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Abstract
Purpose: The aim of this study was to perform a mini-review on the effects of low-level laser therapy on nerve 

regeneration. 

Methods: In this study, the authors associated the new fibrin sealant derived from snake venom as a method of 
nerve repair end-to-side.

Results and conclusion: The use of fibrin sealant effectively provided an axonal regeneration, and the 
association with low-level laser therapy elevated this regenerative process, as demonstrated in the morphometric and 
morphological analyzes.
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Introduction
Nerve damage occurs due to innumerable factors, such as gunshot 

wounds, knife injuries, trauma and a greater number of automobile 
accidents. Therefore, the nerve can be injured by neuropraxia, 
axonotmosis or neurotmesis, the latter being more severe, which can 
lead to motor, sensory and functional losses, significantly interfering 
with the individual’s daily, employment, social and emotional activities 
[1-3]. The incidence rate in the population compared to those of 
peripheral nerve damage is about 2% to 2.8%, reaching 5% when 
involving nerve plexuses and root nerves [4-6].

In the search to repair such lesions, the end-to-side neurorrhaphy 
technique was described in the literature as an alternative when it is 
impractical to apply direct grafts [7,8]. The sural nerve can be used as a 
donor of fibers and applied in the end-to-side neurorrhaphy technique, 
since its morphology and growth in symmetry would be a suitable 
model for experimental studies in neuropathies [9]. 

The use of the sural nerve in neurotmesis was reported in the 
experiment by Buchaim et al. [10] with a differential: the use of this spinal  
nerve (sensory) being a donor to the vagus nerve (cranial and mixed), 
electing the end-to-side technique without an epineural window, also 
inserting two other components that are gaining prominence in the 
literature as a repair model in peripheral nerve regeneration, fibrin 
sealant derived from snake venom and the aid of photobiomodulatory 
effects of low-level laser therapy.

Fibrin sealant derived from snake venom (Crotalus durissus 
terrificus) has been highlighted in the international literature [10-13]. 
Produced by the research group of the Center for the Study of Venoms 
and Venomous Animals (CEVAP, UNESP/Botucatu-SP, Brazil), it 
presents three individual solutions that must be homogenized before 
application: fibrinogen originated from buffalo blood; calcium chloride 
and a thrombin-like fraction. 

Its differential characteristics as being a biological and biodegradable 
compound, not producing adverse reactions since there are no remnants 
of human blood components and thus do not transmit infectious 

diseases, in addition to good adhesive quality that gives it the function 
of replacing the suture conventional [13].

The second differential of the study by Buchaim et al. [10] was the 
use of low-level laser therapy (LLLT) or currently titrated as photo 
modulation therapy (PBMT), which stands out as a focus of interest in 
the literature in the area of peripheral nerve regeneration. 

The PBMT presents its characteristics related to the reduction 
of the time of repair of the tissues, besides the capacity to raise the 
cellular proliferation. Its wavelength, as an infrared irradiation, is 
easily absorbed by the tissues and loss of intensity is minimal, affecting 
metabolic changes, DNA activity, adenosine triphosphate (ATP) 
formation and mitochondrial chain. ATP from injured or impaired 
regions of blood perfusion can reactivate injured cells and metabolic 
disorders [14]. PBMT is still related to pain relief and inflammation, 
prevention of tissue death in order to avoid neurological degeneration 
[15,16].

Application of LLLT
The laser used in the study by Buchaim et al. [10] was the gallium-

aluminum-arsenide laser (GaAlAs, Laserpulse IBRAMED®, Brazil), 
applied at three different points in the surgical area, wavelength of 
830 nm, with 30mW optical power output of potency, total energy 
per session 1.44 J, energy density of 4.1 J/cm2, beam area of 0.116 
cm2, cumulative dose 23.04 J and exposure time of 16s per point. 
The equipment was tested so that the applied dose was adequate. The 
beginning of the application occurred in the first postoperative period 
and followed for 5 weeks with 3 applications per week [10,17-21]. 
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Morphometric Results
It was observed in the morphometry that the control group 

presented all dimensions evaluated (area and diameter of the fibers, 
area and diameter of the axon, and area and thickness of the myelin 
sheath) with greater measurements and significant difference with the 
fibrin sealant group and the laser associated fibrin sealant group, except 
for the thickness of the myelin sheath, which showed a significant 
difference only with the fibrin sealant group [10]. In the group that 
received PBMT, there were larger measurements in all dimensions, 
besides a significant difference, except for the area and thickness of the 
myelin sheath, with a group not treated with laser [10].

Morphological Results (Optical and Electron Microscopy)
Optical microscopy revealed in the control group a sural nerve 

(graft) with prevalence of myelin fibers in relation to the unmyelinated 
fibers, grouped homogeneously. On the other hand, the sural nerve 
adhered to the intact vagus nerve obtained a greater amount of 
regenerated myelinated nerve fibers and unmyelinated fibers originating 
from the donor nerve (vagus nerve), evidenced irregularly in relation 
to the control group. Regenerated myelin axons in the graft segments 
originated by the donor nerve were confirmed by transmission electron 
microscopy [10].

Biopharmaceuticals (Fibrin Glue Derived from Snake 
Venom)

During the experimental surgery, it was observed that fibrin sealant 
derived from snake venom can be applied in a simple way and obtained 
good tissue fixation, clearly characterizing its benefit when compared 
to neurorrhaphy, in addition to its easy application with lesser skill 
requirement of the surgeon [22-25].

Laser Photomodulation Therapy (PBMT)
In the analyzed samples, a blood vessel neoformation was 

evidenced in the grafts of the experimental groups. This new 
vascularization aids in the process of tissue regeneration [26]. The 
PBMT is classified as a differential in the process of tissue regeneration 
and recovery, also relating its anti-inflammatory and anti-edematous 
effects, besides providing analgesia and circulatory normalization [17-
21,27]. The literature also demonstrates the relation of the laser in the 
morphological and functional recovery of the nervous system, but there 
is still no consolidation of the PBMT application protocols [28-30]. 

The PBMT can provide a decrease in the migration of mononuclear 
cells, and consequently edema absorption, besides providing an 
increase in the cellular respiration and an inference in the process 
of Schwann cells proliferation, allowing a better myelin production 
[31,32]. As evidenced in the present study, the PBMT increased the 
diameter of the nerve fibers, offering an increase in the regeneration of 
the peripheral nerve, being able to favor the elevation in the metabolism 
of the neurons [33,34].

Other Applications of PBMT
The literature evidences the application of PBMT in other tissues or 

regions, such as bone [12,35], cartilage and orthopedic disorders [36], 
cells in vitro culture [37], Central Nervous System [38,39] and also 
in cases such as cerebral palsy in children [40]. In addition to PBMT, 
there are other physical agents that can be used in clinical practice 
as auxiliary methods in the treatment of tissue repair, such as low-
intensity pulsed ultrasound [41].

Conclusion
In view of the results obtained, this research showed that the use 

of fibrin sealant derived from snake venom was of good resolution 
against the recovery of peripheral nerve lesions, with improvement 
of the process of nerve regeneration aided by PBMT. The method 
approached with the use of the end-to-side neurorrhaphy caused the 
growth of donor nerve axons to the graft, and regeneration occurred 
even without the need for an opening in the epineurium.

Thus, fibrin sealant allowed for axonal regeneration, being an 
effective alternative in nerve recovery and the approach together with 
the low-level laser therapy created a treatment that increased nerve 
regeneration.

References

1.	 Salomone R, Bento RF, Costa HJ, Azzi-Nogueira D, Ovando PC, et al. (2013) 
Bone marrow stem cells in facial nerve regeneration from isolated stumps. 
Muscle Nerve 48: 423-429.

2.	 Heaton JT, Sheu SH, Hohman MH, Knox CJ, Weinberg JS, et al. (2014) Rat 
whisker movement after facial nerve lesion: Evidence for autonomic contraction 
of skeletal muscle. Neuroscience 265: 9-20. 

3.	 Martínez de Albornoz P, Delgado PJ, Forriol F, Maffulli N (2011) Non-surgical 
therapies for peripheral nerve injury. Br Med Bull 100: 73-100.

4.	 Noble J, Munro CA, Prasad VS, Midha R (1998) Analysis of upper and lower 
extremity peripheral nerve injuries in a population of patients with multiple 
injuries. J Trauma 45: 116-122. 

5.	 Selecki BR, Ring IT, Simpson DA, Vanderfield GK, Sewell MF (1982) Trauma 
to the central and peripheral nervous systems. Part II: A statistical profile of 
surgical treatment New South Wales 1977. Aust N Z J Surg 52: 111-116. 

6.	 Eser F, Aktekin LA, Bodur H, Atan C (2009) Etiological factors of traumatic 
peripheral nerve injuries. Neurol India 57: 434-437.

7.	 Rönkkö H, Göransson H, Taskinen HS, Paavilainen P, Vahlberg T, et al. (2016) 
Effect of axonal trauma on nerve regeneration in side-to-side neurorrhaphy: Na 
experimental study. Plast Reconstr Surg Glob Open 22: e1180. 

8.	 Kettle SJ, Starritt NE, Glasby MA, Hems TE (2013) End-to-side nerve repair in 
a large animal model: How does it compare with conventional methods of nerve 
repair? J Hand Surg Eur Vol 38: 192-202.

9.	 Jeronimo A, Jeronimo CA, Rodrigues FOA, Sanada LS, Fazan VP (2005) 
Microscopic anatomy of the sural nerve in the postnatal developing rat: A 
longitudinal and lateral symmetry study. J Anat 206: 93-99. 

10.	Buchaim RL, Andreo JC, Barraviera B, Ferreira Junior RS, Buchaim DV, et al. 
(2015) Effect of low-level laser therapy (LLLT) on peripheral nerve regeneration 
using fibrin glue derived from snake venom. Injury 46: 655-660. 

11.	Buchaim DV, Rodrigues AC, Buchaim RL, Barraviera B, Junior RS, et al. 
(2016) The new heterologous fibrin sealant in combination with low-level laser 
therapy (LLLT) in the repair of the buccal branch of the facial nerve. Lasers 
Med Sci 31: 965-972. 

12.	de Oliveira Gonçalves JB, Buchaim DV, de Souza Bueno CR, Pomini KT, 
Barraviera B, et al. (2016) Effects of low-level laser therapy on autogenous 
bone graft stabilized with a new heterologous fibrin sealant. J Photochem 
Photobiol B 162: 663-668.

13.	Barros LC, Ferreira RS Jr, Barraviera SR, Stolf HO, Thomazini-Santos IA, 
et al. (2009) A new fibrin sealant from Crotalus durissus terrificus venom: 
Applications in medicine. J Toxicol Environ Health B Crit Rev 12: 553-571. 

14.	Morries LD, Cassano P, Henderson TA (2015) Treatments for traumatic 
brain injury with emphasis on transcranial near-infrared laser phototherapy. 
Neuropsychiatr Dis Treat 11: 2159-2175.

15.	Li WT, Chen HL, Wang CT (2006) Effect of light emitting diode irradiation on 
proliferation of human bone marrow mesenchymal stem cells. J Med Biol Eng 
26: 35-42. 

16.	Wu YH, Wang J, Gong DX, Gu HY, Hu SS, et al. (2012) Effects of low-level 
laser irradiation on mesenchymal stem cell proliferation: A microarray analysis. 
Lasers Med Sci 27: 509-519.

17.	Gigo-Benato D, Geuna S, Rochkind S (2005) Phototherapy for enhancing 
peripheral nerve repair: A review of the literature. Muscle Nerve 31: 694-701.

http://dx.doi.org/10.1002/mus.23768
http://dx.doi.org/10.1002/mus.23768
http://dx.doi.org/10.1002/mus.23768
https://dx.doi.org/10.1016%2Fj.neuroscience.2014.01.038
https://dx.doi.org/10.1016%2Fj.neuroscience.2014.01.038
https://dx.doi.org/10.1016%2Fj.neuroscience.2014.01.038
http://dx.doi.org/10.1093/bmb/ldr005
http://dx.doi.org/10.1093/bmb/ldr005
http://marin.stancic.eu/documents/1996-PROGNOST-1998-ANALYSIS.pdf
http://marin.stancic.eu/documents/1996-PROGNOST-1998-ANALYSIS.pdf
http://marin.stancic.eu/documents/1996-PROGNOST-1998-ANALYSIS.pdf
http://dx.doi.org/10.1111/j.1445-2197.1982.tb05297.x
http://dx.doi.org/10.1111/j.1445-2197.1982.tb05297.x
http://dx.doi.org/10.1111/j.1445-2197.1982.tb05297.x
https://dx.doi.org/10.1097%2FGOX.0000000000001180
https://dx.doi.org/10.1097%2FGOX.0000000000001180
https://dx.doi.org/10.1097%2FGOX.0000000000001180
http://dx.doi.org/10.1177/1753193412445119
http://dx.doi.org/10.1177/1753193412445119
http://dx.doi.org/10.1177/1753193412445119
https://doi.org/10.1111/j.0021-8782.2005.00368.x
https://doi.org/10.1111/j.0021-8782.2005.00368.x
https://doi.org/10.1111/j.0021-8782.2005.00368.x
https://doi.org/10.1016/j.injury.2015.01.031
https://doi.org/10.1016/j.injury.2015.01.031
https://doi.org/10.1016/j.injury.2015.01.031
https://doi.org/10.1007/s10103-016-1939-2
https://doi.org/10.1007/s10103-016-1939-2
https://doi.org/10.1007/s10103-016-1939-2
https://doi.org/10.1007/s10103-016-1939-2
http://dx.doi.org/10.1016/j.jphotobiol.2016.07.023
http://dx.doi.org/10.1016/j.jphotobiol.2016.07.023
http://dx.doi.org/10.1016/j.jphotobiol.2016.07.023
http://dx.doi.org/10.1016/j.jphotobiol.2016.07.023
https://doi.org/10.1080/10937400903442514
https://doi.org/10.1080/10937400903442514
https://doi.org/10.1080/10937400903442514
https://doi.org/10.2147/NDT.S65809
https://doi.org/10.2147/NDT.S65809
https://doi.org/10.2147/NDT.S65809
https://doi.org/10.1109/IEMBS.2007.4353673
https://doi.org/10.1109/IEMBS.2007.4353673
https://doi.org/10.1109/IEMBS.2007.4353673
http://dx.doi.org/10.1007/s10103-011-0995-x
http://dx.doi.org/10.1007/s10103-011-0995-x
http://dx.doi.org/10.1007/s10103-011-0995-x
http://dx.doi.org/10.1002/mus.20305
http://dx.doi.org/10.1002/mus.20305


Citation: Rosso MPO, Buchaim DV, Junior GMR, Andreo JC, Pomini KT, et al. (2017) Low-Level Laser Therapy (LLLT) Improves the Repair Process 
of Peripheral Nerve Injuries: A Mini Review. Int J Neurorehabilitation 4: 260. doi: 10.4172/2376-0281.1000260

Page 3 of 3

Volume 4 • Issue 2 • 1000260Int J Neurorehabilitation, an open access journal
ISSN: 2376-0281

18.	Rochkind S (2009) Phototherapy in peripheral nerve regeneration: From basic 
science to clinical study. Neurosurg Focus 26: E8.

19.	Shen CC, Yang YC, Liu BS (2013) Effects of large-area irradiated laser 
phototherapy on peripheral nerve regeneration across a large gap in a
biomaterial conduit. J Biomed Mater Res A 101: 239-252. 

20.	Gigo-Benato D, Geuna S, de Castro RA, Tos P, Fornaro M, et al. (2004)
Low-power laser biostimulation enhances nerve repair after end-to-side
neurorrhaphy: A double-blind randomized study in the rat median nerve model. 
Lasers Med Sci 19: 57-65. 

21.	Barbosa RI, Marcolino AM, de Jesus GRR, Mazzer N, Barbieri CH, et al.
(2010) Comparative effects of wavelengths of low-power laser in regeneration
of sciatic nerve in rats following crushing lesion. Lasers Med Sci 25: 423-430. 

22.	Whitlock EL, Kasukurthi R, Yan Y, Tung TH, Hunter DA, et al. (2010) Fibrin 
glue mitigates the learning curve of microneurosurgical repair. Microsurgery
30: 218-222. 

23.	Karalezli A, Kucukerdonmez C, Akova YA, Altan-Yaycioglu R, Borazan M 
(2008) Fibrin glue versus sutures for conjunctival autografting in pterygium
surgery: A prospective comparative study. Br J Ophthalmol 92: 1206-1210. 

24.	Sameem M, Wood TJ, Bain JR (2011) A systematic review on the use of fibrin 
glue for peripheral nerve repair. Plast Reconstr Surg 127: 2381-2390.

25.	Barbizan R, Castro MV, Rodrigues AC, Barraviera B, Ferreira RS, et al. (2013) 
Motor recovery and synaptic preservation after ventral root avulsion and repair 
with a fibrin sealant derived from snake venom. PLoS ONE 8: e63260.

26.	Viterbo F, Amr AH, Stipp EJ, Reis FJ (2009) End-to-side neurorrhaphy: Past,
present and future. Plast Reconstr Surg 124: e351-358.

27.	Alcântara CC, Gigo-Benato D, Salvini TF, Oliveira AL, Anders JJ, et al.
(2013) Effect of low-level laser therapy (LLLT) on acute neural recovery and
inflammation related gene expression after crush injury in rat sciatic nerve. 
Lasers Surg Med 45: 246-252. 

28.	Akgul T, Gulsoy M, Gulcur HO (2014) Effects of early and delayed laser 
application on nerve regeneration. Lasers Med Sci 29: 351-357.

29.	Gonçalves RB, Marques JC, Monte-Raso VV, Zamarioli A, Carvalho LC, 
et al. (2010) Effects of low-power laser on injured rat sciatic nerve regeneration. 
Fisioter Pesq 17: 34-39. 

30.	Moges H, Wu X, McCoy J, Vasconcelos OM, Bryant H, et al. (2011) Effect of 
810 nm light on nerve regeneration after autograft repair of severely injured rat 
median nerve. Lasers Surg Med 43: 901-906. 

31.	Câmara CN, Brito MV, Silveira EL, Silva DS, Simões VR, et al. (2011)
Histological analysis of low-intensity laser therapy effects in peripheral nerve
regeneration in Wistar rats. Acta Cir Bras 26: 12-18. 

32.	Oron U, Ilic S, De Taboada L, Streeter J (2007) Ga-As (808 nm) laser irradiation 
enhances ATP production in human neuronal cells in culture. Photomed Laser 
Surg 25: 180-182.

33.	Mohammed IF, Al-Mustawfi N, Kaka LN (2007) Promotion of regenerative 
processes in injured peripheral nerve induced by low-level laser therapy.
Photomed Laser Surg 25: 107-111. 

34.	Gigo-Benato D, Russo TL, Tanaka EH, Assis L, Salvini TF, et al. (2010) Effects 
of 660 and 780 nm low-level laser therapy on neuromuscular recovery after
crush injury in rat sciatic nerve. Lasers Surg Med 42: 673-682. 

35.	Saracino S, Mozzati M, Martinasso G, Pol R, Canuto RA, et al. (2009)
Superpulsed laser irradiation increases osteoblast activity via modulation of
bone morphogenetic factors. Lasers Surg Med 41: 298-304.

36.	 Canadian Agency for Drugs and Technologies in Health (2016) CADTH rapid
response reports, Ottawa.

37.	Anders JJ, Moges H, Wu X, Erbele ID, Alberico SL, et al. (2014) In vitro and
in vivo optimization of infrared laser treatment for injured peripheral nerves.
Lasers Surg Med 46: 34-45.

38.	Moreira MS, Velasco IT, Ferreira LS, Ariga SK, Abatepaulo F, et al. (2011)
Effect of laser phototherapy on wound healing following cerebral ischemia by
cryogenic injury. J Photochem Photobiol B 105: 207-215.

39.	Wu X, Dmitriev AE, Cardoso MJ, Viers-Costello AG, Borke RC, et al. (2009) 
810 nm Wavelength light: An effective therapy for transected or contused rat 
spinal cord. Lasers Surg Med 41: 36-41.

40.	Asagai Y (2016) 24 Years’ experience of low level laser therapy (LLLT) for 
children with cerebral palsy. Int J Phys Med Rehabil 4: 320.

41.	Pomini KT, Andreo JC, Rodrigues Ade C, de O Gonçalves JB, Daré LR,
et al. (2014) Effect of low-intensity pulsed ultrasound on bone regeneration:
biochemical and radiologic analyses. J Ultrasound Med 33: 713-717.

http://dx.doi.org/10.3171/FOC.2009.26.2.E8
http://dx.doi.org/10.3171/FOC.2009.26.2.E8
https://doi.org/10.1002/jbm.a.34314
https://doi.org/10.1002/jbm.a.34314
https://doi.org/10.1002/jbm.a.34314
https://doi.org/10.1007/s10103-004-0300-3
https://doi.org/10.1007/s10103-004-0300-3
https://doi.org/10.1007/s10103-004-0300-3
https://doi.org/10.1007/s10103-004-0300-3
https://doi.org/10.1007/s10103-009-0750-8
https://doi.org/10.1007/s10103-009-0750-8
https://doi.org/10.1007/s10103-009-0750-8
https://doi.org/10.1002/micr.20754
https://doi.org/10.1002/micr.20754
https://doi.org/10.1002/micr.20754
https://doi.org/10.1136/bjo.2008.139600
https://doi.org/10.1136/bjo.2008.139600
https://doi.org/10.1136/bjo.2008.139600
http://dx.doi.org/10.1097/PRS.0b013e3182131cf5
http://dx.doi.org/10.1097/PRS.0b013e3182131cf5
https://doi.org/10.1371/journal.pone.0063260
https://doi.org/10.1371/journal.pone.0063260
https://doi.org/10.1371/journal.pone.0063260
http://dx.doi.org/10.1097/PRS.0b013e3181bf8471
http://dx.doi.org/10.1097/PRS.0b013e3181bf8471
https://doi.org/10.1002/lsm.22129
https://doi.org/10.1002/lsm.22129
https://doi.org/10.1002/lsm.22129
https://doi.org/10.1002/lsm.22129
http://dx.doi.org/10.1007/s10103-013-1355-9
http://dx.doi.org/10.1007/s10103-013-1355-9
http://dx.doi.org/10.1590/S1809-29502010000100007
http://dx.doi.org/10.1590/S1809-29502010000100007
http://dx.doi.org/10.1590/S1809-29502010000100007
https://doi.org/10.1002/lsm.21117
https://doi.org/10.1002/lsm.21117
https://doi.org/10.1002/lsm.21117
http://dx.doi.org/10.1590/S0102-86502011000100004
http://dx.doi.org/10.1590/S0102-86502011000100004
http://dx.doi.org/10.1590/S0102-86502011000100004
http://dx.doi.org/10.1089/pho.2007.2064
http://dx.doi.org/10.1089/pho.2007.2064
http://dx.doi.org/10.1089/pho.2007.2064
https://doi.org/10.1089/pho.2006.1090
https://doi.org/10.1089/pho.2006.1090
https://doi.org/10.1089/pho.2006.1090
https://doi.org/10.1002/lsm.20978
https://doi.org/10.1002/lsm.20978
https://doi.org/10.1002/lsm.20978
https://doi.org/10.1002/lsm.20762
https://doi.org/10.1002/lsm.20762
https://doi.org/10.1002/lsm.20762
http://dx.doi.org/10.1002/lsm.22212
http://dx.doi.org/10.1002/lsm.22212
http://dx.doi.org/10.1002/lsm.22212
https://doi.org/10.1016/j.jphotobiol.2011.09.005
https://doi.org/10.1016/j.jphotobiol.2011.09.005
https://doi.org/10.1016/j.jphotobiol.2011.09.005
http://dx.doi.org/10.1002/lsm.20729
http://dx.doi.org/10.1002/lsm.20729
http://dx.doi.org/10.1002/lsm.20729
http://dx.doi.org/10.4172/2329-9096.1000320
http://dx.doi.org/10.4172/2329-9096.1000320
http://dx.doi.org/10.7863/ultra.33.4.713
http://dx.doi.org/10.7863/ultra.33.4.713
http://dx.doi.org/10.7863/ultra.33.4.713

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction 
	Application of LLLT 
	Morphometric Results 
	Morphological Results (Optical and Electron Microscopy) 
	Biopharmaceuticals (Fibrin Glue Derived from Snake Venom) 
	Laser Photomodulation Therapy (PBMT) 
	Other Applications of PBMT 
	Conclusion 
	References

