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Abstract:
Background:
Periodontal therapy consists of eliminating the inflammation, treating periodontal pockets, motivating the patient for oral hygiene, and, if
necessary, for surgical treatment. Recently, the application of a diode laser is widely being investigated for periodontal disease treatment.
Objective:
The analysis and evaluation of the clinical and biochemical impact of diode laser periodontal treatment, compared to either surgical or nonsurgical, therapy, was the aim of this study.
Methods:
The study involved 80 patients older than 18 with at least 20 teeth. Evaluation of periodontal parameters was done conveniently on a single-rooted
tooth (incisive, canine, premolar) on six surfaces, before the start of periodontal therapy, and after three, and six months. The laser used in the
study was a diode laser with a wavelength of 980 nm. Digital X-rays were taken for bone level evaluation before and after the treatment. The
presence of a bone destruction mediator (Matrix metalloproteinase-8 - MMP-8) was evaluated by the dipstick immunoassay test. Biochemical
analysis and radiographic measurements were evaluated at the baseline and six months after the treatment. The statistical analysis included χ2-test
and one-way ANOVA.
Results:
The results of this study showed that diode laser treatment was more effective in reducing periodontal clinical parameters, lowering MMP-8 levels
and reducing the bone loss, compared to the group treated with scaling and root planning, or with a surgical approach.
Conclusion:
Diode laser may be considered as an effective alternative for periodontal treatment, with benefits in clinical and biochemical parameters.
Keywords: Periodontitis, Diode laser, Matrix metalloproteinase-8, Periodontal surgery, SRP, Bone-loss.
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1. INTRODUCTION
Periodontitis is a chronic disease with exudative,
proliferative and degenerative inflammation of the toothsupporting apparatus. The etiological factor of the periodontal
diseases is dental plaque. Dental plaque is diverse in microbial
content, with direct action in the occurrence of periodontal
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diseases [1]. The disease is characterized by chronic
progression with periods of remission. Clinical manifestation is
presented by inflammation of the gingiva, formation of
periodontal pockets, and destruction of the periodontal
ligament and alveolar bone; with the disease progression and
destruction of the supporting apparatus, the tooth is lost.
Periodontitis is characterized by loss of connective and
bone tissue, initiated primarily by a group of enzymes called
Matrix Metalloproteinases (MMPs), of which there are 22
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groups known so far, but Matrix Metaloproteinasis-8 (MMP-8)
is responsible for the destruction of periodontal tissue.
Functional disorders of the periodontium are in direct ratio to
the destructive processes that result in complete functional
disintegration of the periodontium and tooth loss [2 - 4].

women, lactating women, patients using antibiotics for other
reasons, patients with addictions, (such as smoking, and /or
alcohol consumption), and acute or chronic systemic diseases.

Besides the conventional methods of diagnosing
periodontitis, based on the clinical evaluation of signs and
symptoms, the X-ray analysis is an auxiliary diagnostic method
[5]. However, the clinical evaluation and X-ray analysis do not
provide us with data about the cause of the periodontitis, the
patient's predisposition to the disease, whether the disease is
progressing, or whether we have a positive response to the
therapy applied [6, 7]. Therefore, when evaluating the patient's
periodontal status, microbiological, immunological, and
genetic tests should also be considered [8]. There are several
biochemical methods used nowadays to determine MMP-8 in
gingival exudate: immune-fluorometric assay (IFMA),
Dipstick, dento-Analyzer, and ELISA. In the study, in which
these methods were compared for the determination of MMP-8
in gingival exudate in periodontitis patients, the results showed
that they are correlated with each other, except for the ELISA
test [9]. Several clinical trials also demonstrate the correlation
of periodontal clinical diagnostic parameters (periodontal
pocket depth) with the presence of MMP-8 in the gingival
exudate [10 - 12].

This study was approved by the Ethical Board of the
Medical Faculty of the University of Prishtina (Nr. 3833, date
th
May 12 , 2017) and by the Ethical Committee of the Dental
th
Chamber of Kosovo (Nr. 482/2018, dated December 6 , 2018),
following the recommendations of the Declaration of Helsinki
guiding medical doctors in biomedical research involving
human subjects, adopted by the 18th World Medical Assembly,
th
Helsinki, Finland, June 1964 and as revised by the 29 World
Medical Assembly, Tokyo, Japan, October 1975.

Research showed that, although SRP alone and SRP
combined with surgical flap were effective treatment
modalities for managing periodontitis [13 - 16], removal of
subgingival bacterial deposits, calculus, and infected root
cement are not always achieved by conventional mechanical
debridement [17 - 22]. Researchers have proposed the use of
lasers for periodontal treatment as an adjunct tool for reaching
this goal. Recently, the application of diode laser is being
investigated as an alternative modality for the treatment of
periodontitis-involved sites [23 - 26]. The advantages of this
method of treatment are bactericidal and haemostatic effect,
good access to anatomically difficult areas, bio-stimulation,
comfortable for patient treatment, and ease of handling [27 32].
The study aimed to analyze and evaluate the clinical and
biochemical impact of diode laser in periodontal therapy,
compared to either non-surgical or surgical treatment.
The working hypothesis suggested that periodontal therapy
using diode laser would have better clinical and biochemical
results, compared to surgical and non-surgical therapy.
On the other hand, the null hypothesis for this study
predicted that clinical and biochemical parameters after
periodontal therapy with diode laser would be similar to other
treatment options used.
2. MATERIALS AND METHODS
The study involved a total of 80 patients over 18 years of
age with at least 20 teeth present. Inclusion criteria were:
periodontitis patients over 18 years of age, with 4-6 mm deep
pockets in at least two sites, and communicative and
cooperative patients, who gave their written informed consent
to participate in the study. Exclusion criteria were: pregnant

2.1. Ethical Approval

2.2. Study Groups
Periodontal treatment, specific to the treatment group, was
performed on the planed sections of the mouth, whereas
evaluation and measurements of periodontal parameters were
conveniently performed on a single-rooted tooth (incisive,
canine, premolar) on six surfaces.
Patients were divided into three study groups:
Group I - Patients treated with basic therapy (removal of
dental plaque and calculus) and scaling and root planning (SRP
group). The standard non-surgical mechanical debridement of
the periodontal pockets was performed in this group. For
ethical reasons, patients of this group were treated surgically
after the conclusion of the study, due to their pocket probing
depths.
Group II - Patients treated with basic therapy and diode
laser application (LT group). This group was treated with a
diode laser (Laser HF©, Hager-Werken, Germany), with each
tooth, inside the periodontal pocket, exposed for one minute
using the light of wavelength 980 nm, and with 10 mW of
power. During the exposure, the fiber of the laser was inserted
in the pocket.
Group III - Patients treated with basic therapy, and surgical
procedure with flap (ST group). The standard surgical
procedure, with modified Widman’s flap approach for the
mechanical debridement of the periodontal pockets, was
performed in this group.
2.3. Periodontal Clinical Parameters
The periodontal assessment was done using the following
parameters: clinical attachment level (CAL), gingival recession
(GR), pocket probing depth (PPD), Greene-Vermilion plaque
index (PI), Loe-Sillnes gingival index (GI), and the tooth
mobility index (TMI). These measurements were performed on
six surfaces of the chosen single-rooted tooth using a
periodontal probe. The assessment of the clinical parameters
was performed in the same teeth, at the baseline and after the
treatment, in three and six months, respectively.
2.4. Evaluation of MMP-8 in the Gingival Exudate
The presence of the bone destruction mediator (MMP-8)
was assessed using the dipstick immunoassay test. This
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commercially available quick test (Hager-Werken, Germany) is
based on an immunoassay sandwich using highly specific
Moabit 8706 and 8708 Moabit monoclonal antibodies
conjugated with latex particles. It is a quick, painless and
accurate test, which helps to detect early periodontal
destruction. The gingival crevicular fluid is taken from the
sulcus with a collection strip, left in the sulcus for 30 seconds,
then placed in a test tube containing a buffer and the result is
read after five minutes. The evaluation of MMP-8 was
performed at the baseline and six months after the periodontal
treatment.

Testing of PI, GI and TMI was done using the Kruskal-Wallis
test, Dunn's Multiple Comparison Test. The difference is
significant when P<0.05.
3. RESULTS
The results of the study show that all three treatment
methods have shown improvement when compared to initial
pre-treatment values. However, diode laser treatment has
shown to be more effective in reducing periodontal clinical
parameters, such as CAL, PPD, GR, GI; and also lowered
MMP-8 levels and reduced bone loss compared to the group
treated with scaling and root planing. Whereas, compared to
the group treated with laser surgery, it showed greater
improvement of the clinical parameters PPD, CAL, GR, a
decrease of MMP-8 levels and reduction of bone loss in X-ray
evaluation. The difference between laser and SRP group three
months after treatment was statistically significant only for
CAL (P<0.0001), PPD (P<0.001) and GI (P<0.001). The same
difference was observed after six months, with CAL (P
<0.0001), PPD (P <0.001), GR (P <0.05), and GI (P <0.001)
(Table 1).

2.5. Bone-Loss Assessment Using Digital X-Ray
X-ray assessment was performed at the baseline and six
months after the treatment, using digital panoramic images to
quantify the amount of bone loss by digitally measuring bone
levels on the mesial and distal sites of the examined teeth in
each treated quadrant.
2.6. Statistical Analysis
Data processing was done with the SPSS Statistics version
22.0. The data obtained are presented in tables and graphs. No
normality test was performed to assess data distribution. The
structure index, arithmetic mean, standard deviation, mean
standard error, and minimum and maximum values were
calculated using the statistical parameters. The testing of CAL,
GR and PPD values was performed using the χ2-test, One-Way
ANOVA, and Tukey-Kramer Multiple Comparison Test.

The difference between surgical and SRP treatment three
months after treatment was statistically significant only for the
clinical attachment level (P <0.05) and the probing depth (P
<0.001). The same difference applies after six months as well,
with the clinical attachment level (P <0.05) and the probing
depth (P <0.001), (Table 2).

Table 1. The comparison of periodontal clinical parameters of SRP group vs. Laser group at three and six months after the
treatment.
Periodontal Clinical Parameters

After 3 Months

After 6 Months

-

SRP

Laser

SRP

Laser

Clinical attachment level

3.47 ± 0.45

3.33 ± 0.34

3.38 ± 0.38

3.07 ± 0.28

3.13 ± 0.31

3.01 ± 0.37

(mm ± SD)

P<0.0001

Periodontal pocket depth

3.27 ± 0.41

(mm ± SD)

P<0.001

Gingival recession

0.42 ± 0.18

(mm ± SD)

P>0.05

Gingival index

0.38 ± 0.12

(mean ± SD)

P<0.001

Tooth mobility index

0.86 ± 0.25

(mean ± SD)

P>0.05

Plaque index

0.35 ± 0.10

(mean ± SD)

P>0.05

P<0.0001
2.79 ± 0.29

P<0.001
0.41 ± 0.20

0.49 ± 0.17

0.43 ± 0.18

P<0.05
0.29 ± 0.11

0.14 ± 0.08

0.15 ± 0.10

P<0.01
0.64 ± 0.19

0.77 ± 0.17

0.39 ± 0.11

0.38 ± 0.12

0.58 ± 0.13

P>0.05
0.40 ± 0.20

P>0.05

Table 2. The comparison of periodontal clinical parameters of SRP group vs. surgical group at three and six months after the
treatment.
Periodontal clinical parameters

After 3 Months

After 6 Months

-

SRP

Surgery

SRP

Surgery

Clinical attachment level

3.47 ± 0.45

3.33 ± 0.34

3.38 ± 0.38

3.31 ± 0.33

(mm ± SD)

P<0.05

Periodontal pocket depth

3.27 ± 0.41

(mm ± SD)

P<0.001

P<0.01
3.13 ± 0.31

3.01 ± 0.37
P<0.001

2.94 ± 0.30
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(Table 2) cont.....

Periodontal clinical parameters

After 3 Months

After 6 Months

-

SRP

Surgery

SRP

Surgery

Gingival recession

0.42 ± 0.18

0.39 ± 0.18

0.49 ± 0.17

0.42 ± 0.17

0.29 ± 0.11

0.14 ± 0.08

(mm ± SD)

P>0.05

Gingival index

0.38 ± 0.12

P>0.05

(mean ± SD)

P>0.05

Tooth mobility index

0.86 ± 0.25

(mean ± SD)

P>0.05

Plaque index

0.35 ± 0.10

(mean ± SD)

P>0.05

0.27 ± 0.10

P>0.05
0.64 ± 0.20

0.77 ± 0.17

0.66 ± 0.20

P>0.05
0.39 ± 0.12

0.38 ± 0.12

0.41 ± 0.12

P>0.05

Table 3. The comparison of periodontal clinical parameters of Surgical group vs. Laser group at three and six months after
the treatment.
Periodontal clinical parameters

After 3 Months

After 6 Months

-

Laser

Surgery

Laser

Surgery

Clinical attachment level

3.33 ± 0.34

3.33 ± 0.34

3.07 ± 0.28

3.31 ± 0.33

(mm ± SD)

P>0.05

Periodontal pocket depth

3.13 ± 0.31

(mm ± SD)

P>0.5

Gingival recession

0.41 ± 0.20

(mm ± SD)

P<0.01

Gingival index

0.29 ± 0.11

(mean ± SD)

P>0.05

Tooth mobility index

0.64 ± 0.19

(mean ± SD)

P>0.05

Plaque index

0.39 ± 0.11

(mean ± SD)

P>0.05

P<0.05
3.13 ± 0.31

2.79 ± 0.29

2.94 ± 0.30

P>0.05
0.39 ± 0.18

0.43 ± 0.18

0.42 ± 0.17

P<0.001
0.29 ± 0.11

0.15 ± 0.10

0.27 ± 0.10

P>0.05
0.64 ± 0.20

0.58 ± 0.13

0.66 ± 0.20

P>0.05
0.39 ± 0.12

0.40 ± 0.20

0.41 ± 0.12

P>0.05

2.50
1.95
1.78

Mean diff. 0-

2.00
1.50
1.00

1.02
0.84

1.581.63
1.30
1.14

1.16
1.03

0.900.89

0.50
0.040.04
0.00
Clinical
attachment
level

Periodontal
pocket depth

Gingival
Gingival
atrophy
index
Laser Surgery

Tooth
mobility

Hard deposits Soft deposits
index
index

Fig. (1). The comparison of periodontal clinical parameters of Surgical vs. Laser treatment after three and six months.

The difference between surgical and laser treatment three
months after treatment was statistically significant only for GR
(P <0.01), and after 6 months for CAL (P <0.05) and GR
(P<0.001), (Table 3).
Fig. (1) shows a significant improvement of all periodontal
clinical parameters in laser-treated cases compared to surgical

ones, with the PD and GR values being the most statistically
significant.
The results of Matrix metalloproteinase-8 test in the
gingival exudate six months after the treatment were negative
in 96.3% of the laser group, 86.3% of surgical-treated and
75.0% of SRP cases, and difference of statistical significance
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significant difference between the group treated with SRP and
laser (P <0.05), and between the group treated with laser and
surgery (P<0.05), while there was no significant difference
found between the group treated with SRP and surgery
(P<0.05).

between the groups was P <0.001 Fig. (2).
The mean values of the difference in bone loss reduction
before treatment up to six months after treatment between the
treatment groups, as shown in Fig. (3), had a statistically

120.0
96.3

100.0
80.0

%

86.3
75.0

60.0
40.0
25.0
13.7

20.0
3.8
0.0
SRP

Laser treatment
Negative

Surgical treatment

Positive

Fig. (2). The comparison of Matrix metalloproteinase-8 in gingival exudate before and after treatment for each group.

0.25

NS

0.20
P<0.05

P<0.05

Mean ± SD

0.15

0.10

0.05

0.00

SRP

Fig. (3). Bone loss assessment through digital X-ray after treatment.

Laser treatment

Srgical treatment
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4. DISCUSSION

AUTHORS' CONTRIBUTIONS

This study aimed to analyze and evaluate the clinical and
biochemical impact of diode laser on periodontal therapy,
compared to surgical treatment and SRP. The results of our
study are relatively encouraging for the use of laser in clinical
practice. All clinical parameters analyzed showed clinical
improvement three and six months after the laser treatment
compared with patients who were treated with SRP and
surgery, but of statistical significance were especially PD,
CAL, GR, and GI. The methodology chosen for this study is
designed to be comparable to most of the studies conducted for
the same purpose. The decision to evaluate MMP-8 at the
baseline and six months, but not three months, after the
treatment was based on the time needed for a recovery to occur
at the tested sites. Similar studies carried by other authors have
shown different results of these treatment options, rising the
questions if the benefits of laser treatment can shift the
treatment of periodontitis to a non-surgical approach suitable
for clinicians, as well as for patients. Qadri et al. (2005)
achieved a reduction in clinical parameters, such as pocket
depth, plaque, and gingival indices, more on the laser than on
the placebo side (p <0.01). The total amount of MMP-8
increased in the placebo side, while it was lower on the laser
side (p = 0.052) [33]. Improvement periodontal of clinical
parameters PD, CAL, GI, in patients treated with diode laser
were found in a study of Caruso et al. [34], compared to
conventional periodontal therapy. Edward et al. (2012) found
that overall, 80% of pockets treated using diode laser restored a
healthy 3 mm pocket depth [35]. On the other hand, Gokhale et
al. (2012) found in their study no improvement in any
periodontal clinical parameters in patients treated with laser
compared to those treated with surgery [36]. Another study
showed improvements only in the pocket depth parameter in
laser-treated patients compared to patients treated with scaling
and root planning, while no significant difference was observed
in other parameters [37]. Saglam et al. Achieved significant
improvements in clinical parameters and a decrease in MMP 8
levels in laser-treated patients [38]. Crispino et al. (2015)
evaluated the effect of diode laser compared to the standard
SRP and obtained encouraging results for the use of laser in
clinical practice [39]. In the light of different attitudes of the
authors regarding the laser therapy, even though there might be
statistically better results for a certain novel modality of
treatment, clinical implications of such results are hardly drawn
from studies, like ours, and implemented routinely. The dental
professionals should be free in their judgement of choosing the
most suitable option for periodontal treatment.

Conceptualization, M.S. and F.K, methodology, M.S. and
K.M, software, M.S, validation, M.S., F.K., and M.B, formal
analysis, F.K, investigation, M.S, resources, M.S, data
curation, M.S, writing-original draft preparation, M.S, writingreview and editing, M.S. and K.M, visualization, M.S,
supervision, F.K. and M.B, project administration, M.S,
funding acquisition, M.S. All authors have read and agreed to
the published version of the manuscript.

CONCLUSION
Based on the results of our study, periodontal treatment
using diode laser has shown better clinical, biochemical and Xray results compared to surgical and non-surgical treatments.
The results could encourage clinicians to use a diode laser in
the future protocols of non-surgical periodontal therapy.
However, future randomized clinical studies are needed to
demonstrate the long-term benefits of this non-surgical
treatment option for periodontal diseases.
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