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Effect of laser therapy combined with biomaterials for
treatment of periodontal bone defects

Soares DM', Barros AAA', Assis AO', Lyra S', Figueira E?, Dantas EM?, Gurgel BCV*

Evidence has shown that laser therapy can have a positive effect on the regeneration of periodontal tissues and improve the postoperative
period through its antiinflammatory properties. The aim of the present review was to assess the effects of low-level and high-level laser in combination
with different biomaterials on the regeneration of periodontal tissues in infrabony defects and furcation lesions. An electronic
search of the PubMed database was performed, using ten specific descriptors. The search strategy gave 232 papers, 45 of which were initially selected
based on the title, and following the reading of the abstracts, six of them were selected. After a complete reading of the texts, two papers were excluded
for not fulfilling the inclusion criteria. Thus, four papers were included in the present review, two of which employed low-level laser and two
employed high-level laser in combination with enamel matrix derivative and bioactive glass. Non-significant results were found in the comparison of
irradiated and non-irradiated groups using high-level laser, whereas statistically significant differences favoring the irradiated group were found with

the use of low-level laser.

Based on the data analyzed, low-level laser therapy has a positive effect on the regeneration of periodontal

tissues, while high-level laser seems not to enhance the effect of enamel matrix derivative in the regeneration process.
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Periodontitis is an infectious immuno-inflammatory disease that
affects the dental support tissues, causing an exacerbated inflammatory
process that results in alveolar bone loss as well as cementum and
periodontal ligament". Several surgical and non-surgical methods have
been used in an attempt to rebuild tissues that have been destroyed by
the progression of the disease®*. These methods have been employed in
combination with different biomaterials, such as enamel matrix derivative,
bioactive glass, autogenous bone and different membranes, with the aim
of enhancing the regeneration process®“9).

Laser therapy has been administered in the treatment of
wounds and regeneration of biologic tissues in the last 30 years, especially
in different fields of regenerative medicine and dentistry®. The literature
reports beneficial effects from the use of laser for wound healing, bone
regeneration and for the treatment of mucositis, xerostomia, pain and
inflammation®. The effect of laser therapy depends on parameters such
as the wavelength, power density, dose, light spectrum, form of emission
(continuous or pulsed) and pulse duration®. Moreover, high-level and
low-level lasers have different functions. Due to its thermal effect, high-
level laser is employed more in surgical cutting activities. In contrast, low-
level laser exerts a bio-stimulatory effect on the cellular level, enhancing
the functional vitality of the mitochondria and accelerating the tissue
repair process®.

In periodontics, laser has been administered for different
purposes!"® such as adjunct therapy in conventional mechanical root
scaling and planing!"® and to enhance both antimicrobial treatment and
tissue regeneration process'?. Some clinical and pre-clinical studies
report improvements in bone regeneration potential with laser therapy
in medicine and dentistry(*®. Thus, laser therapy could prove to be
important to the regeneration of periodontal tissues as well.

The aim of the present study was to perform a review of the
literature about the effect of low-level and high-level lasers in combination
with biomaterials on the regeneration of periodontal tissues in cases of
intrabony defects and furcation lesions.

An electronic search of the PubMed database was performed
between December 15 and 23, 2011 for medical and dental periodicals
and journals.

prospective clinical trials.
infra-bone defect and/or furcation lesion.
treatment of periodontal intrabony defects and/or
furcation lesions using low-level or high-level laser in combination with
biomaterials and/or bone graft.
regeneration of periodontal tissues.

The search of the database was limited to studies published
between 2001 and 2011, in English, Portuguese, Spanish, German or
French. The following terms were employed in the search:

« Laser therapy AND periodontal regeneration.

* Low laser therapy AND periodontal regeneration.

« Laser therapy AND periodontal regeneration AND bone regeneration.
 Low laser therapy AND periodontal regeneration AND bone regeneration.
« Laser therapy AND infrabony defects OR furcation lesion.

« Laser treatment AND periodontal defects.

* Laser treatment AND furcation treatment.

« Laser therapy AND periodontal defects AND bone graft.

« Laser therapy AND periodontal regeneration AND biomaterial.

* Low laser therapy AND periodontal regeneration AND biomaterial.
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The selection of studies was performed by two reviewers as follows:

Assessment of titles of studies identified through the application of the
search strategy.

Pre-selection of papers with titles that appeared to correspond to the
aims of the present review for the analysis of their abstracts.

Reading of the full texts that appeared to fulfill the inclusion criteria,
including studies with abstracts that did not provide sufficient information
for a clear decision.

Final selection of studies that fulfilled the inclusion criteria.

The search strategy yielded a total of 232 studies, 45 of
which were initially selected based on the title. Following the reading
the abstracts, 6 articles were selected and they had their full texts read;
two studies were excluded for not meeting the inclusion criteria. Thus,
four studies were included in the present review. The flowchart (Figure 1)
details the study selection and Chart 1 lists the two studies excluded and
the reasons for exclusion.

A manual search was also carried out of the references listed
in the selected studies as well as the following periodicals: Journal of
Periodontology, Laser in Surgery and Medicine, Laser in Medical Science,
Photomedicine and Laser Surgery and Journal of Clinical Periodontology.
However, no other studies met the inclusion criteria.

Among the four studies selected, two assessed the influence
of laser on periodontal regeneration based on its effectiveness in
the debridement of granulation tissue"™ and root conditioning!™® in
combination with biomaterials. The other two studies assessed the
influence of laser therapy on periodontal tissues with regard to enhancing
the effect of biomaterials used in tissue regeneration”'?. Table 1
summarizes the methods employed in the selected studies. Regarding
tissue regeneration in furcation lesions, only one study was found using
the search strategy'", but it was not included in the present review for not
meeting the inclusion criteria (Chart 1).

The eligibility criteria in the four studies were similar: Diagnosis
of chronic periodontal disease, two or more intrabony defects with a
probing depth = 6mm and periodontal bone defects = 3mm.

The studies evaluated their patients using clinical parameters

Summary of methods employed in studies selected.

Randomized, controlled,
double-blindclinical trial with
split-mouth design

Study design

Randomized clinical trial with
split-mouth design

alone, except for the study by Ozceliket al.(”, which involved both clinical
and radiographic evaluations. All studies had a test group and a control
group, with randomization regarding the allocation of the patients to
different groups. Three of the four studies performed two types of
treatment on each individual”121®,

The sample size calculation was not reported in any of the
studies. However, the examiners were calibrated and the procedure was
described in all four studies. Three studies used enamel matrix derivative
(Emdogain®) as biomaterial”°'2 and another used bioactive glass as
graft material?.

Studies using the high-level laser®'® did not show any influence
on periodontal regeneration. The use of low-level laser therapy showed
to be effective on periodontal bone regeneration when combined with
bioative glass'? and enamel matrix derivative”. Additional information is
described in Table 1.

Number of titles from the first 232
eletronicsearch —_— =
Removal of articles that were
repeated more than one term -, |148
Excusionofarticlesbytile ~ __ 45

I

Exclusion of 39 articles after reading the abstracts:
-7 - Case reporis

- B - Literature review

- 14 - The authors used laser for root conditioning
- 8 - Antimicrobial evaluation

- 2 - No biomaterial use

i

Remaining 6
articles

Exclusion after reading

4 studies included in the
— the full text i

review

Flowchart illustrating the process of inclusion and exclusion.

Randomized, placebo-
controlled, double-blind, clinical
trial with split-mouth design

Randomized clinical trial

N° of patients

Patient age

Diagnosis

Number of bone defects

Biomaterial employed

Treatment

Type of laser

Laser parameters

Exposure time

21 patients
33-46 years (mean: 39.2 years)

Chronic periodontal disease
with infrabony defects without
furcation involvement

42 defects
EMD

Test group: EMD + conditioning
with laser; Control group: EMD
+ EDTA 24%

High-level laser (Nd:YAG)

WL: 1064nm
ED: 141.54J/cm?
Frequency: 10Hz

Pulsed

120s (60s in vestibular and
60s in lingual region, with
20-second interval between
applications)

20 patients
33-57 years (mean: 45 years)

Moderate to advanced
periodontal disease with loss
of periodontal support tissue

and bilateral infrabony defects
involving 1, 2 or 3 walls

40 defects
Bioactive glass
Test group: graft with bioactive
glass + laser; Control group:
graft with bioactive glass
Low-level laser (GaAlAs)

WL: 830nm
ED: 16J/cm?
Power: 40mW
Continual waves

60s per application

22 patients
31-49 years

Chronic periodontal disease
with 2 contralateral infrabony
defects in the same time of
tooth with PD = 6mm

44 defects
EMD

Test group: EMD + laser;
Control group: EMD

Low-level laser (diode)

WL: 588nm
ED per 5-min of irradiation: 4J/cm?
Continual waves

10 min per application (5 min in
vestibular and 5 min in lingual
region)

22 patients
32-61 years

Chronic periodontal disease
with infrabony defect with PD
= 6mm

22 defects
EMD

Test group: EMD + removal
of granulation tissue with
laser; Control group: Hand
instruments + EDTA and EMD

High-level laser (ER:YAG)

WL: 2940nm*
Pulsed infrared radiation 160
mJ/pulse; 10 pulses/s; ED at tip
approximately 120mJ/pulse

Not reported



Laser application times

Clinical evaluation
parameters

Clinical evaluation times

Radiographic evaluation

Radiographic evaluation
times

Results

Conclusions

At the time of surgery

PI, GI, PD, BP, GR and CAL

Prior to surgery, 6 and 12
months after surgery

None

None

Comparing test and control
groups, significant clinical
improvements for PD, GR and
CAL; Lower means in control
group

Both treatments resulted
in improvements in clinical
parameters, but the Nd:YAG
laser used for root conditioning
appears not to have enhanced

At the time of surgery, 3, 5 and
7 days postoperatively

PD and CAL

At the time of surgery, 3 and
6-months after surgery

Periapical radiographs using
parallel technique; radiographs
digitized and evaluated using
an image analysis program**

Prior to surgery, 3 and 6-months
after surgery

At 3-month evaluation,
irradiated group had
significantly lower PD values
compared to control group; at 6
months, means in both groups
were similar; radiographically,
significantly greater amount of
bone tissue formed in test group
at 3 and 6-month evaluations

A positive effect was found
with laser on acceleration of
formation and mineralization of
new bone tissue

During surgery, after suturing
and for another 5 consecutive
days

BP, GR, CAL and PD

Prior to surgery 2, 6 and
12-months after surgery

None

None

Comparing laser and control
groups, significant means
for GR in laser group at all

postoperative evaluation times
(2, 6 and 12-months)

LLLI significantly enhanced

effects of EMD, reducing GR

and postoperative pain and
swelling

At the time of surgery

Pl, GI, BP, PD, GR and CAL

Prior to surgery and 6-months
after surgery

None

None

No significant differences
between treatment modalities
(with and without laser) for
any clinical parameter at any
evaluation time

Laser treatment does not
appear to have improved
clinical results in comparison to
treatment employed in control

the effect of EMD compared
to EDTA

PD: Probing depth.

EMD: Enamel matrix derivative (Emdogain®).

WL: Wavelength.

ED: Energy density.

* Datum referring to wavelength furished in 'm and converted to nm, multiplying by 1000.
Pl: Plaque index.

Papers excluded following analysis of full text.

Study Periodical Title Reason for
exclusion
Nd:YAG Investigated effe_ct
|aser clinical of laser on reduction
Andrade et  Laser in Medical } : of microorganisms
. assisted in . ) )
al.11 Science ; in furcation lesions
class Il furcation . Ny
with and without root
treatment -
scaling
Healing of Assessgd efficacy
. of laser in removal
infrabony L
) of granulation tissue
defects following -
Journal : of infrabony defects
Sculean et . surgical } }
of Clinical . in comparison to
al.5 ; treatment with b
Periodontology . manual instruments
or without an and ultrasound with
Er:YAG laser. A }
pilot study no regeneration
method

Both high and low-levellasers have been widely used in dentistry
with regenerative effects®. Low-level laser therapy is absorbed by the
tissues and stimulates biomodulation in the processes of cell proliferation
and recruitment”). High-level lasers produce heat and promote tissue
decontamination. The action of laser depends on its intensity and has
heterogeneous characteristics related to different tissues and cell types
from the optical standpoint®. The choice of laser type should be based on
its interaction with the target tissue.

Among the selected studies for the present review, two
evaluated low-level laser (GaAlAs and diode) and reported its effects
on cell biostimulation as well as its antiinflammatory properties”'?. The
other two studies analyzed high-level laser (Nd:YAG and ER:YAG), and
focused on tissue debridement(® and root conditioning®. High-level
laser also simultaneously decontaminates the irradiated surfaces, which

group

Gl: Gingival index.

BP: Bleeding on probing.

GR: Gingival recession.

CAL: Clinical attachment loss.

** Diamaix, version 3.3.3. (2006).
LLLI: Low-level laser irradiation.

reduces the risk of infection of the surgical wound and enhance the tissue
repair process!".

The literature reports that the wavelength used exerts a direct
influence on light absorption by tissues, leading to different results in the
same target tissue or cell type. Moore et al.® evaluated the effect of laser
irradiation at different wavelengths (625, 635, 645, 655, 665, 675 and
810nm) on the proliferation of two cell types (fibroblasts and endothelial
cells) over a 72 hour cultivation time. The results demonstrated an
increase in the growth of endothelial cells at all wavelengths studied and
the fibroblasts responded positively to all wavelengths, except 810nm.

In the selected studies for the present review, the results
obtained were similar despite the use of different wavelengths. The
outcomes revealed that the use of low-level laser always demonstrated
significantly better results in comparison to non-irradiated control group,
even with different methodological aspects. However, the same did not
occur with high-level laser irradiation.

Another point worth mentioning is the short clinical evaluation
period of the studies, with a maximal follow up of 12 months, which was
only carried out in two studies!'®'®), This finding may be explained by the
recent publication of some studies included in the review as well as the
difficulty in conducting longitudinal studies.

With regard to the use of laser therapy in periodontics, some
studies have addressed the effects regarding decontamination(1®),
basic periodontal therapy!®2% and non-surgical periodontal treatment®".
However, the literature on laser employed for periodontal tissue
regeneration is scarce, as only four clinical trials were found for the
present review"1%1218) Thuys, it is not possible to have better conclusions
about the use of laser in improving periodontal regeneration.

Nissan et al.?? carried out a pre-clinical study using Wistar
rats, in which bilateral defects were performedin the mandible. The right
side received low-level laser irradiation in three different time intervals
(1, 2 and 4 weeks) with two different intensities (4 and 22.4mW/cm?),
while the left side served as control. The results demonstrated that the
group treated with the lower intensity (4mW/cm?) exhibited a significant
increase in radiopacity and bone mineralization in the second and fourth
weeks. These results are corroborated by those reported in the study
by AboElsaad et al.('?, who report an increase in radiopacity in a longer
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evaluation period (3 and 6 months), suggesting that low-level laser may
intensify the mineralization process.

Sculean et al.® carried out a study similar to that by Schwarz
et al.(9, but without periodontal regeneration. The authors used the
same type of laser and the same parameters, but biomaterials were not
employed in any of the groups. No statistically significant differences
were found between groups before surgery and six months after surgery.
These data are in agreement with findings described by Schwarz et
al."% and Dilsiz et al.®, who employed similar experimental designs, but
combined laser therapy with enamel matrix derivate (EMD).

However, it is still early to affirm the true effects of laser therapy
on regenerated periodontal tissues, since few and heterogeneous studies
have been addressed besides the lack of longitudinal results that prove
the benefits of this therapy on periodontal regeneration. Additionally,
wavelength, energy density, exposure time, laser parameters, type of
laser, laser application times should also be addressed in future studies.
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