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Abstract: Introduction and Objective

In last decade, low level laser therapy has been evaluated for stimulation and acceleration of bone formation. In
spite of promising results, biphasic ‘dose’ response remains. Moreover, the use of single session of low level
laser on healing of bone is not explored thoroughly. The aim of this study was to determine the optimal ‘dosage’
for formation of bone using diode laser of 810nm under single irradiation.

Materials and Methods

Six New Zealand male rabbits were used weighing 1.5-2 Kgs and 8-10 months old for the study. Femur was
chosen as site of surgery. The centre of the femur was drilled using implant osteotomy drills to the size of 2.8mm
in width and 6mm in depth. 810nm Diode laser (GaAlAs, AMD Picasso®) was used in this study. Laser
parameters were, wavelength of 810nm, power of 90mW, time of 10 seconds in continuous mode using the
disposable fibre of 300umm diameter in light noncontact. Contra lateral femur was used as a control and the
laser was sham treated. At the end of 2 weeks samples were collected from the surgical area and slides were
prepared and analysed histologically.

Results

At 14™ day, the lased group showed slight areas of haemorrhage in marrow cavity with no evidence of bone
formation in lased site.

Conclusion

The results of the present study using 810nm, 90mW, for 10 sec for single session did not stimulate formation of
new bone in two weeks.
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I. Introduction

The term “laser” is an acronym for (L)ight (A)mplification by (S)timulated (E)mission of (R)adiation.
The “light” is generally accepted to be electromagnetic radiation. The visible spectrum ranges from
approximately 400 to 700 nm. The wavelength range from 700 nm to 10 um is considered the near infrared
(NIR), and anything beyond that is the far infrared (FIR). Lasers are divided in to High level laser therapy (
HLLLT) and low level laser therapy (LLLT). HLLT consists of power ranging from 0.5W to 20W. During
HLLT series of phtothermal events takes place such as carbonization or burn off ( > 200°C), vaporization ( >
100°C), vacuolization ( 97.5°C), coagulation ( >68°C ), protein degradation ( > 75°C), protein denaturation (
>40°C), thermal photoactivation ( <40° C) from the center to periphery of laser beam. All are photosurgical
events. There is also nonthermal photoactivation zone present (<36.5°C) and that is duly referred as low level
laser zone.! Use of LLLT in animals and patients almost exclusively involves red and near-infrared light (600-
1100-nm).2® There have been a large number of both animal model and clinical studies that demonstrated highly
beneficial LLLT effects on a variety of diseases, injuries, and has been widely used in both chronic and acute
conditions. The exact mechanism of action of LILT in biomodulation of bone healing is not known. However,
previous studies have proposed number mechanisms. The results of an animal study in rabbits showed an
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increased mechanical strength of the interface between the implants and bone by LLLT. The mechanism of
action was attributed to an increased metabolic speed and consequently a more rapid healing process *. Another
animal study in rats showed more bone matrix organization in sites irradiated with low-intensity laser. It was
assumed that LLLT could stimulate the collagen fibers to arrange in a lamellar structure °. Another study
showed that LLLT could stimulate the mineralization in the process of new bone formation in surgically created
bony defects °. On the other hand, it was stated that the biostimulating effect of LLLT on bone remode-ling in
surgically induced bony defects might be due to stimulating the modulation of the initial inflammatory response
. A study in rabbits showed that the efficacy of LLLT in accelerating the process of distraction osteo-genesis
was related to its effect on bone turnover and consolidation ®. Another study in the tibia of rats stated that the
improvement of bone repair by LILT was due to its role in up-regulation of cyclooxygenase-2 expression in
bone cells®. A biphasic response has been demonstrated many times in LLLT research'®!!. The expected dose
response to light differs at a subcellular, cellular, tissue or clinical level. It can be intrepeted that if more than
required energy applied it may lead to bioinhibition and if insuffcient energy is applied, then there will be no
stimulation as the minimum threshold has not been met. So there exists an optimal window of energy as and
when it is utilized then there will be biostimulation. Irradiation of laser did not have any effect on healing of
hard tissues ****In spite of promising results obtained from invitro and animal studies, the biphasic dose
response remains and different results for use of different choice of lasers, wavelengths, energy density , power
density, method of delivery and frequency of treatment. The single use photo biomodulation therapy on healing
of bone is not explored thoroughly. The single session of LLLT is rarely used compared to multiple times as it
has shown stimulation, proliferation and maturation of cells of bone.******But the use of single session has an
advantage of less time consumption and compliance by the patient.

So, study is undertaken to evaluate the use of low level gallium aluminium arsenide (GaAlAs) diode
laser on healing of bone using 810nm wavelength, at power of 90mW, using the fibre of 300um with single
irradiation for 10 sec.

Il. Materials and Method

The study was carried out adhering to guidelines of the CPCSEA and institutional ethical committee.
Six New Zealand male rabbits were used weighing 1.5-2 Kgs and 8 months old for the study. Before the surgery
the animals were anesthetized using ketamine (15mg/Kg) and xylazine (10mg/Kg.). Antibiotic prophylaxis
started prior to the surgery (ceftriaxone 500mg). Femur was chosen as site of surgery, the skin overlying the
femur was shaved and disinfected with Povidone-lodine solution. 3 cm incision was given upto the bone on the
lateral aspect of the femur exposing the underlying fascia and bone. The muscles were retracted using surgical
elevators. The centre of the femur was drilled using implant osteotomy drills and widened 0.8 mm under
copious irrigation of normal saline. Final dimension of osteotomy site was 2.8mm in width and 6mm in
depth.(Fig.1,2) The sites were cleaned with irrigation of saline. 810nm Diode laser (GaAlAs, AMD Picasso®)
was used in this study. Laser parameters were wavelength of 810nm, 90mW, for 10 seconds in continuous mode
using the disposable fibre of 300umm diameterin light noncontact with uninitiated tip. Several points were
chosen for irradiation of laser along apex, mid-medial, and mid-lateral of osteotomy site.( Fig.2) Contralateral
femur was used as a control and the laser was sham treated. After the irradiation, the surgical site was sutured in
layers using catgut 2.0. Post operative antibiotics (ceftriaxone 500mg) was continued twice daily IM for 5 days.
They were kept in the animal house and were fed vegetable diet. At the end of 2 weeks all animal were
euthanized using high dose of Thiopental sodium. Samples were collected from the surgical area and restored in
10% buffered formalin. After that specimens were subjected to 4 % EDTA for demineralization. Longitudinal
cuts were made to divide the bone in to two halves. Then slides of 10um thickness is prepared and stained with
Haematoxylin and eosin (H.E. stain, Merck). All tissue specimens were examined by light microscopy and were
assessed histologicallyusing compound microscope (Olympus) .

I11. Results
Descriptive histology carried out. H/E section shows compact bone with osteocytes within lacunae,
haversian system, along with the connective tissue is bone marrow with adipose tissueon the border, scanty
lymphomatous distrubution ( Fig 3,4,) .Areas of haemorrhage are seen in in the marrow spaces. ( Fig 5,6)Ther is
no evidence of new bone formation is seen. ( Fig 3,4,5,6)

V. Discussion
Wound healing is complex process involving numerous cells , enzymes, inflammatory mediators,
growth factors. Bone healing is slow compared to soft tissue healing and involves complex processes.' The bone
healing mechanism can be hindered by local factors such as trauma, infection, and radio-osteonecrosis or
systemic factors such as Paget Disease, Fibrous Dysplasia, Diabetes Mellitus, the use of corticosteroids or
hormonal disturbances. ***° To date, several methods such as bone grafts, growth factors,platelet-richfibrin,low-
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levelpulsedultra sound and low-level laser therapy have been proposed to promote bone healing. 2%? Among
all these methods, use of LLLT outshines other modalities due to the advantage of being non-invasive and the
ease of application in clinical use.

Photobiomodulation (PBM) is the latest term used to replace the LLLT. PBM gives the better
understanding of parameters of laser and its effect on tissues. It signifies the non-thermal application and tissue
temperature equal or less to the body temperature. It differs from antibacterial and antifungal effects of
Photodynamic therapy (PDT) and high power laser. Laser wavelength used for PBM includes visible 650nm,
660nm, near infrared 780nm, 810nm, 830nm, 940nm and infrared 1040nm, 2940m and 10,6400nm.”* PBM is
used in wound healing, reduction of postoperative pain, regeneration of nerve, treatment of trismus and
swelling. It has bio modulatory effect on tissues leading to repair of nerve injury, regulation of hormone and
immune system, relief of pain, inflammation and acceleration of healing of bone.,epithelial and fibroblast
proliferation®

The aim of our study was to investigate the effect of GaAlAs low level diode laser under single
irradiation on healing of bone defect. Our study showed that irradiation with diode laser for 10 sec did not
stimulate new bone formation. The use of laser in healing of wound is controversial and has conflicting reports.
The laser exhibits biphasic dose response and it depends on type of laser and irradiation dose. If the irradiation
dose or time is increased too high then there is an inhibition and they are too low then there will be no
response.**Wavelength dependent effects are seen on various cells such as green light has an effect on
fibroblasts and lymphocytes and red light was on fibroblasts and epithelial cells and phagocytic activity of
leucocytes® and infrared on osteoblasts .*. Studies by Rosa at el*® Horva't karajz K,*" Hou J,®®Abramovovitch
Gottlieb L,* Mvula B, Eduard*, showed positive effect of laser although the fluence varied in these studies
from 1-5 J/em®. Study by Rodrigo Ré Poppi “%et al. evaluated the effects of LLLT (660- and 808-nm
wavelengths) on the process of repairing bone defects induced in the femurs of female rats submitted to
ovariectomy. Bilateral ovariectomies were performed on 18 female Wistar rats, which were divided into control
and irradiated groups after the digital analysis of bone density showed decreased bone mass and after
standardized drilling of the femurs. The irradiated groups received 133 J/cm2 of AsGaAl (660-nm) and InGaAIP
(880-nm) laser radiation. The animals were euthanized on days 14 and 21 after the bone defects were
established. Detailed descriptive histological evaluations were performed, followed by semi-quantitative
histomorphometry. The results from days 14 and 21 showed that the irradiated groups presented increased
density of osteoblasts, fibroblasts, and immature osteocytes on the tissue surface compared with the control
(non-irradiated) groups (p<0.05). Additionally, inflammatory infiltrate evaluations showed that LLLT decreased
the accumulation of leukocytes when compared to the control treatment (p<0.05). Authors concluded that both
wavelengths (660-nm and 880-nm) inhibited the inflammatory process and induced the proliferation of cells
responsible for bone remodeling and repair.Saito S, Shimizu N* investigated the effects of low-
power laser irradiation on bone regeneration during expansion of a midpalatal suture in rats. Gallium-aluminum-
arsenide diode laser 100 mW irradiation was applied to the midpalatal suture during expansion carried out over
7 days (3 or 10 minutes per day), 3 days (7 minutes per day for day 0-2 or 4-6), and 1 day (21 uninterrupted
minutes on day 0). The bone regeneration in the midpalatal suture estimated by histomorphometric method in
the 7-day irradiation group showed significant acceleration at 1.2- to 1.4-fold compared with that in the
nonirradiated rats, and this increased rate was irradiation dose-dependent. Irradiation during the early period of
expansion (days 0 to 2) was most effective, whereas neither the later period (days 4 to 6) nor the one-time
irradiation had any effect on bone regeneration. These findings suggest that low-power laser irradiation can
accelerate bone regeneration in a midpalatal suture during rapid palatal expansion and that this effect is
dependent not only on the total laser irradiation dosage but also on the timing and frequency of irradiation.
Authors suggested laser therapy may be of therapeutic benefit in inhibiting relapse and shortening the retention
period through acceleration of bone regeneration in the midpalatal suture.

On the contrary, studies by coombe at el,* Baguette * et al, stein at el*®, Bergettaz *” showed no
difference between proliferation and differentiation of cells of bone in laser and control groups.Boliikkbas1 Ates
G, Ak Can A, Gillsoy M*conducted detailed in vitro study, the osteoblast cells were irradiated with 635 and
809 nm diode lasers at energy densities of 0.5, 1, and 2 J/cm?. Cell viability, proliferation, boneformation, and
osteoblast differentiation were evaluated by methylthiazole tetrazolium (MTT) assay, Alamar Blue assay,
acridine orange/propidium iodide staining, alkaline phosphatase (ALP) activity, Alizarin red staining, and
reverse-transcription polymerase chain reaction (RT-PCR) to test the expression of collagen type I, ALPL, and
osteocalcin. The results indicate that studied energy doses have a transient effect (48 h after laser irradiation) on
the osteoblast viability and proliferation. Similarly, laser irradiation did not appear to have any effect on ALP
activity. These results were confirmed by RT-PCR analysis of osteoblast markers. Authors concluded that
several irradiation parameters and variations in the methods should be clearly established in the laboratory
before laser treatment becomes a postulated application for bone tissue regeneration in clinical level. Atasoy
KT, Korkmaz YT, Odaci E, Hanci H* evaluated the efficacy of low-level 940 nm laser therapy with energy
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intensities of 5, 10 and 20 J/cm2 on bone healing in an animal model. A total of 48 female adult Wistar rats
underwent surgery to create bone defects in the right tibias. Low-level laser therapy (LLLT) was applied
immediately after surgery and on post-operative days 2, 4, 6, 8, 10 and 12 in three study groups with energy
intensities of 5 J/cm2, 10 J/cm2 and 20 J/cm2 using a 940 nm Gallium-Aluminium-Arsenide (Ga-Al-As) laser,
while one control group underwent only the tibia defect surgery. All animals were sacrificed 4 or 8 weeks post-
surgery. Fibroblasts, osteoblasts, osteocytes, osteoclasts and newly formed vessels were evaluated by a
histological examination. No significant change was observed in the number of osteocytes, osteoblasts,
osteoclasts and newly formed vessels at either time period across all laser groups. Although LLLT with the 10
J/icm2 energy density increased fibroblast activity at the 4th week in comparison with the 5 and 20 J/cm2
groups, no significant change was observed between the laser groups and the control group. These results
indicate that low-level 940 nm laser with different energy intensities may not have marked effects on
the bone healing process in both phases of bone formation.In their study Irradiation was performed in
continuous wave mode for 10 seconds and there were , no significant change was observed between the laser
groups and the control group. In their study, although the different energy densities were achieved by altering
the power applied during a constant irradiation time of 10 seconds, LLLT showed no substantial promoting
effect on the repair process of bone defects. It may be suggested that the time of irradiation applied to the tissue
in the protocol was not sufficient to stimulate bone metabolism. In our study also there was formation of new
bone, but results were not statistically significant. Pedro silva et.al* did not find any positive effect of laser on
growth of cells. Red and infrared laser at 90J/cm? and 150J/ cm?did not stimulate preosteoblat cell growth and
ALP production invitro. Increased dosage may lead to early conflux of cells in time after that they have
tendency to inhibit and die®®. Authors attributed lack of results to single irradiation, methodology used and high
doses of laser.

The different doses, application protocols and experimental models complicate comparisons between
the studies. Many variables may affect the LLLT biostimulatory effects such as, laser wavelength, energy,
exposition time, power, and the biologic state of the cell, power density, beam profle, energy density, number
and frequency of treatment and duration of treatment.

V. Conclusion
The results of the present study using 810nm, 90mW, for 30 sec for single session did not stimulate
formation of new bone in two weeks. So the above parameters can be regarded as ineefective dose for formation
of new bone.

References

[1]. Ohshiro T, Fujino T: Laser applications in plastic and reconstructive surgery.Keio J Med. 1993 :Dec;42(4):191-5.

[2]. Karu T. Primary and secondary mechanisms of action of visible to near-IR radiation on cells. J Photochem Photobiol B. 1999: 49:1-
17.

[3]. Karu Tl and Afanas'eva NI. Cytochrome c oxidase as the primary photoacceptor upon laser exposure of cultured cells to visible and
near IR-range light.Dokl Akad Nauk1995:342:693-5.

[4]. Khadra M, Ronold HJ, Lyngstadaas SP, Ellingsen JE, Haanaes HR. Low-level laser therapy stimulates bone-implant interaction: an
experimental study in rabbits. Clin Oral Implants Res.2004: Jun;15(3):325-32.

[5]- Nicolau RA, Martinez MS, Rigau J, Tomas J. Effect of low power 655 nm diode laser irradiation on the neuromuscular junctions of
the mouse diaphragm. Lasers Surg Med. 2004;34(3):277-84.

[6]. Nissan J, Assif D, Gross MD, Yaffe A, Binderman |. Effect of low intensity laser irradiation on surgically created bony defects in
rats. J Oral Rehabil. 2006:Aug;33(8):619-924.

[7]. Pretel H, Lizarelli RF, Ramalho LT. Effect of low-level laser therapy on bone repair: histological study in rats.Lasers Surg
Med.2007: Dec;39(10):788-96.

[8]. Miloro M, Miller JJ, Stoner JA. Low-level laser effect on mandibular distraction osteogenesis. J Oral Maxillofac Surg.
2007:Feb;65(2):168-76.

[9]. Ribeiro DA, Matsumoto MA. Low-level laser therapy improves bone repair in ratstreated with anti-inflammatory drugs. J Oral
Rehabil.2008: Dec;35(12):925-33.

[10].  Mester E, Toth N. Mester N. The biostimulation effects of laser beam. Laseasic Biomedical Research 22:4-7, (1982)

[11].  Almeida-Lopes L, Moraes V, Pretel H, et al: Efeito da aplicac,~ao do laser infravermelho pulsado com diferentes flu“encias na
reparac,~ao ossea—Estudo em ratos. [Effect of pulsed infrared laser with different influences on bone repair. A study in rats].
DMC J 1:18, 2007 (Portuguese)

[12].  Luger EJ, Rochkind S, Wollman Y, Kogan G, Dekel S (1998) Effect of low power laser irradiation on the mechanical properties of
bone fracture healing in rats. Lasers Surg Med 22:97-102.

[13].  Anneroth G, Hall G, Rydén H, Zetterqvist L (1988) The effect of low-energy infrared laser radiation on wound healing in rats. Br J
Oral Maxillofac Surg 26:12-17

[14]. Mayer L, Gomes FV, de Oliveira MG, de Moraes JF, Carlsson L.Peri-implant osseointegration after low-level lasertherapy: micro-
computed tomography and resonance frequency analysis in an animal model.Lasers Med Sci. 2016 Dec;31(9):1789-1795.

[15]. Thomas KA, Cook SD (1985) An evaluation of variables influencing implant fixation by direct bone apposition. J Biomed Mater
Res 19(8):875-901

[16]. Mustafa K, Wroblewski J, Hultenby K, Lopez BS, Arvidson K (2000) Effects of titanium surfaces blasted with TiO2 particles on
the initial attachment of cells derived from human mandibular bone. A scanning electron microscopic and histomorphometric
analysis. Clin Oral Implants Res 11(2):116-128

DOI: 10.9790/0853-1803121420 www.iosrjournals.org 17 | Page


http://www.ncbi.nlm.nih.gov/pubmed/8126978
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mayer%20L%5BAuthor%5D&cauthor=true&cauthor_uid=27534769
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gomes%20FV%5BAuthor%5D&cauthor=true&cauthor_uid=27534769
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Oliveira%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=27534769
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Moraes%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=27534769
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carlsson%20L%5BAuthor%5D&cauthor=true&cauthor_uid=27534769
https://www.ncbi.nlm.nih.gov/pubmed/27534769
https://www.ncbi.nlm.nih.gov/pubmed/27534769
https://www.ncbi.nlm.nih.gov/pubmed/27534769

Effect of irradiation of 810nm laser on bone for 10 sec: A rabbit histological study

[17].

[18].
[19].

[20].
[21].

[22].
[23].

[24].
[25].
[26].
[27].
[28].

[29].
[30].

[31].
[32].
[33].
[34].
[35].
[36].
[37].
[38].
[39].
[40].
[41].

[42].

[43].
[44].
[45].
[46].
[47].
[48].
[49].

[50].

[51].

Saito, S., and Shimizu, N. (1997). Stimulatory effects of lowpower laser irradiation on bone regeneration in midpalatal suture during
expansion in the rat. Am. J. Orthod. Dentofac. Orthop. 111, 525-532

Hayda RA, Brighton CT, Esterhai JL, Jr: Pathophysiology of delayed healing. Clin Orthop Relat Res.1998(355 Suppl):S31-40.
Waters RV, Gamradt SC, Asnis P, Vickery BH, Avnur Z, Hill E : Systemic corticosteroids inhibit bone healing in a rabbit ulnar
osteotomy model. Acta Orthop Scand. 2000;71(3):316-21.

Karunakar P, Prasanna JS, Jayadev M, Shravani GS:Platelet-rich fibrin, “a faster healing aid” in the treatment of combined lesions:
a report of two cases. J Indian Soc Periodontol. 2014;18(5):651-5.

Tim CR, Pinto KN, Rossi BR, Fernandes K, Matsumoto MA, Parizotto NA : Low-level laser therapy enhances the expression of
osteogenic factors during bone repair in rats. Lasers Med Sci. 2014;29(1):147-56.

Dijkman BG, Sprague S, Bhandari M :Low-intensity pulsed ultrasound: nonunions. Indian J Orthop. 2009;43(2):141-8.
Oyonarte R, Zarate M, Rodriguez F: Low-intensity pulsed ultrasound stimulation of condylar growth in rats. Angle Orthod 79:964,
2009

Renno ACM et al (2006) Effects of 830 nm laser used in two doses, on biomechanical properties of osteopenic rat femora.
Photomed Laser Surg 24:202-206

Diniz JS et al (2009) Effect of low-power gallium-aluminumarsenium laser therapy (830 nm) in combination with bisphosphonate
treatment on osteopenic bone structure: an experimental animal study. Lasers Med Sci 24(3):347-352

Renno ACM et al (2007) The effects of laser irradiation on the osteoblast and osteosarcoma cell proliferation and differentiation in
vitro. Photomed Laser Surg 25:275-280

Ninomiya T et al (2007) Increase of bone volume by a nanosecond pulsed laser irradiation is caused by a decreased osteoclast
number and an activated osteoblasts. Bone 40:140-148

Renno ACM et al (2006) Effects of 830 nm laser, light on preventing bone loss after ovariectomy. Photomed Laser Surg 24:642—
645

Nissan J et al (2006) Effect of low intensity laser irradiation on surgically created bony defects in rats. J Oral Rehabil 33:619-624
Dortbudak O, Haas R, Mailath-Pokorny G (2000) Biostimulation of bone marrow cells with a diode soft laser. Clin Oral Implants
Res 11:540-545.

Trelles, M.A., and Mayayo, E. (1987). Bone fracture consolidates faster with low-power laser. Lasers Surg. Med. 7, 36-45.

Mester, E., Mester, A.F., and Mester, A. (1985). The biomedical effects of laser application. Lasers Surg. Med. 5, 31-39.

Chung, H., Dai, T., Sharma, S.K., Huang, Y., Carroll, J.D., and Hamblin, M.R. (2012) The nuts and bolts of low-level laser (light)
therapy. Ann. Biomed. Eng. 40, 516-533.

Mester E, Kosma L, Dudash V, et al: The effect of laser radiation on the phagocytic activity of leucocytes. Dokl Akad Nauk BSSR
1979;23:749-752

Ebrahimi T, Moslemi N, Rokn A, Heidari M, Nokhbatolfoghahaie = H, Fekrazad R.(2012):  The influence of low-
intensity laser therapy on bone healing. J Dent (Tehran). 2012 Fall;9(4):238-48.

Huertas RM, Luna-Bertos ED, Ramos-Torrecillas J, Leyva FM, Ruiz C, Garcia-Martinez O. Effect and clinical implications of the
low-energy diode laser on bone cell proliferation.Biol Res Nurs.2014: Apr;16(2):191-6.

Horva't-Karajz K, Balogh S In vitro effect of carboplatin, cytarabine, paclitaxel, vincristine, and low-power laser irradiation on
murine mesenchymal stem cells. Lasers Surg Med 2009:41:463-469

Hou Jian-feng, Zhang H, Yuan X, Li J, Wei Ying-jie et al In vitro effects of low-level laser irradiation for bone marrow
mesenchymal stem cells: proliferation, growth factors secretion and myogenic differentiation. Lasers Surg Med 2008:40:726—733
Abramovitch-Gottlib L, Gross T, Naveh D, Geresh S, Rosenwaks S. Low-level laser irradiation stimulates osteogenic phenotype of
mesenchymal stem cells seeded on a three dimensional biomatrix. Lasers Med Sci 2005:20:138-146

Mvula B, Mathope T, Moore T, Abrahamse H The effect of low-level laser irradiation on adult human adipose derived stem cells.
Lasers Med Sci 2008: 23:277-282

Eduardo FdeP, Bueno DF, de Freitas PM, Marques MM, Passos- Bueno MR . Stem cell proliferation under low-intensity laser
irradiation: a preliminary study. Lasers Surg Med 2008:40:433-438

Ré Poppi R1, Da Silva AL, Nacer RS, Vieira RP, de Oliveira LV, Santos de Faria Jinior N, de Tarso Camilo Carvalho
P.( 2011)Evaluation of the osteogenic effect of low-level laser therapy (808 nm and 660 nm) on bone defects induced in the femurs
of female rats submitted to ovariectomy.Lasers Med Sci. 2011 Jul;26(4):515-22.

Saito S, Shimizu N. Stimulatory effects of low-power laser irradiation on bone regeneration in midpalatal suture during expansion
in the rat. Am J Orthod Dentofacial Orthop. 1997 May;111(5):525-32.

Coombe AR, Ho CT, Darendeliler MA, Hunter N, Philips JR, Chapple CC et al. The effects of low level laser irradiation on
osteoblastic cells. Clin Orthod Res. 2001: Feb;4(1):3-14.

Biguetti CC, Filho EJ, de Andrade Holgado L, Caviquioli G, Moreschi E, Comparin E, Matsumoto MA.(2012)Effect of low-level
laser therapy on intramembranous and endochondral autogenous bone grafts healing.Microsc Res Tech. 2012 Sep;75(9):1237-44.
Stein E, Koehn J, Sutter W, Wendtlandt G, Wanschitz F, Thurnher D et al. Initial effects of low-level laser therapy on growth and
differentiation of human osteoblast-like cells. Wien Klin Wochenschr.2008;120(3-4):112-7.

Bouvet-Gerbettaz S, Merigo E, Rocca JP, Carle GF, Rochet N. Effects of low-level laser therapy on proliferation and differentiation
of murine bone marrow cells into osteoblasts and osteoclasts. Lasers Surg Med.2009: Apr;41(4):291-7.

Boliikbasi Ates G, Ak Can A, Glilsoy M :Investigation of photobiomodulation potentiality by 635 and 809 nm lasers on human
osteoblasts.Lasers Med Sci. 2017 Apr;32(3):591-599.

Atasoy KT, Korkmaz YT, Odaci E, Hanci H :The efficacy of low-level 940 nm laser therapy with different energy intensities
on bone healing.Braz Oral Res. 2017 Jan 5;31:e7.

Pacheco PS,de Oliveira FA, Oliveira RC, Santana AC,de Rezende ML, Greghi SL, Damante CA.(2013):
Laser phototherapy at high energy densities do not stimulate pre-osteoblast growth and differentiation.Photomed Laser Surg. 2013
May;31(5):225-9.

Vinck, E.M., Cagnie, B.J., Cornelissen, M.J., Declercq, H.A., and Cambier, D.C. (2003) Increased fibroblast proliferation induced
by light emitting diode and lower power laser irradiation. Lasers Med. Sci. 18, 95-99

DOI: 10.9790/0853-1803121420 www.iosrjournals.org 18 | Page


https://www.ncbi.nlm.nih.gov/pubmed/?term=Ebrahimi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23323186
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moslemi%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23323186
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rokn%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23323186
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heidari%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23323186
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nokhbatolfoghahaie%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23323186
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fekrazad%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23323186
https://www.ncbi.nlm.nih.gov/pubmed/?term=The+Influence+of+Low-Intensity+Laser+Therapy+on+Bone+Healing
http://www.ncbi.nlm.nih.gov/pubmed/?term=Huertas%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=23559459
http://www.ncbi.nlm.nih.gov/pubmed/?term=Luna-Bertos%20ED%5BAuthor%5D&cauthor=true&cauthor_uid=23559459
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ramos-Torrecillas%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23559459
http://www.ncbi.nlm.nih.gov/pubmed/?term=Leyva%20FM%5BAuthor%5D&cauthor=true&cauthor_uid=23559459
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ruiz%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23559459
http://www.ncbi.nlm.nih.gov/pubmed/?term=Garc%C3%ADa-Mart%C3%ADnez%20O%5BAuthor%5D&cauthor=true&cauthor_uid=23559459
http://www.ncbi.nlm.nih.gov/pubmed/?term=Effect+and+Clinical+Implications+of+the+Low-Energy+Diode+Laser+on+Bone+Cell+Proliferation
http://www.ncbi.nlm.nih.gov/pubmed/?term=Saito%252520S%25255BAuthor%25255D&cauthor=true&cauthor_uid=9155812
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shimizu%252520N%25255BAuthor%25255D&cauthor=true&cauthor_uid=9155812
http://www.ncbi.nlm.nih.gov/pubmed/9155812
https://www.ncbi.nlm.nih.gov/pubmed/?term=B%C3%B6l%C3%BCkba%C5%9F%C4%B1%20Ate%C5%9F%20G%5BAuthor%5D&cauthor=true&cauthor_uid=28116535
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ak%20Can%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28116535
https://www.ncbi.nlm.nih.gov/pubmed/?term=G%C3%BClsoy%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28116535
https://www.ncbi.nlm.nih.gov/pubmed/28116535
https://www.ncbi.nlm.nih.gov/pubmed/28116535
https://www.ncbi.nlm.nih.gov/pubmed/28116535
https://www.ncbi.nlm.nih.gov/pubmed/?term=Atasoy%20KT%5BAuthor%5D&cauthor=true&cauthor_uid=28076498
https://www.ncbi.nlm.nih.gov/pubmed/?term=Korkmaz%20YT%5BAuthor%5D&cauthor=true&cauthor_uid=28076498
https://www.ncbi.nlm.nih.gov/pubmed/?term=Odaci%20E%5BAuthor%5D&cauthor=true&cauthor_uid=28076498
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hanci%20H%5BAuthor%5D&cauthor=true&cauthor_uid=28076498
https://www.ncbi.nlm.nih.gov/pubmed/28076498
https://www.ncbi.nlm.nih.gov/pubmed/28076498
https://www.ncbi.nlm.nih.gov/pubmed/28076498
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pacheco%20PS%5BAuthor%5D&cauthor=true&cauthor_uid=23639292
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Oliveira%20FA%5BAuthor%5D&cauthor=true&cauthor_uid=23639292
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oliveira%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=23639292
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sant%27ana%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=23639292
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Rezende%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=23639292
https://www.ncbi.nlm.nih.gov/pubmed/?term=Greghi%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=23639292
https://www.ncbi.nlm.nih.gov/pubmed/?term=Damante%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=23639292
https://www.ncbi.nlm.nih.gov/pubmed/?term=Laser+Phototherapy+at+High+Energy+Densities+Do+Not+Stimulate+Pre-Osteoblast+Growth

Effect of irradiation of 810nm laser on bone for 10 sec: A rabbit histological study

Figl: Femur of rabbit

Fig2: osteotomy site and laser irradiation

Fig3: Control ( 4X)
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