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ABSTRACT

Use of low level laser therapy (LLLT) in bone healing has been studied for years, and its application
in implant dentistry is still a controversial topic due to the difficult assessment of its clinical efficacy.
We report the application of LLLT as aid in the osseointegration in two patients undergone to
implant surgery in the upper jaw. In one hemi-arch the LLLT was applied and the other one
was used as control. The assessment of the bone area surrounding the fixtures was performed by
means of cone beam compute tomography and the area of bone-implants contact was measured
by means of InVesalius® software. The radiological findings support the idea of considering the
laser biostimulation as an adjunctive aid in implant surgery.
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1. Introduction

Laser technology is nowadays a daily therapy instrument used in all of the dental branches (Tunér
and Beck-Kristensen, 2011; Bernardi ¢f al,, 2016). Among the well-known effects of the laser beam
interaction with biological tissues, the photobiomodulation or biostimulation refers to lasers ability to
speed healing, increase circulation, reduce edema, and minimize pain (Jacques, 1992).

The impropriate name Low level laser therapy (LLLT) is defined as the use of laser at a low power
(1 watt usually) at wavelength ranging from 623 nm to 1064 nm (Vescovi ¢t al., 2007) to induce the
stimulation of the natural healing processes. However, the last editorials by Anders et al., proposes
a new and clearer name of this type of therapy: Photobiomodulation Therapy (Anders et al., 2019).
Indeed, the biological effect is induced not by the power emitted from the machine, but the power that
reach the targeted tissues (Anders ¢t al., 2019). The results claimed by the photobiomodulation therapy
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include biochemical, bioelectric and bioenergetic changes in the tissue environment. These changes
consequently increase the metabolism, induce the cell proliferation (Jacques, 1992).

When an inflammatory process is running, there is a consequent reduction of inflammatory
molecules with an improvement of the healing process (Avci et al., 2013). Indeed, inflammatory
process include the promotion of regeneration of traumatized tissues by means of specific pro-
inflammatory mediators, including prostaglandins, and lipoxins which are the products of arachidonic
acid metabolism (Plaetzer et al., 2009).

It is reported that at molecular level, the absorption of laser light increases the cellular metabolism,
stimulating the chromophores in the mitochondrial respiratory chain, with changes in cellular
Adenosine TriPhosphates (ATP) levels, releasing growth factors, and improving the synthesis of
collagen (Nicola et al., 2003).

The anti-inflammatory and anti-edema effects are achieved by means of the acceleration of
microcirculation. Consequently, the capillary hydrostatic pressure changes with edema reduction
(Avci et al., 2013).

Hence, at tissue-level there is an induction of mitotic activity of epithelial cells and fibroblasts,
stimulation of collagen production by those cells, inhibition of secretion of some chemical mediators,
changes in capillary density and stimulation of local microcirculation (Basso et al., 2012).

Clinically, the mentioned laser therapy has been used for treatment of oral pathology lesions such
as aphthous ulcers, herpes labialis lesion paresthesia, mucositis, biphosphonate related osteo necrosis
of the jaws (Rood, 1992; Walsh, 1997; Vescovi et al., 2007; Albrektson, Hedstrom and Bergh, 2014;
Oton-Leite ¢t al., 2015).

In this context, the possible application of the photobiomodulation therapy in the bone regeneration
and in implant osteointegration seems very appealing.

Indeed, the bone regeneration techniques have been developed in dentistry also with the aim of
providing enough volume of alveolar bone capable to support and implant insertion and integration
of implant fixtures.

Hence, the use of an adjunctive protocol to speed and improve the bone healing process seemed to
be very promising in the branch of implant dentistry.

Earlier studies in vitro and in vivo (Tang and Arany, 2013) show the benefits from using this therapy
on peri-implant tissues, but only few clinical trials reported the benefits of this technique.

The aim of this paper is to report the clinical evaluation of the effective benefits of this therapy in
implant surgery.

2. Case Reports

Biostimulation Protocol

The biostimulation protocol, set according the data available in literature (Lancieri et al., 2011),
included the use of a Nd-Yag laser (Smartlile, Deka M.E.L.A., Italy), with a length wave of 1064 nm,
setting the power at 1.00 Watt, the energy at 100 mJ, and the time at 60°. The applied optical fiber
was 600 mm type and easily applicable it in the fornix. The treatment was applied at TO (set as the day
of the intervention) and at the 3rd, the 5th and the 7th day. In order to minimize the eventual systemic
effect (Fronza et al., 2013), the two interventions were performed in two times, treating surgically at
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first the quadrant used as control. The biostimulation was performed by the same dentist to minimize
any inter-operator bias.

Digital measurements

Due to the relative low invasiveness of CBCT (Bernardi et al., 2016), the radiological method was
used to assess any difference at the follow-up. After importing the DICOM files, the bone contact area
around each implant was segmented and the related measurements were noted.

Case 1

The selected no-smoker patient, with a previous dental history of chronic periodontitis, needed
to restore by the implant therapy the edentulous posterior maxilla. From the cone beam computed
tomography (CBCT), due to the few available volumes of bone on both sides, a contextual sinus lift
floor with grafting materials and with the implant placement was planned (Figure 1 a). Specifically,
three implants in 1.4., 1.5 and 1.6 position and on 2.4, 2.5 and 2.6 positions. Since the patient needed
to restore both sides of posterior maxilla, we could use it as self-control, treating first quadrant with
the laser therapy and not treating the second quadrant.

After the surgical intervention, a Ketoprofene therapy was added, and the ice was applied on
the treated zone. Soon after the patient was processed by the biostimulation protocol (Figure 1 b),
repeated at the third, the fifth and the seventh day from the intervention.

The irradiated area corresponded to the region from 1.4 to 1.6. The assessment of the effective
benefit of the treatment was performed at the 4th month follow up, using CBCT. The volume of bone
contact was measured by means of InVesalius® software, which allows the volume measurement on

DICOM images (Figure 2).

At the fourth month follow-up, the segmentation performed on the CBCT volumetric reconstruction
(Figure 5) showed an area of bone contact with the surface implant of 442 mm?, 459 mm? and 446 mm?
respectively on the implants in position 1.4, 1.5 and 1.6. The volumes of the control side resulted to be 428
mm?, 445 mm?, and 429 mm?respectively on the implants in position 2.4, 2.5 and 2.6.

Figure 1.
(a) Panorex reconstruction derived from the CBCT. The available bone is not suitable for the
implant placement on both maxillary arches. In the mandible, the treatment plan included the
extraction of the unhealthy elements. (b) Laser application in the vestibular fornix.

(a) (b)
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Figure 2.
Volume reconstruction with the segmentation of the bone area in contact with the implant surfaces.
The scattering of the implants did not allow to measure the proximal areas of the bone. Volume
rendering obtained using InVesalius® software.

Case 2

As the first case, the selected no-smoker patient, with a previous a previous dental history of
chronic periodontitis needed to restore by the implant therapy the edentulous posterior maxilla.
From the cone beam compute tomography (CBCT), due to the few available volume of bone on
both sides, a contextual sinus lift floor with grafting materials and with the implant placement was
planned. Specifically, the plan treatment included the need to place an implant in position 2.6 and
three implants in 1.4., 1.5 and 1.6 position (Figure 3a). The site selected for the irradiation was the
2.6 and the 1.6 was considered as the control in the evaluation stage. After the surgical intervention,
a Ketoprofene therapy was added, and the ice was applied on the treated zone. Soon after the patient
was processed by the biostimulation protocol (Figure 3b), repeated at the third, the fifth and the
seventh day from the intervention.

The assessment of the effective benefit of the treatment was performed at the 4th month follow up,
using CBCT. The volume of bone contact was measured by means of InVesalius® software, which
allows the volume measurement on DICOM images (Figure 4).

At the fourth month follow-up, the segmentation performed on the CBCT volumetric reconstruction
(Figure 6) showed a volume bone contact with the surface implant of 509 mm?on the biostimulated site
and of 574 mm?on the selected control site (1.6).
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Figure 3.

(a) Panorex reconstruction derived from the CBCT. The available on the second quadrant is not
suitable for the implant placement. Both maxillary edentulism required a fixed rehabilitation.
Overall, the bone level on the remaining dental elements shows signs of health condition. (b) Laser
application in the vestibular fornix.

(a) (b)

Figure 4.
Volume reconstruction with the segmentation of the bone area in contact with the implant surfaces.
The scattering of the implants did not allow to measure the proximal areas of the bone. Volume
rendering obtained using InVesalius® software.

3. Discussion

Tooth loss for any reason is a trauma for the alveolar bone and maybe represent a psychological
factor affecting the quality of life of patients (Qzhayat et al., 2016).

Indeed, edentulism is a not life -threating condition but can influence the daily lifestyle of a patient.
For extended edentulisms the therapy solution such as removable prosthesis is a low risk and reliable

option, but sometimes the discomfort due to the mobility of the device is not appreciated by patients
(Falist et al., 2017).

The biostimulating laser effect on the osteoblasts to accelerate the dental implant osteointegration
is still a controversial topic. From earlier studies, laser biostimulation seemed to be a valid support
in the healing of the bone fractures and in vitro and in animal model the results were promising.
Indeed, in 1987 Trelles e Mayayo, reported the healing of the bone fractures in a mouse model,
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with neo-vessels and bone trabecular formation after three weeks of daily irradiation (Trelles and
Mayayo, 1987).

In 1990 Abe used LLLT as treatment of a pathologic fractures, suggesting this therapy could be
used as non-invasive and efficient tool (Abe, 1990).

Dértbudak et al. firstly in an in vitro study using osteoblasts and chondrocytes, confirmed the
positive effect of LLLT on cellular growth and differentiation (Dortbudak et al., 2000). The same
group of work continued the research using babbons model: the cellular counts and the peri-implant
bone resorption were observed in the iliac crest of male baboons after implant insertion into each
iliac crest of the primates (Dortbudak, Haas and Mailath-Pokorny, 2002). In this study they showed
the laser irradiation improve the number of vital osteocytes in the irradiated bone (Dértbudak et

al., 2002).

In 2003 Guzzardella et al. in their in vivo study on animal, evaluated how the low power laser
irradiation can improve the biomaterial osteo-integration (Guzzardella et al., 2003). They tested
cylindrical hydroxyapatite implants placed in rabbits’ femurs; the histomorphometry analysis
performed showed a higher aflinity index at the interface bone-implant in the irradiated group than
in the control group (Guzzardella et al., 2003).

In 2004 Khadra et al. evaluated the diode laser low power application on the healing and
osteointegration quality; the histological analysis showed a better bone-implant interface in the
irradiated group. In addition, the tensile test on the strength distribution was performed (Khadra et

al., 2004). It showed a gain of the functional bone attachment on the implant surfaces in the irradiated
sites (Khadra et al., 2004).

In 2011, Lancieri et al. in their case-control study, applied the laser biostimulation for the integration
of biomaterial in case of ridge-preservation socket, reporting promising results both clinically and
histologically (Lancieri et al., 2011). New dense lamellar bone, normal bone marrow and a great deal
of active new bone formation were noted (Lancieri et al., 2011).

However, the recent systematic review of Noba et al, highlighted the weak of evidence of an
effective influence of oral healing due to the laser biostimulation (Noba et al., 2018).

Indeed, there is a lack of a standardized protocols and of enough randomized clinical trials to
assess the efficacy of this adjunctive therapy in oral surgery.

Eventhough the experimental animal model showed positive results, the studies with amethodological
design with a low bias risk were only a few and therefore the strength of the biostimulation effect in
oral surgery procedures is still low and needed to be further investigated.

The cases reported, evaluated by a limited radiological point of view and far from claiming the
efficacy of the photobiostimulation, questioned its reliability. As the measures showed, in the first case,
there was a little gain in the irradiated sites, instead in the second case the implant site biostimulated
did not show any difference with the control site. However, the biomaterial used for the sinus lift
appeared to be well integrated.

4, Conclusions

The photobiostimulation medicine represents a very promising therapeutic option to speed the
bone healing after oral surgery procedures, including the implant placement. However, the strength
of its reliability must be further investigated together with an established protocol.
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RESUMEN

El uso de la terapia con laser de baja potencia (LLLT) en la reparacion ésea se ha estudiado
durante anos y su aplicaciéon en la implantologia sigue siendo un tema controvertido, debido a
la dificil evaluacién de su eficacia clinica. Reportamos la aplicaciéon de LLLT como ayuda en la
osteointegracion en dos pacientes sometidos a cirugia de implantes en el maxilar superior. En
un hemi-arco se aplico6 la LLLT y en el otro se utiliz6 como control. La evaluaciéon del area 6sea
que rodea a las fijaciones se realiz6 mediante tomografia computarizada Cone Beam y el area de
contacto hueso-implantes se midié mediante el software InVesalius®. Los hallazgos radiolégicos
apoyan la idea de considerar la bioestimulacién con laser como un coadyuvante en la cirugia de
implantes.

Palabras clave: fotobioestimulacién; odontologia de implantes; terapia con laser.
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