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			ABSTRACT: The aim of this experimental study was to determine the effect of photobiomodulation therapy on bone repair in a rat tibia osteotomy model at 15 and 30 days. The sample consisted of 36 male Holtzman rats that were randomized into 6 equal groups. Groups A1 and A2: osteotomy + 1 J laser energy. Groups B1 and B2: osteotomy + 3 J laser energy. Groups C1 and C2 (controls): osteotomy only. The bone repair was analyzed by histological evaluation of osteoblasts and osteocytes both at 15 days (groups A1, B1, and C1) and at 30 days (groups A2, B2, and C2). Within the results, in all groups a greater number of osteoblasts was found at 15 days vs 30 days (p<0.05), and a greater number of osteocytes in B1 and C2 vs B2 and C1, respectively (p<0.05). When evaluating the 3 groups worked up to 15 days, more osteoblasts were found in A1 and C1 vs B1 (p<0.001); and osteocytes predominated in A1 and B1 vs C1 (p<0.001). At 30 days there was a greater quantity of osteoblasts in C2 vs A2 and B2 (p<0.05) and of osteocytes in C2 vs B2 (p<0.05). It is concluded that 1 J photobiomodulation therapy improved bone repair at 15 days; however, this improvement was not observed at 30 days because there were no differences between the irradiated groups and the control.
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			RESUMEN: El objetivo de este estudio experimental fue determinar el efecto de terapia de fotobiomodulación sobre la reparación ósea en un modelo de osteotomía de tibia de rata a los 15 y 30 días. La muestra estuvo compuesta por 36 ratas Holtzman macho que se aleatorizaron en 6 grupos iguales. Grupos A1 y A2: osteotomía + energía láser de 1 Joule. Grupos B1 y B2: osteotomía + energía láser 3 Joule. Grupos C1 y C2 (controles): solo osteotomía. La reparación ósea fue analizada por evaluación histológica de osteoblastos y osteocitos tanto a los 15 días (grupos A1, B1 y C1) como a los 30 días (grupos A2, B2 y C2). Como resultados se encontró que en todos los grupos hubo mayor número de osteoblastos a los 15 días vs. 30 días (p<0,05), y mayor número de osteocitos en B1 y C2 vs B2 y C1, respectivamente (p<0,05). Al evaluar a los animales a los 15 días, se observó mayor número de osteoblastos en A1 y C1 vs B1 (p<0.001); y mayor número de osteocitos en A1 y B1 vs C1 (p<0,001). Al evaluar a los ratones a los 30 días hubo mayor cantidad de osteoblastos en C2 vs A2 y B2 (p<0,05) y de osteocitos en C2 vs B2 (p<0,05). Se concluye que la terapia de fotobiomodulación con 1 Joule mejoró la reparación ósea a los 15 días; sin embargo, dicha mejora no se observó a los 30 días porque no hubo diferencias entre los grupos irradiados y el control.

			PALABRAS CLAVE: Hueso; Terapia con láser de bajo intensidad; Osteoblastos; Osteocitos; Fotobiomodulación.

		

		
			INTRODUCTION

			Photobiomodulation therapy is a non-invasive therapy based on photochemical interactions between infrared laser light energy and biological tissues (1). The chromophore theory explains how light energy is absorbed within cells (2). Various lines of research propose the enzyme cytochrome C oxidase and calcium channels as photoreceptors and transducers of photosignals, which, after being photoactivated, produce an increase in the potential of the mitochondrial membrane, nitric oxide (NO), ATP and modulate the levels of calcium (3,4). Furthermore, photoactivation increases cell proliferation and migration and promotes the synthesis of new proteins (5).

			The effect of photobiomodulation has been studied in fibroblast cells, endothelial cells, and osteoblasts. Photobiomodulation has been applied and investigated for different purposes within the various dental specialties and medical sciences in general (1,3). Standing out in the repair and healing of wounds, in the treatment of alterations of the immune system, in the relief of muscle fatigue, in pain therapy, and in various conditions within the bone (2,6-9).

			Bone tissue is a specialized type of connective tissue made up of osteoblasts, osteoclasts, and osteocytes, which under physiological conditions are in a constant remodeling mechanism that involves bone formation and bone resorption (10). In a surgical approach to bone tissue, for instance, an osteotomy, the formative mechanisms are mainly triggered because the need for effective repair, with osteoprogenitor cells and osteoblasts playing a cardinal role (11). It has been found, within bone tissue under repair, that the use of an infrared laser increases the alteration of osteoblasts and inhibits osteoclasts, upregulating bone growth factors and NO, maintaining an adequate tissue environment for the reparative process (9,12). Several studies have shown that the photobiomodulation therapy improves bone healing by promoting mitochondrial respiration and ATP synthesis, in addition to stimulating angiogenesis (9,13-15). Many investigations highlight that the use of low-intensity infrared laser is the most effective in photobiomodulation therapy (PBMT) on bone tissue (16). It is known that infrared light is captured by the cytochrome C oxidase enzyme responsible for increased ATP production, which produces the differentiation of mesenchymal cells into preosteoblasts and then into osteoblasts at the bone tissue level (14).

			There is currently a remarkable consensus on the benefits that PBMT would produce on bone repair. However, it remains unclear what the best parameters to use in PBMT would be, such as: laser wavelength, energy, number of sessions, among other parameters (17). Finding that some investigations do not unquestionably demonstrate the benefits of PBMT, especially because the optimal level of the photobiomodulatory stimulus is not yet clearly defined, finding great variability of results both in investigations in humans and in animal models (2,18-24).

			Various energy levels are used in the literature, finding application values from 0.84J to 10J or even more, where it is observed that the application of higher energy levels obtain better results (18,20,23-28). In addition, the studies apply various wavelengths of the infrared laser; nonetheless, the vast majority use the Aluminum Gallium Arsenide (AlGaAs) laser with an active medium, with a wavelength of 808 nm (18,19,21-24,26-29).

			Due to the importance of photobiomodulation in the repair and stimulation of bone tissue, and the need to continue in the search for the standardization of energy parameters this research aimed to determine the Effect of PBMT with energies of 1 J and 3 J using an Aluminum Gallium Arsenide (AlGaAs) laser, with a wavelength of 808nm, on bone repair in a tibial osteotomy model of male rats of the Holtzman strain evaluated at 15 and 30 days after surgery. Taking as a hypothesis that the application of 3 J energy would produce greater bone repair than that of 1 J.

			MATERIALS AND METHODS

			Ethical considerations

			In vivo experimental preclinical study approved by the research ethics committee of the Universidad Científica del Sur with dictum 179-2018-POS99. The recommendations of the ARRIVE guide (Animal Research: Reporting of In Vivo Experiments) were followed. 36 male albino rats of the Holtzman strain, 8 weeks old and weighing 300g+/-50g, were used. The animals were housed in the institution's animal facility where they received food and water ad libitum with alternating 12-hour light and dark cycles and with controlled humidity and temperature.

			The 36 mice were randomized, using the function =RANDOM.BETWEEN (1,36) of the Excel program, into 6 groups of 6 animals each: Groups A1 and A2 underwent osteotomy of the tibial bone and was irradiated with 1 J of energy, being sacrificed at 15 and 30 days, respectively. Groups B1 and B2 underwent osteotomy of the tibial bone and was irradiated with 3 J of energy, being sacrificed at 15 and 30 days, respectively. Control groups C1 and C2 underwent osteotomy alone and were also sacrificed at 15 and 30 days, respectively (Table 1).

			Surgical protocol

			As a sedoanalgesia protocol, which was applied to all animals, 100mg/ml ketamine (Ket-A-100 ®) was used at a dose of 30mg/kg and xylazine of 20mg/ml (DORMI-XYL® 2) at a dose of 6mg/kg, both drugs were administered intraperitoneally (30). It was waited until the effects of the drugs were observed. Then, using body depilatory cream (Depile - Aloe Vera and Argon, Veet®), the hair was removed from the left hind legs of the animals. Disinfection of the surgical area with 10% povidone iodine was followed and the length of the ventral aspect of the left tibia of each rat was measured. A midpoint was located where a longitudinal incision was made along the axis of the leg with a No.15 scalpel blade (Elite ® - Surgical Blades, China). The skin, subcutaneous tissue, muscle layer and periosteum were separated with a Williger periostotome (Carl Martin®, Germany). When the tibia was clearly exposed, an osteotomy (low speed motor, at 20000 RPM, NSK®, Japan) was performed in a circular shape of 2mm in diameter with round tungsten carbide surgical drills (PRIMA CLASSIC®, United Kingdom), which had the same diameter as the defect created (31). It was irrigated with abundant sterile saline solution. Immediately after osteotomy, groups A1, A2, B1 and B2 were irradiated with an infrared laser (THERAPY XT-DMC®, Brazil). The wounds were closed with absorbable polyglycolic acid suture (Vycril 4/0 MR 25. Ethicon®, China).

			Laser Protocol 

			Low level laser (light) therapy (THERAPY XT - DMC®, Brazil) was used with an active medium of Gallium-Aluminum Arsenide (AsGaAl), with a wavelength of 808nm, power of 100mW, continuous mode. Due to the fact that in the different investigations the energy parameters are not standardized, in the present work it was chosen to use low intensity energy in order to expose the biological tissues as little as possible. Energy of 1 J was used for groups A1 and A2, and 3 J for groups B1 and B2. The laser was applied only once, punctually and in contact in the osteotomy area in all irradiated groups.

			Evaluation of bone repair

			After surgery, groups A1, B1 and C1 were sacrificed at 15 days and groups A2, B2 and C2 at 30 days. All groups were subjected to a protocol of euthanasia with pentobarbital sodium 65mg/ml (Penta-Hypnol®) at an overdose of 150mg/kg intraperitoneally (30). We waited for the vital signs to disappear and then proceeded to separate the tibiae from the specimens, dissecting them with a margin of approximately 5mm from the surgically intervened region. The samples were housed in bottles with 10% formalin. They were subsequently fixed in 10% phosphate buffered saline for 24 hours. It was then decalcified with ethylenediaminetetraacetic acid at room temperature for 4 to 5 weeks (32). Finally, the samples were dehydrated with ethanol and embedded in paraffin. By using a microtome (Kedee KD-2258®, China) the histological slides were obtained and then stained with hematoxylin and eosin. A histological slide was obtained from each sacrificed animal. The slides were evaluated by a specialist in an optical microscope (Micros MCX100 LCD Crocus II®, Germany) using a total magnification of 400x. Bone repair was determined by cell count of osteoblasts and osteocytes in the intervened area, taking 4 fields from this area at random and counting on an hourly basis (10,33). In general, the analysis consisted in that 4 different and characteristic areas were photographed from each sheet within the surgically intervened area. After the cell count of the 4 photographed areas, the average of the number of cells was obtained, which was the value of osteoblasts and osteocytes that was considered for each sheet.

			Statistic analysis

			The data processing and analysis was carried out using the statistical program SPSS v23. Cell counts are presented as the mean ± standard deviation. Due to the normality of the data verified with Shapiro_Wilk and its homocestacity confirmed by Levene's test, the Student's t test, the ANOVA test and the Tukey test were applied. The level of significance considered was 5%.

			RESULTS

			Figure 1 shows the histological process of bone repair at 14 days and 30 days after surgery. It is observed that osteoblasts and immature forms of bone trabeculae predominate at 15 days (Figure 1. A, C and E); on the other hand, osteocytes and better bone organization become more evident at 30 days (Figure 1. B, D, F).

			Table 2 shows the means ± their standard deviation of the 6 experimental groups. Using the Student's t-test, the number of osteoblasts and osteocytes between 15 and 30 days were compared within the groups that received the same treatment. A significant statistical difference was found in the osteoblast count between groups A1, B1 and C1 vs A2, B2 and C2, respectively, and between groups B1 and C1 vs B2 and C2 in the case of osteocytes.

			By means of the ANOVA test, the experimental groups were compared with each other, grouping them according to the time at which they were sacrificed. Table 3 shows the comparisons made at 15 days, between the osteoblast count and, on the other hand, between the osteocyte count, finding significant differences in both cases (p<0.001). Table 4 also makes the same comparisons between the same cell groups, finding significant differences (p<0.05). As in both tables the results of the ANOVA tests were statistically significant the Tukey post hoc test was applied.

			DISCUSSION

			In the present investigation, it was found that a greater number of osteoblasts was observed in all the experimental groups at 15 days compared to 30 days. The pattern found coincides with that reported by Asatoy et al. (19), who found, in a rat tibia osteotomy model, that the osteoblasts in the photobiostimulated groups with energy of 5 J/cm2, 10 J/cm2, and 20 J/cm2 were higher in week 4 when comparing to the week 8 of evaluation. In addition, Llapapasca et al. (18), who irradiating an infrared laser energy of 1 J, immediately after extraction in rats, found a significant amount of osteoblasts after 14 days of evaluation. In the initial stages of bone repair, osteoprogenitor cells differentiate into osteoblasts, which begin to proliferate and are responsible for forming the bone matrix composed mainly of collagen proteins, which indicates that these cells predominate in the initial stages of the reparative process (11). One of the effects of PBMT is the increase in Runt-related transcription factor 2 (Runx2) and osterix (osx), which are important early markers of osteoblast differentiation (14).

			When comparing the 3 experimental groups with each other at 15 days, it was found that the number of osteoblasts was higher in groups A1 and in the control. Tim et al (24), found in a rat tibia osteotomy model that the effect of PBMT, using a laser with energy of 2.8 J, increased the amount of newly formed bone and the expression of TGF-β, which is the central player in bone homeostasis by inducing recruitment and proliferation of osteoblasts, in addition to increased type 4 morphogenetic protein, alkaline phosphatase (ALP), and Runx2. Moreover, in our study, it was observed that at 15 days, group B1 had fewer osteoblasts than the group irradiated with 1 J (group A1). It is possible that the dose of 3 J (group B1), was excessive and caused a decrease in osteoblastic differentiation, which, as noted, is the predominant bone cell type in the initial stages of the repair process. This finding agrees in general terms with that reported by Brito et al. (23), who evaluated the effect of 4J, 6J, and 10J PBMT on bone repair in a rat tibia repair model. They found that bone mineral density in the injured area was higher in 4J PBMT compared to higher energy therapies, for which they used radiographic analysis using Digora software to measure bone mineral density.

			When comparing the 3 experimental groups with each other at 30 days, it was found that the amount of osteoblasts decreased in all groups, being lower in groups A2 and B2 compared to the control. It is known that as the bone matures in the reparative process, the osteoblasts gradually decrease in number (11). Based on this, all groups showed a similar reparative process, although this was slightly more accelerated in the irradiated groups, based on the lower number of osteoblasts found in these groups at 30 days vs. the control group. Brito et al. (21), who applied an osteotomy model in rodents, and Abdel Hamid et al. (22), who extracted premolars from a group of dogs, found through imaging means that the reparative process was evident in all the groups worked, but there was higher bone density when evaluating the groups with PBMT vs. the controls in the fourth week. Furthermore, Çırak et al. (20), when evaluating sockets of rats after extraction of their maxillary right incisors, found a more organized bone repair in the groups that received 10 J/cm2 and 6 J/cm2 over the control. The PBMT improves bone regeneration and formation through two consecutive phases: one with direct effects, where osteoblast proliferation is stimulated, bone growth factors are upregulated, and cytokines and osteogenesis factors are modulated; and one of the indirect effects where an adequate environment is created for bone formation that implies an increase in NO, which promotes vascularization and improves lymphatic circulation (9).

			As the reparative process progresses, the osteoblasts become embedded in their own matrix which becomes calcified, the cells now taking the name of osteocytes, which are the mature cells of the bone responsible for maintaining their physiological functions (11). In our work, it was found that the number of osteocytes increased in groups A2 and in group C2 when compared with A1 and C1, respectively. This coincides with that observed by Atasoy et al. (19), who reported that in all their evaluated groups the number of osteocytes was higher in week 8 compared to week 4; None; None In our study, the groups irradiated with 3 J (groups B1 and B2) showed a different behavior since their number of osteocytes was higher at 15 days when compared to 30 days, which may suggest a delay or alteration in the remodeling process at higher doses of energy, which coincides with what was investigated by Brito et al. (23), who found that the dose of 10 J had a lower serum level of alkaline phosphatase (ALP), one of the most used biochemical markers of bone remodelings, that the dose of 6 J.

			On the other hand, when comparing the number of osteocytes between the 3 experimental groups at 15 days, we found that the rodents with PBMT had a greater quantity of said cells compared to the control, suggesting a more accelerated maturation process of the bone in these groups. De Oliveira et al. (28), associated the effects of PBMT with increased expression of bone growth factor type 2, osteocalcin, and ALP, which are markers of bone cell differentiation and maturation. In addition, Abdel Hamid et al. (22), using cone beam computed tomography, evaluated alveolar bone repair after extraction in dogs at 21 days, finding higher bone density in the groups with PBMT compared to the control. On the other hand, when comparing the 3 working groups at 30 days, it was observed that groups A2 and group C2 showed a similar number of osteocytes; different from that found in group B2 irradiated group with 3 J, which had fewer of these cells than the control group. These findings would indicate that at 30 days there is a similar bone repair between the control group and the group exposed to 1 J, in addition to a better repair process of the control group C2 compared to the B2. This result found between group A2 and C2 coincides with that reported by Desai et al. (21), who, working on a rabbit femur osteotomy model, concluded that there was no difference in the bone repair process between the animals with PBMT and their controls; Besides, Atasoy et al. (19), studying the effect of PBMT on bone repair, found no significant differences in any of the evaluation times between the irradiated groups and the controls. On the other hand, it is appropriate to highlight that there are diverse experimental studies and systematic reviews, both in humans and in animals, which show that the application of infrared laser on bone repair is positive (1,2,8,14); Nevertheless, the methodologies and energy parameters used are very varied and it is still premature to suggest a standardized protocol. On the other hand, according to the review of the various antecedents, it was initially hypothesized that a greater energy in the PBMT would produce greater bone repair. But, the results indicated that the low dose produces better bone repair than the high energy doses based on the results of the histological analysis, where the main indicator in the initial stages of the reparative process is the osteoblast count and the main indicator in the advanced stages is the osteocyte count. As a limitation, it can be indicated that, although it is true, the cells evaluated in the microscopic analysis allow us to appreciate the biological process of bone repair, this evaluation, in future work, must be complemented with immunohistochemical and genetic analyses. All this may explain the differences found between our study and those that clearly report the benefits of the various energy levels that are applied in the PBMT at any time of evaluation.

			CONCLUSION

			The application of photobiomodulation therapy, by assessing the number of osteocytes and osteoblasts, improved bone repair after 15 days with the application of 1 J of energy with respect to the control; However, at 30 days, based on the parameters analyzed, that improvement in the reparative process was no longer evident due to the similar results found between the group irradiated with 1 J and the control, the response being even lower in the group irradiated with 3 J. These results indicate that low intensity photobiomodulation would have a better effect on bone repair.

			Funding

			This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.

			Conflicts of interest statement

			There is no type of financial and nonfinancial conflicts of interest from the authors.

			Author contribution statement

			Conceptualization and design: J.C.M., E.A.S. and S.J.S.

			Literature review: J.C.B., E.A.S.

			Methodology and validation: J.C.B., E.A.S., S.J.S., E.R.R. and C.E.P.

			Investigation and data collection: J.C.B., E.A.S., S.J.S., E.R.R. and C.E.P.

			Data analysis and interpretation: J.C.B., E.A.S. and E.R.R. 

			Writing-original draft preparation: J.C.B., E.A.S., S.J.S., E.R.R. and C.E.P.

			Writing-review & editing:  J.C.B., E.A.S., S.J.S., E.R.R. and C.E.P.

			Supervision: E.A.S.

			REFERENCES

			1.	Hosseinpour S., Fekrazad R., Arany P., Ye, Q. Molecular impacts of photobiomodulation on bone regeneration: A systematic review. Prog Biophysd Mol Biol. 2019; 149: 147-159

			2.	Nica D., Heredea E., Todea D. Alveolus soft and bone tissue regeneration after laser biomodulation - a histological study. Rom J Morphol Embryol. 2019; 60 (4): 1269-1273.

			3.	Karu T.I. Multiple roles of cytochrome c oxidase in mammalian cells under action of red and IR-A radiation. IUBMB Life. 2010; 62 (8): 607-610.

			4.	De Freitas L., Hamblin M. Proposed Mechanisms of Photobiomodulation or Low-Level Light Therapy. IEEE J Sel Top Quantum Electron. 2016; 22 (3): 7000417.

			5.	Hamblin M. Mechanisms and applications of the anti-inflammatory effects of photobiomodulation. AIMS biophysics. 2017; 4 (3): 337-361. 

			6.	Ustaoglu G., Ercan E., Tunali, M. Low-level laser therapy in enhancing wound healing and preserving tissue thickness at free gingival graft donor sites: a randomized, controlled clinical study. Photomed Laser Surg. 2017; 35: 223-230. 

			7.	Dostalova T., Kroulikova V., Podzimek S., Jelinkov H. Low-level laser therapy after wisdom teeth surgery: evaluation of immunologic markers (secretory immunoglobulin and lysozyme levels) and thermographic examination: placebo controlled study. Photomed Laser Surg. 2017; 35: 616-621. 

			8.	Escudero J., Perez M., de Oliveira Rosso M., Buchaim V., Pomini K., Campos L., Audi M., Buchaim R. Photobiomodulation therapy (PBMT) in bone repair: A systematic review. Injury. 2019; 50 (11): 1853-1867. 

			9.	Hanna R., Dalvi S., Amaroli A., De Angelis N., Benedicenti S. Effects of photobiomodulation on bone defects grafted with bone substitutes: A systematic review of in vivo animal studies. J Biophotonics. 2021; 14 (1): e202000267. 

			10.	Chumpitaz Cerrate V., Franco Quino C., Aguirre Siancas E. Influence of ambient oxygen pressure on guided bone regeneration. Rev. Clin. Periodoncia Implantol. Rehabil. Oral. 2017; 10 (2): 111-114. 

			11.	Setiawati R., Rahardjo P. Bone Development and Growth. In Osteogenesis and Bone Regeneration. Londres: IntechOpen; 2018. 

			12.	De Almeida J., De Moraes R., Gusman D., Faleiros P., Nagata M., Garcia V., Theodoro L., Bosco A. Influence of low-level laser therapy on the healing process of autogenous bone block grafts in the jaws of systemically nicotine-modified rats: A histomorphometric study. Arch Oral Biol. 2017; 75: 21-30. 

			13.	Zaky A., El Shenawy H., Harhsh T., Shalash M., Awad N. Can Low Level Laser Therapy Benefit Bone Regeneration in Localized Maxillary Cystic Defects? - A Prospective Randomized Control Trial. Open access Maced J Med. 2016; 4 (4): 720-725. 

			14.	Amaroli A., Agas D., Laus F., Cuteri V., Hanna R., Sabbieti M., Benedicenti S. The Effects of Photobiomodulation of 808 nm Diode Laser Therapy at Higher Fluence on the in Vitro Osteogenic Differentiation of Bone Marrow Stromal Cells. Front Physiol. 2018; 9: 123.  

			15.	Hanna R., Agas D., Benedicenti S., Ferrando S., Laus F., Cuteri V., Lacava G., Sabbieti M., Amaroli A. A Comparative Study Between the Effectiveness of 980 nm Photobiomodulation Delivered by Hand-Piece With Gaussian vs. Flat-Top Profiles on Osteoblasts Maturation. Front Endocrinol (Lausanne). 2019; 10: 92.

			16.	De Paiva P., Casalechi H., Tomazoni S., Machado C., Miranda E., Ribeiro N., Pereira A., da Costa A., Dias L., Souza B., Aguiar Lino M., de Carvalho P.  & Leal-Junior E. Effects of photobiomodulation therapy in aerobic endurance training and detraining in humans: Protocol for a randomized placebo-controlled trial. Medicine (Baltimore). 2019; 98 (18): e15317. 

			17.	Jenkins P., Carroll J. How to Report Low-Level Laser Therapy (LLLT)/Photomedicine Dose and Beam Parameters in Clinical and Laboratory Studies. Photomed Laser Surg. 2011; 29 (12): 785-787.

			18.	Llapapasca Cruz C., De la Torre F., Jiménez Sánchez S., Mallma Medina A., Ruiz Ramirez E., Valdez Jurado F. Efecto del láser terapéutico infrarrojo en la reparación ósea post-exodoncia en ratas albinas. Rev. Estomatol. Herediana. 2017; 27 (2): 101-110. 

			19.	Atasoy K.T., Korkmaz Y.T., Odaci E., Hanci H. The efficacy of low-level 940 nm láser therapy with different energy intensities on bone healing. Braz. Oral Res. 2017; 31: 1-9. 

			20.	Çırak E., Özyurt A., Peker T., Ömeroğlu S., Güngör M. Comparative evaluation of various low-level laser therapies on bone healing following tooth extraction: An experimental animal study. J Craniomaxillofac Surg. 2018; 46 (7): 1147-1152. 

			21.	Desai S., Mudda J., Patil V., Maharudrappa, Satish B. Effect of  irradiation of 810nm laser on bone for 10 sec: A rabbit histological study. IOSR-JDMS. 2019; 18 (3): 14-20. 

			22.	Abdel Hamid M., Zaied A., Zayet M., Abdelmageed H., Hassan E., Amaroli A. Efficacy of Flat-Top Hand-Piece Using 980 nm Diode Laser Photobiomodulation on Socket Healing after Extraction: Split-Mouth Experimental Model in Dogs. Photochem Photobiol. 2020; 97: 627-633. 

			23.	Brito G., Macedo F., Moura J., de Carvalho M. Effectiveness of gallium and aluminum Arsenide laser in bone repair. BJHR. 2021; 4 (2): 5301-5315.

			24.	Tim C.; Bossini P.; Kido H., Malavazi I., Von Zeska Kress M.; Carazzolle M., Parizotto N., Rennó A. Effects of low-level laser therapy on the expression of osteogenic genes during the initial stages of bone healing in rats: a microarray analysis. Lasers Med Sci. 2015; 30 (9): 2325-2333. 

			25.	Carneiro V.S.M., Jr. F.dA.L., Gerbi M.E.M., Menezes R.F.d., SantosNeto A.Pd., Araújo N.C. Diode λ830nm laser associated with hydroxyapatite and biological membranes: bone repair in rats. 2016. Proc. SPIE 9692, Lasers in Dentistry XXII.

			26.	Fernandes K.R., Magri A.M.P., Kido H.W., et al. Biosilicate/PLGA osteogenic effects modulated by laser therapy: in vitro and in vivo studies. J Photochem Photobiol B. 2017; 173: 258-265.

			27.	Gabbai-Armelin P.R., Caliari H.M., Silva D.F., et al. Association of Bioglass/collagen/magnesium composites and low level irradiation: effects on bone healing in a model of tibial defect in rats. Laser Ther. 2018; 27 (4): 271-282.

			28.	De Oliveira G., Aroni M., Medeiros M., Marcantonio E., Marcantonio R.  Effect of low-level laser therapy on the healing of sites grafted with coagulum, deproteinized bovine bone, and biphasic ceramic made of hydroxyapatite and β-tricalcium phosphate. In vivo study in rats. Lasers Surg. Med. 2018; 50 (6): 651-660. 

			29.	Yılmaz B., Akman A., Çetinkaya A., Colak C., Yildirim B., Yucel O., Guncu G. & Nohutcu R. In vivo efficacy of low-level laser therapy on bone regeneration. Lasers Med Sci. 2022; 37: 2209-2216

			30.	Chumpitaz-Cerrate V., Chávez-Rimache L., Franco-Quino C., Aguirre-Siancas E., Caldas-Cueva V., Ruiz Ramirez, E. Effects of NSAIDs and environmental oxygen pressure on bone regeneration. J Oral Res 2019; 8 (2): 152-158. 

			31.	Esteves J.C., de Souza Faloni A.P., Macedo P.D., Nakata P.B., Chierici Marcantonio R.A., Intini G, Marcantonio E. Effects on Bone Repair of Osteotomy With Drills or With Erbium, Chromium: Yttrium-Scandium-Gallium-Garnet Laser: Histomorphometric and Immunohistochemical Study. J Periodontol. 2016, 87 (4): 452-460. 

			32.	Chumpitaz-Cerrate V., Chávez-Rimache L., Aguirre-Siancas E., Franco-Quino C., Ruiz-Ramirez E., Paredes-Erazo C. Biochemical   and   histopathological   effects   of   diclofenac   and   ketoprofen administration on bone regeneration. Braz Dent Sci. 2021; 24 (3): 1-8.

			33.	Chumpitaz-Cerrate V., Chávez-Rimache L., Franco-Quino C., Ruiz Ramirez, E., Aguirre-Siancas E., Paredes Erazo C. Effects of salbutamol, montelukast and prednisone on orthodontic tooth movement in rats. Braz Dent Sci. 2021; 24 (2): 1-9.

		

		
			
				[image: ]
			

		

		
			
				[image: ]
			

		

		
			
				[image: ]
			

		

		
			
				[image: ]
			

		

	OEBPS/toc.xhtml

		
		Contents


			
						CubasMogollon


			


		
		
		Landmarks


			
						Cover


			


		
	

OEBPS/image/cc.jpg





OEBPS/image/CubasMogollon4.jpg
0DOVTOS

e el of Dt Soences

BASIC RESEARCH DOk 10.15517/ids 202354077






OEBPS/image/CubasMogollon2.jpg
1804 £, OMpATan o 16 TRNDGeY of GEBOIMEYS A 0SO0GYaE DeTNOEY 15 a0 0 WS,

ErustedCell__fSdaygoup  orsge  Sdaygoup  Average porsuet
- Gl Gasss R meatd <o
ot o Z2.53 @ Weat7 oo
a faaris © maaa <oom
" 80240 2 wiats om
Oseye o w1200 ® usser o
a PR © ssatt oo
Table 3. Comparison of the experimental groups at 15 days.
Ostrblst Ostacys
oy wensge et werage it
» Gasas <o EINT oo
& m2asm PRI
o YN uraim
S o
o .
. it trs st sttty gt dfranes st Thay's st
Table 4. Comparison of the expsrimental groups at 30 days.
Getobiet Outosri
o Aversge pasiet sverage et
" ETT ooz asasas o
@ T9aam T
@ B2aen s8san
< S chiten
Ao

A B: Dfeant ettrs e ttiticaly sgncant fferancesscaowcing fo Tukay's tast.





OEBPS/image/CubasMogollon3.jpg
1aiie 1, WInGn OF he Sampe,

Goup W Ostotomy  Enwrgywied_ Evustion






OEBPS/image/1.png
0DOVTOS

Tigrmatonal Jxmal of [bn‘.a-

BASIC RESEARCH D0k 10.15517jds.2023.54077

R Effect of Energy Level of Photobiomodulation Therapy on Bone
Repair in Rats

Accepted:

23-1-2023

Published Online:

6-2-2023

Efecto del nivel de energfa de la terapia de fotobiomodulacion
sobre la reparacion 6sea en ratas

José William Cubas-Mogollon DDS, MsC!; Sergio Manuel Jiménez-Sénchez DDS?;
Eliberto Ruiz-Ramirez DDS, MsC3; Carlos Humberto Erazo-Paredes DDS#;
Elias Emesto Aguirre-Siancas DDS, PhDs

1. Universidad Cientifica del Sur. Lima, Peru. https://orcid.org/0000-0003-0139-7348
2. Universidad Cientifica del Sur. Lima, Pert. https://orcid.org/0000-0003-0783-8706
3. Universidad Cientifica del Sur. Lima, Perd. https://orcid.org/0000-0002-5340-7168
4. Universidad Nacional Mayor de San Marcos. Lima, Per. https://orcid.org/0000-0002-8743-0809
5. Universidad Cientifica del Sur. Lima, Perd. https://orcid.org/0000-0003-4713-5511

Correspondence to: Dr. Elias Ernesto Aguirre Siancas - eaguirre@cientifica.edu.pe

ABSTRACT: The aim of this experimental study was to determine the effect of
photobiomodulation therapy on bone repair in a rat tibia osteotomy model at 15 and
30 days. The sample consisted of 36 male Holtzman rats that were randomized into
6 equal groups. Groups A1 and A2: osteotomy + 1 J laser energy. Groups B1 and
B2: osteotomy + 3 J laser energy. Groups C1 and C2 (controls): osteotomy only. The
bone repair was analyzed by histological evaluation of osteoblasts and osteocytes both
at 15 days (groups A1, B1, and C1) and at 30 days (groups A2, B2, and C2). Within
the results, in all groups a greater number of osteoblasts was found at 15 days vs
30 days (p<0.05), and a greater number of osteocytes in B1 and C2 vs B2 and C1,
respectively (p<0.05). When evaluating the 3 groups worked up to 15 days, more
osteoblasts were found in A1 and C1 vs B1 (p<0.001); and osteocytes predominated
in A1 and B1 vs C1 (p<0.001). At 30 days there was a greater quantity of osteoblasts
in C2 vs A2 and B2 (p<0.05) and of osteocytes in C2 vs B2 (p<0.05). It is concluded
that 1 J photobiomodulation therapy improved bone repair at 15 days; however, this
improvement was not observed at 30 days because there were no differences between
the irradiated groups and the control.

KEYWORDS: Bone; Low level laser (light) therapy; Osteoblasts; Osteocytes;
Photobiomodulation.

CUBAS-MOGOLLON J.W., JIMENEZ-SANCHEZ S.M., RUIZ-RAMIREZ E., ERAZO-PAREDES C.H., AGUIRRE-SIANCAS E.E., 2023: Effect of Energy Level
of Photobiomodulation Therapy on Bone Repair in Rats.-ODOVTOS-Int. J. Dental Sc., 25-3 (September-December): 43-54.
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