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Background: This study compared erbium-doped: yttrium,
aluminum,andgarnet (Er:YAG) laser irradiation(100mJ/pulse;
10 Hz; 12.9 J/cm2) with or without conventional scaling and root
planing (SRP) to SRP only for treatment of periodontal pockets.

Methods: Nineteen patients with pockets from 5 to 9 mm
were included. In a split-mouth design, each site was allocated
to a treatment group: 1) SRPL, SRP and laser; 2) L, laser; 3)
SRP, SRP only; and 4) C, no treatment. Clinical parameters of
probing depth (PD), gingival recession, and clinical attachment
level (CAL) were evaluated at baseline and 1, 3, 6, and 12
months after treatment. Visible plaque index, gingival bleeding
index (GI), bleeding on probing (BOP), and subgingival plaque
samples were also measured 12 days postoperatively, in addi-
tion to the above mentioned months. Intergroup and intragroup
statistical analyses were performed (P <0.05).

Results: GI decreased for SRPL and increased for L, SRP, and
C (P <0.05) 12 days postoperatively and decreased for SRPL
and SRP (P <0.05) 3, 6, and 12 months after baseline; BOP
and PD decreased for all treated groups (P <0.01) 3, 6, and 12
months after treatment. CAL gain was significant for SRPL, L,
and SRP (P <0.05) 3, 6, and 12 months postoperatively. SRPL
and L presented a significant reduction in the percentage of sites
with bacteria 6 and 12 months after treatment (P <0.05).

Conclusion:Non-surgical periodontal treatmentwithEr:YAG
laser may be an alternative treatment for reduction and con-
trol of the proliferation of microorganisms in persistent peri-
odontitis. J Periodontol 2010;81:682-691.
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Studies suggest that subgingival
scaling treatment of chronic peri-
odontitis with manual instruments

is likely to result in a modest, albeit
transient, shift in composition of micro-
bial flora.1,2 This condition seems to be
the result of an inflammatory response
of the periodontal tissues to the con-
tinued presence of specific anaerobic
microorganism species, including Ag-
gregatibacter actinomycetemcomitans
(previously Actinobacillus actinomyce-
temcomitans [Aa]); Porphyromonas gin-
givalis (Pg); and Treponema denticola.3

High-intensity lasers have been used
to promote periodontopathogen reduc-
tion4 and also for scaling and root planing
(SRP).5-11 The erbium-doped: yttrium,
aluminum, and garnet (Er:YAG) laser
has a wavelength of 2.94 mm and it may
have bactericidal effects and potential to
remove bacterial endotoxins and calculus
from the root surface, due to its high water
absorptioncapacity.Therefore, it involves
less thermal risk for mineralized sur-
faces.7-12 On the other hand, when the
use of Er:YAG laser in non-surgical peri-
odontal therapy was compared to the
use of mechanical instrumentation, the
consequentclinicaleffectwassimilar.13-19

However, few controlled clinical stud-
ies, performed in humans, have evalu-
ated the effects of Er:YAG laser on root
surfaces for non-surgical periodontal
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therapy, especially as an adjuvant therapy to the con-
ventional SRP.17,18 In addition, a recent systematic
review has demonstrated that there is a limited num-
ber of studies available that actually investigate the
clinical effects of laser as an adjunct to SRP in the
treatment of chronic periodontitis.20 The Er:YAG la-
ser can be applied not only as an adjunctive therapy,
but also as an alternative to mechanical instruments
for non-surgical periodontal therapy.21

The objective of this controlled clinical study was to
evaluate the effects on periodontal tissue treated with
SRP and irradiated with Er:YAG laser, or treated only
with Er:YAG laser, through the use of clinical peri-
odontal parameters and microbiologic analysis up
to 12 months of follow-up.

MATERIALS AND METHODS

Study Sample
The present study is a continuation of a clinical study
previously reported.18 In this study, 21 subjects,
seven men and 14 women aged 31 to 55 years (mean
of 43 years) with four non-adjacent sites in different
quadrants with bleeding on probing (BOP) and prob-
ing depth (PD) from 5 to 9 mm were selected. These
patients sought treatment at the Periodontal Clinic of
Araraquara Dental School from 2003 to 2005. Exclu-
sion criteria were periodontal treatment within the
last 12 months, systemic disease that could influence
the outcome of periodontal therapy, use of antibiotics
within the last 6 months, use of anti-inflammatory
drugs within the last 3 months, pregnancy or use of
hormone contraceptives, and smoking. During the
study, two patients were excluded from the study (n =
19 patients). All of the subjects were instructed and
signed an informed consent agreement approved
by the Committee of Ethics in Research of the Arara-
quara Dental School, UNESP (CER - 95/02).

Sample Size Calculation
The sample size was calculated considering a 5% al-
pha error, with 1-mm clinical significant difference
between groups, and a mean – SD of 0.6 mm with
the values of clinical attachment level (CAL). There-
fore, the power of the study was calculated to be 95%
with a sample size of 19 patients.

Pre-Experimental Treatment
Six months before the treatment, all the patients were
enrolled in a 15- or 30-day program to control supra-
gingival plaque, in which they received instructions on
oral hygiene. At this point, professional prophylaxis
was also performed according to the individual needs
of each patient until baseline.

Clinical Parameters
Alginate molds of dental arches were made before the
clinical evaluation to prepare acetate stents for stan-

dardizing computerized probe‡ positions and manual
probes during examinations.

The following clinical parameters were evaluated
at baseline: plaque index (PI),22 gingival index
(GI),22 PD, BOP, CAL, and gingival recession (GR).
BOP was determined by presence (+) or absence (-)
of bleeding for 30 seconds after first probe insertion
in the pocket. PI and GI were assessed by manual
probing,§ whereas PD, GR, and CAL were measured
with a computerized probe. Crevicular fluid was col-
lected for microbiologic analysis two days before ex-
amination, and PI and GI were performed at this time.
All clinical examinations performed at baseline were
repeated 1, 3, 6, and 12 months after treatments.
PI, GI, and BOP were also evaluated 12 days after
treatment. BOP was observed after absorbent paper
point was removed from the sites, avoiding probing
with the manual probe in this period. One calibrated
masked examiner (BMVL) approved these clinical
parameters and carried out SRP.

Clinical Treatment
The four sites of each patient were randomly allo-
cated using a computer-generated table for each
group. The sequence of the procedures was random-
ized in a similar manner. For better standardization,
site 1 was the first choice, followed by sites 2, 3, and
4, respectively. The sites were divided into groups:
1) SRPL, conventional SRP followed by Er:YAG laser
irradiation for 30 seconds; 2) Er:YAG laser (L) irradi-
ation only until the operator considered that the root
surfaces were appropriately debrided; 3) SRP, con-
ventional SRP; and 4) Control (C) (i.e., no treatment).
Specific manual curetsi were used for conventional
SRP. Scaling with hand instruments or laser only was
performed until the operator considered that the root
surfaces were appropriately debrided and planed.
These procedures were carried out after local infiltra-
tive anesthesia. The 76 sites were divided equally be-
tween right and left sides. Sites were treated with
Er:YAG laser (SRPL and L groups) on one side,
whereas the sites on the contralateral side were
treated with SRP-only or not treated (SRP and C
groups). An experienced periodontal specialist
(BMVL) performed the SRP and another trained oper-
ator (LHT) performed laser irradiation.

Laser Treatment
An Er:YAG¶ laser was selected with a wavelength of
2.94 mm, 250 to 500 ms exposure duration, repetition
rate of 10 Hz using a handpiece with a special ap-
plication tip (1.1 · 0.5 mm) in the following param-
eters: energy at 100 mJ/pulse as indicated on the

‡ Florida Probe, Gainesville, FL.
§ PCP-UNC 15, Hu-Friedy, Chicago, IL.
i Gracey Curets, Hu-Friedy.
¶ KEY Laser II, with handpiece P2056, KaVo Dental, Biberach, Germany.
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display, resulting in transmitted energy of 71 mJ/
pulse at the tip of the handpiece (2,056 and
574,2571; transmission factor of 71%) and fluency
of 12.9 J/cm2/pulse. Sites were irradiated with cool-
ant water. The laser optical fiber tip was conducted
in apicocoronal movements, with approximately 30-
degree inclination angle with respect to the root sur-
face.18 Irradiation for the SRPL group was performed
immediately after scaling for 30 seconds per site. The
irradiation time varied from 180 to 240 seconds
(mean of 204 seconds) for the L group.

Plaque Sample Collection
The sample collections for microbiologic analysis
were performed at baseline, 12 days, and 1, 3, 6,
and 12 months after treatment. Visible supragingival
plaque was removed using scalers. Selected sites
were isolated from water and saliva with cotton rolls,
and then gently air-dried. Subgingival plaque was col-
lected using sterile paper points. One paper point
(#30#) was inserted into the base of the pocket and
held there for 30 seconds. The paper point was imme-
diately placed in sterile Eppendorf vials containing
500 mL of a sterilized phosphate-buffered saline solu-
tion and stored at -20!C for posterior bacterial poly-
merase chain reaction (PCR) analysis.

Microbiologic Analysis
The samples were analyzed for detection of Aa, Pg,
Prevotella intermedia (Pi), Tannerella forsythia (pre-
viously T. forsythensis [Tf]), and Prevotella nigrescens
(Pn) using PCR.23 The number of sites positive to
microbial testing for these bacteria was detected as
present or not present in all experimental periods.
Bacterial presence was confirmed initially using
a non-specific oligonucleotide.** The positive sam-
ples for non-specific reaction were then processed
in PCR reaction, using the specific oligonucleotide.
Bacteriologic sampling was carried out by one
masked and calibrated examiner (BMVL) unaware
of what treatment had been performed on each quad-
rant. Another masked examiner (RFM) performed mi-
crobiologic assessment and analysis.

Statistical Analyses
Data were submitted to statistical analyses with ap-
propriate software.†† ‡‡ PD and CAL values were nor-
mally distributed and analyzed using the analysis of
variance for repeated measurements (ANOVA) test.
The multiple comparison Tukey-Kramer test was
used for comparison of PD and CAL variables among
groups and periods when ANOVA test presented a
significant difference (P <0.05). GR values were not
distributed normally and were analyzed using the
Friedman test. The Dunn test was used for compari-
son of GR values among groups and periods when

the Friedman test presented a significant difference
(P <0.05). Categorical data for PI, GI, BOP, and bac-
terial prevalence were submitted to the Cochran test
followed by the multiple comparison McNemar Exact
test. Differences were considered statistically signifi-
cant when the P value was <0.05.

RESULTS

In the initial distribution of the 76 sites in 76 teeth (n =
19 patients), 42 were at teeth with one or two roots and
34 were at multirooted teeth.

Plaque Index
In comparison between baseline and 12 days after the
treatments, there was a significant reduction in PI
(P <0.01) for the SRPL (43.7% to 9.5%) and SRP
(52.4% to 28.6%) groups. The comparison among
groups demonstrated that PI was greater for L, SRP,
and C compared to SRPL (P <0.05). When data were
compared between baseline and 1 month after treat-
ment, PI reduced for the SRPL (43.7% to 14.3%) and
SRP (52.4% to 33.3%) groups (P <0.05). There was
a statistically significant difference in PI when com-
paring SRPL and SRP (P <0.05), and SRPL and C
(P <0.05). After 3 months, there was a significant re-
duction in PI (P <0.01) for the four groups compared to
baseline: SRPL (43.7% to 23.8%); L (38.1% to 19.1%);
SRP (52.4% to 14.3%); and C (42.9% to 23.8%). Com-
pared to baseline and 180 days after treatments, there
was a significant reduction in PI (P <0.05) for the SRPL
(16.4%), L (22.9%), and SRP (19.7%) groups. Com-
pared to baseline and 12 months after treatments,
there was a significant reduction in PI (P <0.05) for
the SRPL (23.2%), L (20.4%), and SRP (21.7%)
groups; however, there were no differences among
groups.

Gingival Index
At 12 days, there was an increase in GI for the L
(33.3% to 52.4%), SRP (42.7% to 66.7%), and C
(47.6% to 66.7%) groups (P <0.05), and a reduction
was observed for SRPL (52.4% to 38.1%; P >0.05).
There was a significant difference in the reduction of
GI for the SRPL group (38.1%) in relation to SRP
(66.7%) and C (66.7%; P <0.05) groups, but not in re-
lation to L (52.4%; P <0.05). After 1 month, there was
a reduction in GI for SRPL (52.4% to 23.8%; P <0.05).
On the other hand, GI increased for C (47.6% to
71.4%; P <0.05). In comparison among groups, there
was a significant reduction for SRPL (23.8%) com-
pared to groups L, SRP, and C (42.9%, 47.6%,
71.4%; P <0.05). After 3 months, there was a signifi-
cant reduction in GI (P <0.01) for SRPL (52.4% to

# DENTSPLY Maillefer, RJ, Brazil.
** Invitrogen Tech-Line, São Paulo, Brazil.
†† GraphPad Prism 5.0, GraphPad Software, San Diego, CA.
‡‡ BioEstat 4.0, BioEstat Software, PA, Manaus, Brazil.
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19.1%) and SRP (42.7% to 19.1%). There was a signif-
icant reduction for SRPL and SRP only when compared
to group C (P <0.05). There was a significant reduction
in GI (P <0.01) for SRPL (52.4% to 17.9%) and SRP
(42.7% to 19.1%) 6 months after treatments. GI re-
duced significantly (P <0.05) for SRPL (52.4% to
20.1%) and SRP (42.7% to 23.5%) after 12 months.

Bleeding on Probing
Figure 1 shows the reduction for BOP. A reduction in
BOP was observed for all treated groups during all
study periods after treatments (P <0.01). There was
a significant reduction in the control group after 3
months (P <0.05).

Probing Depth
A significant reduction in PD for the SRPL, L, and SRP
groups was observed at all time points compared to
baseline (P <0.01; Table 1), although differences were
not significant among the treated groups at any time
(P >0.05).

Clinical Attachment Level
The results demonstrated a significant improvement
in mean CAL gain (Table 2) after 1 month only for
SRP group (P <0.05) compared to baseline. At 3, 6,
and 12 months the results presented a significant im-
provement in mean CAL gain (P <0.05) for all treated
groups. A difference was not observed between
groups in any periods (P >0.05).

Gingival Recession
There was a significant increase in GR for the laser-
treated groups in all time periods compared to base-
line (P <0.01; Table 3). A significant increase was
observed in the SRP group only in the 6 and 12 months
after treatment compared to baseline (P <0.05). Sig-

nificant differences among groups were not found in
the different periods (P >0.05).

Microbiologic Evaluation
A reduction in Aa, Pg, Pn, and Tf (P <0.05) was ob-
served in the laser-treated groups (SRPL and L) when
comparing the percentage of sites with bacteria at
baseline and 12 days after treatments. A reduction
in Aa and Tf (P <0.05) was observed in SRP, but there
was no significant reduction in the percentage of
sites with bacterial prevalence for the control group
(P >0.05; Fig. 2).

One month after the baseline, a reduction in Pg, Pi,
Pn, and Tf (P <0.05) was observed in the SRPL group;
a reduction was observed in Aa, Pg, and Pn (P <0.05)
in L; a reduction was observed in Aa and Tf (P <0.05)
in SRP; and there was no significant reduction in the
percentage of sites with bacterial prevalence for the
control group (P >0.05; Fig. 2).

After 3 months, a reduction in Pg, Pi, Pn, and Tf
(P <0.05) was observed in the SRPL group; a reduction
was observed in Pg (P <0.05) in L; and there was no
significant reduction in the percentage of sites with
bacterial prevalence for C and SRP (Fig. 2).

After 6 months, a reduction in Aa, Pg, Pn, and Tf
(P <0.05) was observed in the SRPL group; a reduction
was observed in Aa (P <0.05) in L; and there was no
significant reduction in the percentage of sites with
bacterial prevalence for SRP compared to baseline.

After 12 months, a reduction in Aa, Pg, Pi, Pn, and
Tf (P <0.05) was observed in the SRPL group; a reduc-
tion was observed in Aa and Pg (P <0.05) in L; and
there was no significant reduction in the percentage
of sites with bacterial prevalence for SRP compared
to baseline (Fig. 2).

The microbiologic data (intergroup analysis) are
shown in Table 4.

DISCUSSION

In this study, small clinical
changes were observed in PI,
GI, and BOP 12 days after treat-
ment. The SRPL group pre-
sented a significant reduction in
GI compared to C and SRP.

Several changes could be ob-
served in the different groups
compared to initial data 1 month
after treatment. PD reduced for
SRPL and SRP groups, with dif-
ferences between SRPL and C.
There was a significant CAL gain
only for the SRP group, but with-
out differences among groups.
The clinical results obtained
1 month after treatments are in

Figure 1.
Distribution of proportions (%) obtained for the BOP variable for the treated groups at baseline, 12 days,
and 1, 3, 6, and 12 months (periods) postoperatively. * Significant difference compared to baseline in the
same group. † Significant difference compared to C group in the same period. Cochran Q and McNemar
exact tests (P <0.01). ‡ Group C was excluded from the study 3 months postoperatively.
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accordance with the study of Tomasi et al.,16 which
demonstrated a significant PD reduction and a higher
CAL gain in this period compared to baseline. PD and
CAL presented significant differences when comparing
laser irradiation to SRP using ultrasonic instrument in
this study.

Mean PD and BOP presented significant clinical
and statistical improvements in the treated groups
compared at baseline and 1 month after treatment.
There was a significant reduction in BOP compared
to baseline in previous clinical studies,13,14,17 not
only for the laser-treated sites, but also for the ones
that were treated only with SRP as in the present
study.

Three months postoperatively, there was a reduc-
tion in PD for groups SRPL, L, and SRP (P <0.01),
and these groups presented differences compared
to group C (P <0.01). A significant CAL gain in SRPL,
L, and SRP groups (P <0.05) was observed, but with-
out significant differences among groups.

The results obtained in group C are in accordance
with other studies,24,25 which demonstrated that an
effective supragingival plaque control, in a period of
3 and 6 months after treatment, can reduce BOP in
non-treated sites. In the present study, group C was
excluded from the study 3 months postoperatively
due to the periodontal disease advance in no treat-
ment conditions. At 3 months after clinical analysis
all sites of group C (no treatment) were treated with
conventional SRP.

The percentages of PD, CAL, and BOP showed sig-
nificant clinical improvements in some clinical studies
with Er:YAG laser in groups treated with laser at 3
months.13,14,17 Some previous studies13,17 showed
increases in GR for groups using lasers; however, dif-
ferences from baseline were not significant. Mean GR

values increased in the sites irradiated with Er:YAG
laser in the present study in contrast to these clinical
studies.13,14,17

Six months after treatment, there was a reduction
in PD for groups SRPL, L, and SRP, and CAL gain
was observed for SRPL, L, and SRP, but without sig-
nificant differences among groups. A significant GR
increase (P <0.01) was observed for groups SRPL,
L, and SRP; however, without significant differences
among groups.

Few studies17,18 in humans have evaluated Er:YAG
laser irradiation on root surfaces combined with con-
ventional SRP. Schwarz el al.17 compared Er:YAG
laser (160 mJ/pulse, 10 Hz) to SRP and laser in asso-
ciation with SRP (L + SRP). Clinical analyses were
made before treatments, and 3 and 6 months after
them. There was a reduction in CAL in the laser group,
SRP, and L + SRP in this study after 3 months.17 These
results were statistically significant compared to initial
data intragroups and intergroups. There was a reduc-
tion in mean CAL after 6 months17 for the laser, SRP,
and L + SRP groups (with differences between laser
and SRP groups and among L + SRP and SRP groups).
The result of the study of Schwarz el al.17 demon-
strated significant differences between SRP and SRP
+ L at 3 and 6 months.

In the present study, reductions in PD were found in
all treated groups, but there were no differences
among groups at 3 and 6 months. The average reduc-
tion in PD was greater than in the studies of Schwarz
et al.13,14 This discrepancy can be explained by the
initial differences in PD. In those studies,13,14 mean
initial PD, considering all groups, was around 5 mm,
whereas in the present study this mean was around
6 mm. Clinical studies1,24 have demonstrated that
a reduction in PD and CAL gain after non-surgical
and surgical periodontal treatments depends on initial

Table 1.

PD Values (mm; mean – SD) for Groups at Baseline and 1, 3, 6, and 12 Months After
Therapy (n = 19 subjects)

Group Baseline 1 Month 3 Months 6 Months 12 Months P Value†

SRPL 6.48 – 1.2 4.80 – 1.3A† 4.57 – 1.5B† 4.38 – 1.6† 4.29 – 1.5† P <0.01

L 6.42 – 1.1 5.30 – 1.2† 5.11 – 1.3C† 4.88 – 1.3† 4.76 – 1.2† P <0.01

SRP 6.87 – 1.1 5.20 – 1.4† 4.92 – 1.6D† 4.64 – 1.5† 4.58 – 1.3† P <0.01

C 6.28 – 0.9 6.30 – 0.9A 6.71 – 0.8BCD — — NS

P value* NS P <0.01 P <0.01 NS NS —

Equal letters mean statistically significant differences among groups (column); NS = not significant; — = not applicable.
* P value refers to statistically significant difference between groups in the same period (P <0.05); analysis of variance (ANOVA) for repeated measurements

and Tukey tests.
† P value refers to statistically significant difference for each group when compared with baseline (P <0.05); analysis of variance (ANOVA) for repeated

measurements and Tukey tests.
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PD, with a greater probability of success in PD reduc-
tion for deeper pockets, no matter what type of treat-
ment is being used.

The differences found were not significant despite
clinical studies13,14,17 having demonstrated an in-
crease in GR for groups treated with laser. As op-
posed to those findings, the present study found
statistically significant differences (P <0.01) in GR
increase for two groups treated with Er:YAG laser
at all periods; however, without differences between
treatments, despite CAL gain and significant reduc-
tion in PD (P <0.01). These results can be related to
a greater contraction of gingival tissue or to edema re-
duction; it can also be a consequence of the increase of
instrumentation in groups that used Er:YAG laser,
causing possible damage on gingival tissue at the
time of treatment.

The modified bacterial composition after scaling
represents the base for periodontal healing expressed
as PD reduction and CAL gain.26 Studies have demon-

strated that when periodontitis progresses, despite
treatment, high levels of Aa,27 Pg,28 Pi,3,28,29 and
Tf 3,30 are found on subgingival plaque. The present
study shows significant reduction in the number of
sites with bacteria; moreover, this situation tended
to increase 3 and 6 months after treatments.

In relation to the microbiologic findings in the initial
periods of the present study, SRPL and L groups pre-
sented less prevalence of sites with Aa compared to
SRP at 12 days. The SRPL presented less prevalence
of Pg and Pn compared to SRP. These findings corrob-
orate in part with the study of Tomasi et al.,16 which
demonstrated a significant reduction in Tf, Pg, Pi,
and Pn in evaluation 2 days after laser irradiation,
but without differences between SRP and ultrasonic
scaling.

In this study, there were differences in Pg and Pn
among SRP compared to SRPL and L, whereas in
the study by Tomasi et al.16 there was a significant re-
duction in Tf, Pg, Pi, and Pn in evaluation 1 month after

Table 2.

CAL Values (mm; mean – SD) for Groups at Baseline and 1, 3, 6, and 12 Months After
Therapy (n = 19 subjects)

Group Baseline 1 Month 3 Months 6 Months 12 Months P Value†

SRPL 6.71 – 1.4 6.50 – 1.4 5.88 – 2.1† 5.64 – 2.0† 5.56 – 1.4† P <0.05

L 6.61 – 1.1 6.58 – 1.3 6.33 – 1.7† 6.01 – 1.3† 5.93 – 1.1† P <0.05

SRP 7.20 – 1.3 6.72 – 1.3† 6.01 – 1.2† 5.85 – 1.5† 5.79 – 1.3† P <0.05

C 6.80 – 1.5 6.94 – 1.4 6.83 – 1.5 — — NS

P value* NS NS NS NS NS —

* P value refers to statistically significant difference among groups in the same period; analysis of variance (ANOVA) for repeated measurements and Tukey
tests.

† P value refers to statistically significant difference for each group compared to baseline (P <0.05); analysis of variance (ANOVA) for repeated
measurements and Tukey tests.

NS = not significant; — = not applicable.

Table 3.

GR Values (mm; mean – SD) for Groups at Baseline and 1, 3, 6, and 12 Months After
Therapy (n = 19 subjects)

Group Baseline 1 Month 3 Months 6 Months 12 Months P Value†

SRPL 0.24 – 0.70 1.05 – 1.12† 1.10 – 0.70† 0.96 – 0.86† 0.93 – 0.73† P <0.01

L 0.19 – 0.40 0.86 – 0.9† 0.86 – 0.33† 0.80 – 0.33† 0.75 – 0.28† P <0.01

SRP 0.33 – 0.66 0.81 – 1.17 0.86 – 0.24 0.90 – 0.49† 0.86 – 0.38† P <0.05

C 0.52 – 0.98 0.62 – 1.02 0.76 – 0.47 — — NS

P value* NS NS NS NS NS —

NS = not significant; — = not applicable.
* P value refers to statistically significant difference among groups in the same period; Friedman and Dunn tests.
† P value refers to statistically significant difference for each group compared to baseline (P <0.01); Friedman and Dunn tests.
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irradiation; however, without differences between
groups.

A reevaluation of PI, GI, and BOP, and prevalence
of Aa, Pg, Pi, Pn, and Tf was conducted at 12 and
30 days to verify a possible immediate effect of SRPL
and L treatments compared to SRP only and to the
control group. An early detection of the clinical im-
provements after debridement with SRP and Er:YAG
laser can be associated with a combination of me-
chanical disorganization of dental biofilm, caused
by mechanical therapy associated with irradiation ef-
fect on the soft tissue of the periodontal pocket, and
with a reduction in the inflammatory process as a con-
sequence of the reduction in viable bacteria, due to
the thermal effect of the pockets irradiation using
Er:YAG.4

The results in the present study corroborate with
other studies15,16 that observed a significant reduc-
tion in bacteria after periodontal treatment until 3
months after baseline. The tendency presented in

our study, as in Derdilopoulou et al.,15 is one of an in-
crease in sites with bacteria present in the period
between 3 and 6 months, but without significant differ-
ences between these values. According to Haffajee
and Socransky,31 the gingival inflammatory presence
in one site considerably affects the composition of its
microflora. Aa, Pg, Pi, and Tf were significantly ele-
vated in sites that presented bleeding on probe, an
index used as a clinical indicator of periodontal in-
flammation. Haffajee and Socransky31 believe that
the specimens that presented elevated levels of in-
flamed sites could have benefited from the inflamma-
tion. This is likely to have happened because they
were closer to the gingival crevicular fluid, and also
because this fluid could be enriched with products
from the tissue degradation.32,33

At 6 months, the SRPL group showed less preva-
lence of Pg and Pn compared to SRP. SRPL showed
less prevalence in sites with all the analyzed bacteria
at 12 months compared to baseline. In comparison

Figure 2.
Percentage of sites positive to microbial testing for Aa, Pg, Pi, Pn, and Tf categorized by treatment at different periods. Symbols (* for SRPL, † for L,
and ‡ for SRP) on columns indicate a significant difference with baseline in same group; Cochran Q and McNemar exact tests (P <0.05).
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between groups, SRPL showed less prevalence in sites
with Aa, Pg, and Pn compared to SRP, and group L
showed less prevalence of Aa and Pg compared to
SRP at 12 months.

Thermal and photodisruptive laser effects result in
the elimination of periodontopathogenic bacteria. The
laser would promote bacterial reduction, such as in
the root of the soft tissue of the pocket, leaving the en-
vironment of periodontal pocket decontaminated.5,8

Furthermore, this laser has been assumed not only
to eliminate bacteria, but also to inactivate bacterial
toxins diffused in the root cementum without produc-
ing a smear layer.11

In the present study, energy density for pulse was
12.9 J/cm2 with variable exposition time between
groups SRPL and L. Theodoro et al.34, using the same
parameters of irradiation in vitro, showed adhesion
of blood elements on the irradiated root surfaces. Al-
though they have used higher irradiation parameters
(160 mJ/pulse) than the ones presented in this study
(100 mJ/pulse) for scaling, Schwarz et al.13,14,17 did

not verify significant differences regarding PD and
CAL between treatments with L and SRP + L. The
angular position of 30 degrees between the outlet
tip and the root surface used in this methodology
was based on the study of Folwaczny et al.35

The clinical results obtained in the present study
are, in a certain way, similar to the findings in other
clinical studies.13-16,19 The results demonstrated
that the Er:YAG laser monotherapy was effective in
non-surgical periodontal treatment, but it did not
present clinical benefits in the treatment of periodon-
tal pockets compared to SRP procedures or in associ-
ation with SRP. Microbiologic evaluation showed that
SRP reduced the prevalence of sites with all the bac-
terial analyzed in this study when associated with laser
irradiation.

CONCLUSIONS

The present results indicate that non-surgical peri-
odontal treatments with Er:YAG laser monotherapy
and SRP with Er:YAG laser irradiation are effective;

Table 4.

Percentage of Sites Positive to Microbial Testing for Specific Bacteria Categorized
by Treatment at Different Periods

Groups and Bacteria Baseline 12 Days 1 Month 3 Months 6 Months 12 Months

SRPL
Aggregatibacter actinomycetemcomitans 38.1 9.5B 9.5 14.3 14.3 9.5Q

Porphyromonas gingivalis 71.4 19C 14.3G 23.8 28.6O 14.3RS

Prevotella intermedia 47.6 23.8 28.6 23.8 28.6 23.8
Prevotella nigrescens 19A 4.8D 0HI 4.8LM 9.5P 4.8TU

Tannerella forsythia 76.2 14.3 19 28.6 33.3 33.3

L
Aggregatibacter actinomycetemcomitans 28.6 4.8BE 9.5 19.0 14.3 9.5V

Porphyromonas gingivalis 66.7 23.8 19J 28.6 38.1 28.6RX

Prevotella intermedia 42.9 28.6 33.3 42.9 47.6 33.3
Prevotella nigrescens 9.5A 4.8F 4.8HK 9.5LN 14.3 14.3T

Tannerella forsythia 66.7 19.1 28.6 38.1 42.9 47.6

SRP
Aggregatibacter actinomycetemcomitans 33.3 14.3E 14.3 23.8 19 23.8QV

Porphyromonas gingivalis 61.9 42.9C 38.1GJ 42.9 52.4O 52.4SX

Prevotella intermedia 52.4 33.3 33.3 38.1 42.9 38.1
Prevotella nigrescens 14.3 9.5DF 9.5IK 19MN 23.8P 19U

Tannerella forsythia 71.4 23.8 33.3 42.9 52.4 57.1

C
Aggregatibacter actinomycetemcomitans 23.8† 19† 19† 23.8† — —
Porphyromonas gingivalis 66.7† 57.1† 42.9† 61.9† — —
Prevotella intermedia 38.1 38.1 33.3 38.1 — —
Prevotella nigrescens 19† 23.8† 23.8† 28.6† — —
Tannerella forsythia 66.7† 61.9† 61.9† 57.1† — —

P value* P <0.05 P <0.05 P <0.05 P <0.05 P <0.05 P <0.05

* P value refers to statistically significant difference among groups; Cochran Q and McNemar exact tests.
† Statistically significant difference compared to all treated groups in the same period.
Groups with equal letters mean statistically significant difference (column); — = not applicable.
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however, clinical benefits were not observed com-
pared to conventional SRP procedures. Microbiologic
findings obtained in the present study suggest that
non-surgical periodontal treatment with Er:YAG laser
may be an alternative treatment for reduction and
control of the proliferation of microorganisms in per-
sistent periodontitis.
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