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A B S T R A C T

Background: The objective was to evaluate the efficiency of indocyanine green (ICG)-based adjunctive anti-
microbial photodynamic therapy (aPDT) in a prospective clinical study regarding non-surgical treatment of
chronic periodontitis.
Methods: Affected teeth of twenty patients were treated with scaling and root planing (control group). Using a
split-mouth design, two quadrants received additional ICG-based (perio green®, 0.1mg/ml) aPDT (test group)
with a diode laser at 808 nm (100mW at 2 kHz). Clinical assessment of bleeding on probing (BOP), sulcus fluid
flow rate (SFFR) and microbiological analysis were performed at baseline, two weeks, three and six months after
treatment. Relative attachment level (RAL), probing depths (PD) and gingival recession (GR), were also ana-
lyzed.
Results: At baseline, none of the assessed parameters showed significant differences between the test and control
groups. Median values for BOP, RAL, PD, decreased significantly in both groups after three months of treatment
(p≤ 0.05) without significant difference between the groups. Two weeks after treatment, the SFFR showed
significantly lower mean values in the test group (aPDT).
Conclusion: Within the study limits, the only significant difference between the control group and the aPDT
group was a transient smaller amount of SFFR in the latter during the first follow-up. With the applied para-
meters, this study does not conclusively support ICG-based aPDT, though it is promising because no adverse
effects occurred. The precise modes of action of ICG must be elucidated, and further clinical trials are needed.

1. Introduction

Periodontal diseases are caused by a microbial biofilm-induced in-
flammation of the connective tissue and alveolar-bone [1]. The main
objective of periodontal treatment, apart from improving oral hygiene,
is to remove the microbial biofilm, thereby eliminating period-
ontopathogenic bacteria from the periodontal pocket [2]. Even so,
conventional methods such as sonic, ultrasonic, scaling and root
planing (SRP) do not completely remove calculus and the bacterial
biofilm from periodontal pockets [3]. Consequently, occasional non-
surgical periodontal therapy does not relevantly improve clinical
parameters such as bleeding on probing (BOP), sulcus fluid flow rate
(SFFR), relative attachment level (RAL) and probing depths (PD).
Moreover, risk factors such as diabetes, smoking or furcation involve-
ment may cause adverse treatment outcomes [3,4]. To improve clinical

results of periodontal therapy, systemic administration of antibiotics is
a common method for periodontal indications [5,6]. However, stem-
ming from demographic shifts, today dentistry is faced with an in-
creasing number of geriatric patients suffering from systemic adverse
effects by antibiotics and drug interactions through multimedication
[7].

As a result of the overprescription and incorrect use of antibiotics in
general medicine and dentistry, an increasing and sustained resistance
of pathogenic microorganisms to antibiotics has emerged over the last
years [8]. Promoting new and effective therapeutic treatment strategies
is crucial to directly address this alarming problem of antibiotic re-
sistance [9]. Laser-based antimicrobial photodynamic therapy (aPDT)
could serve as an alternative to conventional antimicrobial agents in
general medicine and dentistry and could help preserve the efficacy of
antibiotics to combat life-threatening diseases [10].
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The antimicrobial effect of aPDT is based on particular interaction
of a specific dye which attaches to the surface of microorganisms and
the radiation emitted by a laser source. Due to the high absorption of
radiation energy by the dye, this process ultimately leads to a functional
disintegration of microorganisms [11]. Several dyes, also referred to as
"photosensitizers" are firmly established in dentistry. The effects of
aPDT are based, among others, on the transfer of energy by the pho-
tosensitizer to oxygen in the surrounding tissue, thereby generating
singlet oxygen (1O2) [11,12]. In addition to these effects, the absorp-
tion of laser light by the photosensitizer results in thermal and photo-
biostimulative reaction [13,14] - collectively referred to as photo-
dynamic effects [15], which ultimately causes irreversible protein
modification, cell membrane and mitochondria damage.

Several studies showed successful periodontal treatment without
any side effects or systemic effects [16,17]. Irrespective of the photo-
sensitizer applied, aPDT reveals temporary and locally limited effects.
However, aPDT with phenothiazine-based dyes (such as methylene
blue) exhibit, even without application of laser light, a slightly anti-
microbial activity [18]. Recently, the photosensitizer indocyanine
green (ICG) has been additionally used to treat periodontitis besides
scaling and root planing [19]. Basic research indicated the anti-
microbial effects of ICG-based aPDT on periodontopathogenic organ-
isms [20].

Different antimicrobial effects on gram-positive and -negative mi-
croorganisms appear to be linked with the electric charge of the pho-
tosensitizer used [21]. Due to the cationic charge of ICG, the effect on
gram-negative bacteria and the precise molecular mode of action are
still controversial [22]. However, both kinds of photosensitizers -
phenothiazine-based dyes in comparison with ICG – could reduce the
viability of fungal cells [23].

Until now, few systemic clinical trials on ICG-based adjunctive
periodontitis treatment have been performed [24,25]. Therefore, this
current study aims to evaluate the ICG-based adjunctive aPDT com-
pared to conventional non-surgical therapy to treat chronic period-
ontitis in a randomized clinical study.

2. Materials and methods

To ensure international ethical and scientific quality standards, the
clinical trial was conducted in adherence with the guidelines of the
International Conference on Harmonisation of Technical Requirements for
Registration of Pharmaceuticals for Human Use and the Good Clinical
Practice (ICH-GCP), the Declaration of Helsinki and in line with reg-
ulations of the Medicinal Products Act (MPG) and of the Federal Data
Protection Act. The study was approved by the Ethics Committee of Bonn
University (reference number: 324/12).

2.1. Patients

Inclusion criteria were stipulated according to the Ethics Committee
of Bonn University. The consulting biometrician supported a cohort
number of at least 20 patients according to the results of a previous
aPDT study with comparable clinical parameters [16]. Based on this
study [16], we expected a distribution of the differences in the change
of BOP (bleeding on probing) from baseline to 3 months between the
differentially treated regions with a standard deviation of 10%. By as-
suming the data to be close enough to a normal distribution to apply a t-
test (two-sided at 5%), this would result in a power of 80% to detect a
difference of 6.6% in the reduction of BOP between the treatments.
Taking into account the reduced efficiency of the intended nonpara-
metric test, we expected to detect differences of at least 7.5% with a
probability of 80%. Therefore, 20 medically healthy, non-smoking pa-
tients with chronic periodontal disease (PSI≥ 3 in all quadrants) were
recruited by the Department of Periodontology, Operative and Preventive
Dentistry at the Dental Faculty of Bonn University. The evaluation of PSI
(Periodontal Screening Index in Germany, corresponding to PSR®-

Periodontal Screening & Recording) permitted an overview of the
periodontal situation of the respective patient and the need for peri-
odontal treatment [26,27].

The prerequisite for participation was the presence of at least one
single and one multi-rooted tooth with at least 4 mm probing depth in
each quadrant. Only well-compliant probands with good domestic oral
hygiene were included (documented with a full mouth plaque index of
≤ 30% before starting the clinical trial). Exclusion criteria were pro-
bands with diseases or on medication with an inhibitory or promoting
effect on periodontal healing including anticoagulants, anti-in-
flammatories and antibiotics within the last six months. Moreover,
pregnant or nursing women and patients receiving periodontal therapy
within the last six months or having existing allergies to the test product
were excluded.

The given cohorts (17 female and 3 male test persons) were ran-
domized by considering the inclusion and exclusion criteria. The mean
age of the probands was 61.1 years. Hereby the weighting of the gender
distribution in the study population was waived, because up to now,
there were no indications of various gender-specific efficacies of the test
product [28,29]. Furthermore, during the follow-up, no test person
dropped out of the study.

2.2. Clinical parameters

The clinical condition of the test persons was quantitatively eval-
uated using parameters that reflect the whole periodontal state:
bleeding on probing (BOP – primary outcome variable of the study)
[30], sulcus fluid flow rate (SFFR) [31], periodontal-status with probing
depths (PD), gingival recession (GR) and relative attachment level
(RAL) [32,33]. Furthermore, quantitative molecular biological de-
termination by real-time chain reaction (RTD-PCR) of following peri-
odontal pathogenic microorganisms was conducted: Aggregatibacter
actinomycetemcomitans (A.a.), Porphyromonas gingivalis (P.g.), Prevotella
intermedia (P.i.), Tannerella forsythia (T.f.) and Treponema denticola
(T.d.).

After relative drying, the sampling with sterile paper tips (ISO 40)
was conducted for a period of respectively 30 s avoiding provoking
bleeding. The sampled paper tips were placed quadrant-wise as pooled
samples into microreaction tubes. A blinded investigator performed the
quantification in a certified laboratory (Dr. Bauermeister & Co., Moers,
Germany).

The parameters bleeding on probing (BOP), sulcus fluid flow rate
(SFFR) and microbial analysis were clinically assessed at baseline (BL),
two weeks (U1), three months (U2) and six months (U3) after treatment.
The SFFR and microbiological tests were examined on single and multi-
rooted teeth with the highest PD in each quadrant.

The relative attachment level (RAL) with probing depths (PD) and
gingival recession (GR) were measured at baseline, and three months
and six months after treatment. Intraoral photo documentation as well
as control examinations were made at baseline, and after three and six
months of follow-up therapy, respectively.

With a pressure-calibrated probe (Click-probe®, Kerr GmbH, Bioggio,
Switzerland) periodontal status was evaluated as well as bleeding on six
sites per tooth, 30 s following probing [34]. The SFFR and micro-
biological pooled sampling were performed in periodontal pockets with
maximum initial probing depths. After relative isolation of teeth, the
sulcus fluid was collected for 30 s by using PerioPaper Strips® (Oraflow
Inc., New York, USA). The SFFR was assessed with Periotron 8000®
(Oraflow Inc., New York, USA) [35].

2.3. Treatment procedures

The study was based on a split-mouth design. Each participant re-
ceived standard therapy and adjunctive aPDT. The patients received
pre-treatment with professional tooth cleaning and precise instructions
to ensure domestic oral hygiene. Plaque-revelators were used for
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verification.
Affected teeth were manually treated with conventional scaling and

root planing (SRP) (Gracey-curettes, Hu-Friedy Mfg. B.V., Rotterdam,
Netherlands) and additionally with a piezoelectric ultrasonic system
(Sirosonic L, Sirona, Bensheim, Germany).

After this non-surgical periodontal treatment, patients were ran-
domly allocated into four different groups according to split-mouth
design. Treatment procedures differed per quadrant in the respective
groups (Fig. 1). Two quadrants received an additional ICG-based aPDT
(test group), further quadrants were treated with SRP alone as control
group (Co). After conventional periodontal treatment, this random al-
location to different groups was carried out by a computer-generated
block randomization using a randomization box. The real aPDT pro-
cedure was completely performed by a single operator in the selected
quadrants.

The photosensitizer system perio green® (elexxion AG, Radolfzell,
Germany) in combination with a diode laser (elexxion claros pico®,
elexxion AG, Radolfzell, Germany) at 808 nm was used to perform aPDT.
As advised by the manufacturer, one pill of perio green® (containing of
0.2 mg ICG) with sterile water was dissolved by carefully tilting. Ready-
to-use solution had a concentration of 0.1mg/ml ICG (Fig. 2b). The
total administered dose depended on the periodontal pockets to be
treated.

After the ICG-suspension was created, a syringe (Fig. 2c) was used to
drip the liquid into the periodontal pockets of the test-quadrants. Excess
photosensitizer was rinsed out with water after an exposure time of

60 s. Irradiation with diode laser (Fig. 2d) was executed utilizing an
intrasulcular fiber (∅=300 μm) for 20 s with an average output power
of 100mW and a pulse repetition rate of 2 kHz. Thus, the applied ir-
radiation dose was 2829 J/cm2 per periodontal pocket.

Referring to the approval of the Ethics Committee to minimize the
risk of adverse effects, only a single application was performed in this
study.

2.4. Statistical analysis and data verification

Statistical analysis was performed in collaboration with the Institute
for Medical Biometry, Informatics and Epidemiology at Bonn University.
The analysis was conducted with IBM SPSS Statistics® (version 22, IBM,
New York, USA).

The statistical unit of the study was based on the site-specific data of
the investigated parameters. Since normal distribution was not as-
sumed, a non-parametric test for paired samples was used. The data
were evaluated using the Wilcoxon-Test. Distinction was drawn be-
tween test and control group. Furthermore, differences within the
treatment modalities were obtained for control examinations and, ad-
ditionally, for the course of therapy. Differences were considered as
statistically significant at a value of p≤ 0.05.

For quality assurance and GCP-compliant trial documentation, data
collection was confirmed by a monitoring committee. Collected data
were reviewed with visual record verification and 30% double data
entry [36].

3. Results

At baseline (BL), no significant differences in any parameter values
were observed between treatment modalities of the control and test
group (p > 0.05). Furthermore, in neither case were there particular
indications for side effects upon using indocyanine green in this clinical
study.

3.1. Bleeding on probing (BOP)

Two weeks (U1) after treatment, values for BOP decreased sig-
nificantly in the test and control groups (Table 1). At U1, a slightly
favorable tendency towards the test group (aPDT) could be observed
(p= 0.136). This short-term effect in favor of the test group equalized
at the evaluation after three months. Corresponding p-values are given
in Table 1 and shown in Fig. 3. Three months (U2) and six months (U3)
after treatment, a significant decrease in BOP (p≤ 0.05) relative to the
baseline values was detected with no differences between treatment
modalities U1/U3 and U2/U3 (p > 0.05 in Table 1). In general, a cor-
relation between BOP and PD at baseline could be observed in both the
test group and control group (Table 2).

3.2. Sulcus fluid flow rate (SFFR)

Values for SFFR decreased significantly two weeks (U1), three
months (U2) and six months (U3) after treatment relative to baseline
(BL) (p≤ 0.05, Table 1). Thereby a significant difference between
treatment modalities at U1 with lower values in the test group (aPDT)
was revealed (p≤ 0.05, Fig. 4). Upon taking the whole period into
consideration, the difference between treatment groups was a short-
term effect. Regarding the values of U2 and U3, the differences between
treatment modalities did not remain. However, the significant decrease
in SFFR persisted in both groups at all follow-up-examinations (Fig. 4).

3.3. Probing depths (PD), gingival recession (GR) and relative attachment
level (RAL)

Three months (U2) and six (U3) months after therapy, both treat-
ment modalities resulted in a significant reduction in probing depths

Fig. 1. Study design in accordance to the split-mouth model with random al-
location to groups IeIV (control group with standard therapy (Co) and test
group with adjunctive aPDT) for the observation period of 6 months following
therapy. Examinations were carried out at baseline, after 2 weeks (U1), 3
months (U2) and 6 months (U3). Investigated variables were bleeding on
probing (BOP), sulcus fluid flow rate (SFFR), probing depth, gingival recession,
clinical attachment level and quantitative molecular biological determination.
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relative to baseline values (p≤ 0.05, Fig. 5).
The gingival recession values increased after periodontal treatment

in both groups significantly (p≤ 0.05). In terms of successful therapy,
loss of clinical attachment decreased significantly regarding baseline
values compared to values of U2 and U3 (p≤ 0.05).

Neither for probing depths nor gingival recession nor clinical at-
tachment levels were significant differences between treatment mod-
alities observed (p > 0.05). A more detailed analysis of the relative
attachment level (RAL) depending on the probing depth (PD) at base-
line showed an increased gain of attachment in deeper pockets
(PD > 6mm) after treatment in both groups. In the test group this
effect was more pronounced than in the control group (Table 3).

3.4. Quantitative analysis of periodontal pathogenic microorganisms

Baseline (BL) content of A.a. was below the levels detectable by
methods of analysis. During the observation period, no differences be-
tween control (Co) and test group (aPDT) could be found (p > 0.05).
After a period of six months (U3), significant effects for P.g. in both
treatment modalities (p≤ 0.05) were detected in relation to baseline.
Following aPDT, there was a significant reduction in P.i. and T.d.
compared to control group. Detailed information are given in the
Supplementary Data.

4. Discussion

Several studies revealed that especially the combination of SRP and
systemically administered antibiotics result in a positive clinical out-
come of periodontal treatment. The induced disintegration of microbial

Fig. 2. Treatment equipment for aPDT. a) shows the used
product perio green®: 1) Product packaging, 2) Mixing
bottle, 3) ICG tablet 0.2 mg (blistered), 4) 2ml water
(sterile), 5) Auxiliary tip 0.9 mm (sterile) 6) Application
tip 0.3 mm (sterile), 7) 3 ml syringe (sterile); b) shows the
ready-to use solution (photosensitizer) in mixing bottle; c)
Photosensitizer ready-made for the application inside the
syringe; d) diode laser used for aPDT treatment.

Table 1
Results of the statistical evaluation (Wilcoxon-Test) for bleeding on probing (BOP) and for sulcus fluid flow rate (SFFR). Regarding to the baseline (BL) a statistical
significant reduction of the BOP value could be observed. Between 2 weeks (U1) and 3 months (U2) as well as 6 months (U3) slightly favourable tendencies for the
control and aPDT are noticeable. For SFFR in almost all time periods a significant reduction was given. Only between 2 weeks (U1) and 3 months (U2) compared to
aPDT a strong tendency for the control was observed.

BL/U1 BL/U2 BL/U3 U1/U2 U1/U3 U2/U3

BOP Control p≤ 0.05 p≤ 0.05 p≤ 0.05 p= 0.153 p=0.145 p=0.970
aPDT p≤ 0.05 p≤ 0.05 p≤ 0.05 p≤ 0.05 p= 0.076 p=0.904

SFFR Control p≤ 0.05 p≤ 0.05 p≤ 0.05 p= 0.055 p≤ 0.05 p≤ 0.05
aPDT p≤ 0.05 p≤ 0.05 p≤ 0.05 p= 0.796 p≤ 0.05 p≤ 0.05

Fig. 3. Temporal development of bleeding on probing (BOP) in control (Co) and
test group (aPDT) at baseline, two weeks (U1), three (U2) and six months (U3)
following therapy. At baseline no significant differences have been observed
between the treatment arms of control and test group (p > 0.05). Three (U2)
and six (U3) months after therapy both treatment modalities resulted in a sig-
nificant reduction of BOP (p≤ 0.05), given in Table 1.
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biofilm thereby leads to an improvement in effectivity [37]. Since an-
timicrobial resistance has reached alarming levels, alternative and ef-
fective therapeutic treatment strategies are urgently required [9,38] for
preserving efficacy of antibiotics in life-threatening diseases [10]. Re-
viewing the relevant literature regarding aPDT, it was shown that even
if at its current stage, aPDT cannot replace antibiotics yet, even though
it may be an effective adjunctive antimicrobial treatment option
[10,17].

Indocyanine green which has already been proven and tested for
years in clinical diagnostic and therapy in human medicine [39,40], has
now been developed as a photosensitizer in dentistry. Due to rare sys-
temic adverse effects and negligible toxicity, ICG is considered to be
safe, and it does not bear the disadvantages of antibiotics [10,41].
Owing to less coloration of oral structures compared to phenothiazine
dyes (such as methylene blue), ICG-based photosensitizers inherently
help improve a patient's comfort [20].

Periodontal pockets with increasing probing depths enable the
transition to a more anaerobic environment. Analysis of elemental
composition determined a significant increase in calcium content under
anaerobic conditions [42]. The presence of bivalent cations results in a
reduced intracellular uptake of the photosensitizer methylene blue by
bacterial cells. In contrast, bivalent cations promote an increase in
absorption of ICG for both gram-positive and gram-negative bacteria
[42]. Hence, because of the high mineral content in deep periodontal
pockets, the applicability of methylene blue-based aPDT could be lim-
ited; by contrast, applying an anionic photosensitizer such as in-
docyanine green could be indicated instead.

Nevertheless, the effects of ICG on gram-negative bacteria, which
are associated with deep periodontal pockets, are still a point of con-
tention and underscore the fact that the research of precise modes of
action of ICG is indispensable [20,38]. Many studies have investigated
the antimicrobial effects and several modes of action by ICG-based
aPDT. Critical points concerning the direct comparison between basic in
vitro research, general medicine and dental application are the use of
planktonic bacteria as well as delivery methods, laser parameters and
concentrations of the photosensitizer [43,44]. Apparently, there is a
shift from exclusively photothermal and photo-oxidative effects (gen-
eration of singlet oxygen) to those progressing simultaneously [45].
Photo-induced reactions and bactericidal effects seem to be a function
of dye concentration and physical parameters such as applied light dose
[46,47].

The present prospective clinical trial was one of the few clinical
studies of ICG-based aPDT in non-surgical periodontal treatment. Latest
clinical and in vitro studies [48,49] support the positive effect of ad-
junctive ICG-based aPDT. However, different ICG concentrations and
laser parameters were applied in these studies, whereby higher ICG
concentrations and laser powers of more than 100mW, as we applied in
the present study, could be advantageous [20]. Furthermore, certain
additives like vitamins could enhance the bactericidal effect on peri-
odontopathogenic microorganisms [49].

Although studies indicate effects of aPDT on bacteria organized in
biofilms [50], they exhibited lower susceptibility in contrast to plank-
tonic bacteria. Against this background and supplemented by several
clinical trials, in the current study aPDT was applied using a split-mouth

Table 2
Bleeding on probing BOP before and after treatment in correlation to the probing depth (PD) at baseline (BL) of control and test group. A decrease of BOP after
treatment was observed in the control and test group within the observation period. The values depend on the extend of the probing depth at baseline.

Probing depth (PD) Number of sites BOB (BL) BOP (U1) BOP (U2) BOP (U3)

Control group PD (1-3mm) 1172 13.0% 5.3% 8.6% 7.9%
PD (4-6mm) 379 35.0% 16.3% 14.5% 17.0%
PD (> 6mm) 21 47.6% 42.9% 33.3% 28.6%

Test group PD (1-3mm) 1160 12.2% 4.1% 6.4% 6.9%
PD (4-6mm) 385 39.0% 14.1% 19.6% 19.4%
PD (> 6mm) 33 73.5% 50.0% 57.1% 66.7%

Fig. 4. Development of sulcus fluid flow rate (SFFR) in control (Co) and test
group (aPDT) at baseline (BL), two weeks (U1), three (U2) and six months (U3)
following therapy. At baseline, no significant differences have been observed
between the treatment arms of control and test group (p > 0.05). Values for
SFFR decreased significantly two weeks after treatment (BL/U1, p≤ 0.05).
Thereby, significant differences between treatment modalities with lower value
in test group were revealed at U1 (p≤ 0.05). Taking the whole period into
consideration, values decreased significantly irrespective of treatment modality
(p≤ 0.05, Table 1).
a.u. scores: Volumes of the sulcus fluid are determined by the measurement of
the electrical capacitance of wet PerioPaper Strips® placed between the jaws of
the used Periotron 8000®. Acquisition time for sulcus fluid was 30 s. Scores
obtained from the instrument are without a physical unit [35].

Fig. 5. Temporal development of probing depths (PD≥ 4mm) in control (Co)
and test group (aPDT) at baseline, three (U2) and six months (U3) following
therapy. At baseline no significant differences have been observed between
treatment arms of control and test group (p > 0.05). Three (U2) and six (U3)
months after therapy both treatment modalities resulted in significantly re-
duction of baseline probing depths (p≤ 0.05). No significant differences be-
tween treatment modalities occurred (p > 0.05).
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design adjunctive to non-surgical periodontal treatment [16,51].
In terms of a successful non-surgical therapy, a regression in peri-

odontal inflammation, reduction in probing depths and gain in clinical
attachment level was documented in all groups. This was shown in a
positive development for investigated parameters SFFR, BOP, PD, GR
and RAL for either standard therapy as well as adjunctive aPDT. The
results of the present trial concur with corresponding literature values
[52].

The clinical parameters BOP and SFFR represent signs of in-
flammation and markers for the quantity of microbial biofilm [53,54].
With respect to the examined development of SFFR, there is a statisti-
cally significant difference between adjunctive aPDT (test group) and
standard therapy (control) two weeks after the single application of
ICG-based aPDT.

As a result, the reduction in periodontal pathogenic microorganisms
only showed minor changes and revealed only slight differences be-
tween the treatment modalities. These results suggest that the applied
power and concentration as well as irradiation time and repetitions of
treatment applications did not suffice to efficiently reduce microbial
counts [43]. In general, the evaluated parameters show high standard
deviations. This could imply that by raising the sample size, tendencies
could be statistically determined.

Corresponding to related studies, the present clinical trial reveals a
temporary improvement in inflammation indicated only by SFFR
[16,55]. Previous studies using phenothiazine-based dyes have em-
phasized advantages of repeated applications [56], whereas single
treatments with ICG-based aPDT do not result in a persistent im-
provement [57]. Especially treatments of moderate to severe in-
flammatory forms of acne vulgaris lead to an antiphlogistic impact
[29].

The clinical studies of ICG-based aPDT in periodontitis support
these observations. Monzavi et al. reported significant improvements in
bleeding on probing (BOP) as well as in probing depth (PD), by re-
peating the procedure thrice. Moreover, they used a higher power
setting of 200mW in CW mode and a concentration of 1mg/ml ICG,
promoting the thermal effects [24,46]. Just like in the current study, no
additional advantages in the clinical attachment gain could be observed
[24]. Most likely, repetitive application would not be harmful, because
no adverse effects could be observed in all available studies including
the current trial. Concerning clinical parameters, the results of Shing-
napurkar et al. surpasses the results of the current study in reducing
probing depth (PD) more effectively and showing a significantly better
outcome with regard to the relative attachment level (RAL) [25]. These
improved clinical outcomes can be related to the particularly high
concentration of ICG (5mg/ml). The comparison of the studies high-
lights the fact that the choice of parameters (laser output power, pho-
tosensitizer concentration, repetitive applications) can relevantly affect
the results of clinical studies. It becomes clear here that an evidence-
based clinical protocol cannot be derived from the currently available
results. Consequently, further research to identify the precise modes of
action of ICG and further clinical prospective trials are indispensable.
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