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Abstract: Aim of the work: The objective of study is to determine the effect of the low level laser therapy on
nerves regeneration after a compression injury of rat sciatic nerve. Study design: The injury of the sciatic nerve was
induced by using portable deadweight device with a load of 5000g applied over a length of 5 mm for 10 minutes was
used in this study on the crushing of the sciatic nerve of rats. This device is characterized as being a faster, easier
and more reliable crushing process, in relation to the load used. The animals were divided into three groups, the
animals in group III received LLLT daily for 28 consecutive days we used A Semi-conductor Diode AlGalnP Laser,
formed a control console and a handheld probe. The diameter of the probe is 18 mm and it was used to deliver the
LLLT. Functional nerve assessment was done using the foot step forms and sciatic nerve was dissected for
histological examination to evaluate the regeneration of the sciatic nerve. Results: Found that significant differences
of the times factor (F= 4765.53, P= 0.001), groups factor (F= 2222.54, P=0.0001), Also we found a significant
differences of the interaction between times and groups factors (F=742.63, P=0.001) when sphericity assumed,
Pillai's trace showing a significant differences for the time factor, group factor and the interaction between time and
group factors. The histological assessment improve that the most axons of the Group III sections showed
regeneration and a uniform arrangement. Conclusion: The Low level laser therapy is a useful way for treating the
injuries of the nerves and when we use the LLLT at the early stage of the injury of the nerve it will helps in the
minimizing of the loss of nerve functions.
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Introduction
1 —Nerve tissues:

The development of nerve tissues is a process in
which the cellular interaction follow a specific
sequence of Schwann cells'? develops in early stage,
then proliferate and migrate along the nerve axons
radially into the nerve fibers bundles.

2- Nerve degeneration:

The targets of nerve degeneration are the axon,
Schwann cells, and the myelin sheaths.

Inflammatory neuropathies lead to focal
degeneration of the myelin sheath with relative
preservation of the axon. The Regeneration
mechanisms restore the conduction of the nerve fibers
byremyelination. On the other hand, the axonal
damage can be caused by axotomy, crush, ischemia, or
inflammation and can leads to loss of continuity of
axonal integrity and nerve fibres degeneration at the
distal part to the crush site, this is called Wallerian
degeneration (WD),

3- Nerve regeneration:

In case of nerve damage with no tension on the
nerve and end-to-end nerve repair is not possible, it is
necessary to use a nerve graft. The graft must be from
a nerve and must be autogenous which cause minimal
disability. After nerve grafting paraesthesia and
amputation neuroma of the site of donation are takes
place. The basement membrane has an important role
in nerve regeneration, and trials have been made to use
the basement membrane scaffolds of skeletal muscles
as abridging grafts®™. Since Ide et al. reported that
amputated nerves could regenerate and showed that
axons grew through the remaining lumen of the
basement membrane of Schwann cells, The nerve
guide must be integrated into the surrounding tissues
and must guide the nerve fibers towards the distal
nerve stump to secure success. Preventing fibrous
tissue from invading the nerve gap, to be stable as long
as the regenerating nerve fibers are not mature enough,
is also expected, and finally to disappear rather than
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being removed, to avoid the risk of the repaired
nerve®.
4) Low level laser:

Clinical applications for laser light are used in
many branches of medicine and surgery. High power
densities are commonly used to produce a thermally
destructive effect and selective photocoagulation. The
development of lasers during the last 43 years has
produced many wavelengths of laser light to be used
in researches to investigate for a variety of surgical
and medical procedures. Because of their extremely
high powers and clinical effects, these lasers can be
labeled high-level lasers. There is also a class of
lasers, called low-level lasers (LLL), which were
developed to use a purely phototherapeutic process.
The therapy performed with such lasers is called low-
level laser therapy (LLLT), and the lasers are
described as therapeutic lasers. These lasers have
several other names, such as soft laser, low-reactive
laser, low energy laser, and low-intensity level laser.
Therapies that use these lasers are often referred to as
biostimulation or biomodulation. The biomodulation is
more appropriate, because the therapy not only can
stimulate but also can suppress biologic
processes' 2.

2. Materials and Methods:
Animals and Grouping:

Thirty adult male Wistar rats, weighing between
200 g and 250 g, were involved in this study. The rats
were kept in discrete boxes and ate a standard rat food
and allowed a free access to water.

Sciatic Nerve Anatomy and Dissection:

The sciatic nerve axons in the rats arise from
spinal segments L3-L6®"??. It has 4 main branches;
the first one is the sural nerve, and it contains 4%
motor and 96% sensory fibers, the second one is the
lateral sural nerve, which is a coetaneous branch, the
third one is the common peroneal nerve, and the last
one is the tibial nerve'.

The right sciatic nerve was isolated in animals
included in group 3 to induce the crush injury,
Anesthesia was induced using a mixture of Hypnorm,
Dormicum and sterile water, at a ratio of 1:1:2, and a
dose of 0.3 ml/I00 g body weight. Under sterile
conditions, the surgery was performed through a
posterolateral approach. Skin was shaved and prepared
with an antiseptic solution then incised (Fig.1).

Nerve Injury:

The right sciatic nerve was freed then
compressed at the same level of the sciatic notch,
3mm distal to the superior gluteal branch of the sciatic
nerve (Fig. 2).

Crushing was induced to the sciatic nerve using a
portable device which called deadweight device and
using a load of Skg applied on a length of 5Smm for 10

minutes. This load which applied and the length and
time sequences is to cause extensive degeneration in
the axons of the rat sciatic nerve'”.

Low Level Laser Therapy:

A photon plus Semi conductor Diode AlGalnP
Laser, consisting of a control console and a handheld
delivery probe with a probe diameter of 18 mm was
used to deliver the LLLT. The device delivers a
110mW output in a 810nm continuous wavelength.
Functional Assessment:

The SFI is certified as a thematic and quantitative
mode to estimate healing of sciatic nerve after
damage"*'”. It transforms function into numeral
values permitting statistical analysis of the collected
observation. The distance between the first and fifth
toes (toe spreading, TS), the distance between the
second and fourth toes (intermediary toes, IT) and
print length (PL) were measured as described by de
Medinaceli et al'®. The SFI was calculated according
to the following equation as described by Bain et al"”:

CFl— 833 (EPL — NPL) 1095 (ETS — NTS)
N ' NPL ' NTS
p123 EIT=NIT) o
: NIT

Histological Evaluation:

Animals were euthanized after 28 days following
the nerve trauma. The sciatic nerve was then isolated
and dissected for histological examination by light
microscope and electron microscope and Computer
Assisted digital image analysis (Digital morphometric
study).

Statistical analysis:

Fig. (1): A photograph showing the incised skin in the
posterolateral approach.

Data were tabulated, and then analyzed using
statistical package for social science (SPSS) version
17.0. For the analytical statistics, the significance of
difference was tested for the axon count and average
axon total area using numerical parametric univariate
analysis of variance (ANOVA) to compare between
more than two groups followed by post-hoc LSD for
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multiple comparisons. Partial correlation was used to
correlate the relation between axon count and average
axon total area.

Fig. (2): A photograph showing the process in which
the crushing injury is induced to the isolated sciatic
nerve.

The multivariate two-way repeated measure
ANOVA statistical test was used for foot print
measurements followed by Bonferroni post-hoc for

multiple comparisons. The factors for ANOVA were
1) Time and 2) groups, Statistical tests were based on
a type 1 error value of 5% (0=0.05) and a power of
0.85 sample size.

3. Results:
1. Clinical findings:

The wounds healed without complications, and
all the animals continued to increase in weight
satisfactorily during the 28 post-operative days
without any indication of discomfort apart from right
hind limb lameness.

2. Functional Assessment

Functional assessment was undertaken at 1, 3,
10, 20 and 27 days postoperatively. The ANOVA test
for foot print measurements revealed significant
differences regarding the times factor (F=4765.53, P=
0.001), groups factor (F= 2222.54, P=0.0001) and the
interaction between times and groups factors
(F=742.63, P=0.001) when sphericity assumed (Table
1).

Table 1: multivariate two-way repeated measure ANOVA for foot print measurements

Within Test.s of Within- Test.s of Within- Test.s of Between-
Subjects Mauchly's Approx. Subjects Effects Subjects Contrasts Subje.cts Effects
Effect W Chi-Square | Sphericity Assumed Linear (F ratio (F ratio and P
(F ratio and P value) | and P value) value)
Time 130 15.138 4765.53 (0.001) 8431.69 (0.001)
Group .583 4.320 2222.54 (0.001) 2658.74 (0.001) 17492.49 (0.001)
Time * Group | .000 62.434 742.63 (0.001) 5369.71 (0.001)
Table 2: Bonferroni post-hoc for foot print measurements.
Pillai's Trace (F ratio and P value) Groups
Time Group Time * Group Time |1 | I | 111
MeanzSD
3666.09(0.001) 4612.68 | 2345.65/0.001 T1 -8.33£0.72% | -68.66+2.49" | -62.26+2.48
(0.001) T2 -8.26+0.74"" | -71.83+3.04” | -63.27+2.997
T3 -8.33£0.43 [ -52.77£2.27° [ -30.51£2.35°
T4 -8.48+0.41% | -49.4242.43"" [ -20.65£1.39
T5 -8.44+0.39% | -43.94+2.04" [ -11.81x1.21°
Means with same superscript letter in the column indicate a statistical significance at 0.5 P level.
"Means with the same superscript symbol in the row indicate a statistical significance at 0.5 P level.

In addition, significant differences were also
found when linearity assumed regarding times factor
(F=8431.69, P= 0.001), groups factor (F=2658.74,
P=0.001) and the interaction between times and
groups factors (F=5369, P=0.001) (Table 1).

Pillai's trace revealed a significant differences for
the time factor (F=3666.09, P=0.001), group factor
(F=4612, P=0.001) and the interaction between time
and group factors (F=2345.65, P=0.001) (Table 2).

Meanwhile, Bonferroni post-hoc pairwise
statistical test for foot print measurements revealed
significant differences between TI1&T2, TI1&T3,
T1&T4, T1&T5, T2&T3, T2&T4, T2&TS, T3&T4,
T3&T5 and between T4&TS5 for groups II and IIT and
non-significant differences for group I between all
examination periods (Table2).

Moreover, significant differences were found between
groups [ &II, I& IIT and between II&III within each
examination period (Table 2).
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3. Histological examination:
a. Light microscopic findings:

The transverse section of the sciatic nerve for
group I showed the normal healthy composition of
nerve tissues, consisting of a peripheral layer of
connective tissue coat (epineurium) surrounding the
nerve. The fibrous perineurium wrapping individual
nerve fascicles and deep to the epineurium, perineural
epithelium was seen composed of several layers of
flattened cells. A thin layer of connective tissue called
the endoneurium was seen wrapping individual
myelinated nerve fibers. The fibers were composed of
an axon surrounded by myelin sheath and Schwann
cell (Figs.3).

Figure (3): Photomicrograph of sciatic nerve
transverse section for group I showing perineurium (P)
surrounds individual nerve fascicles, endoneurium (E)
surrounding individual myelinated fibers. The fiber is
composed of an axon (N) surrounded by myelin sheath
(M) and Schwann cell (S) (H&EX200).

Group II transverse section showed loss of the
normal architecture of sciatic nerve tissue. The nerve
fascicle illustrated marked absence of large caliber
axons associated with myelin degradation. In addition,
loss of normal connective architecture was clearly
seen. The fibroblasts were irregularly distributed with
irregular arrangement of collagen fibers and the blood
vessels were congested (Figs.4).

Group III sections showed regeneration of most
axons with their uniform arrangement, increased
numbers of Schwann cell and increased amount of
myelin around the axons with the reduction of spaces
between them. There were still few areas of
degenerated axons (Figs.5).

b. Digital image results

One-way ANOVA for axon count revealed a
significant difference between all groups (F= 258.15,
P = 0.001). LSD pairwise comparison revealed
significant differences between groups I & II, I & 111
and between II and III (Table 3). One-way ANOVA
for average axon total area revealed a significant
difference between all groups (F= 430.04, P= 0.001).
LSD pair wise comparison revealed significant
differences between groups I & II, and between 11 &
III. Non-significant difference was found between
group [ & III) (Table 4). Strong positive significant
correlation for group III was found between axon
count and average axon (Table 5).

Figure 4: Photomicrograph of group II transverse
section showing loss of normal nerve tissue
architecture. The nerve fascicle illustrates marked
absence of large caliber axons (N) associated with
myelin degradation (M) and a decrease in the number
of Schwann cells (S). Loss of connective tissue
integrityis clearly obvious for bothperineurium (P) and
endoneurium (E) (H&EX200).

Table 3: One-way ANOVA and LSD post-hoc test for axon count.

One-way ANOVA LSD post-hoc test
F ratio P value Mean=SD
Group I Group 11 Group 111 Total
258.15 0.001 125.50+3.13" 88.90+4.40° 100.50+3.37¢ 104.96+15.93

Means with different superscripts in the same raw are statistically significant at 0.5 P level.
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Table 4: One-way ANOVA and LSD post-hoc test for average axon total area.

One-way ANOVA LSD post-hoc test
F ratio P value Mean+5D

Group [ Group 11 Group 111 Total
430.04 0.001 11.4840.75° 3.840.75° 10.95+0.34" 8.76+3.59

Means with different superscripts in the same raw are statistically significant at 0.5 P level.

Table 5: Partial correlations for group III between axon count and average axon total area.

Normal Variables Count Average
Groups Count Correlation 1.000 .964
Significance (2-tailed) . .000
Df 0 27
Average Correlation .964 1.000
Significance (2-tailed) .000 .
Df 27 0

T .. ® B .8

Figure 5: Photomicrograph of group III showing
regeneration of most axons (N) and the axon shave
uniform arrangement, reduction of spaces between the
axons that surrounded by myelin sheaths (M). Few
areas of degenerated axons are clearly seen (asterisks).
Regeneration of the Schwann cells (S) and increasing
its numbers. Perineurium (P) surrounds individual
nerve fascicles and endoneurium (E) surrounding
individual myelinated fibers (H&EX200).

4. Discussion:

The damage of peripheral nerves in not
uncommon. Causes include traumatic injuries,
inflammatory disorders, and chemotherapy. Such
damage can result in secondary muscle atrophy.
Consequently, this disorder carry a devastating effect
on the patient’s psychological status and quality of
life.***

Different animal models are used for the research
of nerve damage. However, rats remain the most
commonly used, owing to the availability, low cost
and easy manipulation. A key selection factor in this
particular research is the nerve trunk distribution,
which is similar to that in humans.

Different methods have been advocated to induce
compressive nerve damage in animal models;
including tourniquets, forceps and hemostats.*’*"'The
crushing injury was selected in this research to induce
the axonotmesis type of nerve injury, to preserve the
continuity of the endoneural tubule to allow nerve
regeneration by the reactive Schwann cells.®"
*Following nerve injury, Wallerian degeneration
takes place at the distal end of injury, while the
proximal end undergoes retrograde degeneration.®

Timing of laser application is crucial for its
effect. In accordance with our study, Dahlin® and
Belchoir et al® reported a positive functional
improvement following sciatic nerve injury when the
laser is used soon after injury. This early intervention
also minimizes the immediate functional loss.

How LLLT could enhance nerve recovery is
unclear. However, multiple biological processes are
reported to be enhanced following the application of
LLLT. LLLT is reported to accelerate Wallerian
degeneration and growth of the newly formed nerve
fibers.®® Laser is also reported to enhance cultured rat
Schwan cells regeneration in vitro.’” On the
molecular level, LLLT is also reported to increase the
blood flow and to promote the formation of cellular
ATP, which accelerate cellular mitotic activity and
result in superior angiogenesis.**LLLT is also
reported to stimulate neurotropic growth factors such
as growth-associated protein 43 (GAP-43) and
fibroblast growth factor.®**"

In contrast with our results, Bagis et al
reported no beneficial effect of a 904nmLLLTon
injured rat sciatic nerve. The same results were also
reported by Carla et al.®”, who utilized a 808-nm
LLLT.

The use of LLLT following surgical correction
has been reported with promising results. In contrast,
Chen et al.*’ reported a negative effect of 904nm
GaAs laser applied to rat sciatic nerve with a 10-mm

@41
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gap. This could be attributed, however, to the delayed

application of laser used in Chen et al

study,

beginning a week after nerve surgical repair.

The use of LLLT for clinical improvement of

neural deficiency is reported. Promising, however,
limited results are described.*** However, the most
beneficial type of laser, as well as the wave length,
and time of application are yet to be determined.

Conclusions

Low level laser therapy is a promising modality

for treating crushing nerve injuries.

The Early use of LLLT following nerve injury

minimizes the immediate functional loss.

References:

1.

10.

Bunge RP, Bunge MB (1978): Evidence that
contact with connective tissue matrix is required
for normal interaction between Schwann cells
and nerve fibers. J Cell Biol 78:943-950.

Keynes RJ (1987): Schwann cells during neural

development and regeneration: Leaders or
followers? Trends Neurosci 10 137- 139
Gattuso JM, Davies AH, Glasby MA,

Gschmeissner SG, Huang CL-H: Peripheral
nerve repair using muscle grafts. J Bone Joint
Surg [Br] 70:524-529, 1988.

Glasby MA, Gschmeissner SG, Hitchcock RIJI,
Huang CL-H: The dependence of nerve
regeneration through muscle grafts in the rat on
the availability and orientation of basement
membrane. J Neurocytol 15:497-510, 1986.
Glasby MA, Gschmeissner SE, Hitchcock RIJI,
Huang CL-H: Regeneration of the sciatic nerve
in rats: The effect of muscle basement
membrane. J Bone Joint Surg [Br] 68:829—833,
1986.

Glasby MA, Gschmeissner SE, Hitchcock RIJI,
Huang CL-H, de Souza BA: A comparison of
nerve regeneration through nerve and muscle
grafts in rat sciatic nerve. Neurosci Orthop 2:21—
28, 1986.

Glasby MA, Gschmeissner SE, Huang CL, de
Souza BA: Degenerated muscle grafts used for
peripheral nerve repair in primates. J] Hand Surg
[Br] 11:347-351, 1986.

Ide C: Nerve regeneration through the basal
lamina scaffold of the skeletal muscle. Neurosci
Res 1:379-391, 1984.

Keynes RJ, Hopkins WG, Huang CL-H:
Regeneration of mouse peripheral nerves in
degenerating skeletal muscle: Guidance by
residual myofibril basement membrane. Brain
Res 295:275-281, 1984.

Waller A (1850) Experiments on the section of
the glossopharyngeal and hypoglossal nerves of

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

the frog and observations of the alterations
produced thereby in the structure of their
primitive fibers. Phil Trans R Soc Lond (Biol)
140:423-429.

Abergel RP, Meeker CA, Lam TS, Dwyer RM,
Lesavoy MA, Uitto J. Control of connective
tissue metabolism by lasers: recent developments
and future prospects. J Am Acad Dermatol
1984;11:1142— 50.

Lucas C, Criens-Poublon LJ, Cockrell CT, Haan
RJ. Wound healing in cell studies and animal
model experiments by low level laser therapy;
were clinical studies justified? A systematic
review. Lasers Med Sci 2002;17:110-34.

De Medinaceli I, Freed WJ, Wyatt RJ: An index
of the functional condition of rat sciatic nerve
based on measure- ments made from walking
tracks. Exp Nrurol 77:634-643. 1982.

Bain JR, Mackinnon SE. Hunter DA: Functional
evaluation of complete sciatic. peroneal, and
posterior tibial nerve lesions in the rat. Plast
Reconstr Slug 83:12Y-138, 1989.

Mendonga AC, Barbieri CH, Mazzer N. Directly
applied low intensity direct electric current
enhances peripheral nerve regeneration in rats. J
Neurosci Methods. 2003;129:183-90.
Monte-Raso VV, Barbieri CH, Mazzer N, Fasan
VS. Can therapeutic ultraCan therapeutic ultra-
sound influence the regeneration of peripheral
nerves? J Neurosci Methods. 2005;142:185-92.
Endo C, Barbieri CH, Mazzer N, Fazan VS. A
laserterapia de baixa intensidade acelera a
regeneracdo de nervos periféricos. Acta Ortop
Bras. 2008;16:305-10.

Rochkind S, Drory V, Alon M, Nissan M,
Ouaknine GE. Laser phototherapy (780nm), a
new modality in treatment of long-term
incomplete peripheral nerve injury: a randomized
double-blind placebo-controlled study. Photomed
Laser Surg. 2007;25:436-42.

Rochkind S, Leider-Trejo L, Nissan M, Shamir
MH, Kharenko O, Alon M. Effi-cacy of 780-nm
laser phototherapy on peripheral nerve
regeneration after neurotube reconstruction
procedure (double-blind randomized study).
Photomed Laser Surg. 2007;25:137-43.
Mendonga AC, Barbieri CH, Mazzer N. Directly
applied low intensity direct electric current
enhances peripheral nerve regeneration in rats. J
Neurosci Methods. 2003;129:183-90.
Monte-Raso VV, Barbieri CH, Mazzer N, Fasan
VS. Can therapeutic ultraCan therapeutic ultra-
sound influence the regeneration of peripheral
nerves? J Neurosci Methods. 2005;142:185-92.
Endo C, Barbieri CH, Mazzer N, Fazan VS. A
laserterapia de baixa intensidade acelera a



Journal of American Science 2016;12(9)

http://www.jofamericanscience.org

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

regeneracdo de nervos periféricos. Acta Ortop
Bras. 2008;16:305-10.

Rochkind S, Drory V, Alon M, Nissan M,
Ouaknine GE. Laser phototherapy (780nm), a
new modality in treatment of long-term
incomplete peripheral nerve injury: a randomized
double-blind placebo-controlled study. Photomed
Laser Surg. 2007;25:436-42.

Navarro X, Vivo M, Valero-Cabre A (2007)
Neural plasticity after peripheral nerve injury and
regeneration. Prog Neurobiol 82: 163-201.
Allodi I, Udina E, Navarro X (2012) Specificity
of peripheral nerve regeneration: interactions at
the axon level. Prog Neurobiol 98: 16-37.
Rodrigues FJ, Valero-Cabré A, Navarro X (2004)
Regeneration and functional recovery following
peripheral nerve injury. Drug Discov Today Dis
Models 1:177-185. doi:10.1016/j.ddmod.
2004.09.008.

Lundborg G: Nerve Injury wurzd Repair.
Edinburgh, Churchill Livingstone, 1988.
Gutmann E, Sanders FK: Recovery of fibre
numbers and diameters in the regeneration of
peripheral nerve. J Physinl 101:489-S 18, 1943
Hasegawa K: A new method of measuring
functional recovery after crushing the peripheral
nerves in unanesthetized and unrestrained rats.
k.rperientiu 34:272-273, 1978.

Lent R (2004) Cem bilhdes de neur6nios:
conceitos fundamentais da neurociéncia, 3rd edn.
Atheneu, Sao Paulo, p 135.

Lubiatowski P, Unsal FM, Nair D, Ozer K,
Siemionow M (2008) The epineural sleeve
technique for nerve graft reconstruction enhances
nerve recovery. Microsurgery 28:160-167.
Doi:10.1002/ micr.20472.

Monte-Raso VV, Barbieri CH, Mazzer N,
Yamasita AC, Barbieri G (2008) Is the sciatic
functional index always reliable and
reproducible? J Neurosci Methods 170:255-261.
doi:10.1016/j.jneumeth.2008.01.02.

Navarro X, Vivo' M, Valero-Cabre” A (2007).
Neural plasticity after peripheral nerve injury and
regeneration. Progress in Neurobiology 82: 163—
201.

Dahlin LB (2004) The biology of nerve injury
and repair. ] Am Soc Surg Hand 4:143-155.
doi:10.1016/j.jassh.2004.06.006.

Belchior ACI, dos Reis FA, Nicolau RA, Silva
IS, Perreira DM, de Carvalho Pde T. Influence of
laser (660 nm) on functional recovery of the

8/29/2016

11

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

sciatic nerve in rats following crushing lesion.
Lasers Med Sci. 2009 Nov;24(6):893-9. doi:
10.1007/s10103-008-0642-3. Epub 2009 Feb 6.
Schindl A, Schindl M, Pernerstorfer-Schén H,
Schindl L. Low-intensity laser [(therapy: a
review. J Investig Med. 2000;48:312-26.

Van Breugel HH, Bar PR (1993) He-Ne laser
irradiation affects proliferation of cultured rat
Schwann cells in a dose-dependent manner. J
Neurocytol 22: 185—190.1

Khullar SM1, Brodin P, Messelt EB, Haanaes
HR. The effects of low level laser treatment on
recovery of nerve conduction and motor function
after compression injury in the rat sciatic nerve.
Eur J Oral Sci. 1995 Oct;103(5):299-305.

Shin DH, Lee E, Hyun J, Lee SJ, Chang YP, Kim
J, Choi YS, Kwon BS (2003) Growth-associated
protein-43 is elevated in the injured rat sciatic
nerve after low power irradiation. Neurosci Lett
344:71-74. doi:10.1016/S0304-3940(03)00354-
9.

IThsan FRM (2005) Low-level laser therapy
accelerates collateral circulation and enhances
microcirculation. Photomed Laser Surg 23:289-
294. doi:10.1089/pho.2005.23.289.

Bagis S, Comelekoglu U, Coskun B, Milcan A,
Buyukakilli B, et al. (2003) No effect of GA-AS
(904 nm) laser irradiation on the intact skin of
the injured rat sciatic nerve. Lasers in Medical
Science 18: 83—88.

Medalha CC, Di Gangi GC, Barbosa CB,
Fernandes M, Aguiar O, et al. (2012) Low-level
laser therapy improves repair following complete
resection of the sciatic nerve in rats. Lasers Med
Sci 27: 629-635.

Chen YS, Hsu SF, Chiu CW, Lin JG, Chen CT,
et al. (2005) Effect of low-power pulsed laser on
peripheral nerve  regeneration in  rats.
Microsurgery 25: 83—89.

Ozen T1, Orhan K, Gorur I, Ozturk A. Efficacy
of low level laser therapy on neurosensory
recovery after injury to the inferior alveolar
nerve. Head Face Med. 2006 Feb 15;2:3.
Fihrer-Valdivia Al, Noguera-Pantoja A,
Ramirez-Lobos V, Solé-Ventura P. Low level
laser effect in patients with neurosensory
impairment of mandibular nerve after sagittal
split ramusosteotomy. Randomized clinical trial,
controlled by placebo. Med Oral Patol Oral Cir
Bucal. 2014 Jul 1; 19(4):e327-34.



