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Abstract

Aim The aim of the study was to accurately assess the antibacterial effect of the combined Er,Cr:YSGG and InGaAsP 940 nm
laser therapy on nine pathogenic bacteria in the treatment of periodontitis.

Materials and method Fifty-six patients were selected for this pilot study. Five patients were excluded, whereas 51 of them
completed the study. The patients were randomly allocated to either the combined 2780 nm Er,Cr:YSGG (Waterlase, Biolase)
and 940 nm InGaAsP diode laser (EPIC, Biolase) therapy, adjunct to scaling and root planning (SRP) (experimental group), or to
scaling and root planning alone (control group). The quantitative and qualitative analysis of the total number of bacteria and nine
specific germs was performed using quantitative real-time polymerase chain reaction.

Results The total bacterial load inside the periodontal pockets was reduced both for the laser plus SRP and for the SRP alone
group at the 1-month and 6-month follow-ups (p < 0.05). The laser therapy group showed a more significant bacterial reduction
than the control group at the 1-month and 6-month follow-ups. The germ number reduction was statistically strongly significant
for the total number of germs and for eight out of nine analyzed bacteria.

Conclusions The present study suggests that a combined Er,Cr:YSGG 2780 nm and diode InGaAsP 940 nm laser therapy added
to the nonsurgical periodontal treatment brings an important benefit in bacterial reduction and stands as a reliable alternative to
antibiotic prescriptions in periodontal treatment. The positive changes are also reflected in significant improvement of clinical
periodontal parameters. The results suggest that newly formed bacterial microbiome inside the sulcus appears to be more
beneficial, durable, and stable in the lased group.
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Introduction

The disruption of the harmonic relationship between the host
and the commensal microbiota is considered to be an impor-
tant factor for the development of oral diseases [1-4]. The
periodontitis is initiated when the pathogenic bacteria species
become predominant, overruling the host’s defense and trig-
gering an enhanced immune response, which may lead to
ineffective chronic inflammation [5—8]. The aim of the
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nonsurgical periodontal therapy is to reduce the loss of tooth
supporting tissues induced by the presence of pathogens and
their interaction with the human body but also to reduce the
total number of periodontal pathogens, to prevent their recol-
onization, or to lessen the pathogenicity of a potential future
biofilm. However, the periodontal pathogens cannot be
completely eliminated by conventional scaling and root
polishing, especially in deeper periodontal pockets [9].
Considering the polymicrobial immune-inflammatory na-
ture of the periodontitis related to the loss of the gingival
attachment, the research must be focused on any therapeutic
technique or tool that can contribute to the decrease of the
pathogenic periodontal bacteria inside the periodontal
pockets. The use of lasers has been proposed for its bacteri-
cidal and detoxifying effect, but also for its capacity to stim-
ulate local healing [10—14]. Despite the literature data show-
ing controversial results and conclusions of various laser
wavelengths used in periodontal therapy, only a few
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researches aimed to investigate the synergic effect promoted
by the combination of different laser categories.

Aim of the study

The study aims to assess the role of the complementary ther-
apy performed with InGaAsP 940 nm laser and Er,Cr:YSGG
2780 nm laser in restoring the microbiological balance during
periodontal therapy. The comparative evaluation of the bacte-
rial recolonization after treatment was performed 1 month af-
ter the baseline and 6 months after the baseline by comparison
with the final results of the baseline evaluation made before
the treatment.

Materials and method
Patient selection

For the purposes of this pilot study, 56 patients were selected
who had at least one true 6 mm or deeper periodontal pocket
per quadrant. All the subjects, patients of Krondent Dental
Clinic, were selected through screening from a number of
300 new patients. The inclusion criteria were as follows: sub-
jects without systemic diseases, subjects without
antibiotherapy 3 months prior to the periodontal treatment,
at least 12 natural teeth present in the oral cavity distributed
in four quadrants. The exclusion criteria were the following:
patients aged over 80 or under 18, the presence of diabetes
mellitus types I and II, TBC, HIV, HBV, and HCV, patients
undergoing immunosuppressive treatments or radiotherapy,
patients with psychiatric diseases and/or antibiotherapy in
the preceding 3 months, patients who had undergone any peri-
odontal therapy in the preceding 12 months.

Approval of the Ethical Committee of Private Practice
Krondent Dental Clinic Application (#101E/30.11.2015) was
obtained. The research was conducted according to the
Declaration of Helsinki (1964, revised in 2013). Fifty-six con-
sent forms were randomly numbered by a qualified statistician
(DP) using a randomization software (https://www.
randomlists.com/, Google AdSense).

Patients were informed about the purpose and the protocol
of the study. They received and signed a consent form. The
patients were subjected to a medical and dental anamnesis.
Four patients were excluded: two exclusions were due to an-
tibiotic treatment in the preceding 3 months, one exclusion
was due to a HBV infection, and one exclusion was due to
periodontal treatment having been received in the preceding
12 months. Moreover, one patient did not come back for any
appointment after having fulfilled the informed consent. Fifty-
one patients participated in the study until the end. Twenty-six
patients of this sample were enrolled in the test group (average
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age 44, 31 +/— 7.65) and 25 patients were enrolled in the
control group (average age 47.6 +/— 8.22).

The subjects’ clinical examination, periodontal status, and
radiographic analysis were performed by an independent op-
erator (AG). The diagnosis for the subjects and the sample of
patients are presented in Table 1 below.

Study protocol

The patients were randomly assigned, according to the num-
ber allocated on the consent form, to either the combined
2780 nm Er,Cr:YSGG (IPLUS, Waterlase, Biolase, Inc.,
Irvine, USA) and InGaAsP 940 nm (EPIC 10, Biolase Inc.,
Irvine, USA) therapy adjunct to the subgingival debridement
(SD) (experimental group) or the conventional therapy—
subgingival debridement (SD) (control group). The study pro-
tocols for the experimental and the control group are presented
in Table 2, whereas the laser parameters are presented in
Tables 3 and 4. All the recordings of the clinical parameters
and microbiological samples were made throughout the
evaluation by an independent operator (AG) who was not
aware of the assignment of the patients into treatment
groups. Each treatment was performed by an experienced
periodontist who was not aware of the assignment of the
patients into groups (CC).

Periodontal probing depth (PPD) was measured with a
manual Hu-Friedy PCP 15 periodontal probe (Hu Friedy
Inc., Leimen, Germany) down to the closest lower millimeter.
Gingival margin (GM) was measured using the same PCP 15
probe as the distance between the gingival margin and CEJ, or
another reference point on the tooth surface, such as a crown
or the restoration margin. A negative value was assigned
where the gingival margin was below CEJ, and a positive
one was assigned where the gingival margin was above it.
Bleeding on probing (BOP) was scored based on the presence

Table 1 Sample patient

Groups Test Control

No 25 24

Gender M/F 12/13 13/11

Age (mean + SD) 49.12 £8.76 44.21 £8.62
Smokers/nonsmokers 12/13 14/10

PPD (mean = SD) >4 mm 5.32+1.06 5.17+1.13
MAL (mean + SD) -4.92+1.35 —4.67+1.37
BOP (mean + SD) 44.08 £16.29 51.38+£14.34
FMPS (mean + SD) 51.24 +£18.32 58.13 £18.24
Stage of periodontitis 1/2/23 0/3/22

Mild/moderate/advanced

MPD mean pocket depth, MAL mean attachment level, FMPS full mouth
plaque score (after O’Leary et al. 1972), BOP bleeding on probing
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Table 2 Study protocol for test and control group
Groups
Groups Control Test
Baseline Initial consult Initial consult
Diagnosis Diagnosis
Informed consent Informed consent
Week 1 PPD recording PPD recording
PI recording (FMPS) PI recording (FMPS)
GM recording GM recording
BOP recording BOP recording
Microbiology sampling Microbiology sampling
Week 2 Us Laser 940 nm, 2 W, CW
OHI usS
OHI
Week 3 SRP Laser 940 nm, 2 W,CW
SRP
Laser 2780 nm, Er,Cr:YSGG
2 W, 40 Hz, 50 us
1 month Microbiology sampling Microbiology sampling
3 months PPD recording PPD recording
GM recording GM recording
PI recording (FMPS) PI recording (FMPS)
BOP recording BOP recording
Laser 940 nm, 2 W, CW
Laser 2780 nm, Er,Cr:YSGG
2 W, 40 Hz 50 pus
6 months PPD recording PPD recording
GM recording GM recording
PI recording (FMPS) PI recording (FMPS)
BOP recording BOP recording
Microbiology sampling Microbiology sampling

PPD periodontal probing depth, GM gingival margin, BOP bleeding on
probing, P/ plaque index: full mouth plaque score after O’Leary

or absence of bleeding within 15 s after pocket probing. The
plaque score was measured as positive or negative, using “+”
or “—,” based on the presence or absence of plaque, by running
a probe along the cervical part of the root surface in 6 points
on every tooth.

Microbiological samples have been collected from 4
points: four samples were collected from each quadrant from
the same indicated point throughout the entire evaluation. The
targeted areas were previously isolated and dried. Sterile paper
points were then inserted down to the bottom of the pocket
and left there for 10 s. They were then removed by avoiding
contact with saliva or the epithelium of the oral cavity. The

points thus obtained were then placed in a sealed sterile
tube provided by the Pet Plus Diagnostic Bereichsleiter
mikro- und molekularbiologische Analytik, MIP Pharma
GmbH company, for safe transportation purposes. 7he de-
tection limit for each bacterium was confirmed by the
company at 100 germs/ml.

The patients were informed about the necessity and the
benefits of improving their oral hygiene. The treatment was
performed by an experimented operator (CC). During the first
therapeutic visit, the laser bacterial reduction protocol was
applied to the experimental group, whereas no laser was used
on the control group. Laser bacterial reduction was performed
using InGaAsP (Epic 10, Biolase, Irvine, CA, USA), 2W, CW,
E3-9 mm non-initiated tip. The laser was used for 30 s in the
sulcus/periodontal pocket of each mono-rooted tooth and for
60 s in each sulcus/periodontal pocket of multi-rooted teeth
using slight movements from the apex to the crown and back-
wards following the anatomy of the root surface. After the
laser bacterial reduction protocol, ultrasound calculus removal
was performed both on the experimental and the control
groups using the ultrasonic device. Oral hygiene instructions
and hygiene motivation were again discussed with the pa-
tients. Ultrasound calculus removal was performed using the
ultrasonic device (Satelec, ACTEON GROUP Dental,
Meérignac, France), as well as the brushing of all the dental
surfaces using rotating brushes and Prophy Paste and Airflow
(Kavo Dental, 11727 Fruehauf Drive Charlotte, NC 28273,
Germany). The over-edged margins of any direct restorations
and crowns were corrected in order to improve the gingival
environment. Occlusal therapy was performed on all patients.

A week later, the patients in the experimental group
underwent a second therapeutic session for laser bacterial re-
duction. The full mouth plaque score was evaluated again
based on the O’Leary index. Scaling and root planning were
performed after in both groups for all the periodontal pockets
that exceed 4 mm in depth. Manual Gracey curettes (Hu-
Friedy Inc., Leimen, Germany) were used.

In the test group, Er,Cr:YSGG laser therapy was performed
on all the pockets measuring at least 4 mm in depth versus
nothing in the control group. Er,Cr:YSGG laser (Waterlase,
Biolase, Irvine, CA, USA) has 2780 nm wavelength, RFTP
14 mm tip, 2 W, 40 Hz, 50 us, 15-45% air, 15-35% water
with 10 s/mm depth in mono-rooted teeth, and 15 s/mm depth
in multi-rooted teeth. The aim of this complex laser therapy

Table 3 Er,Cr:YSGG lasers

Pulse
duration (us)  (mJ) (W) (s)

Epulse Ppex  Time TIP

parameters P avg (W)  Pulse repetition
rate (Hz)
2 40

50

50 1000 10 s/mm depth mono-rooted ~ RFTPS

15 s/mm depth multi-rooted

RFTP5 radial firing tip, 500 pm fiber diameter, glass, outer tip diameter 580 um, tip length 14 mm

Beam pattern: primarily radial emission, with a portion of straight laser energy
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Table 4 DIODE 940 nm laser parameters

Tooth P avg Mode Operation P pgc Time Dose TIP
(W) W) @

Mono-rooted 2 CW 2 30 60 E3

Multi-rooted 60 120

E3 single-use tip, Ferrule Blue, fiber diameter 300 pum, fiber length 9 mm,
non-initiated bare fiber

was to complete the deep scaling, to perform curettage of the
internal pocket wall, deepithelization of the internal soft wall
of the periodontal pocket and deepithelization of the gingival
margin to prevent epithelial ingrowth. With this therapy, we
can obtain the root surface modification and detoxification,
the bone decontamination, and a bactericidal effect that is
reflected upon all the involved tissues. A secondary beneficial
effect of laser therapy is photobiomodulation of the involved
vascularized tissues.

One month after the baseline, microbiological samples
were collected again intending to evaluate bacteria dynam-
ics. Three months after the baseline, the clinical parameters
were recorded in periodontal charts, to assess pocket depth
dynamics in order to establish indication for the second
erbium laser therapy. Laser therapy was performed in the
test group 3 months after the baseline. Both wavelengths
were used at the same settings in all pockets, with depths of
4 mm or more. Six months after the enrolment, all the
recordings and samplings were done again. The therapy
protocol is presented in Table 2. Laser parameter settings
are presented in Tables 3 and 4.

The microbiological analysis was performed for
Aggregatibacter actinomycetemcomitans, Porphyromonas
gingivalis, Treponema Denticola, Tannerella Forsythia,
Fusobacterium nucleatum, Prevotella intermedia,
Peptostreptococcus micros, Eubacterium nodatum, and
Capnocytophaga gingivalis. The expected results of the ther-
apy were changes in the microbiological profile: the decrease
of the total number of bacteria below the individual’s thresh-
old for disease, the recolonization of the sulcus being delayed
after the laser treatment, and the restoring of the balance be-
tween the bacterial species: a relative symbiotic proportion
among the species after the treatment.

Statistical analysis

The statistical analysis was performed using SPSS statistics
21, IBM, Armonk, NY, and the included tests are as follows:
quantitative analysis median and percentiles, qualitative anal-
ysis. The descriptive statistics analysis, Wilcoxon test, was
performed to assess data validity. Considering the absence of
statistically different values in the initial data for the control
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and experimental group, we consider that an important risk of
bias has been excluded for eight variables (out of ten).

Results

Considering the literature data on the microbiological anal-
ysis in periodontics and the data distribution being non-
parametric, the median and percentiles are relevant to ana-
lyze these variables. Table 5 presents the median and per-
centiles for the microbiological variables at baseline and
respectively 1 and 6 months after the baseline for control
group and experimental group.

As we can see in Table 5, with the exception represent-
ed by Aa and En 1 month after, we found statistically
strongly significant differences between the experimental
and the control groups in favor of the experimental group,
at a degree of significance ranging between 0.00 and 0.03
and showing a significant reduction immediately after the
therapy in the lased group. That result was also main-
tained 6 months after the baseline.

Major pathogens Pg, Td, and Tf have shown a strongly
significant reduction immediately after the laser therapy.
These results were still maintained 6 months after the base-
line. Also, Pm, Fn, Pi, and Cg have shown a significant
reduction after the laser therapy. The significant differ-
ences between groups were also maintained or increased
6 months after the baseline. En also showed a significant
reduction immediately after the treatment. It was more sig-
nificant in the lased group than in the control group, but the
differences were not statistically significant between the
two group (p =0.053). During the 6-month evaluation of
the differences between the groups, the En value in the
lased group was statistically significantly lower than the
value in control group (p = 0.006).

After the quantitative analysis, we also considered
performing the qualitative analysis of the bacteria distri-
bution in the subjects at all moments: at the baseline, after
1 and after 6 months respectively, in order to have a more
complete image of all the processed variables and their
clinical significance (Table 6).

As we can see in Table 6, with the exception of Aa and Cg,
we have a statistically significant reduction of the germs in
almost all the evaluated bacteria. Aa was no longer detected in
any patient in the lased group. Pg was still present in all cases
in the control group, even if the quantity of germs was reduced
after the therapy. In the lased group, in 15 out of 25 patients,
we noticed the absence of Pg right after the laser therapy. The
differences between the groups were statistically strongly sig-
nificant. During the 6-month evaluation, in 18 patients in the
control group, Pg was still present in the microbiological sam-
ple, as compared to only 9 in the lased group.
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Table 5 Independent sample median test of median and percentiles for microbiological variables
Variables Group control (1) Group experimental (2) p value

(Median) 25-75% (Median) 25-75% Between groups

Total number of germs (TNG) N=24 N=25

Baseline 210 x 10° 92.75 x 10°-610 x 10° 360 x 10 160 x 10°-1250 x 10° 0.108

1 month 17.5x 10° 6.75 x 10°-63.5 x 10° 0.036x 10 0.012 x 10°-0.054 x 10° 0.000
6 months 44 % 10° 13.25 x 10°-570 x 10° 0.060 x 10° 0.0345 x 10°-0.150 x 10° 0.000
Aggregatibacter actinomycetemcomitans (Aa)

Bascline 0x10° 0x 10°-0 x 10° 0x10° 0% 10%-0.00043 x 10° 0.115

1 month 0x10° 0x10°-0x 10° 0x10° 0% 10°-0 x 10° -

6 months 0x10° 0x 10°-0 x 10° 0x10° 0% 10°-0 x 10° 0.452
Porphyromonas gingivalis (Pg)

Baseline 0.405 x 10° 0.157 x 10°-1.425 x 10° 0.240 x 10° 0.043 x 10°-0.900 x 10° 0.319

1 month 0.015 x 10° 0.006 x 10°-0.045 x 10° 0x10° 0% 10°-0.00012 x 10° 0.000
6 months 0.0054x10° 0% 10°-0.130 x 10° 0x10° 0% 10°-0.00014 x 10° 0.032
Treponema denticola (Td)

Baseline 0.410 x 10° 0.099 x 10°-0.877 x 10° 0.370 x 10° 0215 x 10°-1.15 x 10° 0.884

1 month 0.012 x 10° 0.000915 x 10°-0.054 x 10° 0 x 10° 0% 10°-0.00017 x 10° 0.000
6 months 0.032 x 10° 0.00048 x 10°~0.203 x 10° 0% 10° 0% 10°-0.00011 x 10° 0.000
Tannerella forsythia (Tf)

Baseline 0.605 x 10° 0.148 x 10°-1.375 x 10° 0.620 x 10° 0.145 x 10°-1.250 x 10° 0.884

1 month 0.0024 x10°  0.00079 x 10°-0.012 x 10° 0 x 10° 0% 10°-0,000 x 10° 0.000
6 months 0.0011 x10°  0.000422 x 10°-0.077 x 10° 0 x 10° 0% 10°-0.0000 x 10° 0.000
Prevotella intermedia (Pi)

Baseline 0.385x 10° 0.026 x 10°-1.250 x 10° 0.950 x 10° 0.230 x 10°~1.500 x 10° 0312

1 month 0.0016x10° 0% 10°-0.036 x 10° 0x10° 0 % 10°-0.000075 x 10° 0.015
6 months 0.0175x10°  0.00016 x 10°-0.130 x 10° 0 x 10° 0% 10°-0.00023 x 10° 0.007
Peptostrep (Micromonas) (Pm)

Baseline 0.120 x 10° 0.026 x 10°-0.317 x 10° 0.210 x 10° 0.072 x 10°-0.645 x 10° 0.661

1 month 0.009 x 10° 0.0013 x 10°-0.048 x 10° 0 x 10° 0% 10°-0.00028 x 10° 0.000
6 months 0.013 x 10° 0.0031 x 10°-0.063 x 10°  0.000140 x 10° 0 x 10°-0.00024 x 10° 0.000
Fusobacterium nucleatum (Fn)

Baseline 0.00048 x 10° 0 x 10°-0.040 x 10° 0.00 % 10° 0% 10°-0,048 x 10° 0.670

1 month 0.00 % 10° 0% 10°-0.034 x 10° 0x10° 0x10°-0 x 10° 0.007
6 months 0.004 x 10° 0% 10°-0.036 x 10° 0.000 x 10° 0% 10°-0,00 x 10° 0.005
Eubacterium nodatum (En)

Baseline 0.000570 x 10° 0 x 10°-0.009 x 10° 0.0097 x10°  0.00029 x 10°~0.096 x 10° 0.063

1 month 0x10° 0% 10°-0.00011 % 10° 0x10° 0% 10°-0 x 10° 0.053
6 months 0x10° 0 x 10°-0.00052 x 10° 0x10° 0% 10%-0 x 10° 0.006
Capnocytophaga gingivalis (Cg)

Baseline 0.145 x 10° 0.054 x 10°-0.782 x 10° 0.130 x 10° 0.022 x 10°-0.440 x 10° 0.884

1 month 0.020 x 10° 0.00117 x 10°-0.078 x 10°  0.00028 x 10°  0.00013 x 10°~0.000715 x 10°  0.000
6 months 0.065 x 10° 0.018 x 10°-0.160 x 10° 0.00082 x 10°  0.00037 x 10°-0.00115 x 10°  0.000
N number

In what 7d is concerned, out of 24 patients in control group
for which 7d was found in the initial microbiological sample,
22 still displayed the same bacteria after the therapy. In the
lased group, only 9 subjects out of a total number of 25 still
displayed 7d at the microbiological analysis after the therapy.

With regard to Tf, out of 25 cases tracked at the baseline, this
bacterium was present in only in 4 patients in a month’s time
and in 3 patients after 6 months, as compared to 21 in a
month’s time and 20 after 6 months in the control group.
Similar results were also obtained for Pi, Pm, Fn, and En.
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Table 6 Qualitative Analysis for

microbiological variables Variables No subjects (% of total number) No subjects (% of total number) p value
Group control (1) Group exp (2) between groups
N=24 N=25 M-)

Total number of germs (TNG)

Baseline 24 (100%) 25 (100%) -

1 month 24 (100%) 25 (100%) -

6 months 24 (100%) 25 (100%) -
Aggregatibacter actinomycetemcomitans (Aa)

Baseline 1 (4.17%) 6 (24%) 0,049

1 month 0 (0%) 0 (0%) 0.967
6 months 2 (8.33%) 0 (0%) 0.149
Porphyromonas gingivalis (Pg)

Baseline 23 (95.83%) 23 (92%) 0,585

1 month 22 (91.67%) 8 (32%) 0.000
6 months 16 (66.66%) 8 (32%) 0.005
Treponema denticola (Td)

Baseline 24 (100%) 25 (100%) -

1 month 22 (91.67%) 8 (32%) 0.000
6 months 19 (79.16%) 7 (28%) 0.000
Tannerella forsythia (Tf)

Baseline 23 (95.83%) 25 (100%) 0312

1 month 21 (87.50%) 4 (16%) 0.000
6 months 20 (83.34%) 3 (12%) 0.000
Prevotella intermedia (Pr)

Baseline 20 (83.33%) 22 (88%) 0.649

1 month 15 (62.50%) 6 (24%) 0.005
6 months 19 (79.16%) 9 36%) 0.000
Peptostrep (Micromonas) micros (Pm)

Baseline 24 (100%) 25 (100%) -

1 month 22 (91.67%) 9 36%) 0.000
6 months 19 (79.16%) 14 (56%) 0.038
Fusobacterium nucleatum (Fn)

Baseline 13 (54.17%) 13 (52%) 0.664

1 month 11 (45.84%) 3 (12%) 0.003

6 months 14 (58.34%) 5 (20%) 0.001
Eubacterium nodatum (En)

Baseline 13 (54.17%) 20 (80%) 0.104

1 month 5(20.84%) 0 (0%) 0.007

6 months 9 (37.50%) 0 (0%) 0.001
Capnocytophaga gingivalis (Cg)

Baseline 24 (100%) 25 (100%) -

1 month 23 (95.83%) 20 (80%) 0.095

6 months 24 (100%) 25 (100%) -
N number

Discussions

The ultimate goal of any effective periodontal therapy is not
only to achieve the reduction of the periodontal pockets to less
than 4 mm of depth, but also to restore a microbiome that is
balanced and fully compatible with the local and general

@ Springer

health. In the last decade, lasers have become increasingly
common in periodontal therapy, despite the highly controver-
sial evidences due to the poor and inconsistent standard of
research [11, 13—15].

Different therapy protocols result into important differ-
ences in the use of different wavelengths, different settings
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for the same wavelength, laser application times, dosages,
initiated tip, and irradiated area that lead to very heteroge-
neous results in the reported studies related to the effec-
tiveness of lasers in periodontal therapy [15].

The use of dual wavelength is supported by the fact
that each wavelength has different mechanisms of action.
The Er,Cr:YSGG lasers have limited penetration depth,
but are reliable to perform root detoxification and root
surface modification, the interruption of the epithelial
down-growth, curettage of the soft pocket and bone, and
biostimulation due to the water chromophore. The
InGaAsP lasers have a deeper penetration into the tissue;
they exhibit absorption in the pigmented chromophores
and a significant photobiomodulatory effect. The potential
benefits of using two laser wavelengths together may be
greater than one alone [11, 13, 14]. This laser combina-
tion uses the synergic antibacterial effects given by the
absorption in melanin and water [11, 13].

In this study, at all moments of the evaluation after the
treatment (1 and 6 months after), with the exception represent-
ed by Aa and En during the 1-month evaluation, we found
strong statistically significant differences between the experi-
mental and the control groups in favor of the experimental
group, at a degree of significance ranging between 0.000
and 0.032. The total number of germs was significantly re-
duced immediately after the laser therapy and that was also
confirmed at the 6-month evaluation. The differences between
the lased group and the control group had a degree of signif-
icance of p <0.05 in favor of the lased group, supporting the
hypothesis of the efficiency of the dual wavelength laser ther-
apy in the bacterial reduction during the periodontal therapy.
These results may also consider differences in the full mouth
plaque score (FMPS) between the groups.

Aa was still present in six cases in the experimental
group, but no longer present in any case at the 1-month
and 6-month evaluations. Pg was still present in 23 out of
24 cases in the control group, as compared to only 10
cases out of 25 in the experimental group immediately
after the treatment. After 6 months, only 9 patients in
lased group still had this bacterium, as compared to 18
in the control group. After 6 months, Cg was still present
in all the patients in the control and the experimental
groups, even if the amount was significantly lower in
the lased group.

Gojkov-Vukelic M. et al. (2013) demonstrated a statistically
significant decrease in Actinobacillus actinomycetemcomitans
and Porphyromonas gingivalis immediately and 3 months af-
ter the baseline [12]. The significant antibacterial effects against
major pathogens such as Prevotella intermedia, Tannerella
forsythia, Treponema denticola, and Porphyromonas gingivalis
were demonstrated for Er,Cr:YSGG laser-assisted periodon-
tal therapy in a 6-month follow-up study conducted by
Gutknecht et all [13].

When comparing the effect of diode 980 nm laser-
assisted plus SRP with SRP alone, Caruso et al. (2008)
[16] and Euzebio A et al. (2013) [17] found an improve-
ment in the clinical parameters, but no significant differ-
ences in the reduction of periodontal pathogens [16, 17].
Crispino et al. proved that adding 940 nm diode laser ther-
apy to SRP leads to a more effective decontamination of
the pocket as well as a delayed recolonization [14]. Despite
the rapid decrease of the pathogen load inside the peri-
odontal pockets, demonstrated by many research groups
after applying conventional nonsurgical periodontal thera-
py, these studies also showed the early recolonization of
the periodontal pockets within 5 to 7 days after the con-
ventional periodontal therapy [4, 18].

Having assessed the results of this research, we must
also consider that DNA-based techniques can detect bacte-
ria even at a very low level, but the procedure is very
sensitive. Van Stenbergeer (1996) has proven that the
DNA probe method can result in about 16% false positive
results and 40% of the samples with PG stain remaining
undetected in his study. The data in his study suggest that
the value of the DNA probe method for the periodontal
pathogen detection could be questionable at a certain point
[19]. We may also consider new other species that are not
included into the standard microbiological test now being
associated with the start and progression of the periodontal
disease (Filifactor alocis, Desulfobulbus sp., Bacteroidetes
sp., Veillonella atipica, Brevundimonas diminuta, Gemella
sanguinis, Mogibacterium tidminum, Mycoplasma
salivarium, Aneroglobus Geminatus, Megasphera
micronucoformis, Streptococcus parasanguinis,
Pasteurella, F. naviforme, T. Medium) [10, 19]. No re-
search is yet available with regard to these species’ behav-
ior in interaction with lasers. Nevertheless, due to the im-
portant differences in the values of the total number of
germs detected and the amount of periodontal germs de-
tected in each sample, we may take into consideration
some possible interaction between these new bacteria and
lasers, while also considering nonpathogenic bacteria as
part of the total number of germs detected in the samples.

Even under these circumstances, the results of this
study reveal a major population shift after the treatment:
Aa, Pg, Td, and Tf associated with advanced periodontitis
were dramatically reduced; a slight presence of the orange
complex was noticed that is usually associated with the
initial regression of the disease or with the progression
from a mild to an advanced form, but also a shift to the
green complex typically associated with the phase of bi-
ological healing has been shown. The average load of all
the known pathogens has decreased dramatically. The
most important and striking results were seen immediately
after the laser treatment, but they were considerably sat-
isfactory after 6 months too.

@ Springer



50

Laser Dent Sci (2018) 2:43-51

In the interpretation of these results, we must consider the
conclusion of Tomasi et al. (2007) about multilevel analysis in
periodontal studies, as the response to treatment can vary
markedly both from a patient to another and depending on
the tooth sites in the patients [20].

The interpretation of the results is difficult to do by
comparing with literature data, due to the various combi-
nation of parameters and protocols used in these re-
searches. The sample patient is quite homogenous in a
private practice. Despite the limitations represented by
the low number of studies and the inconsistencies in the
protocols and methodology, the support of laser therapy in
the treatment of periodontitis is considerable and may be
taken into consideration as a reliable alternative to antibi-
otic prescriptions. Research offers moderate to poor long-
term results in terms of the local use of antibiotics and
antiseptics in the treatment of periodontitis [21, 22].
Despite the fact that the administration of systemic anti-
biotics plus SRP has proven to be more beneficial than
SRP alone, we must consider the adverse effects and the
possible development of the resistance to antibiotics of
many aggressive bacteria [23-25]. There are limitations
of this study due to the small sample of patients, the use
of commercial microbiological tests, limited access to a
private practice for the population, and short follow-up
(6 months).

Conclusions

The present study suggests that a combined therapy of
Er,Cr:YSGG and InGaAsP lasers is beneficial in the sig-
nificant and rapid reduction of periodontal pathogens. The
additional use of dual wavelength laser therapy combined
with nonsurgical periodontal therapy supports the turning
of the subgingival microbiome into a beneficial bacterial
community that can support a stable clinical result. Also, it
stands as an alternative to antibiotic prescriptions in peri-
odontitis. The positive photobiomodulatory effects of the
dual wavelength laser-assisted therapy should also be tak-
en into consideration.

On average and long term, a balanced subgingival
microbiome dramatically reduces the risk of rebound of the
disease after the completion of the periodontal treatment.
Future research may be conducted to identify the behavior
of new species associated with the periodontal disease and
their interaction with the laser wavelengths used in periodon-
tics. Research could also be conducted to compare different
laser protocols used in periodontology, different dosages, and
a combination of parameters to identify the protocols that can
bring superior long-term clinical results in the treatment of
periodontal diseases.
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