minocycline

microspheres or application of chlorhexidine

gel, respectively (Renvert et al. 2008). It

should be noted, however, that in that study

no mechanical debridement preceded the

application of the adjunctive drug deliveries

(Renvert et al. 2008). Outcomes of a clinical

trial showed that greater reductions in pocket

probing depths (e.g. 0.8 mm) compared with

those in the present study were achieved

3 months after non-surgical therapy of peri-

implantitis by means of an air-abrasive device

or mechanical debridement and local chlorh-

exidine application (Sahm et al. 2011). These

reported differences among clinical study out-

comes may be partly explained by different

PPD at baseline and/or the invasiveness of the

treatment protocols.

In conclusion, the outcomes of this random-

ized clinical trial demonstrated that mechani-

cal disruption of the submucosal biofilm with

the adjunctive delivery of PDT or LDD in con-

junction with optimal self-perfomed plaque

control yielded improvements in clinical,

microbiological and host-derived parameters.

Both treatment modalities yielded comparable

reductions in mucosal inflammation and

pocket probing depths up to 12 months. Com-

plete resolution of mucosal inflammation,

however, was not routinely achieved with

either of the adjunctive therapies.
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