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Abstract

Background: Photostimulation using low-power laser had been used for nervous repair with interesting results.
This study aimed to evaluate the influence of 20 mW low-power He-Ne laser on the regeneration of a peripheral
sciatic nerve after trauma using the Albino rabbit as an animal model for experimental treatment.

Methods: Six adult male rabbits were randomly assigned into two equal groups (control- and laser-treated). General
anesthesia was administered intramuscularly, and exploration of the sciatic nerve was done in the lateral aspect of the
legs. Complete longitudinal and reverse sections of the nerve were performed, which was followed by crushing of the
neural sheath. Treatment was carried out directly after the trauma. Irradiation doses of low-level laser therapy
(LLLT-31.5 J/cm2) with once a day application for 10 consecutive days and observed for 30 days. The animals were
followed up for an extra 2 weeks. Two important factors were examined histopathology and functionality of the nerve.

Results: Compared to the control group, significant variations in regeneration were observed, including thicker nerve
fibers, and more regular myelin layers in the treated group.

Conclusions: The results of the present study suggest that laser therapy may be a viable approach for nerve
regeneration and repair.
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Introduction
Peripheral nerves traumatic injuries that may result in
substantial disability are a universal problem. In periods of
peace, it is caused by motorized vehicle accidents, and less
frequently from sharp objects, falls, and work-related acci-
dents [20]. In countries that suffered from years of wars
and conflicts such as Iraq [3] could have more peripheral
nerve injuries resulted from explosions, bullet injuries,
and many other reasons that need attention and treatment
[19]. Nerve injuries that include complete transection of
the nerve results in degeneration occurs both distal to the
lesion segment by Wallerian degeneration and proximal
to the lesion segment by retrograde degeneration [17],
which lead to motor and sensory functional damage at the
spot of the lesion. While some regeneration can be seen in

nerves where lesions were untreated, the progression is
usually slow and mostly inadequate [13]. This regenerative
incapability proves the necessity for suitable treatment to
accelerate and improve the nerve repair progression.
Investigation of low-level laser therapy (LLLT) in the

clinical applications has been done in different fields,
and it was used to relieve pain and promote the recov-
ery of several pathological conditions [8, 14]. LLLT has
photobiomodulating effect, which can stimulate tissue
metabolism. The mechanism involves absorption of the
photoreceptors to the photons, leading to changes in
the ATP synthesis in mitochondria by accelerating the
transport chains of the electrons, thus modifying cell
responses [18].
Peripheral nerve injury (PNI) animal models have been

established to estimate the outcome of LLLT in the regener-
ation of injured nerves [4]. Previous studies, which evaluated
the effects of low-power laser irradiation on rats crushed in-
jured peripheral nerves, revealed protecting instant effects
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which enhance the functional activity of the injured periph-
eral nerve [23]. Moreover, it help to maintain the functional
activity of the injured nerve over time [21], increase myelin
sheath thickness [24], as well as the axonal diameter [16], in-
duce Schwann cells proliferation [7], and induce neuro-
trophic growth factors expression [12]. Furthermore, laser is
used with photosensitizers for cancer treatment [1, 2].
The aim of this study is to explore the effectiveness of

He-Ne laser as LLLT to help neural regeneration in a
rabbit sciatic nerve injury model.

Materials and methods
Ethical statement
The experimental procedures followed the guidelines for
the ethical treatment of experimental animals and were
approved by Mustansiriyah University, Iraqi Center for
Cancer and Medical Genetic Research, Animal Care, and
Use Ethics Committee. The date of ethical approval is 30
July 2010, and reference number was 5.

Experimental animals
The animals used were 8 New Zealand White rabbits
(Oryctolagus cuniculus), adult male (weight 2.8–3.9 kg)
and 3 months old. The animals were randomly divided
into two experimental groups, four in each: first group
treated with LLLT at dose of irradiation (31.5) J/cm2.
The second group was control non-irradiated. Both
groups received a standard diet and water during the
study and were kept under standard lighting,
temperature, and humidity environment.

Anesthesia
All rabbits were anesthetized by xylazine hydrochloride 2%
(5mg/kg body weight) and ketamine hydrochloride 10%
(50mg/kg body weight) through intramuscular injection.

Surgical procedure
The experimental surgical procedure was performed ac-
cording to La et al. [15] under the typical aseptic condi-
tions via exposing the sciatic nerve through midline
incision at the back of the right leg and longitudinal sep-
aration of the muscles. Focal crushing of right and left
sciatic nerve of each rabbit was done for 60 s by straight
hemostat. The wound was closed using silk simple su-
tures. The surgical procedures were performed by a vet-
erinary surgeon.
Postoperatively, 40.0 mg gentamycin were given to the

rabbits for 4 days to prevent infection. Clinical assess-
ment was measured postoperatively via recording the
daily examination of ability onset to walk after operation
until 2 months.

Laser irradiations
The source of laser used in this study was Helium-Neon
(He-Ne) gas laser (Model DL30, LG Lasers) with output
power approximately 20mW as a continuous wave irradi-
ation (Fig. 1a). The wavelength of light that emitted from
this laser and output power were determined by using a
portable power meter (LaserCheck, Coherent CA, USA)
(Fig. 1b), according to the measurements, the wavelength
was 630 nm, penetration of 0.6 cm. The irradiation area
was (0.125) cm2, while the exposure time of irradiation
was 240 s, Dose of irradiation was 31.5 J/cm2. The treat-
ment by laser was started first day post-surgical, where all
the rabbits in the treatment group were exposed to the
identical technique with once a day application for 10
consecutive days and observed for 30 days.
Rabbits were handled softly, and laser treatment did

not yield any painful impression to the treated group.
Control group were exposed to the same technique, but
with no laser treatment.

Fig. 1 a The source of laser used in this study was Helium-Neon (He-Ne) gas laser (Model DL30, LG Lasers) with output power approximately 20
mW as a continuous wave irradiation. b The wavelength of light that emitted from this laser and output power were determined by using a
portable power meter (LaserCheck, Coherent CA, USA)
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Gross examination
Clinical assessment was measured postoperatively via re-
cording the daily examination of ability onset to walk
after operation until 30 days.

Euthanasia
All animals were sacrificed 30 days post-surgery using
overdose of anesthesia, and the healed wound nerve seg-
ment of the operated location was collected from each
sciatic nerve.

Histopathological examination
Every 7 days of treatment, one longitudinal section was
made through the site of repair and was stained with
hematoxylin and eosin. They were then examined under
light microscopy for qualitative assessment of the repair
process. Transverse sections were obtained for quantita-
tive assessment of the diameters of the axons.
Directly after harvesting the repaired nerves, they

were fixed in 10% neutral buffer formalin, and the spec-
imens were sent for histological processing. The sam-
ples were treated with xylene, dehydrated using graded
ethanol, nerve tissue samples were paraffin embedded,
sectioned at 5 μm longitudinally, via microtome and
stained with hematoxylin-eosin. The injured nerve area
was observed under a light microscope (Leica-micro-
systems, Germany).

Histopathological images quantitative analysis
The histopathological sections were photographed at
_× 200 magnification at four randomly designated fields
at the histological sections, using the light microscope
(Leica-microsystems, Germany) and a digital color camera
(Motic, Hong Kong). The pictures were analyzed using
ImageJ software (http://rsb.info.nih.gov/ij/). The longitu-
dinal and transverse sections of the nerve samples were
analyzed by pathologist. The histopathology examiner was
unaware about the groups. For statistical analysis, the
quantitative measurement of each picture was taken at
least three times. Nerve nuclei and vacuoles (%) in

sections stained by hematoxylin-eosin (H&E) were mea-
sured. This was done according to Yang et al. [30].

Results
The current experiment evaluated the regenerative cap-
acity of nerve repair by red LLLT irradiation for 10 days.
All the animals well tolerated the surgery and lived until
the end of the experiment with no postoperative compli-
cations, infections, or wound openings detected. The
gross examination showed that, in both groups (control
and treatment), the injury site could still be identified. In
the laser treated group, there was enhancement of func-
tionality after 30 days of treatment where the site of
crushing was healed grossly (Fig. 2a, b). The ability of
walk is better than untreated control group.
Histopathological examination of longitudinal sections

through the site of repair showed prevalent sprouting of
the axons and enhanced parallel alignment of nerve fi-
bers at the laser irradiation site. While inspection of the
tissue section of the untreated control nerves revealed
loss of axons, with more noticeable formation of fibrosis
(Fig. 3b). Histological transverse section of sciatic nerve
in treated group (Fig. 4a, c) revealed improved aspect of
segments with large and small nerve fibers with myelin
sheaths of proper thickness. Histological investigation
showed uninterrupted epineurium in the laser-treated
nerves. There was no inflammatory reaction to the laser
treatment was seen in nerve sections. Untreated control
group (Fig. 4b, d) Showing swollen and degenerated fi-
bers with thin myelin sheaths, experiencing Wallerian
degeneration (Fig. 4d). The laser-treated nerve displayed
an increased quantity of nerve fibers, Schwann cells, and
myelinated axons compared to the untreated nerve.

Morphological changes improvement by LLLT therapy
The morphological changes parameters, for instance vacu-
oles and the nuclei numbers, were presented in Figs. 3
and 4. Nuclei numbers in LLLT-treated nerve were higher
than untreated nerve, showing more Schwann cells after
nerve crush treated with laser when compared with

Fig. 2 a Crush site of sciatic nerve in the treated group. b Untreated rabbit wound site
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non-treated nerve (Figs. 3a, b and 4a, b). The formation of
vacuoles was increased as well after crushing the sciatic
nerve. Laser administration reduced the crushing-induced
vacuole formation event in comparison to non-treated
nerve (Fig. 4c, d). Statistical analysis to the increase cellu-
larity of treated nerve as represented by increased number
of Schwann cells nuclei were significant (p < 0.01; Figs. 3c
and 4e). The LLLT treatment significantly reduced vacuole
formation event, p < 0.01, Figs. 3d and 4f).

Discussion
In the present study, we showed that 630-nm-Helium-
Neon (He-Ne) gas laser at a dose of 31.5 J/ cm2 induce
substantial functional and histological recovery in rabbit-
crushed sciatic nerves. Laser therapy is a practical photo-
therapeutic method with investigational evidences for the
peripheral nerve injury treatment, indicating encour-
aging effects on the neuromuscular repair process that
induce functional indices improvement, and increase
cytokines and growth factors expression [5, 10]. It also
found to enhance the speed of treated nerve conduc-
tion [27]. The animals were sacrificed after completion
of all experimental studies on the last day of the 30 days
period for analysis of nerve histology as described by
several studies as sufficient time for the experiment [28,

30]. One of the study limitations is lack of multivariate
regression analysis due to small sample size.
Histological findings observed in current experiment with

laser therapy were exceptionally improved than those
noticed in control untreated nerve, as the quantity of fi-
bers decreased, while it increased progressively in laser
irradiated nerves. Schwann cells also increased in number
due to stimulation via laser treatment. Consequently, the
current study confirmed the efficacy of He-Ne laser for
the peripheral nerve injuries treatment, by means of the
histopathological assessment for showing nerve regener-
ation after treatment. Takhtfooladi and Sharifi [28] ob-
served a significant histological alteration after low-laser
therapy for the increase of neurons and Schwann cells
number leading to efficient treatment. Barez et al. [6]
showed that treated nerves exhibited reduction of Waller-
ian degeneration, increase Schwann cells number, and re-
generation of the injured nerve starting from the third day
of surgery. He-Ne laser irradiation described by Van Breu-
gel and Bär [29] induce a positive effect on sciatic nerve
regeneration via direct effect on Schwann cells by experi-
mental investigation. They cultured Schwann cells from
sciatic nerves in vitro and irradiated them by a He-Ne
laser beam of 632.8 nm leading to significant proliferation
of Schwann cells, compared to non-irradiated control

Fig. 3 Histopathological examination. a Longitudinal sections through the site of repair exhibited sprouting of the axons and enhanced alignment of
nerve fibers at the site of laser irradiation. 100× H&E. b Untreated control nerves revealed loss of axons (100×) H&E. c, d Longitudinal sections of sciatic
nerves quantitative assessments for nuclei and vacuole formation. Sections of sciatic nerves gained from injured rabbits with non-treated and LLLT
treatments. Quantitative analyses for Schwann cells nuclei and vacuoles formation showing enhancement in repair and healing for the treated nerve
with significant changes between each other at a confidence level of p < 0.05. (H&E)

Al-Shammari et al. The Egyptian Journal of Neurology, Psychiatry and Neurosurgery            (2019) 55:1 Page 4 of 7



cells. Several studies showed that low-energy He-Ne laser
significantly restores crushed sciatic nerves in rats and
other animal models [21, 22, 26].
Quantitative and morphometric results showed sig-

nificant improvement after laser irradiation in compari-
son to the untreated control nerve. Ziago et al. [31]
treated crushed sciatic nerve of rats via low-level laser
therapy and showed enhanced morphometric data in
the LLLT group compared to the control untreated
group. Histomorphometric assessments by Shen et al.
[25] prove that the LLLT treatment augmented periph-
eral nerve injury repair. Similar to current experiment
results about reduction in vacuoles number [30] dem-
onstrated less vacuole formation after crushed nerve
LLLT treatment.

Laser therapy in vivo studies accelerate and enhance the
regeneration of the injured nerve tissues and effective in
restoring sensitivity. In order to standardize procedures
for clinical use, clinical trials should be conducted [9]. Re-
cent review followed several studies on different laser
types (He-Ne, Diode, GaAlAs) with 660–860 nm wave-
length range and 20–250mW radiation power, 0.45–70 J/
cm2 energy density to treat patients via LLLT found to en-
hance patients’ sensory function [11].

Conclusion
Low-power He-Ne laser irradiation (632 nm) positively in-
fluenced the regeneration of severe crushed injured sciatic
nerve in rabbits. Therefore, it can be valuable for treating
many pathological lesions of peripheral nerves in clinics.

Fig. 4 Histological images of transected sciatic nerve after hematoxylin and eosin staining in the treatment (LLLT) group (a and c) and untreated
group (b and d). a, b Lower magnified views of the LLLT and no treatment groups. The transverse sections showed Wallerian degeneration in the
untreated group. While nerve fibers and Schwann cells numbers increased in the treated group. e and f Histopathological pictures quantitative
analyses for nuclei and vacuole formation showing remarkable higher number of Schwann cells nuclei and lower number of vacuoles referring to
healing for the treated nerve with significant changes between control and treated groups at a confidence level of p < 0.05

Al-Shammari et al. The Egyptian Journal of Neurology, Psychiatry and Neurosurgery            (2019) 55:1 Page 5 of 7



Abbreviations
H&E: Hematoxylin and eosin; He-Ne: Helium-Neon; LLLT: Low-level laser
therapy; PNI: Peripheral nerve injury

Acknowledgements
The authors would like to thank the help of Veterinary Surgery Department,
College of Veterinary Medicine, Baghdad University for their technical advice
regarding the surgical procedures.

Funding
The work is funded by Iraqi Ministry of Higher education and scientific
Research, Baghdad, Iraq.

Availability of data and materials
Please contact author for data requests, the corresponding author, Dr.
Ahmed Majeed Al-Shammari.

Authors’ contributions
AM and AS carried out the experimental studies and drafted the manuscript.
YS carried out the statistical analysis. AM, YS, and AS participated in the
study design and coordination, and helped to draft the manuscript. The
manuscript has been read and approved by all the authors, and the
requirements for authorship have been met, and that each author
believes that the manuscript represents honest work.

Ethics approval
Manuscripts reporting studies involving human participants, human data or
human tissue must:
Not applicable.
Studies involving animals must include a statement on ethics approval.
The experimental procedures followed the guidelines for the ethical
treatment of experimental animals and were approved by Mustansiriyah
University, Iraqi Center for Cancer and Medical Genetic Research, Animal
Care and Use Ethics Committee. The date of ethical approval is 7/30/2010,
and reference number was 5.

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Author details
1Experimental Therapy Department, Iraqi Center for Cancer and Medical
Genetic Research, Mustansiriyah University, Baghdad 1001, Iraq. 2Department
of Biology, College of Science, University of Baghdad, Baghdad, Iraq.

Received: 27 April 2018 Accepted: 10 December 2018

References
1. Ahmed MA-S, Ahmed SA-K, Nahi YY. Photoimmunotherapy by Cortactin

monoclonal antibody conjugated with Hematoporphyrin derivative of a
subcutaneous murine mammary adenocarcinoma using low power He-Ne
laser. Iraqi J Cancer Med Genet. 2013;6(2):115–9.

2. Ahmed SKA-K, Ahmed MHA-S. Photodynamic therapy of subcutaneous
murine mammary adenocarcinoma. Iraqi J Biotechnol. 2012;11(1):109–20.

3. Al-Shammari Ahmed M. Environmental pollutions associated to conflicts in
Iraq and related health problems. Rev Environ Health. 2016;31:245.

4. Anders JJ, Borke RC, Woolery SK, Van De Merwe WP. Low power laser
irradiation alters the rate of regeneration of the rat facial nerve. Lasers Surg
Med. 1993;13(1):72–82.

5. Andreo L, Soldera C, Ribeiro B, de Matos P, Bussadori S, Fernandes K,
Mesquita-Ferrari R. Effects of photobiomodulation on experimental models
of peripheral nerve injury. Lasers Med Sci. 2017;32(9):2155–65.

6. Barez MM, Tajziehchi M, Heidari MH, Bushehri A, Moayer F, Mansouri N,
Naini NS, Movafagh A. Stimulation effect of low level laser therapy on
sciatic nerve regeneration in rat. J Lasers Med Sci. 2017;8(Suppl 1):S32.

7. Câmara CN d S, Brito MVH, Silveira EL, Silva DSG d, Simões VRF, Pontes RWF.
Histological analysis of low-intensity laser therapy effects in peripheral nerve
regeneration in Wistar rats. Acta Cir Bras. 2011;26(1):12–8.

8. Chow RT, Johnson MI, Lopes-Martins RA, Bjordal JM. Efficacy of low-level
laser therapy in the management of neck pain: a systematic review and
meta-analysis of randomised placebo or active-treatment controlled trials.
Lancet. 2009;374(9705):1897–908.

9. de Oliveira RF, de Andrade Salgado DMR, Trevelin LT, Lopes RM, da Cunha
SRB, Aranha ACC, de Paula Eduardo C, de Freitas PM. Benefits of laser
phototherapy on nerve repair. Lasers Med Sci. 2015;30(4):1395–406.

10. Endo C, Barbieri CH, Mazzer N, Fasan VS. Low-power laser therapy
accelerates peripheral nerves’ regeneration. Acta Ortopédica Bras. 2008;
16(5):305–10.

11. Fallah A, Mirzaei A, Gutknecht N, Demneh AS. Clinical effectiveness of low-
level laser treatment on peripheral somatosensory neuropathy. Lasers Med
Sci. 2017;32(3):721–8.

12. Gomes LE, Dalmarco EM, Andre ES. The brain-derived neurotrophic factor,
nerve growth factor, neurotrophin-3, and induced nitric oxide synthase
expressions after low-level laser therapy in an axonotmesis experimental
model. Photomed Laser Surg. 2012;30(11):642–7.

13. Gu X, Ding F, Yang Y, Liu J. Construction of tissue engineered nerve grafts
and their application in peripheral nerve regeneration. Prog Neurobiol.
2011;93(2):204–30.

14. Gungormus M, Akyol U. The effect of gallium-aluminum-arsenide 808-nm
low-level laser therapy on healing of skin incisions made using a diode
laser. Photomed Laser Surg. 2009;27(6):895–9.

15. La J-L, Jalali S, Shami S. Morphological studies on crushed sciatic nerve of
rabbits with electroacupuncture or diclofenac sodium treatment. Am J Chin
Med. 2005;33(04):663–9.

16. Mohammed IF, Kaka LN. Promotion of regenerative processes in injured
peripheral nerve induced by low-level laser therapy. Photomed Laser Surg.
2007;25(2):107–11.

17. Navarro X, Vivo M, Valero-Cabre A. Neural plasticity after peripheral nerve
injury and regeneration. Prog Neurobiol. 2007;82(4):163–201.

18. Passarella S, Karu T. Absorption of monochromatic and narrow band
radiation in the visible and near IR by both mitochondrial and non-
mitochondrial photoacceptors results in photobiomodulation. J Photochem
Photobiol B Biol. 2014;140:344–58.

19. Qaisar AA, Safaa HA. The pattern of peripheral nerve injuries among Iraqi
soldiers in the war by using nerve conductive study. Mustansiriya Med J.
2016;15(3):35–9.

20. Robinson LR. Traumatic injury to peripheral nerves. Muscle Nerve. 2000;
23(6):863–73.

21. Rochkind S, Barrnea L, Razon N, Bartal A, Schwartz M. Stimulatory effect of
He-Ne low dose laser on injured sciatic nerves of rats. Neurosurgery. 1987;
20(6):843–7.

22. Rochkind S, Nissan M, Alon M, Shamir M, Salame K. Effects of laser irradiation
on the spinal cord for the regeneration of crushed peripheral nerve in rats.
Lasers Surg Med. 2001;28(3):216–9.

23. Rochkind S, Nissan M, Lubart R, Avram J, Bartal A. The in-vivo-nerve response
to direct low-energy-laser irradiation. Acta Neurochir. 1988;94(1):74–7.

24. Shen C-C, Yang Y-C, Liu B-S. Large-area irradiated low-level laser effect in a
biodegradable nerve guide conduit on neural regeneration of peripheral
nerve injury in rats. Injury. 2011;42(8):803–13.

25. Shen CC, Yang YC, Huang TB, Chan SC, Liu BS. Low-level laser-accelerated
peripheral nerve regeneration within a reinforced nerve conduit across a
large gap of the transected sciatic nerve in rats. Evid Based Complement
Alternat Med. 2013;2013:175629.

26. Shi K, Lu R, Xu X. Influence of low energy He-Ne laser on regeneration of
peripheral nerve. Zhongguo Xiu Fu Chong Jian Wai Ke Za Zhi. 1997;11(1):14–8.

27. Takhtfooladi MA, Jahanbakhsh F, Takhtfooladi HA, Yousefi K, Allahverdi A.
Effect of low-level laser therapy (685 nm, 3 J/cm2) on functional recovery of
the sciatic nerve in rats following crushing lesion. Lasers Med Sci. 2015;30(3):
1047–52.

28. Takhtfooladi MA, Sharifi D. A comparative study of red and blue light-
emitting diodes and low-level laser in regeneration of the transected sciatic
nerve after an end to end neurorrhaphy in rabbits. Lasers Med Sci. 2015;
30(9):2319–24.

Al-Shammari et al. The Egyptian Journal of Neurology, Psychiatry and Neurosurgery            (2019) 55:1 Page 6 of 7



29. Van Breugel HH, Bar PR. He-Ne laser irradiation affects proliferation of
cultured rat Schwann cells in a dose-dependent manner. J Neurocytol.
1993;22(3):185–90.

30. Yang CC, Wang J, Chen SC, Hsieh YL. Synergistic effects of low-level laser
and mesenchymal stem cells on functional recovery in rats with crushed
sciatic nerves. J Tissue Eng Regen Med. 2016;10(2):120–31.

31. Ziago EK, Fazan VP, Iyomasa MM, Sousa LG, Yamauchi PY, da Silva EA, Borie
E, Fuentes R, Dias FJ. Analysis of the variation in low-level laser energy
density on the crushed sciatic nerves of rats: a morphological, quantitative,
and morphometric study. Lasers Med Sci. 2017;32(2):369–78.

Al-Shammari et al. The Egyptian Journal of Neurology, Psychiatry and Neurosurgery            (2019) 55:1 Page 7 of 7


	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Ethical statement
	Experimental animals
	Anesthesia
	Surgical procedure
	Laser irradiations
	Gross examination
	Euthanasia
	Histopathological examination
	Histopathological images quantitative analysis

	Results
	Morphological changes improvement by LLLT therapy

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

