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Abstract
The objective of this study was to evaluate the microbiological and clinical outcomes following nonsurgical treatment by either
scaling and root planing, combination of Nd:YAG and Er:YAG lasers, or by Er:YAG laser treatment alone. The study involved 60
patients with generalized chronic periodontitis, randomly assigned into one of three treatment groups of 20 patients. The first
group received scaling and root planing by hand instruments (SRP group), the second group received Er:YAG laser treatment
alone (Er group), and the third group received combined treatment with Nd:YAG and Er:YAG lasers (NdErNd group).
Microbiological samples, taken from the periodontal pockets at baseline and 6 months after treatments, were assessed with
PET Plus tests. The combined NdErNd laser (93.0%), followed closely by Er:YAG laser (84.9%), treatment resulted in the
highest reduction of all bacteria count after 6 months, whereas SRP (46.2%) failed to reduce Treponema denticola,
Peptostreptococcus micros, and Capnocytophaga gingivalis. Full-mouth plaque and bleeding on probing scores dropped after
6 months and were the lowest in both laser groups. The combination of NdErNd resulted in higher probing pocket depth
reduction and gain of clinical attachment level (1.99 ± 0.23 mm) compared to SRP (0.86 ± 0.13 mm) or Er:YAG laser alone
(0.93 ± 0.20 mm) in 4–6 mm-deep pockets. Within their limits, the present results provide support for the combination of
Nd:YAG and Er:YAG lasers to additionally improve the microbiological and clinical outcomes of nonsurgical periodontal
therapy in patients with moderate to severe chronic periodontitis.
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Introduction

Periodontitis is the most common chronic inflammatory dis-
ease seen in humans and is characterized by a progressive
destruction of the supporting tissues of the tooth resulting in
pathological lesions and may eventually lead to the loss of the
tooth [1]. Periodontitis is also associated with chronic inflam-
matory diseases of aging, including type 2 diabetes and

cardiovascular disease, affects general health, and may in-
crease the risk of stroke [2].

The primary goal of nonsurgical periodontal treatment is
the elimination of bacterial infection and reduction or hinder-
ing the progression of the inflammatory process. Mechanical
debridement, i.e., scaling and root planing (SRP), constitutes
the first step in eradication of bacterial infection and reduction
of inflammation of supporting tissues. Several studies of con-
ventional nonsurgical periodontal treatment have shown that
mechanical treatment itself, especially in severe periodontitis
patients, does not lead to complete healing. Impaired healing
is for the reason that mechanical treatment does not delete all
the periopathogenes [3–5]. Therefore, local or systemic anti-
biotics and antiseptics are often implemented as adjunctive
measures in the treatment of periodontal infections after me-
chanical removal of bacterial deposits from the root surface
[6–9]. However, several side effects of the systemic antibi-
otics, particularly the antibiotic resistance, limit the rationale
for their use in chronic periodontitis patients [10–12].
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Since conventional nonsurgical methods have their limita-
tions, including difficulties in access of manual or ultrasonic
instruments to deep pockets, furcations, and grooves, addi-
tional use of laser treatment, i.e., irradiation of periodontal
pockets with different lasers, has been advocated as an effi-
cient supplement to nonsurgical treatment. Ever since lasers
have been introduced as a method in the treatment of chronic
periodontitis, a number of studies investigated the efficacy of
laser therapy as an adjunct to the conventional treatment
[13–15]. Several types of surgical lasers have been identified
as promising new technical modalities for the decontamina-
tion of periodontal pockets and root surfaces in nonsurgical
treatment following their effective ablation and strong bacte-
ricidal and detoxification effects. Various studies point to the
benefits of laser therapy, such as biomodulatory, anti-infec-
tive, and ablation effects [16, 17].

Among the different types of laser, erbium-doped:yttrium-
aluminum-garnet (Er:YAG) laser and neodymium-
doped:yttrium-aluminum-garnet (Nd:YAG) laser appear to
be the most suitable to be used in periodontal treatment.
Gianelli et al. [18] reported that Nd:YAG can eradicate peri-
odontopathogens trapped within gingival epithelial cells. Data
from clinical studies show that scaling and root planing with
additional use of neodymium laser can cause significantly
higher reduction of the gingival index, probing pocket depth,
and clinical attachment level compared to SRP alone. Nevins
et al. [19] found a significant decrease of probing depths (88%
of sites) and clinical attachment level gains (74% of sites) after
application of the Nd:YAG laser. Gomez et al. [20] reported
similar reduction of the ten most prevalent bacterial species
assessed in SRP and Nd:YAG laser treatment groups. In addi-
tion to clinical improvements, after 4 and 8 weeks, they found
also significantly decreased levels of interleukin-1 beta and
tumor necrosis factor-alpha and matrix metalloproteinase-8 af-
ter SRP with additional Nd:YAG laser treatment than after scal-
ing and root planing alone. Since Nd:YAG laser light is selec-
tively absorbed by pigments, it can be anticipated that it would
be suitable for inactivation of pigmented bacteria, such as
Porphyromonas gingivalis [13].

In a previous study, Gutknecht et al. focused on the micro-
biological evaluation of Er laser therapy and found that the
total bacterial load of Prevotella intermedia (Pi), Tannerella
forsythia (Tf), Treponema denticola (Td), Fusobacterium
nucleatum (Fn), Porphyromonas gingivalis (Pg), and
Aggregatibacter actinomycetemcomitans (Aa) was reduced
statistically significantly throughout the whole examination
period of 6 months. In addition, probing pocket depths were
reduced in all groups, with slightly better results in the laser-
treated group [21]. Moreover, it has also been demonstrated
that the Er:YAG laser removes deposits and biofilm more
thoroughly, creating biocompatible surfaces more conducive
for reattachment than those obtained with conventional
methods [22, 23].

Currently, lasers are utilized either as an adjunct or as an
alternative to conventional mechanical instruments, such as
hand instruments or power scalers, for nonsurgical periodontal
treatment. At least two nonsurgical laser periodontal proce-
dures merit special attention. The technique of pocket therapy,
which uses the Nd:YAG laser, in the treatment of moderate to
severe periodontal disease has been shown to promote peri-
odontal regeneration as demonstrated in a human histology
study [24]. Another technique that uses erbium laser has been
reported to be effective in subgingival calculus removal dur-
ing nonsurgical periodontal therapy. Erbium lasers are capable
of ablating subgingival calculus effectively without causing
thermal damage on the root surface or any significant side
effects. The Er:YAG laser is used both as an alternative and
as an adjunct to mechanical therapy for nonsurgical periodon-
tal therapy. When used during periodontal surgery, Er:YAG
lasers may not only facilitate the debridement procedure, but
have also shown positive effects on tissue repair and regener-
ation such as greater probing depth reduction and gains in
clinical attachment level (CAL) for up to 3 years compared
to conventional Widman flap surgery [25].

Since both Er:YAG and Nd:YAG lasers have been shown
to have positive effects on either calculus and biofilm removal
or on would repair/regeneration, the question arises whether a
combination of the two approaches may additionally improve
the clinical outcomes. Thus, the development of a protocol for
minimally invasive, efficient, and safe treatment that com-
bines both high-power lasers may bear potential clinical rele-
vance. However, according to the best of our knowledge, at
present, no data from randomized controlled clinical studies
are available on the potential effects following the combina-
tion of the two approaches.

Therefore, the aim of this prospective, randomized, con-
trolled clinical study was to evaluate microbiologically and
clinically the outcomes following nonsurgical treatment of
periodontal pocket by either a combination of Nd:YAG and
Er:YAG lasers or by Er:YAG laser alone and comparing them
to the control group that used only hand instruments for SRP.

Materials and methods

Patients

Sixty patients from the Specialist Dental Practice PerioCare,
Krakow, Poland, were included in this study. The protocol of
the study had been independently reviewed and approved by
the Regional Ethical Review Board (74/KBL/OIL/2014). The
study was conducted in full accordance with the ethical prin-
ciples, including the World Medical Association Declaration
of Helsinki (version 2008) accompanied with the understand-
ing and written consent of each experimental subject accord-
ing to the abovementioned principles.
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To detect a difference of 1 mm in probing pocket depths
and clinical attachment levels between three treatment groups
(α = 0.05, β = 0.20, estimated SD = 5 mm), the number of
patients was calculated, and according to calculation, 393
measuring sites in each group were needed. Assuming that
each patient had had at least one periodontal pocket, out of
six at one of 20 single-rooted teeth, deeper than 4 mm, yielded
the number of 20 patients in each group. All together, 193
teeth were included, 65 in the SRP group, 65 in the Er group,
and 63 in the NdErNd group. Among 60 patients included in
the study, 34 patients (57%) were females and 26 were males
(43%), 31–79 years of age (Table 1). Inclusion criteria were a
diagnosis of generalized chronic periodontitis [26] with peri-
odontal pockets of 5 mm or deeper at single-rooted teeth.
Exclusion criteria were an active periodontal treatment, intake
of antibiotics within the last 12 months, pregnancy, diabetes,
and smoking.

Treatment protocol

The trial was designed as a prospective, randomized, con-
trolled study of 6-month duration. Patients were randomly
assigned to one of the tree groups: group one (SRP group;
n = 20) which received SRP by hand curettes and served as a
control group; group two (Er group; n = 20) which received
Er:YAG laser therapy alone; and group three which received
combined Er:YAG and Nd:YAG laser treatment (NdErNd
group; n = 20).

All patients received supragingival professional prophylax-
is with mechanical instruments before treatment (Gracey hand
curettes, American Eagle Instruments Inc., USA), performed
by the same dental hygienist, and were recalled on a monthly
basis for supragingival prophylaxis throughout the entire
study period of 6 months. Nonsurgical periodontal therapy
was performed under local anesthesia by the same experi-
enced periodontist (KGL).

Patients in the control SRP group were treated in one ses-
sion with scaling and root planing by means of Gracey and
micro curettes (Gracey XP, American Eagle Instruments Inc.,
USA). The two test groups in the study received laser treat-
ment (LightWalker, Fotona d.o.o., Slovenia): patients in the Er
group were treated with the Er:YAG laser alone in one session
while patients in the NdErNd group were treated in a single
session with a combination of Er:YAG and Nd:YAG lasers
followed by additional two sessions of Nd:YAG laser treat-
ment in 7-day intervals between each session. In the Er group,
the Er:YAG laser was used for root debridement (Micro
Short Pulse (MSP) = 100 μs, 40 mJ/p, 40 Hz, power peak =
400 W, 400-μm fiber tip, water spray (28 ml/min)), where-
as in the NdErNd group, the Nd:YAG laser was used for
pocket disinfection (MSP = 100 μs, 2.5 W, 20 Hz, power
peak = 1250 W, 300-μm fiber tip, 10 to 30 s per tooth)
followed by root debridement with the Er:YAG laser

(MSP = 100 μs, 40 mJ/p, 40 Hz, power peak = 400 W,
400-μm fiber tip, water spray (28 ml/min)) and subsequent
application of the Nd:YAG laser for blood clot stabilization
(VLP = 600 μs, 3.5 W, 20 Hz, power peak = 291 W,
300-μm fiber tip, 10 to 30 s per tooth). In addition, individ-
ual Nd:YAG treatment was repeated at 7 and 14 days in the
NdErNd group (MSP = 100 μs, 2.5 W, 20 Hz, 300-μm fiber
tip, 10 to 30 s per tooth). In both groups, i.e., Er and
NdErNd groups, the laser treatments were performed by
inserting the fiber tip (Er:YAG: Varian fiber tip 400/14,
Fotona d.o.o., Slovenia; Nd:YAG: 300-μm fiber tip,
Fo t ona d . o . o . , S l oven i a ) i n t o t h e pe r i odon t a l
pocket almost parallel to the tooth and moving from mesial
to distal directions, continuously on the buccal and the lin-
gual aspect of the tooth. The laser tip had been inserted in
the periodontal pocket from coronal to apical direction par-
allel with the root surface and then, just before laser activa-
tion, inclined slightly towards the root surface.

Clinical periodontal measurements

The following clinical parameters were recorded at baseline
and at 3 and 6 months after treatment: full-mouth plaque
scores (FMPS), full-mouth bleeding on probing scores
(BoP) [27, 28], probing pocket depth (PPD), gingival reces-
sion (REC), and clinical attachment level (CAL). The primary
outcome variable was CAL.

FMPS: the presence of plaque in percentage (%) at the
cervical area of the tooth using a periodontal probe
BoP: presence (+) or absence (−) of bleeding in percent-
age (%) 30 s after probe insertion in the periodontal
pocket
PPD: the distance from the free gingival margin to the
bottom of the periodontal pocket
REC: the distance from the cementoenamel junction
(CEJ) to the free gingival margin (respectively crown
margin to the free gingival margin)
CAL: the distance from the CEJ and the bottom of the
sulcus or of the periodontal pocket includes both PPD
and REC

All measurements were done at six sites of the single-
rooted teeth (mesiobuccal/midbuccal/distobuccal/mesiopala-
tal/midpalatal/distopalatal). The measurements of PPD,
REC, and CAL were performed by a fully automated peri-
odontal probe pa-on (Pa-on, Orangedental, Biberach,
Germany), which was calibrated before each measurement
according to manufacturer’s instructions.

According to the baseline PPD values, the periodontal
pockets were classified as shallow (< 4 mm), medium (4–
6 mm), or deep (> 6 mm) periodontal pockets.
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Microbiological measurements

Microbiological examination in every patient consisted of a
biological molecular test (PET Plus, MIP Pharma, Germany),
which involved detection of nine periodontal pathogens in-
cluding red, orange, and green bacterial complexes (e.g.
Porphyromonas gingivalis (Pg), Treponema denticola (Td),
Tannerella forsythia (Tf), Prevotella intermedia (Pi),
Peptostreptococcus micros (Pm), Fusobacterium nucleatum
(Fn), Eubacterium nucleatum (En), Capnocytophaga
gingivalis (Cg), and Aggregatibacter actinomycetemcomitans
(Aa)) and the total bacteria count (TBC). Microbiological
samples, taken from the deepest periodontal pockets at base-
line and 6 months after treatments, were assessed with PET
Plus tests. The samples were taken according to the instruction
manual enclosed with sterile paper swabs. The paper swabs
were inserted into the periodontal pockets, left inside the
pockets for about 30 s, and were then carefully removed
avoiding contamination with blood or saliva. Harvested paper
points with bacterial samples were placed in the transport vials
provided with the PET Plus test kit and shipped to a MIP
Pharma laboratory in Germany, where sample processing
was performed. Sample analysis was performed by using
real-time PCR, which allows rapid and easy identification of
particular microorganisms. The PCR-based test utilizes fast
duplication of selected DNA/RNA strand sections as products
and allows quantitative analysis of the copied products within
the study’s samples. Moreover, it allows analysis of material
with a low initial DNA concentration. Free strand sections of
DNAwere obtained from lysed bacterial cells and were sub-
sequently subjected to amplification and hybridization with
fluorescence-stained starters characteristic of particular
periopathogens. The PCR probes were designed for human
bacteria. Quantitative analysis was performed with a reader
that measures the intensity of fluorescence compared to that
in reference specimens. According to the manufacturer, the
threshold determination for all subjects’ bacterial pathogens
was approximately 103 bacteria.

Statistical analysis

Repeated measures ANOVA followed by post hoc Newmann-
Keuls test was used to compare mean values of FMPS, BoP,
PPD, REC, and CAL between three treatment groups at base-
line and 3 and 6 months after treatment. Repeated measures

ANOVA followed by post hoc Newmann-Keuls test was also
used to compare mean values of total bacteria count and a
number of examined periodontal pathogenic bacteria between
three treatment groups at baseline and 6 months after treat-
ment. N-1 chi-squared test was used to compare percentage
reductions of periodontal pathogens between three treatment
groups after 6 months. One-way ANOVA followed by post
hoc Tukey HSD test was used to compare mean CAL gains
among three treatment groups from baseline to 3 months after
treatments, from month 3 to month 6 after treatments, and
from baseline to month 6 after treatments. The level of signif-
icance was set atα = 0.05, and the power of the tests was set at
0.80.

Results

At 6 months following therapy, all three groups showed sta-
tistically significant improvements in the evaluated clinical
and microbiological parameters. Significant differences were
found among treatment modalities regarding CAL and bacte-
rial count as primary outcome variables, specifically in a gain
of CAL and reduction of specific bacterial species, as well as
in secondary outcome variables such as FMPS, BoP, PPD, and
REC.

Clinical results

FMPS in the SRP group dropped from 9.89 ± 1.45% at the
baseline to 8.1 ± 0.79% after 6 months. In the NdErNd group,
FMPS dropped from 9.16 ± 1.11% at the baseline to 4.05 ±
0.42% after 6 months and in the Er group from 10.30 ±
1.27.4% to 6.15 ± 1.39%, respectively. At 6 months, FMPS
was statistically significantly lower (p < 0.05) in both laser
groups compared to the SRP group.

The two laser groups showed statistically significantly
higher BoP reductions compared to SRP treatment. That is,
in the SRP group, BoP decreased only for 1.56 ± 1.50% after
6 months compared to statistically significant (p < 0.05) re-
duction in both laser-treated groups, i.e., in the NdErNd group
for 8.45 ± 1.23% and for 8.10 ± 1.49% in the Er group.

In all three groups, mean PPD decreased slightly except in
the NdErNd group where PPD changed from 2.43 ± 0.19 mm
at baseline to 1.73 ± 0.16 mm (p < 0.05) after 6 months. The
gingival recession increased discreetly following all three

Table 1 Participants data

All SRP Er NdErNd

Gender 26 males, 34 females 7 males, 13 females 8 males, 12 females 11 males, 9 females

Age (years) 49.3 (11.6, 31–79) 50.0 (13.6, 31–79) 51.6 (10.6, 33–70) 46.2 (10.1, 31–67)

Mean (SD, min-max)
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treatments, however without statistically significant differ-
ences between the groups. Similar to mean PPD, mean CAL
also decreased in all three treatment groups. However, a sta-
tistically significant change was only found in the NdErNd
group. The combination of NdErNd resulted in a decrease in
CAL from a baseline value of 3.19 ± 0.19 mm to 2.72 ±
0.18 mm (p < 0.05) 6 months after treatment (Table 2).

Comparing the clinical outcomes of different treatments in
initially shallow, medium deep and deep periodontal pockets
revealed significant differences in reductions of PPD between
the NdErNd group and the SRP or Er group. In shallow peri-
odontal pockets (< 4 mm), only the combination of NdErNd
lasers significantly decreased PPD from a baseline value of
1.71 ± 0.07 mm to 1.49 ± 0.09 mm (p < 0.05) 6 months after
treatment. In medium deep periodontal pockets (4–6 mm),
again the combination of NdErNd lasers significantly de-
creased PPD from a baseline value of 4.97 ± 0.06 mm to
2.22 ± 0.14 mm (p < 0.05) and CAL from 5.18 ± 0.11 mm to
3.18 ± 0.21 mm (p < 0.05), both 6 months after treatment. In
deep periodontal pockets (> 6 mm), all three treatments were
equally efficient in PPD and CAL reduction (Table 3).

The gain of CAL, calculated from CAL at baseline and 3
and 6 months after treatment, is presented in Table 4. In shal-
low periodontal pockets, all three treatments caused loss of
CAL; the highest loss was found in the SRP group (− 0.32 ±
0.14 mm, p < 0.05). The gain of CAL was found in medium
deep and deep periodontal pockets. The highest gain was ob-
tained in the NdErNd group in medium deep periodontal
pockets (1.99 ± 0.23 mm, p < 0.05). In deep periodontal
pockets, all three treatments resulted in a moderate gain of
CAL (Table 4).

Microbiological results

All three treatment modalities led to the statistically significant
reduction of total bacteria count after 6 months. The reduction
of TBC was significantly higher in the NdErNd group
(93.0%) and Er group (84.9%) (p < 0.05) in comparison to
the SPR group (46.2%).

The significant reduction of Aa in the Er group was 96.7%
and in the NdErNd group 100.0% while in SRP group only
47.2%. However, the numbers of Aa were substantially lower
than the counts of other bacteria due to the chronic form of
periodontitis.

Both laser treatments, i.e., NdErNd and Er groups, signif-
icantly decreased the numbers of red complex periodontal
pathogens. The numbers of Pg decreased statistically signifi-
cantly in the NdErNd group (99.1%) from 1.91 × 107 ± 1.85 ×
107 at baseline to 1.79 × 105 ± 1.59 × 105 after 6 months. In
the NdErNd group, Td decreased significantly (95.2%) from
2.98 × 105 ± 1.18 × 105 to 1.44 × 104 ± 8.34 × 103 and in the
Er group (73.8%) from 2.35 × 105 ± 6.45 × 104 at baseline to
6.17 × 104 ± 2.99 × 104 after 6 months. A comparable

significant decrease of Tf was detected in the NdErNd group
(91.7%) from 3.92 × 105 ± 1.06 × 105 to 3.24 × 104 ± 1.13 ×
104 and in the Er group (80.5%) from 3.65 × 105 ± 8.47 ×
104 at baseline to 7.12 × 104 ± 4.07 × 104, respectively.

Orange complex periodontal pathogens were also reduced
though the reduction was not uniform. The numbers of Pi
were equally reduced in all three treatment groups. On the
contrary, the numbers of Pm were statistically significantly
reduced only in the Er group (83.0%) from 1.84 × 105 ±
7.14 × 104 at baseline to 3.13 × 104 ± 1.20 × 104 after
6 months. Moreover, the numbers of Fn were reduced statis-
tically significantly only in the Er group (91.9%) from 4.71 ×
105 ± 2.20 × 105 at baseline to 3.82 × 104 ± 2.00 × 104 after
6 months. The numbers of En were reduced statistically sig-
nificantly in all three groups (i.e., the NdErNd group 95.5%,
Er group 89.8%, SRP group 58.6%). The numbers ofCgwere,
however, reduced only in the NdErNd group (38.5%)
(Table 5).

Among all three treatment modalities, only the combina-
tion of Nd:YAG and Er:YAG lasers reduced TBC as well and
all tested bacteria counts. Er:YAG laser treatment reduced
TBC and all tested bacteria but Cg. Mechanical scaling and
root planing was less efficient in bacterial reduction and failed
to reduce the numbers of Td, Pm, and Cg after 6 months
(Fig. 1).

Discussion

The present study has for the first time compared clinically
and microbiologically the outcomes obtained with two differ-
ent laser protocols (e.g., single Er:YAG laser, combination of
Nd:YAG and Er:YAG laser) and the use of conventional me-
chanical debridement for nonsurgical periodontal treatment of
patients with chronic periodontitis. Previous studies have fo-
cused on comparing the results of mechanical treatment with
either Er:YAG or Nd:YAG laser treatment. The highest im-
provements in terms of CAL gain and reduction in bacterial
load were found in patients treated with the combination of
Nd:YAG and Er:YAG lasers. The secondary outcomes, i.e.,
FMPS, BoP, and PPD, improved considerably in both laser
groups but to a lesser extent in the group treated with the
conventional mechanical debridement.

The rationale to use the Er:YAG laser was the thorough
removal of calculus and microbial biofilm from the root sur-
faces at a low energy level (e.g., 40 mJ/ pulse and a repetition
rate of 40 Hz) to prevent extensive cementum ablation and
thermal microstructural changes of the tooth structures (i.e., in
the remaining cementum [29]) and, at same time, to increase
fibroblast proliferation [30]. The rationale to use the Nd:YAG
laser was to obtain pocket disinfection, remove ulcerated ep-
ithelium from the inner site of the periodontal pocket, and
stabilize the blood clot formed in the pocket after nonsurgical
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therapy. In addition, individual Nd:YAG applications were
repeated at 7 and 14 days in the NdErNd group to delay the
recolonization of periodontal pathogenic bacteria. Adjunct
Nd:YAG laser treatment to scaling and root planing was pre-
viously found to decrease the levels of inflammatory media-
tors Il-1b, TNFa [31], MMP-8, and GCF [32], enhancing fi-
broblast attachment to root surfaces [33] and even resulting in
selective photoantisepsis [34].

In one of the first clinical studies evaluating the efficacy of
Er:YAG laser in nonsurgical periodontal treatment, Sculean
et al. [35] compared SRP with Er:YAG laser treatment and
found significant reduction in PPD from baseline to 6 months
after treatment; however, they found no differences in PPD,
gingival recession, CAL, and BoP between two treatment mo-
dalities in none of the observed time periods. The mean value
of BoP decreased in the Er:YAG group from 40% at baseline
to 17% after 6 months and in the ultrasonic group from 46% at
baseline to 15% after 6 months.

Similar results were also reported by Lopes et al. [36], who
have shown that BoP and PPD decreased statistically signifi-
cantly after both treatments (p < 0.01). CAL gain was statisti-
cally significant for SRPL, L, and SRP (p < 0.05) at 3, 6, and
12 months following treatment. SRPL and L presented a sta-
tistically significant reduction in the percentage of sites with
bacteria 6 and 12 months after treatment (p < 0.05). Based on
their findings, the authors suggested nonsurgical periodontal
treatment with Er:YAG laser as an alternative treatment for
reduction and control of the proliferation of microorganisms
in periodontitis patients.

In our study, we detected BoP drop in the Er:YAG laser
group from 18.7 to 11.5% after 3 months and finally to 10.6%
after 6 months. Additional use of the Nd:YAG laser dropped
BoP even further from 15.9% at baseline to 8.8% after
3 months and 7.4% after 6 months (p < 0.05). Already after
3 months, statistically significant reductions of BoP were
found in both laser groups compared to the SRP group.

Table 2 Full mouth plaque score (FMPS), bleeding on probing (BoP), and clinical measurements recorded at baseline and at 3 and 6 months after
treatment

Baseline 3 months 6 months

SRP Er NdErNd SRP Er NdErNd SRP Er NdErNd

FMPS (%) 9.89 (1.45) 10.3 (1.27) 9.16 (1.11) 6.53 (0.69) 7.9 (1.21) 8.21 (1.39) 8.1 (0.79) 6.15 (1.39)* 4.05 (0.42)*

BoP (%) 17.57 (1.58) 18.7 (1.20) 15.85 (1.42) 15.31 (1.39) 11.45 (1.47)* 8.89 (0.83)* 16.01 (1.41) 10.6 (1.79)* 7.4 (1.04)*

PPD (mm) 2.31 (0.16) 2.53 (0.15) 2.43 (0.19) 2.02 (0.12) 2.02 (0.12) 1.75 (0.14)# 2.01 (0.11) 2.01 (0.17) 1.73 (0.16)#

REC (mm) 0.99 (0.14) 0.91 (0.17) 0.75 (0.11) 1.06 (0.14) 1.23 (0.19) 1.04 (0.12) 1.04 (0.14) 1.15 (0.16) 1.02 (0.12)

CAL (mm) 3.30 (0.21) 3.45 (0.19) 3.19 (0.19) 3.08 (0.18) 3.25 (0.22) 2.75 (0.16)# 3.05 (0.21) 3.15 (0.21) 2.72 (0.18)#

Mean (SEM)

*p < 0.05 Er and NdErNd vs SRP
# p < 0.05 NdErNd vs SRP and vs Er

Table 3 Clinical measurements recorded in shallow (< 4 mm), medium deep (4–6 mm), and deep (> 6 mm) periodontal pockets at baseline and 3 and
6 months after treatment

Baseline 3 months 6 months

SRP Er NdErNd SRP Er NdErNd SRP Er NdErNd

< 4 mm PPD (mm) 1.32 (0.03) 2.10 (0.06) 1.71 (0.07) 1.69 (0.10) 1.89 (0.07) 1.42 (0.09)* 1.55 (0.10) 1.85 (0.08) 1.49 (0.09)*

REC (mm) 1.21 (0.13) 0.82 (0.09) 0.72 (0.10) 1.33 (0.13) 1.13 (0.09) 1.22 (0.10) 1.32 (0.14) 1.09 (0.07) 0.99 (0.09)

CAL (mm) 2.56 (0.13) 2.92 (0.11) 2.45 (0.12) 3.03 (0.14) 3.02 (0.11) 2.64 (0.13) 2.88 (0.16) 2.94 (0.11) 2.48 (0.13)*

4–6 mm PPD (mm) 3.80 (0.07) 5.01 (0.05) 4.97 (0.06) 3.06 (0.09) 3.35 (0.12) 2.41 (0.14)# 2.96 (0.09) 3.01 (0.13) 2.22 (0.14)#

REC (mm) 1.31 (0.10) 0.37 (0.07) 0.24 (0.09) 1.29 (0.09) 1.46 (0.13) 1.25 (0.15) 1.33 (0.09) 1.43 (0.12) 0.96 (0.14)

CAL (mm) 5.16 (0.11) 5.37 (0.09) 5.18 (0.11) 4.36 (0.12) 4.80 (0.17) 3.66 (0.21)# 4.30 (0.13) 4.46 (0.18) 3.18 (0.21)#

> 6 mm PPD (mm) 7.00 (0.13) 7.02 (0.13) 7.54 (0.17) 4.59 (0.30) 5.31 (0.24) 5.37 (0.32) 4.09 (0.30) 4.43 (0.30) 4.67 (0.34)

REC (mm) 0.33 (0.09) 0.36 (0.09) 0.03 (0.12) 0.95 (0.14) 1.16 (0.17) 1.11 (0.22) 1.16 (0.15) 1.34 (0.18) 1.23 (0.24)

CAL (mm) 7.33 (0.14) 7.40 (0.16) 7.57 (0.21) 6.14 (0.31) 6.47 (0.27) 6.49 (0.35) 5.70 (0.32) 5.76 (0.33) 5.91 (0.43)

Mean (SEM)

*p < 0.05 NdErNd vs Er
# p < 0.05 NdErNd vs Er and vs SRP
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Crespi et al. [37] in a 2-year follow-up split-mouth clinical
study reported reduction of PD and gain of CAL. They found
statistically significant differences in PPD reduction between
Er:YAG laser and SRP groups in shallow pockets < 4 mm,
medium deep (5 to 6 mm), and deep periodontal pockets ≥
7 mm as well as for CAL gain in medium deep and deep
periodontal pockets. On the contrary, in our study, treatment
with Er:YAG laser reduced PPD similarly to SRP, regardless
of the initial pocket depth. However, the combination of
NdErNd reduced PPD statistically significantly and yielded
the highest gain of CAL in shallow (< 4 mm) and medium
deep (4–6 mm) pockets at 3 months, while the obtained re-
ductions remained stable for the entire study period of
6 months. The medium deep and deep pocket sites treated
with either SRP or Er:YAG or NdErNd lasers exhibited sta-
tistically significant PPD and CAL reduction accompanied by
an increase in gingival recession at 3 and 6 months. However,
in deep periodontal pockets, all three treatments reduced PPD
and CAL significantly without differences in treatment
modalities.

The results of the meta-analysis by Yan et al. [38] including
eight randomized controlled trials failed to reveal statistically
significant differences between nonsurgical periodontal thera-
py bymeans of an Er:YAG laser and conventional mechanical
debridement in terms of probing depth reduction and clinical
attachment level gain 3 months after treatment (probing depth
reduction: mean difference = 0.11 mm, 95% confidence inter-
val − 0.34 to 0.56 mm; and clinical attachment level gain:
mean difference = 0.13 mm, 95% confidence interval − 0.49
to 0.76 mm). Taken together, the results of the meta-analysis
suggest Er:YAG laser as a potential alternative to conventional
mechanical debridement with some possible short-term addi-
tional benefits; yet, there is no evidence of long-term superior
effectiveness.

Eick et al. [39] compared in vitro activity of erbium laser on
biofilm ablation from implant and tooth surfaces. Bacterial
biofilm as a key etiological factor of periodontal disease

biofilm plays a major role in the pathogenesis of periodontal
diseases. They evaluated the removal of bacterial biofilm and
attachment of epithelial cells, gingival fibroblasts, and
osteoblast-like cells to dentin after Er:YAG laser in compari-
son with other treatment methods (among others SRP). The
study revealed that the use of Er:YAG resulted in statistically
significantly superior biofilm removal compared to the other
treatments methods.

Gutknecht et al. [21] did not found any significant clinical
differences between conventional subgingival scaling and root
planing with a sonic scaler and Gracey curettes, and additional
Er.Cr:YSGG laser irradiation (1.5W, 30 Hz, 11% air, 20%wa-
ter, pulse duration 140 μs) after 6 months. They assessed
clinical and microbiological parameters at baseline, 1 day
and 3 and 6 months after treatment. The pocket depths before
treatment were between 2 and 12 mm. After 6 months, the
post-op pocket depths ranged between 1 and 5 mm. Mean
reduction of the pocket depth was almost the same in the
conventionally treated sites and the laser-treated ones. There
was a slightly higher reduction of pocket depth after 6 months
in the lased group. The total bacterial load of Pi, Tf, Td, Fn, P,
and Aa reduced statistically significantly throughout the entire
examination period of 6 months.

Considering the microbiological results, the Er:YAG laser
scaling at 40 mJ/pulse (14.2 J/cm2 per pulse) and 10 Hz with
water spray was previously [40] found to easily ablate the
bacterial colony, leaving an ablation spot with a crater and
the surrounding affected area showing melted branch-like
structures. The CFUs after laser treatment were significantly
fewer than those after ultrasonic scaling in aerobic
and anaerobic culture conditions. Er:YAG laser ablates
periodontopathic bacteria with thermal vaporization, and its
bacterial elimination effect on the diseased root surfaces ap-
pears to be superior to that of the ultrasonic scaler.
Furthermore, Nd:YAG laser irradiation of suspensions of six
different periodontal pathogens (Aa, Pg, Pi, Tf, Fn, and Pm)
with power setting of 6 W, frequency 50 Hz, and pulse

Table 4 Clinical attachment level gain attained in shallow (< 4 mm), medium deep (4–6 mm), and deep (> 6 mm) periodontal pockets 3 and 6 months
after treatment

0–3 months 3–6 months 0–6 months

SRP Er NdErNd SRP Er NdErNd SRP Er NdErNd

All 0.60 (0.09) 0.23 (0.09) 0.39 (0.12) 0.13 (0.07) 0.25 (0.09) 0.29 (0.10) 0.73 (0.10) 0.47 (0.10) 0.69 (0.13)

< 4 mm − 0.47 (0.13) − 0.10 (0.12)* − 0.20 (0.13)* 0.15 (0.12) 0.08 (0.11) 0.16 (0.11) − 0.32 (0.14) − 0.02 (0.12)* − 0.04 (0.13)*
4–6 mm 0.80 (0.12) 0.58 (0.17) 1.51 (0.21)# 0.05 (0.09) 0.36 (0.17)§ 0.48 (0.20)# 0.86 (0.13) 0.93 (0.20) 1.99 (0.23)#

> 6 mm 1.19 (0.33) 0.93 (0.21) 1.08 (0.36) 0.45 (0.24) 0.71 (0.25)§ 0.58 (0.35) 1.64 (0.33) 1.62 (0.28) 1.66 (0.43)

Mean (SEM)

*p < 0.05 Er and NdErNd vs SRP
# p < 0.05 NdErNd vs SRP
§ p < 0.05 Er vs SRP
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duration 250 μs for 15 s effectively killed all of the six tested
periodontal pathogens [41]. Clinical studies considering mi-
crobiological outcomes of either Er:YAG laser or Nd:YAG
laser as monotherapy or as adjunct to SRP reported conflicting
results. Studies estimating the effectiveness of Er:YAG laser
on clinical and microbiological parameters demonstrated bac-
terial reduction but no additional benefit in PPD and CAL
reduction [36, 42]. Lopes et al. reported a significant reduction
in the percentage of sites with bacteria 6 and 12 months after
Er:YAG laser and SRP + Er:YAG laser treatment [36]. The
Er:YAG laser as monotherapy significantly reduced the total
pathogens and bacteria from the red complex 1 month after
treatment compared to SRP alone. Qualitative analysis of sites
that had a therapeutically significant number and proportion of
marker bacteria also showed significant reduction after treat-
ment [42].

Periodontopathogens can persist within cells outside the
pocket epithelium, despite conventional periodontal treat-
ment. Nd:YAG lasers were capable of eradicating
periodontopathogenic bacteria endowed within gingival epi-
thelial cells outside periodontal pockets, without causing con-
nective tissue damage and microvessel rupture. Conversely,
Er:YAG lasers failed to completely and selectively ablate the
infected gingival epithelium and induced marked microvessel
rupture and bleeding. The authors [18] concluded that
Nd:YAG lasers are able to eradicate intra- and extracellular
bacteria from these sites, suggesting that they can be consid-
ered suitable devices to improve the clinical outcome of peri-
odontal disease.

In the present study, the Er:YAG and NdErNd laser treat-
ments lead to significantly higher reduction of total bacteria
number comparing to SRP alone, i.e., 84.9 and 93.0% vs
46.2% respectively. The addition of Nd:YAG laser to
Er:YAG laser treatment caused reduction of every tested

bacteria in the range from 19.1% reduction in the case of Pm
to 100% reduction of Aa. Er:YAG laser treatment was found
superior to NdErNd laser treatment in reduction of Pm (83.0
vs 19.1%) and Fn (91.9 vs 42.4%), but failed to reduce the
number of Cg. The level of SRP reduction ranged from no
reduction to 77.2 and 70.3% in the case of Pi and Pg respec-
tively. Recently, Saglam et al. [43] reported results of short-
term combined Er:YAG and Nd:YAG laser treatment of
chronic periodontitis where the Er:YAG laser (160 mJ/pulse,
10 Hz) was used for root debridement and the Nd:YAG laser
for removing pocket epithelium and detoxification purposes.
After 3 months in deep periodontal pockets (≥ 7 mm), com-
bined laser treatment resulted in significantly higher reduction
of PPD and gain of CAL in comparison to SRP alone.
Although the Er:YAG laser beam was delivered into the peri-
odontal pockets using rather thick chisel-shaped tip with a
final diameter of 1.5 × 0.5 mm, the most favorable clinical
results were still found in deep periodontal pockets indicating
the importance of additional Nd:YAG laser treatment.

Our study added missing information regarding the clinical
outcomes of Er:YAG laser as monotherapy to clinical out-
comes of combined laser treatment. Our data confirm that
efficacy of Nd:YAG laser as additional therapy to Er:YAG
laser improves not only microbiological but also clinical out-
comes, especially in medium deep pockets. The most impor-
tant clinical outcome, gain of CAL in medium deep pockets,
was significantly higher (1.99 mm) after combined laser treat-
ment compared to Er:YAG treatment alone (0.93 mm). The
significant majority of CAL gain (1.51 mm) in combined laser
treatment group occurred in the first 3 months, just the oppo-
site as in the Er:YAG group where only 0.58 mm gain of CAL
was observed in the same time period. Nevertheless, in deep
periodontal pockets, CAL improved statistically significantly
in all three treatment groups.

Table 5 Total bacteria count and number of examined periodontal pathogenic bacteria at baseline and 6 months after treatment

Baseline 6 months

SRP Er NdErNd SRP Er NdErNd

TBC 1,31E+09 (6,43E+08) 2,80E+09 (1,34E+09) 5,09E+09 (2,39E+08) 7,04E+08 (2,96E+08) 4,22E+08 (1,83E+08) 3,57E+08 (2,14E+08)

Aa 1,56E+03 (1,45E+03) 2,90E+03 (2,31E+03) 3,00E-01 (3,00E-01) 8,23E+02 (6,66E+03) 9,50E+01 (9,50E+01) 0,00E+00 (0,00E+00)

Pg 3,00E+05 (1,91E+05) 2,14E+05 (9,35E+04) 1,91E+07 (1,85E+07) 8,93E+04 (3,65E+04) 6,73E+04 (4,76E+04) 1,79E+05 (1,59E+05)

Td 2,59E+05 (1,21E+05) 2,35E+05 (6,45E+04) 2,98E+05 (1,18E+05) 2,72E+05 (1,59E+05) 6,17E+04 (2,99E+04) 1,44E+04 (8,34E+03)

Tf 3,11E+05 (9,39E+04) 3,65E+05 (8,47E+04) 3,92E+05 (1,06E+05) 2,57E+05 (5,62E+04) 7,12E+04 (4,07E+04)* 3,24E+04 (1,13E+04)*

Pi 1,65E+05 (6,81E+04) 8,59E+04 (4,03E+04) 1,15E+05 (5,54E+04) 4,57E+04 (2,35E+05) 2,85E+04 (1,68E+05) 3,14E+04 (2,44E+04)

Pm 9,48E+04 (2,12E+04) 1,84E+05 (7,14E+04) 6,43E+04 (2,27E+04) 1,43E+05 (3,75E+04) 3,13E+04 (1,20E+04) 5,20E+04 (2,69E+04)

Fn 3,23E+05 (1,64E+05) 4,71E+05 (2,20E+05) 1,41E+05 (5,18E+04) 1,98E+05 (1,71E+05) 3,82E+04 (2,00E+04) 8,15E+04 (4,69E+04)

En 4,43E+03 (1,98E+03) 1,59E+04 (7,50E+03) 7,60E+03 (3,64E+03) 1,83E+03 (1,83E+07) 1,63E+03 (1,12E+03) 3,41E+02 (2,40E+02)

Cg 1,75E+05 (5,93E+04) 1,66E+05 (5,94E+04) 1,11E+05 (5,09E+04) 2,92E+05 (1,10E+05) 2,00E+05 (6,55E+04) 6,80E+04 (2,18E+04)

Mean (SEM)

*p < 0.05 NdErNd and Er vs SRP
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Conclusion

Within their limits, the present results provide support for the
combination of Nd:YAG and Er:YAG lasers to additionally
improve the microbiological and clinical outcomes of nonsur-
gical periodontal therapy in patients with moderate to severe
chronic periodontitis.
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