
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=tbeq20

Biotechnology & Biotechnological Equipment

ISSN: 1310-2818 (Print) 1314-3530 (Online) Journal homepage: https://www.tandfonline.com/loi/tbeq20

Effectiveness of dual-wavelength (Diodes 980 Nm
and 635 Nm) laser approach as a non-surgical
modality in the management of periodontally
diseased root surface: a pilot study

Nicola De Angelis, Reem Hanna, Antonio Signore, Andrea Amaroli & Stefano
Benedicenti

To cite this article: Nicola De Angelis, Reem Hanna, Antonio Signore, Andrea Amaroli & Stefano
Benedicenti (2018): Effectiveness of dual-wavelength (Diodes 980 Nm and 635 Nm) laser approach
as a non-surgical modality in the management of periodontally diseased root surface: a pilot study,
Biotechnology & Biotechnological Equipment, DOI: 10.1080/13102818.2018.1544034

To link to this article:  https://doi.org/10.1080/13102818.2018.1544034

© 2018 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

Published online: 19 Nov 2018.

Submit your article to this journal 

Article views: 81

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=tbeq20
https://www.tandfonline.com/loi/tbeq20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/13102818.2018.1544034
https://doi.org/10.1080/13102818.2018.1544034
https://www.tandfonline.com/action/authorSubmission?journalCode=tbeq20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=tbeq20&show=instructions
http://crossmark.crossref.org/dialog/?doi=10.1080/13102818.2018.1544034&domain=pdf&date_stamp=2018-11-19
http://crossmark.crossref.org/dialog/?doi=10.1080/13102818.2018.1544034&domain=pdf&date_stamp=2018-11-19


Effectiveness of dual-wavelength (Diodes 980Nm and 635Nm) laser
approach as a non-surgical modality in the management of periodontally
diseased root surface: a pilot study

Nicola De Angelis�, Reem Hanna�, Antonio Signore, Andrea Amaroli and Stefano Benedicenti

Department of Surgical and Diagnostic Sciences (D.I.S.C), Laser Therapy Center, University of Genoa, Genoa, Italy

ABSTRACT
Conventional periodontal therapies have been widely discussed in the literature. The results of
these therapies, surgically and non-surgically, have demonstrated high predictability and stable
maintenance over time. With some clinical indications, such as inflamed sites with consistent
bleeding on probing (BOP), it can be challenging for the root planning procedure to achieve
predictable outcomes. Therefore, the aim and objectives of the present study were to evaluate
whether the dual-wavelength (980 and 635nm) laser therapy at lower power settings can be
beneficial as a combined non-invasive modality in the management of periodontally diseased
root surface in terms of improving the periodontal parameters. Thirty-five healthy patients were
enrolled in this study. All patients had at least one pocket in the anterior and posterior teeth
with initial periodontal pocket depth (PPD)> 6mm associated with evidence of clinical inflam-
mation, i.e. bleeding on probing (BOPþþ or BOPþþþ) with no gingival recession. The treat-
ment protocol utilized combined therapy of conventional debridement immediately followed by
application of dual-wavelength laser therapy (photo-ablation and photodynamic therapies) at
lower power settings. The results showed that all the pockets of involved teeth had an average
gain of 3mm of the clinical attachment level with no sign of BOP and reduction in the mobility
of the teeth 35days post-operatively. Thus, the utilization of the dual-wavelength approach of
laser-assisted therapy at lower power settings appears to provide a promising and predictable
non-invasive clinical approach in the management of compromised periodontally
involved teeth.
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Introduction

Following recent documented research; utilization of
laser therapy widely serves as an alternative or as an
adjunctive therapy to the conventional periodontal
treatment modalities. Many studies support the
concept of laser therapy in the management of
periodontal diseases. Previous studies have suggested
that there are numerous benefits to its use in treat-
ment and have found that there is a better homeo-
static effect, there can be selective calculus ablation as
a result of its use, and there is a reduction of patho-
gens which contributes to enhancing the optimal treat-
ment outcomes [1–4]. Furthermore, the photonic
energy of diode laser wavelength affecting the
diseased epithelial lining has great affinity in reducing
the dark-pigmented and virulent periodontal disease
pathogens such as Porphyromonas gingivalis, which

can invade the epithelial cells and interstitial space.
Subsequently, this would compromise the periodontal
pocket’s heamostatic status [5]. Ochsner [6] defined
photodynamic therapy (PDT) as ‘an oxygen-dependent
photochemical reaction that occurs upon light-
mediated activation of a photosensitising compound
leading to the generation of cytotoxic reactive oxygen
species, predominantly singlet oxygen’. Anti-microbial
photodynamic therapy (aPDT) can be introduced topic-
ally into the periodontal pocket avoiding overdose and
side effects correlated with the systemic antimicrobial
agent application. It may also reduce the incidence of
bacterial resistance [7,8]. The most common laser
wavelengths utilised in periodontal therapies are the
semiconductor diode lasers, Nd:YAG laser (neodymium-
doped: yttrium, aluminium and garnet), Er:YAG laser
(erbium-doped: yttrium, aluminium and garnet) and
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CO2 laser (carbon dioxide). These wavelengths range
from 635 to 10,600 nm. As a surgical tool, the carbon
dioxide (CO2, 10,600 nm) laser can be utilized not only
for ablation, but also as an adjunctive modality in
mucoperiosteal flap de-epithelialization during trad-
itional flap surgery [9]. Laser-assisted sub-gingival
curettage and periodontal pocket decontamination
using diodes and Nd:YAG wavelengths demonstrate
varying success rates [10–12]. In contrast, some ther-
mal effects (melting, cracking or carbonization) may
occur when the root surfaces are directly treated with
CO2 laser (10,600 nm) or Nd:YAG (1064 nm) [13–15].
The concept of photodynamic therapy is based on util-
ization of a suitable light source (Laser or light-emitting
diode), which can activate a specific photosensitiser
by binding to the target cell [16]. The most common
photosensitisers that have been employed for anti-
microbial photodynamic therapy (aPDT) are methylene
blue and toluidine blue O [16]. Many studies have
shown that these photosensitisers are very effective in
deactivation of both Gram-positive and Gram-negative
periodontal bacteria [17,18]. Noro Filho et al. [19] in a
split-mouth randomized clinical trial study showed that
the use of methylene blue activated by 660 nm laser
wavelength combined with mechanical debridement
(scaling and root planning, SRP), is an effective
modality in the non-surgical management of chronic
periodontitis. Improvement in the clinical attachment
levels (CALs) and probing pocket depth (PPD) after
6months follow-up was noted. Furthermore, Rosa et al.
[20] have shown the effectiveness of aPDT with methy-
lene blue dye, activated by 600 nm laser wavelength,
in deactivating Staphylococcus aureus biofilms. There is
still a gap in the literature to support the effects of
diode laser irradiation on the properties of the root
surfaces. Some studies [21,22] have shown that this
wavelength can cause collateral thermal damage to
periodontal hard tissues if the irradiated parameters
are too high or if the laser beam is directly aimed
towards the root surface. Therefore, the main objective
of utilizing a diode laser as an adjunct to the mechan-
ical periodontal therapy is to remove the calcified
deposit from the root surface [23]. The aims of the pre-
sent study were to assess and evaluate whether the
effects of dual-wavelength laser therapy, using diode
laser (980 nm) and aPDT with 635 nm wavelength, at a
very low power setting could be beneficial as a minim-
ally invasive combined modality in the management of
periodontally diseased root surface; specifically in rela-
tion to inflamed sites where achieving an optimal out-
come by conventional treatment can be a challenge.
Furthermore, the present study assessed whether the

effects of this approach could enhance the healing of
the diseased pockets and improve the CAL.

Subjects and methods

Study design

Thirty-five healthy patients with no previous medical
history of any medically compromised conditions,
immunosuppressing or anticoagulant medications
were enrolled in this interventional clinical study. The
enrolled female patients were not currently pregnant
or during their lactation period. The patients were
only non-smokers aged 28–77 years with a diagnosis
of chronic periodontitis (Supplemental Figures S1 and
S2) according to the International Classification for
Periodontal Diseases (1999) [24].

All selected patients had at least one pocket in the
anterior and posterior teeth with initial PPD >6mm
associated with evidence of clinical inflammation (BOP
þþ or BOPþþþ) with no gingival recession.

Written informed consent was obtained from all
patients. The study was performed in line with the
international ethics principles.

Treatment protocol

Upon obtaining written informed consent and prior
to commencement of the treatment protocol, the
following parameters were recorded at the screening
visit and 35 days post-operatively (Table 1).

Full-mouth-bleeding score (FMBS) and the full-
mouth plaque score (FMPS) were calculated using the
following formula: (number of sites with plaque or
bleeding/number of total number of sites) 3100.

CAL was calculated from probing pocket depth and
recession, using Hu Friedy UNC 15 periodontal probe,
as shown in Supplemental Figure S2.

Tooth mobility was measured based on Miller
scoring system (0–3) and bleeding on probing (BOP)
was measured as shown in Supplemental Figure S2
(periodontal probe).

All the patients had full-mouth peri-apical radio-
graphs prior to commencing the treatment protocol.

Table 1. FMPS and FMBS at the screening visit prior
to treatment.
Age (years) Number of patients FMPS % FMBS %

25–34 5 55.80 ± 6.14 48.20 ± 10.11
35–44 8 50.38 ± 8.62 41.63 ± 8.88
45–54 8 48.50 ± 7.95 39.63 ± 9.09
55–64 5 45.60 ± 5.59 38.00 ± 5.70
65–77 9 43.67 ± 6.14 37.78 ± 5.70
Total 35 48.31 ± 7.83 40.60 ± 8.29

Note: Mean values with standard deviation (±SD).
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The treatment protocol was based on combined
modalities, which were conventional debridement
followed immediately by the applications of the
photonic energy of the dual-wavelengths;
diode 980 nm (photo-ablation therapy) and diode
635 nm (photodynamic therapy). The chosen laser
parameters for both wavelengths were based on
standardization.

Local anaesthesia (articaine 40mg/mL in 10lg/mL
epinephrine) was administered as buccal and palatal
infiltrations around the sites that were affected
by pocketing.

A single operator (specialist periodontist) performed
the clinical examination and carried out the treatment.
All data were recorded by a senior dental nurse
who is also laser-trained. Follow-up appointments
were scheduled after 7 and 35 days of completion
of treatment.

First step: root surface instrumentation

This treatment was carried out by utilizing the
diode 980 nm (Lasotronix SMART device) at a
power setting of 0.7W in continuous emission mode
with an initiated fibre (Supplemental Figure S3). This
was done in order to open the sulcus to facilitate the
supra and sub-gingival debridement, which was
carried out using Gracey Minifive Curette (Hu Friedy).
This curette was inserted in the pocket (Supplemental
Figure S4) up to a maximum of 7mm in order to
achieve an optimal outcome. Supplemental Figure S5
shows the site of treatment immediately after
root planning.

Second step: Photo-ablation therapy protocol
(diode 980 nm) to remove granulated tissue and
reduce the pathogen

This treatment was carried out using an un-initiated
fibre of the diode 980 nm at a power setting of 2W
in a gated mode (50% duty cycle) to allow thermal
relaxation and reduce collateral thermal damage
(Supplemental Figure S6). The tip was inserted into
the pocket and kept parallel to the long axis of the
root structure and the epithelial lining. The direction
of the fiber was maintained in vertical motion and
mesio-distally depending on the site of the pocket in
slow sweeping motions. This procedure was continued
until no further granulated tissue and debris were
noted issuing from the pocket.

Third step: aPDT (diode 635nm) protocol

The steps of application of the aPDT in the diseased
sites and its activation with 635 nm intensive light
were done as follows:

� The photosensitiser (toluidine blue) was inserted via
syringe into the pockets that contained residual
bacteria (Supplemental Figure S7). Photo-activation
of the toluidine blue was performed using an inten-
sive light of 635 nm, at a power setting of 200mW
in continuous emission mode for 30 s, once at the
treatment site (Supplemental Figure S8). It was
anticipated, based on literature reviews, that singlet
oxygen (O2

��) and other various reactive agents
would be effective in reducing the pathogens intro-
duced as a result of treatment. The expected results
were to achieve photochemical disinfection of the
periodontal pocket and subsequently an improve-
ment in the wound healing of the treated sites.

� All the patients were given verbal and written
post-operative instructions in terms of brushing
their teeth on the day after treatment and advise
to use interdental brushes. No analgesics were
prescribed prior to or after treatment. All the
patients had periodontal re-assessment in terms of
BOP, pocket depth, mobility of teeth and CAL
35 days post-treatment completion.

Statistical analysis

Statistical analysis of the pre- and post-treatment
values of the studied variables, PPD, BOP, tooth
mobility and CAL, was done using a formal test, the
‘sign test’. The hypotheses of the test were:

� Null hypothesis (H0): the pre-treatment value of a
variable was greater than its post-treatment value
at a probability of 0.5;

� Alternative hypothesis (H1): the pre-treatment value
of a variable was greater than its post-treatment
value at a probability greater than 0.5.

Intuitively, the test is designed to detect if the
pre-treatment value of the variable tends to be greater
than its post-treatment value. In the case of the variable
‘tooth mobility’, which is of an ordinal type (recorded
on a scale of 1, 2, 3), the following table of frequencies
was used:

Pre\Post 1 2 3

1 7 0 0
2 12 12 0
3 1 3 0
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The variable ‘CAL’ was measured in millimeters
and was classified according to the American
Association of Periodontology (AAP) scoring scale
(0mm¼No CAL, 1–2mm¼Mild, 3–4mm¼Moderate
and 5–6mm¼ Severe).

All values are presented as means with standard
deviation (±SD).

Results and discussion

All treatment sites showed improvement in all clinical
parameters. Pre-operatively, PPD was 7.54mm
(SD¼ 1.36) across the age groups, whereas the
post-operative measurement showed mean PPD of
4.40mm (SD¼ 1.36mm) for the patients included
in this study (Table 2). The decrease in PPD was
statistically significant (p¼ 5.8 ��10�11), i.e. the null
hypothesis was rejected.

The mean CAL post-operatively was 1.60mm
(SD¼ 0.88mm) across the age groups (Table 2). This
indicates that there were no patients presenting
values corresponding to the ‘severe’ class. The vast
majority of the patients (74.3%) were in the ‘mild’ class
(Table 3). The tooth mobility measured pre-operatively
across the age groups showed a mean value of
1.91mm (SD¼ 0.56mm), whereas post-operatively the
mean mobility was 1.43mm (SD¼ 0.50) across the age
groups of the study (Table 4). The statistical analysis
showed that 19 patients out of 35 had maintained
the same degree of mobility after treatment, while
the other 16 patients showed a lower value. BOP
was scored using the periodontal probe, and pre-
operatively its mean value was 2.34mm (SD¼
0.48mm) across the age groups. In contrast, post-
operatively the mean result was 0.09mm (SD¼
0.28mm). This showed a 2.25mm reduction in the
BOP 35 days after the procedure applied in this study
(Table 2). This reduction was statistically significant
(p¼ 2.9�10�11), i.e. the null hypothesis was rejected.

Figures 1 and 2 show a significant reduction in the
PPD and BOP values measured post-treatment in
comparison to the pre-treatment values and their
relationship to the number of patients (frequency).

Supplemental Figure S5 illustrates the improvement in
the clinical periodontal parameters. No complications
were reported following the treatment in terms of
post-operative pain (No analgesics were needed) and
infection (No antibiotic was required). However, one
patient initially reported a persistent hypersensitivity
of the treated tooth, which spontaneously ceased 3
weeks after the treatment. The aPDT application using
toluidine blue activated by 635 nm wavelength for
30 s, in conjunction with utilization of 980 nm wave-
length with low power setting to remove the granu-
lated tissue, was effective in reducing the incidence of
periodontal microbes and enhancing the clinical peri-
odontal parameters (Supplemental Figure S9).

According to a recent systematic review by Akram
et al. [25], the bactericidal efficacy of aPDT as an
adjunct to scaling and root planning (SRP) against
periodontal pathogens in periodontal disease has
remained debatable. There are reports [26,27] that the
bacterial counts decrease significantly following aPDT
as an adjunct to SRP compared to SRP alone.

However, other studies have shown that compar-
able reduction in the counts of periodontal bacteria,
were achieved when aPDT alone or as an adjunct to
SRP, was compared to SRP alone [28–30]. The present
study evaluated the effectiveness of utilizing dual
wavelength, and could contribute to this debate.
Previous studies have shown [31,32] that using

Table 2. Probing pocket depth PPD, POB and CAL prior to treatment and 35 days after treatment.

Age (years)
Number of
patients

PPD (mm) BOP (mm)
CAL (mm)

Post-treatmentPre-treatment Post-treatment Pre-treatment Post-treatment

25–34 5 6.60 ± 0.89 3.60 ± 0.55 2.20 ± 0.45 0.00 1.80 ± 1.10
35–44 8 8.00 ± 0.76 4.38 ± 0.74 2.38 ± 0.52 0.25 ± 0.46 1.63 ± 0.74
45–54 8 7.25 ± 1.16 4.00 ± 1.07 2.25 ± 0.46 0.00 2.00 ± 0.76
55–64 5 8.40 ± 2.07 5.20 ± 0.84 2.60 ± 0.55 0.00 0.80 ± 0.45
65–77 9 7.44 ± 1.51 4.78 ± 1.20 2.33 ± 0.50 0.11 ± 0.33 1.56 ± 1.01
Total 35 7.54 ± 1.36 4.40 ± 1.03 2.34 ± 0.48 0.09 ± 0.28 1.60 ± 0.88

Note: Mean values with standard deviation (±SD).

Table 3. Frequency (number of patients) of CAL according to
the AAP CAL scoring guidance.
CAL scoring No CAL Mild CAL Moderate CAL Severe CAL

Number of patients 3 26 6 0
Percentage 8.6 % 74.3 % 17.1 % 0 %

Table 4. Degree of teeth mobility (Miller scoring) across age
groups prior to treatment and 35 days after treatment.

Age (years)
Number

of patients
Mobility

pre-treatment
Mobility

post-treatment

25–34 5 2.00 ± 0.71 1.40 ± 0.55
35–44 8 1.88 ± 0.35 1.38 ± 0.52
45–54 8 2.00 ± 0.53 1.63 ± 0.52
55–64 5 2.00 ± 0.71 1.20 ± 0.45
65–77 9 1.78 ± 0.67 1.44 ± 0.53
Global 35 1.91 ± 0.56 1.43 ± 0.50

Note: Mean values with standard deviation (±SD).
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different regenerative therapies would improve the
periodontal parameters. Furthermore, the results seen
in our study compare favourably with other surgical
regenerative therapies [32] and would propose that
this minimally invasive therapy with adjunctive use of
dual laser wavelengths is an effective modality for the
management of periodontally diseased root surface.
The photonic energy of each laser wavelength has its

own unique potential laser–tissue interaction. So, the
ultimate benefits of this approach would help to
improve patients’ clinical periodontal parameters to a
greater extent than using a mono wavelength modal-
ity as a non-invasive therapy in the management of
periodontally diseased root surface. The results of our
study illustrated that this approach is effective in
reducing the pocket depth and the inflammatory

Figure 1. Pre-treatment vs. post-treatment PPD (mm).

Figure 2. Pre-treatment vs. post-treatment BOP (mm).
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clinical signs at the selected pockets. In a randomized
controlled study of in vitro animal models (the pig
model) by Romanos et al. [33], instrumentation of the
soft periodontal tissues (no flap surgery) with a diode
laser (980 nm) at a high power setting of 2–4W, in
continuous emission mode, led to a complete epithe-
lial removal in comparison to the conventional treat-
ment methods with the hand instruments in the
periodontal pockets. The low power setting of 2W
was able to remove the thin pocket epithelium in the
same way in all of the tissues scaled by all of the
three examiners independent of the experience level
[33]. However, utilization of a higher power setting
(4W) caused significant damage to the underlying
connective tissues with coagulation similar to tissue
necrosis. This was demonstrated as a result of an
increase in the thermal effect of the high power laser
setting on the target tissue [33]. The present study,
however, demonstrated that utilizing the combined
modalities of the diode 980 nm with the low power
setting of 2W in a gated emission mode (average
power was 1W) with aPDT (635 nm diode laser) as a
dual-wavelength therapy, is an effective management
of the root surface in chronic periodontal diseases
with minimal collateral thermal effects on the adjacent
tissues.

Kreisler et al. [34] reported on the clinical effects of
diode laser (809 nm) irradiation as an adjunct to SRP
in the non-surgical management of root surfaces. All
patients received conventional SRP using hand instru-
ments that were randomly combined with either
GaAlAs diode laser irradiation or rinsing with saline.
After 3 months healing, the adjunctive laser therapy
(809 nm) showed a significantly higher reduction in
the tooth mobility, PPD and CAL, whereas the mean
BOP reduction was not significantly different between
the groups. The authors did not report if any adverse
events were noted related to the laser treatment,
knowing that this wavelength has a deeper penetra-
tion depth than the 980 nm wavelength.

The results of the present study are in agreement
with the report of Kreisler et al. [34] despite the lack
of a control group in the present study. Therefore, it
seems reasonable to suggest that diode laser (980 nm)
irradiation at a lower power setting in a gated emis-
sion mode with the effect of the aPDT can provide
superior advantages over the conventional non-flap
modalities in treating periodontal disease. Advantages
can be defined in terms of shorter healing time,
reduction of CAL and mobility of the teeth and an
improvement of the clinical periodontal parameters. In
addition, the present study also showed a reduction in

BOP, in contrast to the work of Kreisler et al. [34].
Subsequently, this would minimize the stress on the
tissues after the mechanical debridement. It is worth
mentioning that the LANAP protocol was firstly
described by Gregg et al. [35] and further investigated
by Yukna et al. [36] and Nevins et al. [37] in a human
prospective clinical study. Despite the evidence show-
ing a reduction in the pocket’s depth and a general
gain of the CAL, it seems highly unpredictable that
the role of the Nd:YAG laser alone can remove the
sub-gingival calculi to achieve periodontal tissue heal-
ing after non-surgical and surgical therapies. It is chal-
lenging to be convinced that the Nd:YAG laser, which
is a soft tissue wavelength of 1064 nm, can remove
hard tissue like sub-gingival calculus with no collateral
thermal damage taking into consideration its penetra-
tion depth of approximately of 7mm. Furthermore,
Sgnolastra et al. [38] undertook a meta-analysis exam-
ining Nd:YAG laser wavelength, and identified PD
reduction with the use of SPR and Nd:YAG (1064 nm)
wavelength compared to SPR alone. The study how-
ever, observed no differences in CAL gain, which is in
contrast to the findings of the present study. It is
important to refer to the benefit of the combined
Er,Cr:YSGG (2780 nm) and diode InGaAsP (940 nm)
laser therapy, which has added value to the nonsurgi-
cal periodontal treatment in bacterial reduction and
improvement in the clinical periodontal parameters
[39]. The recent systematic review by Betsy et al. [40]
reported that although there was a wide range of het-
erogeneity in the included studies, they all indicated
that aPDT has the potential to be an effective
adjunct in the treatment of chronic periodontitis.
Finally, although the present study has some limita-
tions, it is the first step in utilization of diode 980 nm
at a low-power setting combined with aPDT using the
635 nm diode laser, as a dual-wavelength approach, in
the management of chronic periodontal diseases of
the root surfaces, in order to achieve a better outcome
with minimal to no post-operative adverse effects.

5. Conclusions

Utilization of a dual-wavelength approach at a lower
power setting, as an adjunct to scaling and root
debridement, indicated to provide a promising and
predictable clinical approach for the non-surgical
management of compromised periodontally involved
teeth. The aPDT using toluidine blue as a photosensi-
tiser activated by a 635 nm diode laser appeared to be
potentially superior to the traditional modalities of
periodontal therapy. Furthermore, it enhanced the
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clinical periodontal outcome when combined with the
980 nm diode laser therapy as a dual-wavelength
approach. However, given the limitations of this
study, we recommend further randomized controlled
trials/blind studies to be carried out to validate and
confirm these results by utilizing the dual-wavelength
approach with low laser power settings. This approach
could be considered as the first step in improving the
patients’ outcomes and perhaps would help to resolve
the current debate in the literature.
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