J Clin Periodontol 2012, doi: 10.1111]j.1600-051X.2012.01925.x

Combined photoablative and
photodynamic diode laser therapy
as an adjunct to non-surgical
periodontal treatment. A
randomized split-mouth clinical trial
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Abstract

Aim: Comparing the efficacy of photoablative and photodynamic diode laser in
adjunct to scaling -root planing (SRP) and SRP alone for the treatment of
chronic periodontitis.

Materials and Methods: Twenty-six patients were studied. Maxillary left or right
quadrants were randomly assigned to sham-laser treatment + SRP or

laser + SRP. This consisted of photoablative intra/extra-pocket de-epithelization
with diode laser (4 = 810 nm), followed by single SRP and multiple photo-
dynamic treatments (once weekly, 4-10 applications, mean £ SD: 3.7 + 2.4) using
diode laser (4 = 635 nm) and 0.3% methylene blue as photosensitizer. The
patients were monitored at days 0 and 365 by clinical assessment (probing depth,
PD; clinical attachment level, CAL; bleeding on probing, BOP) and at days 0, 15,
30, 45, 60, 75, 90, 365 by cytofluorescence analysis of gingival exfoliative samples
taken in proximity of the teeth to be treated (polymorphonuclear leukocytes,
PMN; red blood cells, RBC; damaged epithelial cells, DEC; bacteria).

Results: At day 365, compared with the control quadrants, the laser + SRP
therapy yielded a significant (p < 0.001) reduction in PD (—1.9 mm), CAL

(—1.7 mm) and BOP (—33.2% bleeding sites), as well as in bacterial contamina-
tion — especially spirochetes — and PMN and RBC shedding in the gingival
samples (p < 0.001).

Conclusions: Diode laser treatment (photoablation followed by multiple
photodynamic cycles) adjunctive to conventional SRP improves healing in chronic
periodontitis patients.
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isms and/or their toxic by-products —
such as lipopolysaccharide (LPS) —
from the dental root surface and
periodontal soft tissues, as well as
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neutralization of host pro-inflamma-
tory cytokines. (Bascones et al. 2005,
Tester et al. 2007, Giannobile 2008,
Mombelli et al. 2011). It has been
demonstrated  that conventional
scaling and root planing (SRP) do
not completely remove periodonto-
pathogens, especially in  deep

1



2 Giannelli et al.

periodontal pockets (Sbordone et al.
1990, Mombelli et al. 2000,
Kawashima et al. 2007), and cannot
prevent bacteria from spreading to
periodontal soft tissues (Mombelli
et al. 2011); SRP may even favour
bacteraemic  and  endotoxaemic
events (Forner et al. 2006, Lafaurie
et al. 2007, Lee et al. 2008). The
efficacy of the classical antiseptic/
antibiotic approach (Goodson
et al.1991, Renvert et al. 2006) is
limited by the development of bacte-
rial resistance (Ready et al. 2002,
Ardila et al. 2010) which can
account for unsatisfactory clinical
outcomes (Bidault et al. 2007).
Another crucial issue in the
treatment of periodontitis consists in
the fact that periodontopathogenic
bacteria can penetrate into and
persist in epithelial cells of the
periodontal  pockets and outer
gingiva (Lamont & Yilmaz 2002,
Tribble & Lamont 2010, Mishima &
Sharma 2011), thus evading host
immunity and conventional antimi-
crobial drugs. This can predispose to
post-treatment  re-colonization  of
periodontal tissues and hence, dis-

ease relapses and chronicization
(Johnson et al. 2008, Ardila et al.
2010).

To overcome these issues, novel
therapeutic approaches complemen-
tary to the classical strategies are
required — one of which are medical
lasers, which have aroused the
interest of dental practitioners. The
most commonly used devices in
periodontics include semiconductor
diode lasers, Nd:YAG laser (neo-
dymium doped: yttrium, aluminium
and garnet), Er:YAG laser (erbium
doped:YAG) and carbon dioxide
(CO,) laser (Schwarz et al. 2008).
Their wavelengths (1) range from
630 to 10,600 nm. High-powered
lasers (CO,, Nd:YAG, diode 4 = 810
-980) have been advocated for soft
tissue surgery because they allow
ablation/vaporization,  haemostasis
and sterilization (Moritz et al.1998,
Miyazaki et al. 2003). Other authors
have suggested Er:YAG lasers to
remove plaque and calculus and to
target bacteria in periodontal pock-
ets (Schwarz et al. 2003a, b). Diode
and Nd:YAG lasers have also been
used for subgingival curettage and
disinfection of periodontal pockets,
although with uneven results (Cobb
et al. 2010). In most cases, lasers

have been used in photoablative (Pa)
mode i.e. with high energy output.
In recent years, photodynamic (Pd)
therapy has taken hold among den-
tal practitioners. This technique
combines soft lasers at appropriate
wavelength and photosensitizer sub-
stances, such as methylene blue, to
produce singlet oxygen and free radi-
cals with bactericidal properties
(Braun et al. 2008, Lulic et al. 2009).
The current study was carried out
to evaluate whether the combination
of SRP and sequential Pa and Pd
diode laser treatments benefited SRP
alone in patients with chronic peri-
odontitis. We used two diode lasers
previously employed for periodontal
therapy (Cobb et al. 2010), i.e. Gal-
lium-Aluminium-Arsenide (GaAlAs)
emitting at 810 nm wavelength and
Indium  Gallium-Aluminium-Phos-
phide (InGaAlP) emitting at 635 nm
wavelength. The 810 nm diode laser
was used in Pa mode for removal of
the junctional, sulcular and outer
gingival epithelium. We have demon-
strated in a previous study that this
device is superior to other dental
lasers for such purposes (Giannelli
et al. 2012). It also offers additional
advantages, namely: (i) easy gingival
reshaping; (il) minimal pain at irradi-
ation, reducing the need for local
anaesthesia; (iii) excellent haemosta-
sis, facilitating the subsequent SRP
procedure. The 635 nm diode laser
was used in Pd mode in combination
with methylene blue with the pur-
pose of attaining further microbial
decontamination  and  chemical
de-activation of harmful bacterial
LPS (Koémerik et al. 2000, Giannelli
et al. 2011). The null hypothesis to
disprove was that no differences in
the outcome variables, in terms of
antimicrobial and anti-inflammatory
effects and clinical periodontitis
assessment parameters, exist between
SRP alone and SRP + laser treat-
ment after a 12-month follow-up.

Materials and Methods

Subjects

Twenty-eight patients, 16 men and
12 women, aged 25-65 (mean age
46.7), affected by chronic periodonti-
tis were assessed for eligibility in a
private periodontology clinic between
January 2009 and April 2010.
Twenty-six of these were consented

to be included in the study (Fig. 1),
which was performed in keeping with
the consolidated standards of report-
ing trials (CONSORT) statement and
complied with the guidelines of the
Declaration of Helsinki, as amended
in Edinburgh, 2008. This study was
approved by the Ethical Committee
of the Faculty of Medicine, Univer-
sity of Florence, Italy. Written
informed consent for their enrolment
in the study was given by all the sub-
jects. Inclusion criteria were: (i) pres-
ence of at least two teeth with at
least one site with pocket probing
depth (PD) ranging between 4 and
10 mm in each upper maxillary
quadrant with bleeding on probing
(BOP), (ii) a minimum of five natural
teeth in each studied quadrant. The
exclusion criteria were: (i) history of
systemic diseases (diabetes mellitus,
cancer, HIV, metabolic and endo-
crine diseases), (ii) pregnancy or lac-
tation, (iii) chronic high-dose steroid
use, (iv) previous or current radiation
or immunosuppressive therapies, (v)
heavy smoking habit (>10 cigarettes/
day), (vi) orthodontic treatment, (vii)
extensive carious lesions, (viii) antibi-
otic medication during the 6 months
preceding the study, (ix) class III
tooth mobility, (x) heavy contamina-
tion by spirochetes and fungal patho-
gens on tongue and oral mucosa.
The affected teeth of the lower man-
dibular quadrants were also treated,
but not evaluated for this study.

Periodontal treatment randomization and
allocation

In each patient, the upper quadrants
were randomly allocated to one of
the two regimens, e.g. laser + SRP
or sham-laser treatment + SRP.
Allocation concealment was per-
formed by sequentially numbered
opaque sealed envelopes (SNOSE).
For each patient, the randomization
envelope was opened immediately
before the beginning of phase II
treatment, as described below. Treat-
ment assignment was registered by a
non-clinical investigator (L.F.) and
kept concealed from the clinical
operator in charge of follow-up anal-
yses until completion of this study.

Investigator features and blinding

A baseline periodontal clinical
assessment was performed by an
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Fig. 1. Consolidated standards of reporting trials flow chart of the clinical study.

experienced dentist (L.L.), who was
not involved in the patients’ subse-
quent treatment, data collection and
analysis. A total of eight periodonto-
pathic subjects not included in the
study were also recruited and used
as standard reference by the examiner.
The examiner recorded full-mouth PD
and recessions at six sites per tooth
(excluding the 3rd molars) in two
different sessions on these subjects,
using a conventional manual peri-
odontal probe (PCP-12; Hu-Friedy,
Chicago, 1L, USA). Upon comple-
tion of all measurements, the intra-
examiner repeatability for clinical
attachment level (CAL) measure-
ment was assessed. The examiner
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was deemed reliable when repeated
measures of the same site were com-
prised in a range +2 mm (Graziani
et al. 2010). This investigator also
collected follow-up data in a blinded
fashion, being unaware of the treat-
ments applied.

Operator features and blinding

The experienced operator who per-
formed the treatments (M.G.) was
not involved in any evaluation
before or after his intervention. With
the exception of the periodontal
pocket chart, necessary to deliver the
treatment, he was unaware of the
previously recorded data.

Treatment phase | — Oral hygiene
procedures

After admission to the study, the

patients underwent:

e oral hygiene instructions and
appropriate motivation; and

e full-mouth supragingival prophy-
laxis by ultrasound and/or hand
instrumentation.

Periodontal clinical assessment

One week after professional oral
hygiene, the patients were recalled to
collect pre-study clinical data. This
included evaluation of PD, CAL and
BOP. CAL was calculated as PD plus
recession (Rec, assumed as 0 when-
ever the cement-enamel junction was
covered). Measurements were carried
out at six sites per tooth and the val-
ues were averaged. BOP was assessed
during PD assay by evaluating the
presence or absence of bleeding, for
more than 30 s, after challenging the
pocket with the periodontal probe.
The test and control areas comprised
teeth 11-16 and 21-26. The test time
points were day 0 (before therapy)
and day 365 (after therapy).

Periodontal cytodiagnostic assessment

Cytological assay has become a com-
mon technique for the staging of
chronic periodontitis (Filoche et al.
2007). In the patients under study,
exfoliative samples were taken with
a sterile microcurette (Rudney et al.
2001) at the free gingival margin of
the teeth to be treated at day 0
(before therapy) and at days 15, 30,
45, 60, 75, 90 and 365 after the
therapy. Samples, containing both
cells from gingival epithelium and
blood cells and bacteria contained in
crevicular fluid squeezed out from
the pocket during the manoeuvre,
were processed for cytofluorescent
staining using the LIVE/DEAD Bac-
Light™ bacterial viability kit (Invi-
trogen Molecular Probes, Milan,
Italy), as described (Giannelli et al.
2010). This method, originally devel-
oped for microbiological purposes to
monitor the viability of bacteria by
assessing plasma membrane integrity
(Berney et al. 2007), has been
applied to cytodiagnostic purposes
in dental patients (van der Mei et al.
2006, Filoche et al. 2007, Tomas
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et al. 2009). It yields a broad range
of diagnostic information, such as
the amount and viability of contami-
nating Dbacteria, including coccli,
bacilli and spirochetes, as well as of
inflammatory polymorphonuclear
leukocytes  (PMN), erythrocytes
(RBC) and damaged epithelial cells
(DEC) (Giannelli et al. 2010, 2012).
Briefly, the samples were smeared on
a histological slide, fixed in 90% eth-
anol, air-dried and stained with 1 ml
of the fluorescent LIVE/DEAD
BacLight™ solution for 2 min at
37°C. After thorough rinsing in dis-
tilled water, samples were mounted
in oil and immediately observed
under a Leica 4000 B fluorescent
microscope (Leica Microsystems,
Milan, Italy). Viability is differenti-
ated based on membrane integrity.
Bacteria with damaged membranes
are deemed as non-viable and stain
red with the propidium iodide
component. Bacteria with intact
membranes are deemed viable and
stain green with the SYTO9 compo-
nent, resulting in  differential
staining. The parameters were semi-
quantitatively scored according to
Giannelli et al. (2010), as reported in
Table 1.

Treatment phase Il — Photoablative laser
therapy and SRP

After data collection, patients were
recalled to undergo phase II treat-
ment. Each patient underwent two
parallel treatments: the teeth on the
test maxillary quadrant were given
laser  treatment + SRP,  whereas
those of the contra-lateral control
quadrant were given sham-laser
treatment + SRP. The  gingival
mucosa was subjected to Pa treat-
ment with a diode laser operating at
810 nm wavelength (1 W output
power, continuous wave, 66.7 J/
cm?), equipped with a 0.6 mm OIr)ti'
cal fibre (4 x 4 Dental Laser M.

Table 1. Severity scoring criteria®

General  Project, Montespertoli,
Italy). Irradiation was performed in
contact mode, the fibre tip touching
the gingiva, to remove the junc-
tional, sulcular and outer gingival
epithelium (approx. 5 mm from the
gingival margin) all around the teeth
(Fig. 2A). To minimize gingival
damage, the tip was moved at a con-
stant speed of 2.5 mm/s. The fibre
end was controlled at every irradia-
tion to check for a carbonized tip
(hot tip), required to generate
enough thermal energy to cause tis-
sue vaporization at the incision line.
When the fibre comes in contact
with tissue and blood, the debris
which immediately accumulate on its
tip absorb the intense infrared laser
energy, thus heating the tip and car-
bonizing the debris and the optic
fibre end. As laser energy continues
to be absorbed by carbon deposits,
the tip reaches a red hot temperature
(~760°C), causing tissue vaporization
(Bornstein 2004). Excess carbonized
debris was removed with wet gauze.
The A =810 nm diode laser, used
with the hot tip technique, was cho-
sen because of its low tissue penetra-
tion, which permitted complete
removal of the gingival epithelium
contaminated by intra-cellular peri-
odontopathogens  with ~ minimal
injury to the underlying lamina
propria (Giannelli et al. 2012). Pa
treatment was performed under ther-
mographic monitoring, with thresh-
old set at 80°C on the target
(Bornstein 2004), to avoid undesired
heat-induced tissue damage. The Pa
diode laser treatment was not
extended to the dental root tissues
because it has been found ineffective
in removing mineralized deposit
from the root surface (Schwartz
et al. 2003b). Eye protection of the
operator, assistant and patients was
assured by wearing safety glasses.
The complete irradiation parameters
are reported in Table 2. Local anaes-

SCORE 0 1 2 3
PMN, RBC Absent <5 5-10 >10
DEC Normal  Aberrant  Plasma membrane Conglutination,
shape rupture, vacuolation vacuolation
cell debris
Coccli, bacilli, spirochetes ~ Absent < 10 10-30 > 30

*Modified from Giannelli et al. (2010).
Numbers are intended per microscopical field.

DEC, damaged epithelial cells; PMN, polymorphonuclear leukocytes; RBC, erythrocytes.

thesia (Articain HCI; Ultracain,
Frankfurt, Germany) was given on
demand to a single patient on the
laser-treated quadrant, and to 15
patients on the control quadrants
before SRP.

Sham-laser treatment consisted of
the same  manual  operations
performed with the laser switched
off. At the end of the Pa or sham
treatments, conventional SRP was
performed using Gracey curettes
(Hu-Friedy).

The operator (M.G.) was not
involved in the analysis of follow-up
data.

Treatment phase lll - Photodynamic mode

At the next clinical session (approxi-
mately once weekly), the laser-irradi-
ated mucosa was subjected to Pd
treatment with a diode laser operating
at 635 nm wavelength (100 mW out-
put power, continuous wave), equipped
with a 0.6 mm optic fibre (4 x 4 Den-
tal Laser; General Project, Montesper-
toli, Italy). In this instrument, the Pd
laser source was assembled with the Pa
one in the same console. The peri-
odontal tissue, including the pocket
and surrounding mucosa, and the
dental root were rinsed with the pho-
tosensitizer agent methylene blue
(0.3% w/v in water). After 5 min., the
inner and outer pocket mucosa
around each tooth and the dental
root were laser-irradiated. The optical
fibre was gently introduced into the
pocket and moved circularly in deep-
to-cervical direction, or moved
smoothly over the outer gingiva with
a 2.5 mm/s speed (average time per
tooth: 1 min. inside and 1 min.
outside the pocket). This procedure
did not require any local anaesthesia.
Pd treatment was continued until nor-
malization of the cytodiagnostic
parameters, especially PMN (range: 4
—10 applications). Additional data are
reported in Table 2. Eye protection
of the operator, assistant and patients
was assured by wearing safety glasses.
Sham-laser treatment consisted of
methylene blue rinsing and identical
manual operations performed with
the laser switched off.

Post-treatment instructions

Patients were instructed to discon-
tinue toothbrushing on the day of
Pa therapy to prevent mechanical

© 2012 John Wiley & Sons A/S
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Fig. 2. Time course of cytodiagnostic parameters evaluating microbial contamination (upper panels), polymorphonuclear leukocytes
(PMN), red blood cells (RBC) and damaged epithelial cells (DEC) in the patients receiving sham-laser treatment + SRP (o) or
laser + SRP (m) during 1-year follow-up. Statistically, the interaction between time points and treatments was significant for all the
parameters (two-way repeated measures ANovA: p < 0.001). Differences at individual time points (paired z-test and Bonferroni’s mul-

tiple comparison test): **p < 0.01, ***p < 0.001.

trauma at the treated sites and facili-
tate re-epithelization. From day 2,
normal personal tooth hygiene with
a toothbrush and inter-proximal
instruments was encouraged. Local
use of chlorhexidine digluconate was
not prescribed.

Statistical analysis

The subject’s quadrant was assumed
as a test unit for statistical compari-
son. For the clinical parameters,
each test unit resulted from the
average of six measurements per
tooth and a minimum of five teeth
per quadrant. For the cytodiagnostic
parameters, each test unit was the
average of five sampling sites per
quadrant. Values were expressed as
means = SEM. The clinical parame-
ters were compared by Student’s
t-test for paired values. The cytodi-
agnostic parameters, which varied
depending on treatment and time,
were first analysed by two-way
repeated measures ANOVA to assess

© 2012 John Wiley & Sons A/S

whether the interaction between the
two variables was significant. If so,
differences between each time point

were assessed by paired r-test
followed by Bonferroni multiple
comparison test (Lesaffre et al.

2007). A p-value < 0.05 was consid-
ered significant.

Results

All the enrolled patients successfully
completed the study. A total of 150
teeth per experimental group was
evaluated and compared. The values
of the clinical parameters (PD, CAL,
BOP) assayed before the treatments
(day 0) and after a 365-day follow-
up (corresponding to 900 measure-
ments per each parameter) are
reported in Table 3. We found that
both sham-laser treatment + SRP
and laser + SRP caused a significant
improvement of these parameters
compared with the pre-treatment
baseline values. In comparison with
the teeth of the control quadrant,

laser + SRP  therapy significantly
reduced (p <0.001) PD (—1.9 mm
with respect to 4.0 £ 0.1 mm in the
controls), CAL (—1.7 mm with
respect to 4.8 £ 0.2 mm in the con-
trols) and BOP (—33.2% with
respect to 37.0 £ 0.9% in the con-
trols).

The cytodiagnostic assay used to
monitor the severity and progression
of periodontal disease, was per-
formed before the therapy (day 0)
and at seven time points (15, 30, 45,
60, 47, 90, 365 days) during follow-
up. The results obtained are shown
in Fig. 2. This assay revealed a
strong, significant reduction
(p <0.001) in PMN shedding, an
index of periodontal inflammation,
in both the treatment groups at a
30-day follow-up. In the Ilonger
follow-up, the inflammatory infiltrate
tended to rise progressively in the
sham-laser treatment + SRP quad-
rants, whereas it decreased further
in the laser + SRP-treated ones.
Stable reduction (PMN < 5) or even



6 Giannelli et al.

Table 2. Laser irradiation parameters

Laser beam characteristics

Diode 810 Diode 635
photoablative mode photodynamic mode
Wavelength 810 nm 635 nm
Irradiation mode Continuous Continuous
wave (CW) wave (CW)
Power 1W 100 mW
Fibre diameter 0.6 mm 0.6 mm

Surface treatment data

Non-contact: 1 mm
(gingival pocket
external)

Treatment mode * Contact (gingival
pocket internal +

external)

Contact (gingival
pocket internal)

Laser spot at target 0.6 mm/0.3 mm? 0.6 mm/0.3 mm? 1.1 mm/0.9 mm?>

diameter/area

Fibre movement speed 2.5 mm/s 2.5 mm/s 2.5 mm/s
Power density 353.4 W/cm? 35.3 W/em? 11.6 W/cm?
Total energy density 66.7 J/cm? 6.7 J/em? each passage 3.8 J/em? each
(fluence) passage

*Laser treatments were performed as follows:

For photoablative treatment, contiguous tissue strips were removed moving the fibre tip for
2 s on the gingival surface, thus progressively ablating the junctional, sulcular and outer
pocket epithelium.

For photodynamic treatment, the inner pocket was irradiated by repeated passages of the
fibre tip in contact mode, 2 s each, whereas the outer pocket was irradiated by repeated

passages of the fibre tip in non-contact mode, 2 s each.

Table 3. Clinical parameters in the different groups

Index/treatment (SEM) 365-day follow-up (:SEM) p-value
PD (mm)

Sham + SRP 49 +0.1 4.0 +0.1 <0.001
Laser + SRP 5.1+£0.1 2.1+£0.1 <0.001
p-value n.s. <0.001

CAL (mm)

Sham + SRP 5.6 +£0.2 48+0.2 <0.001
Laser + SRP 5.6 +£0.2 3.1+£0.2 <0.001
p-value n.s. <0.001

BOP (%)

Sham + SRP 68.9 £ 2.9 37.0 £0.9 <0.001
Laser + SRP 69.4 £ 3.2 3.8 £ 1.1 <0.001
p-value n.s. <0.001

Significance of differences within and between the groups at different time points by Stu-

dent’s -test for paired values.

BOP, bleeding on probing; CAL, clinical attachment level; PD, pocket probing depth.

normalization (PMN =0) of the
PMN parameter with laser + SRP
treatment was  achieved upon
repeated Pd applications, ranging
from 4 (six patients) to 10 (one
patient) (mean + SD: 3.7 + 2.4).
Measurement of RBC, a bleeding
index, indicated that laser + SRP
induced a marked improvement of
this parameter from 30 days onwards,
which was significantly higher than
that obtained with sham-laser treat-
ment + SRP (p <0.001). A similar
trend was shown by the measurement

of DEC, an index of gingival epithe-
lial injury, but the differences did not
reach statistical significance.
Semi-quantitative assessment of
bacteria in the cytodiagnostic samples
showed that both treatments caused a
rapid abatement of microbial con-
tamination, reaching a minimum at
15-30 days. Spirochetes, a parameter
of periodontal disease severity, were
similarly reduced by both treatments at
a 60-day follow-up. In the longer fol-
low-up, spirochetes tended to regrow in
the sham-laser treatment + SRP group,

whereas they remained undetectable in
the laser + SRP group (p < 0.001).
Bacilli showed a similar trend as spi-
rochetes, except for a progressive re-
growth from day 60 onwards
observed in both the test and control
quadrants. Notably, this phenome-
non was less prominent in the
laser + SRP quadrants than in the
sham-laser treatment + SRP  ones
(» <0.001). Cocci were substantially
abated by both treatments at day 15
and their number increased again
thereafter. No major differences were
noted between the laser + SRP group
and the sham-laser treatment + SRP
group.

Finally, it should be mentioned
that the post-treatment course was
uneventful in all patients and that
no complications, such as abscesses
or infections, were observed through-
out the follow-up. Moreover, all
patients but one perceived little or
no discomfort during Pa treatment,
allowing the operator to not admin-
ister local anaesthesia.

Discussion

This study demonstrates the clinical
efficacy of a comprehensive periodon-
tal treatment protocol for chronic
periodontitis, based on diode lasers
used sequentially in Pa and Pd modes
in combination with conventional
SRP. In comparison with SRP alone
by means of hand instruments, the
laser + SRP treatment led to a signifi-
cant improvement of all the clinical
parameters assayed after a 12-month
follow-up. Moreover, in the laser +
SRP-treated quadrants, the patients
consistently showed a rapid and per-
sistent abatement of contamination
by the most aggressive periodonto-
pathogens, such as spirochetes
(Colombo et al. 2007, Visser & Ellen
2011), as well as a remarkable reduc-
tion in the amount of RBC and
PMN, whose presence in periodontal
tissues is related to the severity of the
local inflammatory process (Giannelli
et al. 2010, Bhadbhade et al. 2012).
Indeed, successful elimination of infil-
trating leukocytes, which represent a
source of harmful products, such as
reactive oxygen species, inflammatory
mediators and  matrix-degrading
enzymes, from diseased periodontal
tissues has been shown to be a critical
step for tissue healing and repair
(Nussbaum & Shapira 2011). In this
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context, the marked reduction in
PMNs observed in the laser + SRP-
treated quadrants may depend on the
ability of the diode laser, applied
sequentially in Pa and Pd modes, to
modulate the tissue levels of mole-
cules involved in tissue inflammation
and remodelling, such as IL-1p,
cyclooxygenase-2, matrix metallopro-
tease-8, PDGF and TGF-p (Nomura
et al. 2001, de Paula Eduardo et al.
2010) and to blunt the expression
of endothelial leucocyte adhesion mol-
ecule ICAM-1 (Giannelli et al. 2012).

Moreover, based on  previous
observations that LPS released by pe-
riodontopathogenic ~ Gram-negative

bacteria can adhere to the root sur-
face, persist in periodontal soft tissues
after SRP and contribute to chronic
inflammation (Nair et al. 1996), we
suggest that the strong reduction in
periodontal PMNs could also be due
to laser-mediated de-activation of
LPS, as we have previously shown
(Giannelli et al. 2011). Indeed, the Pd
approach takes advantage of the pho-
tochemical properties of methylene
blue, namely low molecular weight,
positive charge and hydrophilia,
which make it able to interact with
negatively charged LPS and deacti-
vate it. Moreover, the same character-
istics allow methylene blue to easily
enter Gram-negative bacteria through
the porin-protein channels of the
outer membrane (Fontana et al.
2009); upon photo-activation with
the 635 nm wavelength diode laser,
methylene blue releases oxidizing
metabolites which exert potent LPS-
deactivating and antiseptic effects
(Fontana et al. 2009).

We have also shown that
periodontal cocci and bacilli tend to
progressively regrow during the
follow-up period in both the
laser + SRP and sham-laser treat-
ment + SRP-treated quadrants. As
these  morphologically identified
classes of microorganisms have been
shown to include both active and
quiescent periodontopathogens, such
as  Porphyromonas gingivalis and
Aggregatibacter actinomycetemcomi-
tans, as well as normal components
of the buccal microenvironment,
such as Gram-positive bacteria of
the genera Streptococcus and Actino-
myces (Giannelli et al. 2010), their
re-growth after the periodontal treat-
ments is probably not relevant to the
therapy outcome, because it may

© 2012 John Wiley & Sons A/S
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merely indicate replacement of
periodontopathogens by normal oral
microbial flora, as also reported in
previous studies (Lavanchy et al.
1987, Sbordone et al. 1990).
Cytodiagnosis may play a key role
in the assessment of periodontal dis-
ease: through detection and quantifi-
cation of blood cells, epithelial cells
and bacteria, it can help evaluating
the stage and nature of adaptative
reactions of the periodontium in
response to pathogenic microbial
flora (Filoche et al. 2007). The
fluorescent viability assay used in this
study has been applied to microor-
ganisms from different ecosystems,
including oral bacteria (van der Mei
et al. 2006, Filoche etal. 2007,
Tomas et al. 2009). Albeit not being
a standard method in periodontol-
ogy, this assay allowed us to perform
an objective assessment of the
patients under study, as previously
reported (Giannelli et al. 2010, 2012).
From a practical viewpoint,
during Pa treatment it is important
to carefully discriminate between
laser-ablated and untreated tissue to
avoid repeated irradiation of the gin-
gival mucosa. Correct Pa treatment
can prevent thermal damage of deep
tissues while ensuring complete
removal of the surface epithelium
(Giannelli et al. 2012) purportedly
contaminated by intra-cellular peri-
odontopathogens (Rudney et al.
2001, Johnson et al. 2008). This may
reduce the risk for bacterial
re-growth (Mombelli et al. 2000).
Despite these findings and the
other encouraging reports from in

vitro experiments, animal studies
and randomized clinical trials
(Moritz et al.1998, Yilmaz et al.

2002, Braun et al. 2008, Braham
et al. 2009, de Paula Eduardo et al.
2010), there is still controversy
regarding the actual clinical efficacy
of laser treatments compared with
conventional SRP for the therapy of
chronic periodontitis (Christodou-
lides et al. 2008, Polansky
et al.2009). Much debate stems from
comparing non-homogeneous cate-
gories, in terms of different laser
types and wavelengths, wide varia-
tions in laser parameters and
differences in the therapeutic design
and indications (Aoki et al. 2004,
Schwarz et al. 2008, Cobb et al.
2010). Another issue of controversy
is related to the fact that most of the

previous studies limit the laser treat-
ment to periodontal pocket curettage
(Lin et al. 2011), which has been
recently stated to be substantially
ineffective in a consensus report of
the AAP Board of Trustees (2011).
As a matter of fact, no standardized
protocols for laser therapy in peri-
odontology have been established
yet. Thus, the results of the different
studies are hardly comparable
because they are largely dependent
on individual skills and background
photobiological knowledge of the
different investigators. Our findings
cannot be directly compared with
those of previous studies because —
to the best of our knowledge — this
is the first study to combine Pa and
Pd laser treatment as an adjunct to
SRP. Notwithstanding this, our find-
ings support previous reports that
treatment with Pa (Moritz et al.
1998, Andreana 2005, Lin et al.
2011) or Pd (Polansky et al. 2009,
Cappuyns et al. 2011, Ge et al
2011) diode lasers can afford signifi-
cant advantages over SRP alone in
patients with chronic periodontitis.
However, our study does not allow
us to discriminate which diode laser
treatment, Pa or Pd, contributes
more to improve the clinical
outcome. Conceivably, gingival epi-
thelial removal by Pa irradiation and
further periodontal decontamination
by repeated Pd applications could be
considered as synergistic treatments
and may both be required for opti-
mum clinical results.

The use of Pa laser can raise
safety concerns, because its effects
on gingival tissues are difficult to
fine-tune. In this view, accurate set-
ting of the irradiation parameters is
crucial to reduce the possibility of
iatrogenic gingival damage, e.g. due
to overheating. Another key issue to
be considered is that the “hot tip”
phenomenon reduces tissue penetra-
tion of the laser beam and accounts
for a different laser-tissue interaction
than that occurring when irradiation
is performed with a non-carbonized
tip. This notion should be considered
by dental operators to achieve safe
and predictable Pa treatment with
diode lasers.

As a concluding remark, the
favourable characteristics of diode
lasers used sequentially in Pa and Pd
modes as adjuncts to conventional
SRP may be considered valuable



8 Giannelli et al.

tools for the treatment of chronic
periodontitis. The post-treatment
course was uneventful in all our
cases and no complications arose
throughout the follow-up. Most of
our patients perceived very little dis-
comfort during treatment, even in
the absence of local anaesthesia, and
had an overall preference for the
laser modality, as also recently
reported elsewhere (Lin et al. 2011).
This indicates that the laser + SRP
protocol is safe and well tolerated.
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Clinical Relevance

Scientific rationale for the study:
The use of diode laser in photoab-
lative and photodynamic modes
has been proposed as an adjunct to
conventional non-surgical therapy
for periodontal disease.

Principal findings: The combination
of diode laser in photoablative and
photodynamic modes with conven-
tional SRP led to significant
improvements in clinical parameters
(PD, CAL and BOP) and exerted
stronger antimicrobial and anti-
inflammatory effects to periodontal

tissue after a 12-month follow-up
than SRP alone.

Practical implications: The present
study indicates that diode laser treat-
ment in photoablative and multiple
photodynamic modes as adjunct to
SRP is a valuable therapeutic option
for chronic periodontitis.
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