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Abstract
Purpose The aim of this study was to compare the clinical results between single and multiple Er,Cr:YSGG laser applications as
an adjunct to scaling and root planing (SRP) in periodontal maintenance patients with residual periodontal pockets.
Methods This study was a split-mouth, double-blind, randomized clinical trial with 17 periodontal maintenance patients who
presented two single-rooted teeth with probing depth (PD) of 5–9 mm and bleeding on probing (BOP). The teeth were randomly
assigned to group A (single Er,Cr:YSGG application + SRP) and group B (multiple Er,Cr:YSGG application + SRP). Presence of
plaque, BOP, PD, relative probing attachment level (RPAL), and relative gingival recession (RGR) was evaluated at baseline,
3 months, and 6 months after treatment by one calibrated examiner.
Results The results showed no statistically significant differences in PD reduction between groups at 3 months (group A: 1.06 ±
1.09mm vs. group B: 1.00 ± 1.12mm) and 6 months (group A: 1.18 ± 1.47 mm vs. group B: 1.00 ± 1.22 mm) compared with the
baseline. At 3 months after treatment, the RPAL in group A had a gain (0.65 ± 1.06 mm) while group B was at a loss (0.06 ±
0.83 mm). At 6 months, the RPAL changes between 2 groups showed no statistically significant differences. Only in group B,
wherein RGR had a statistically significant increase at 3 months (1.00 ± 0.94mm) and 6months (0.71 ± 0.69mm) after treatment.
However, this showed no statistically significant difference when compared with group A.
Conclusion Both single and multiple adjunctive Er,Cr:YSGG applications to SRP in periodontal maintenance patients with
residual periodontal pockets demonstrated PD reduction. Only the single laser application group showed clinical attachment
level gain, and the multiple application group resulted in an increased gingival recession. However, there are no statistically
significant differences between the two treatment modalities in all clinical parameters at 6 months.
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After the completion of active periodontal treatment, supportive
periodontal therapy (SPT) is necessary to maintain periodontal
health and prevent the recurrence of disease [1]. The residual
probing pocket depth ≥ 6 mm is a risk indicator for tooth loss
and progression of periodontitis during SPT [2]. Lang et al. [3]
studied the indicator of periodontal stability, wherein the ab-
sence of BOPwas a reliable predictor for maintenance periodon-
tal health and the negative predictive value was 98%.Moreover,

Lindhe et al. [4] recommended that loss of attachment level at
least 2 mm was a predictor of recurrent periodontitis. During
10 years of SPT, the study reported 43.1% of recurrent peri-
odontitis patients. The percentage of recurrent periodontal cases
was similar in compliance and erratic compliance patients.
When recurrent periodontitis was observed during SPT, non-
surgical treatment should be the first choice of treatment, but
further surgical procedure may be necessary [5].

Currently, laser has been used in periodontal pocket therapy
because of its characteristics which include tissue penetration,
tissue ablation, hemostasis, disinfection, detoxification effects,
and biostimulation. Therefore, objectives of laser in pocket ther-
apy include promoting periodontal tissue regeneration by de-
bridement, decontamination, and increased bleeding in the bone
defect favorable to periodontal regeneration [6]. Laser therapy as
an adjunct to conventional mechanical treatment during SPT
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probably promotes the healing process by removing pocket ep-
ithelial lining in the residual periodontal pocket and detoxifica-
tion root surface without producing a smear layer [7].

Several studies used a laser to promote periodontal regen-
eration by removing epithelium which retards epithelial
downgrowth [8–12]. Rossmann et al. [8] compared open flap
debridement (OFD) with OFD and epithelial removal by car-
bon dioxide, CO2 laser in experimentally induced periodonti-
tis in monkeys. The results showed that keratinized epithelium
migrated into sulcus at 14-day specimens in OFD sites where-
as OFD + CO2 laser sites did not have epithelial lining along
sulcus until 28 days after treatment. Epithelial removal by
means of the conventional technique was compared with the
conventional technique combined with a CO2 laser. The re-
sults showed that laser removed the sulcular epithelium more
completely than the conventional technique [13].

Er,Cr:YSGG laser with 2780-nm wavelength can penetrate
energy into more shallow tissue because of higher absorption
coefficient in water than other lasers [14]. Pavone et al. [15]
studied the effect of Er,Cr:YSGG in periodontal treatment.
Periodontitis in rats was induced then divided into 4 groups: (1)
control (non-treatment) group; (2) scaling and root planing (SRP)
group; (3) laser treatment group; (4) laser treatment following
SRP group. Seven days after treatment, a laser with or without
SRP showed statistically more bone formation at the furcation
area when compared with the SRP group. Nonetheless, the re-
sults on the 30th day demonstrated no significant difference in
bone formation among the treatment groups. It was suggested
that Er,Cr:YSGG in periodontal treatment resulted in bone for-
mation. Kelbauskiene et al. [16] compared the clinical results
after treatment between SRP with and without Er,Cr:YSGG.
Laser was used for removing outer and inner epithelium lining
and repeated with the same laser treatment procedure once a
week for 3–4 weeks. The outcome was evaluated at 3 months,
6 months, and 12 months. After 12 months, laser treatment as an
adjunct to the SRP group was presented with greater probing
depth reduction, more clinical attachment level gain, and less
percentage of BOP index than the SRP group. However, plaque
index and gingival recession had no difference between groups.

Previous clinical studies with Er,Cr:YSGG laser were stud-
ies on single application [17, 18]. Since Er,Cr:YSGG laser can
retard the sulcular epithelium up to 7 days [19], it is interesting
to investigate if the removal of epithelium every 7 days up to
1 month will enhance better healing. The objective of this
study was to compare the clinical results between single and
multiple Er,Cr:YSGG laser applications as an adjunct to SRP
in SPT patients with residual periodontal pockets.

Materials and methods

The study was a split-mouth, double-blind, randomized clin-
ical trial. The study protocol was reviewed and approved by

the Ethics Review Committee for Human Research at the
Faculty of Dentistry and Faculty of Pharmacy, Mahidol
University (MU-DT/PY-IRB 2016/030.0806). Informed con-
sent was obtained from all participating subjects.

Nineteen patients with residual periodontal pocket after
completion of periodontal treatment from the Periodontics
Clinic, Faculty of Dentistry, Mahidol University, were
selected.

Inclusion criteria were as follows: (1) received SPT ≤
12 months; (2) had two single-rooted teeth with probing depth
(PD) of 5–9 mm and BOP; and (3) full mouth plaque score <
30% [20].

Exclusion criteria included the following: (1) systemic dis-
eases affecting periodontal healing, (2) using of medications
affecting periodontal tissue, (3) pregnancy and lactation, (4)
using systemic antibiotics and anti-inflammatory drugs within
the previous 3 months, (5) smoker, (6) hopeless tooth [21], (7)
abutment tooth, (8) thin gingival biotype, and (9) non-
compliance.

Randomization of treated teeth to each group was per-
formed after the first visit. A research assistant randomly
assigned the tooth into group A (single Er,Cr:YSGG + SRP)
or group B (multiple Er,Cr:YSGG + SRP).

Clinical measurement and data collection

One blinded and calibrated examiner (NW) carried out all the
measurements. Inter-examiner reliability testing was com-
pared with an experienced periodontist (TTB). Intra-
examiner reliability testing was performed in five new pa-
tients. The variation between the repeated measurement with-
in ± 1 mm and 90% of agreement were accepted. The percent-
ages of inter-examiner testing and intra-examiner reliability
testing were 93.33% and 96.67%, respectively.

The clinical parameters were recorded at baseline,
3 months, and 6 months after treatment using a periodontal
probe (PCP UNC 15, Hu-Friedy) by the same examiner. The
variables recorded were as follows: (1) presence/absence of
supragingival plaque at the gingival margin (score 1/0); (2)
presence/absence of bleeding on probing (BOP) (score 1/0).
The following clinical parameters weremeasuredwith person-
alized acrylic stent: (3) PD; (4) relative probing attachment
level (RPAL) measured from the apical border of the stent to
the most apical part of the sulcus; (5) relative gingival reces-
sion (RGR) measured from the apical border of the stent to
gingival margin.

Treatment

All subjects were treated by an experienced periodontist
(TTB). Full mouth SRP was done except two single-rooted
teeth included in this study. To avoid patient’s bias, all studied
teeth were treated under local anesthesia (2% mepivacaine,
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1:100,000 epinephrine). An Er,Cr:YSGG device (Waterlase,
Biolase, USA) with a wavelength of 2780 nm was used as
follows [22]: The laser system was set to a power output of
1.5 W, pulse of 30 Hz, 40% air, 50% water, and H-mode. The
outer gingival epithelium was removed from gingival margin
down to the width at least equal to PD by Radial Firing Perio
Tip (RFPT) 5 tip of 14mm in length. Then, the inner epithelial
lining was removed from the gingival margin down to the
bottom of the sulcus. The laser tip was led in parallel paths
with the root surface. Ultrasonic (P5 Newtron®XS, Acteon,
Switzerland) and hand instruments (Gracey curette) were used
to remove calculus and root planing. The produced smear
layer on the root surface by conventional treatment was re-
moved by laser application. Then, the laser system changed
the setting to a power output of 1.5 W, pulse of 30 Hz, 10%
air, 10% water, and H-mode for inducing blood coagulation.
After that, the treated site was compressed with moist gauze.
At the end of the 1st visit, studied teeth were divided into
group A (single Er,Cr:YSGG application + SRP) (Fig.1) and
group B (multiple Er,Cr:YSGG application + SRP). Only in
group B were same procedures performed once a week for
outer and inner epithelium removal with reducing 1 mm,
2 mm, and 3 mm of initial probing depth length at 2nd, 3rd,
and 4th week respectively (Fig.2).

Statistical analysis

Statistical analysis was performed using SPSS for Windows
version 21. The null hypothesis was rejected at a 0.05 level of
significance. Intergroup and intragroup differences of PD,
RPAL, and RGR were analyzed by the Friedman test. Both

GBI and PI between intergroup and intragroupwere compared
by related sampleMcNemar’s test. The different changes after
treatment between groups were compared with the Wilcoxon
matched-pairs signed-rank test.

Results

A total of 19 patients were examined; two patients dropped
out: one had to use antibiotics and the other failed to attend the
evaluation appointment (Fig. 3). Of the 17 remaining patients,
the mean age was 52 ± 8.64 years, 15 females and 2 males.
Presence of plaque and PD at baseline had no statistically
significant differences (p > 0.05) between the two groups
(Tables 1 and 3).

All patients had a mild post-operative burning sensation for
1–2 days, and one patient had sensitive teeth after the first
laser treatment, but all symptoms were gradually relieved.

A percentage of sites with the presence of plaque in groups
A and B were unchanged throughout the study, and no statis-
tically significant differences between groups (Table 1) were
found. Meanwhile, a percentage of sites with the presence of
BOP in both groups were lower at 3 months compared with
baseline and it slightly increased at 6 months. There were no
statistically significant differences either at 3 months or
6 months between the two groups (Table 2).

Mean PD reductions at 3- and 6-month follow-up in groups
A and B were significantly different from baseline (p < 0.005)
in both groups and no statistically significant differences be-
tween groups at all the time points (p > 0.005). The RPAL
after treatment in group A had a gain (0.82 ± 1.29 mm) which

Fig. 1 Group A (single Er,Cr:YSGG + SRP). a Pre-treatment. b 3 months after treatment. c 6 months after treatment

Fig. 2 Group B (multiple Er,Cr:YSGG + SRP). a Pre-treatment. b 3 months after treatment. c 6 months after treatment
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was significantly different from baseline while group B was at
a gain (0.29 ± 1.10 mm) which is clinically insignificant
(Table 3). The RPAL changes were not statistically different

between groups (p > 0.05). Although increased RGR was dis-
tinct in group B, there were no statistically significant differ-
ences between groups (p > 0.05) (Table 4).

Eligible 19 subjects

Randomized
(split-mouth design)

Group A
n=19 teeth

1 subject; Discon�nued interven�on (An�bio�cs) 
1 subject; Loss to follow-up 

Analysis

Group B
n=19 teeth

3-month Follow-up

6-month Follow-up

Group A
n=17 teeth

Group B
n=17 teeth

Fig. 3 Flow chart of study design
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Discussion

Previous clinical studies reported using the Er,Cr:YSGG laser
for non-surgical periodontal treatment. One study reported that
single laser application as an adjunct to SRP improved PD re-
duction and there was a gain in clinical attachment level com-
pared with SRP alone [18]. On the aspect of epithelial retarda-
tion, multiple laser application may enhance periodontal healing.
The results of the present study have demonstrated that mean PD
reduction and lower BOP were observed in both groups and
therewere no statistically significant differences between groups.
The difference in RPAL between baseline and 6 months after
treatment reached statistical significance throughout the study in
only the single laser treatment group, but an increased gingival
recession was found in multiple laser treatment group. However,
there are no statistically significant differences between the two
treatment modalities in all clinical parameters at 6 months.

Only one patient reported tooth hypersensitivity of both
treated teeth after the 1st visit of treatment, but the symptom
was relieved within a week. During the 2nd–4th week post-
treatment, none of the patients reported any symptoms. Tooth
hypersensitivity possibly resulted from SRP. Fischer et al.
[23] reported dentin hypersensitivity after supragingival and
subgingival scaling and the symptom had a tendency to de-
crease 2 weeks after the subgingival scaling. In addition,
Er,Cr:YSGG application may not be a cause of hypersensitiv-
ity with regard to scanning electron microscopy evaluation
after applying Er,Cr:YSGG laser to the root surface showed
melt peritubular dentin and reduced tubular entrance diameter.
This may explain sensitivity reduction [24].

Some clinical studies reported using the Er,Cr:YSGG laser as
an adjunct to SRP compared with SRP alone. Magaz et al. [17]
reported on a comparative study between SRP by curette and
SRP followed by Er,Cr:YSGG laser application. Six months
after treatment, PD reduction and GR were shown in both
groups, but there were no differences between groups.
However, more clinical attachment level (CAL) gain was found

in the SRP group. In contrast, a study on using Er,Cr:YSGG as
an adjunct to SRP in SPT patients found different results. The
SRP combination with Er,Cr:YSGG showed more PD reduction
and CAL gain than SRP alone at 3 months after treatment [18].
The advantages of combined Er,Cr:YSGG application with SRP
were reported in several studies. Er,Cr:YSGG laser with the
Radial Firing Perio Tip (RFPT) showed the significant reduction
of bacterial load of Prevotella intermedia, Tannerella forsythia,
Treponema denticola , Fusobacterium nucleatum ,
Porphyromonas gingivalis (Pg), and Aggregatibacter
actinomycetemcomitans (Aa) in the periodontal pocket up to
6 months [25]. In addition, qualitative analysis in bacterial distri-
bution after laser therapy (combined Er,Cr:YSGG and 940 nm
diode) showed that Aa was not detected at 6 months compared
with SRP.Pgwas present in 10 out of 25 lased cases vs. 23 out of
24 SRP cases [26]. This also resulted in significantly better both
clinical and microbiological improvement compared with SRP
alone [27]. And no smear layer was observed with Er,Cr:YSGG
laser while it was seenwith ultrasonic and hand instruments [28].

Multiple Er,Cr:YSGG application as an adjunct to SRP
was reported in two studies. Kelbauskiene et al. [16] used
Er,Cr:YSGG once a week for 3–4 weeks. The results showed
PD reduction and CAL gain, but the gingival margin level did
not change. In addition, another study reported similar results
that used Er,Cr:YSGG 3 cycles every three days [29]. The
present study is the first study to compare single and multiple
applications as an adjunct to SRP. The results show PD reduc-
tion in both treatment modalities without a difference. But
single application had RPAL gain while multiple applications
resulted in no RPAL change from baseline. On the contrary,
the present study shows increased RGR after treatment in the
multiple application group. However, the RGR changes be-
tween the 2 groups showed no statistically significant differ-
ences. The results from the present study were different from
previous studies possibly due to those studies being done in
new patients with more inflammation. Therefore, the out-
comes of treatment were more distinct.

Table 1 Percentage of teeth with
presence of plaque in groups A
and B at baseline and 3 and
6 months after treatment

Group Baseline 3 months 6 months p value 3 months vs. baseline p value 6 months vs. baseline

A 11.76% 35.29% 23.50% 0.219 0.625

B 35.29% 35.29% 29.41% 1.00 1.00

p value 0.125 1.00 1.00

Table 2 Percentage of teeth with
bleeding on probing (BOP) in
groups A and B at baseline and 3
and 6 months after treatment

Group Baseline 3 months 6 months p value 3 months vs. 6 months

A 100% 58.82% 88.24% 0.125

B 100% 52.94% 76.47% 0.344

p value 1.00 0.687

191Laser Dent Sci (2020) 4:187–193



Multiple applications of laser treatment for 4 weeks in this
study demonstrated 1-mm increased gingival recession. The
healing process of surrounding tissues may be disturbed by
repeated lasing. Wang et al. [30] studied the healing process
by histological examination in bone and soft tissue of rabbit
jaws after irradiated with Er,Cr:YSGG laser. They found that
the alveolar mucosa had complete healing on the seventh day
but the reconstruction of collagen fiber was not complete at
28 days. Further study should investigate the results of multi-
ple laser applications only at the outer surface without
disturbing the healing process in the gingival sulcus.

SRP by conventional technique produced a smear layer at the
interface between the root surface and the fibrin and impeded
physical linkage [31]. Fekrazad et al. [32] found that treatment
with Er,Cr:YSGG laser as a root conditioning for removing the
smear layer increased fibroblast attachment more than when
using the EDTA. Additionally, in vitro study demonstrated that
the laser increased gingival fibroblast proliferation than without
the radiation group [33]. Combination of Er,Cr:YSGG and ul-
trasonic scaler also improved fibroblast adhesion on the root
surface more than with laser or ultrasonic scaler alone [34].

The aforementioned studies used the Er,Cr:YSGG with the
MZ laser tip in adjunct to traditional SRP [16, 17, 29]. In
contrast, the present study used RFPT which is taper in shape.
The company claimed that this produced the primary radial
emission (80%) of laser energy with a straight emission (20%)
and got better access for the periodontal pockets [22].

The percentage of teeth with BOP after laser treatment was
reduced in both groups and conformed to other studies. The
percentage of teeth with the presence of plaque of both groups
was constant throughout the study. It implied that the outcomes
of laser treatment did not result from the patient’s plaque control.
Moreover, acrylic stents were used for repeated measurement
and this created the reference point for accurate measurement.

Further longitudinal studies are needed. In addition, histo-
logical evaluation in healing after non-surgical periodontal
treatment by Er,Cr:YSGG should be conducted.

Conclusion

Both single and multiple Er,Cr:YSGG applications result in
PD reduction while only single laser application result gained
attachment level and multiple application group result in-
creased RGR. However, there are no statistically significant
differences between the two treatment modalities.
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Table 3 Clinical parameters of groups A and B at baseline and 3 and 6 months after treatment

Variables Group Baseline 3 months Δ0–3 months 6 months Δ0–6 months

PD (mm) A 5.58 ± 0.71 4.53 ± 0.87 − 1.06 ± 1.09** 4.41 ± 1.06 − 1.18 ± 1.47**

B 5.41 ± 0.71 4.41 ± 1.42 − 1.00 ± 1.12** 4.41 ± 1.37 − 1.00 ± 1.22**

Difference between groups NS NS NS

RPAL (mm) A 9.65 ± 1.84 9.00 ± 1.54 − 0.65 ± 1.06** 8.82 ± 1.42 − 0.82 ± 1.29**

B 10.24 ± 1.35 10.29 ± 1.49 0.06 ± 0.83* 9.94 ± 1.78 − 0.29 ± 1.10*

Difference between groups NS p = 0.04 NS

RGR (mm) A 4.06 ± 1.52 4.47 ± 1.50 0.41 ± 0.80* 4.41 ± 1.73 0.35 ± 1.22*

B 4.82 ± 1.29 5.82 ± 1.63 1.00 ± 0.94** 5.53 ± 1.33 0.71 ± 0.69**

Difference between groups NS p = 0.029 NS

* p > 0.05
** p < 0.05

Table 4 Mean ± SD of change values of probing depth (PD), relative
probing attachment level (RPAL), and relative gingival recession (RGR)
between baseline and 6 months after treatment in both groups

Change values Group A Group B p value

PD reduction (mm) 1.18 ± 1.47 1.00 ± 1.22 0.512

RPAL gain (mm) 0.82 ± 1.29 0.29 ± 1.10 0.07

Increased RGR (mm) 0.35 ± 1.22 0.71 ± 0.69 0.506
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