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ABSTRACT
Introduction: Dental implantology is developing rapidly. Surgical procedures related to this type of
therapy require a long recovery period. The application of regeneration-stimulating procedures would reduce this period.
Aim: The aim of this study is to present the results of modern research on the stimulating effect of Low-Level Laser Therapy (LLLT) on bone recovery and on the treatment of soft tissues.
Material: An extensive analysis is made of the results in 28 literature sources on the interaction between LLLT and implant osseointegration and the quality of the surrounding soft tissues.
Conclusion: Laser irradiation has a broad impact spectrum on tissues and a single overexposure or
lower level exposure may change significantly clinical results. Adopting the appropriate method of stimulation is of major importance.
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INTRODUCTION

In their lifetime, for a variety of reasons, people
lose some or all of their teeth, which leads to serious
physiological and psychological problems. The various defects and deformities thus obtained disturb
the individual’s vital functions. More and more frequently, modern dental medicine is using dental implants and supports for prosthetic restorations (13).
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Surgical procedures related to this type of therapy require a long recovery period. The application of regeneration-stimulating procedures would reduce
this period.

AIM

The aim of this study is to present the results
of modern research on the stimulating effect of LowLevel Laser Therapy (LLLT) on bone recovery and on
the treatment of soft tissues.

MATERIAL

LLLT has been in use for over 30 years and no
existing adverse effects have been reported. During
the last decade, an increase has been registered in the
use of LLLT in dental practices. Experimental studies conducted on rats have shown a significant rise of
the alkaline phosphatase level 6 days after the irradiation of standard bone defects, which is an indicator
of increased osteoblastic activity.
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Another research has proved that low-level laser irradiation improves vascularization and raises
the number of trabeculae in cases of fractured tibia
in laboratory mice (3). During an in vitro experiment
conducted with rat osteoblasts, three low-level laser
irradiation sessions increased significantly the number of osteoblasts after an interval of 8 days (1). The
LLLT-associated effects include blood flow stimulation, osteoblast and osteosynthesis restoration and
activation, reduction of osteoclastic activity and antiinflammatory effect (20).
Biostimulation conducted through LLLT is a
particular area of disagreement. Many studies have
shown a positive effect of the application of low-level
laser irradiation in bone reconstruction, both in vivo
(6), and in vitro (26). However, there are other studies
which do not discover any effect of LLLT on soft and
hard tissue healing. Despite this, the number of studies registering a positive effect is significantly larger
(15,16).
There are studies which present evidence of the
effect of LLLT on soft tissues (11,12,14,17-19). Just like
with normal epithelium, the healthy mucous membrane has a significant role in protecting the peri-implant sulcus from bacterial invasion. The peri-implant soft tissues however are more unstable than the
natural periodontal soft tissues. The absence of attachment around the implants may cause peri-implantitis and therefore lead to unsuccessful outcome
of the therapy. Mucous membrane regeneration and
the creation of intact functional barrier in transmucosal penetration of the implant support is one of the
advantages of the low-level laser therapy. In a recently
conducted research, Khadra M et al. (9) study the effect of Gallium-Aluminium-Arsenide (Ga-Al-As) diode laser on the proliferation and attachment of human gingival fibroblasts (HGF), cultivated on titanium implant material. The main result is that the percentage of attachment of the fibroblasts exposed to
laser irradiation is significantly higher than the cells
which have not been exposed to laser irradiation.
What is more, the irradiated cells demonstrate significantly higher level of proliferation. The study also
reveals that raising the dose from 1.5 to 3 J cm2 does
not cause further rise in the initial HGF reaction. In
addition, LLLT stimulates a wider dissemination of
HGF on the titanium surface. Skinner SM et al. (25)
use an impulse Ga-Al-As laser by applying differ54

ent energy density levels on fibroblast cultures of human embryos and they have observed a significant
rise in collagen levels with irradiated cells. Besides,
an enhanced in vitro DNA and ATP synthesis is still
demonstrated in the biochemical test area. Laser-assisted increased biostimulation has been reported to
cause intracellular metabolic changes, leading as a
result to faster cell division, fast matrix production
(increased collagen, myofibroblasts, etc.) and cell migration. According to a study conducted by Khadra
M et al. (9), the enhanced initial attachment of the fibroblasts supports the hypothesis that the main therapeutic effect is predominantly associated with the
earliest, most sensitive stages of the healing process.
Kreisler М et al. (10) have established a significantly
higher proliferative activity 24 after the irradiation,
decreasing in time, which shows that a second exposure to laser is necessary for achieving a positive effect regarding cell proliferation. These results concur
with the conclusions made by Khadra М, who has
confirmed the growth of HGF after exposure to laser treatment for a period of three consecutive days.
Other studies verify that LLLT affects the release of
specific growth factors by the fibroblasts. Yu W et al.
(28) demonstrate that the production of the main fibroblast growth factor (bFGF) by the fibroblasts can
be improved by means of laser irradiation. It is obvious that the results of all of these studies are very encouraging and lead the way to generating intact and
stable peri-implant soft tissues.
Many researchers believe that LLLT creates conditions which speed up the healing of peri-implant
bone defects. Dortbudak O et al. (4) have studied
the effect of irradiating osteocytes with low-level laser and the bone resorption with bone implants. The
team of scientists demonstrate that osteocyte proliferation was higher with samples that had been exposed to laser irradiation. The speed of bone resorption is not affected by the application of laser. Their
results show that there is more vital bone in the irradiated areas than in the areas which were exposed
to irradiation, and it can be anticipated that the periimplant bone healing will be accelerated. Guzzardella GA et al. (7) placed ceramic implants in the distal
thigh bones of 12 laboratory rabbits. They used a 780
nm wavelength Ga-Al-As laser, and the entire energy
applied in the test area was 300 J cm2. Histomorphometric analysis shows significantly better bone miScripta Scientifica Medicinae Dentalis, vol. 1, №2, 2015, pp. 53-57
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cro strength due to the osteocytic proliferation in the
group treated with LLLT compared to the reference
group. They have also arrived at the conclusion that
the postoperative application of LLLT improves the
bone-implant interface. Nicolau RA et al. (20) perforated the thigh bones of 48 rats (2 groups), where the
group exposed to irradiation was treated with GaAl-As laser (660 nm, 10 J cm2) and radiation exposure on the second, fourth, sixth and eighth day of
the postoperative period. They came to the conclusion that LLLT improves bone cell activity (resorption and formation) around the place of restoration
without changing bone structure. LLLT particularly enhances osteoclast activity. They presume the inclusion of two mechanisms. First, this laser wavelength stimulates osteoclasts directly. The osteoclasts are multi nucleic sources with many mitochondria with high activity. They found that LLLT used
in the period of beginning of the inflammation early after the operation stimulates the increased activity both of osteoclast and of osteoblasts. In addition,
Barushka О et al. (1) and Yaakobi T et al. (27) point
out that LLLT is probably a modulator, responsible
for the increased levels of alkaline phosphatase in
the bone. All these studies found increased amounts
of alkaline phosphatase after the application of lowlevel laser. More specifically, they show that irradiation of laboratory animals ensures 50% higher level
of accumulation of calcium compared to the group
which was not exposed to irradiation. This finding
is of significant importance due to the significance
of the adequate and rapid bone growth around the
titanium implants. This type of bone formation is
one of the most important factors that ensure better stability of implants. As for osseointegration with
bone grafts, low-level lasers have been used rarely for
enhancing bone formation. Gerbi ME et al. (6) have
found that the combined use of lyophilized bovine
bone and low-level laser has a positive biostimulating
effect on the healing of surgical defects made in the
thigh bone of a laboratory rat after 15 and 30 days,
and this effect has been attributed above all to LLLT.
Pinheiro AL et al. (22) have found that the application of LLLT improves bone formation and increases
the quantity of collagen fibres in the area surrounding the graft earlier that the 15th day of the postoperative period. Rochkind S et al. (24) applied low-level laser, individually and in combination with BioScripta Scientifica Medicinae Dentalis, vol. 1, №2, 2015, pp. 53-57
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Oss, over a period of 14 consecutive days and pointed out that bone healing was improved, and mineralization was better. Ninomiya T et al. (21) have found
that LLLT has no effect on bone regeneration during the first 15 days of the postoperative period and
that the effect of LLLT depends on time, because the
modulating effect is only achieved in the beginning
of the differentiation of immature precursors. They
have not confirmed the existence of any effect whatsoever during the later stages. Coombe AR et al. (2)
confirm this theory by demonstrating that a single
dose of LLLT, applied daily over a period of 10 days,
was more efficient during the first two postoperative
days. A single dose of laser application has no effect
on a newly mineralized bone, which means that the
effect of LLLT depends on time and dosage and that
LLLT causes bone formation through stimulation of
immature cells only.
The standpoints reviewed above that LLLT improves bone formation come in contradiction with
the opinions of other researchers. Pogrel MA et al.
(23) have arrived at the conclusion that no significant
improvement is observed in cell proliferation, adhesion or migration, both with fibroblasts and with the
keratinocytes, treated with Ga-Al-As laser. According to a recent study conducted by Jakse N et al. (8),
which examines the effect of LLLT on bone healing and osseointegration of titanium implants on a
sinus graft model, no confirmation can be made in
support of the statement that irradiation with LLLT
stimulates bone regeneration. Despite this, scientists
have shown that low-level laser therapy could be beneficial for improving implant osseointegration.
Some researchers have suggested that the stimulating effect of LLLT during the first week of the
postoperative period could change in an inhibiting
effect after this period of time. Barushka O et al. (1)
and Yaakobi T et al. (27) have found that the volumetric fraction of the trabecular bone and the concentration of alkaline phosphatase and calcium in
the regenerated experimental bone defects decreases
faster in the group which has been exposed to irradiation with He-Ne laser than in the group which has
not been exposed to irradiation. The results obtained
by Garavello-Freitas I et al. (5), also show that the application of low-level laser for periods longer than 5
minutes does not improve bone reaction regarding
the process of bone healing. They suggest that fur55
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ther experiments will have to be carried out in the
future in order to establish whether the discontinuation of exposure to irradiation after the first seven
days would be more beneficial for bone regeneration.
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DISCUSSION

Dental implantology is the fastest developing
specialty in dental medicine. Various methods are
used for accomplishing increased osseointegration
of implants. The use of LLLT is offered for the purpose of improving soft tissue healing and bone regeneration. Some research shows higher concentration of collagen fibres after exposure if bone defects
to low-level laser irradiation. Since collagen is a vital component of the extracellular matrix, the presence of large amounts of collagen fibres would signify increased formation of new bone after matrix
mineralization. Besides, it has been established that
LLLT improves osteoblast adhesion and vascular migration towards the surface and prepare adequately the implant place for reducing tissue damage. According to information contained in specialized literature, low-energy laser irradiation in doses of 1.5
or 3 J cm2 stimulates fibroblasts in vitro. Other studies support the fact that repeated doses, rather than
irradiation intensity, are more efficient for the formation of bone and for the implant-tissue interaction. In
addition, other authors confirm that the duration of
the positive effect of LLLT is not more than one week
postoperatively.

CONCLUSION

It is obvious that there exist some contradictory
results in reference to the stimulating effect of LLLT.
Some of the inconsistencies can be accounted for by
the differences in wavelengths, energy density, exposure time and the surgical procedure. Besides, laser irradiation has a broad impact spectrum on tissues and a single overexposure or lower level exposure may change clinical results significantly. Therefore, adopting the appropriate method of stimulation
is of major importance.
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