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Abstract The objective of this study was to evaluate three
energy densities of low-level laser therapy (LLLT, GaAlAs,
780 nm, 40 mW, 0.04 cm2) for the treatment of lesions to
peripheral nerves using the sciatic nerve of rats injured via
crushing model (15 kgf, 5.2 MPa). Thirty Wistar rats (♂,
200–250 g) were divided into five groups (n = 6): C—control,
not injured, and irradiated; L0—injured nerve without irradi-
ation; L4—injured nerve irradiated with LLLT 4 J/cm2

(0.16 J); L10—injured nerve irradiated with LLLT 10 J/cm2

(0.4 J); and L50—injured nerve irradiated with LLLT 50 J/
cm2 (2 J). The animals were sacrificed 2 weeks after the injury
via perfusion with glutaraldehyde (2.5%, 0.1 M sodium
cacodylate buffer). The nerve tissue was embedded in
historesin, cut (3 μm), mounted on slides, and stained
(Sudan black and neutral red). The morphological and quan-
titative analysis (myelin and blood capillary densities) and
morphometric parameters (maximum and minimum
diameters of nerve fibers, axon diameter, G-ratio, myelin
sheath thickness) were assessed using the ImageJ software.
ANOVA (parametric) or Kruskal-Wallis (nonparametric) tests
were used for the statistical analysis. Groups L0, L4, L10, and
L50 exhibited diminished values of all the quantitative and
morphometric parameters in comparison to the control group.

The morphological, quantitative, and morphometric data re-
vealed improvement after injury in groups L4, L10, and L50
(irradiated groups) compared to the injured-only group (L0);
the best results, in general, were observed for the L10 group
after 15 days of nerve injury.
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Introduction

Peripheral nerves are composed of neuron extensions, glial
cells, and connective tissue; their peripheral portions are de-
pendent on the continuity and integrity of the central portion
[1–3]. The peripheral nerve injuries occur more often than
spinal cord lesions [3, 4], 30% of which arise from lacerations
due to sharp objects and long bone fractures and the remaining
due to penetrating injuries, crush, ischemia, traction, electric
shock, and vibration [4].

Peripheral nerve injuries result in a loss or reduction of
sensation and motor activity of the innervated area. The inju-
ries usually lead to retrograde axonal degeneration of neurons
in the spinal cord, followed by slow and often incomplete
regeneration [5]. Nerve crush injury is a common type of
nerve damage that results in experimentally induced axonal
interruption but preserves the conjunctive sheaths, called
axonotmesis [6].

The regeneration of peripheral nerves must be accom-
plished via multiple approaches in addition to surgical op-
tions, such as incorporating low-level laser therapy (LLLT)
[3, 7]. The precise photobiomodulation mechanisms of near-
infrared (NIR) light and their therapeutic benefits have not
been fully understood. NIR light (600–1200 nm) has
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significant photobiomodulation capacity, whereby their pho-
tons are absorbed by cytochrome C oxidase in the mitochon-
drial respiratory chain, which is the initial trigger of
photobiomodulation. The increased activity of cytochrome C
oxidase in turn increases the production of adenosine triphos-
phate (ATP), which in wounds or areas with low blood perfu-
sion can activate injured cells and metabolic disorders [8].

Many s tudies have shown the impor tance of
photobiomodulation therapy in neurology for the treatment
of stroke, traumatic brain injury, brain degenerative disease,
spinal cord injury, and peripheral nerve regeneration [9]. The
photochemical and photobiological effects of LLLTat the cel-
lular level can induce trophic conditions and inhibit inflam-
matory processes, which are necessary for nerve regeneration
[10]. LLLT improves neurite outgrowth, ATP production,
gene expression, and secretion of neural factors [11].

However, there is a wide variation among the physical
parameters used in the application of the laser on nerve le-
sions, particularly regarding the energy density. In animal
studies, for crushed or sectioned peripheral nerves of posterior
paws (hindlimb), the studied energy densities ranged from 3 to
80 J/cm2, passing through 4, 5, 8, 10, 15, 20, 40, 50, and 60 J/
cm2 [12–22]. Most studies revealed some functional and/or
morphological improvement [12, 14, 15, 17, 19, 20].
However, improvements were not observed in some studies
[13, 18].

The incidence of peripheral nerve injuries is still high, and
still there are no fully effective treatments for recovery from
these injuries, which causes a loss in the quality of life.
Current studies have revealed many promising results for the
use of low-level lasers in the recovery of nerve damage, al-
though significant variability in the physical parameters has
also been observed in these studies. This study sought to better
understand the treatment of peripheral nerve injuries by ana-
lyzing three power densities of photobiomodulation therapy
with LLLT (4, 10, and 50 J/cm2) often applied to nerve dam-
age which revealed promising results previously, in order to
compare objectively and directly changes and possible im-
provements of these three protocols of LLLT.

The hypothesis of this study is that different LLLT energy
densities can generate different morphological and morpho-
metric responses related to regeneration of the nerve injured
by a controlled compression. We aimed to determine whether
these three energy densities (4, 10, or 50 J/cm2) reveal the
most significant improvement in nerve structure.

Materials and methods

Animals

Thirty Wistar rats (male, 200–250 g), were allocated in five
groups (n = 6) (Table 1). The animals were kept at in a

bioterium in polypropylene boxes (Beiramar Ltda, Santo
Antonio, SP, Brazil) with four animals per cage. The housing
environment was maintained at 22 to 24 °C with 12 h of
daylight per 24 h and cycling air, and animals were given food
and water ad libitum.

For nerve injury, animals were anesthetized with ketamine
(75 mg/kg, Agener Uniao, São Paulo, Brazil) and xylazine
(10 mg/kg, Hertape, Juatuba, MG, Brazil) followed by hair
removal from the lateral face of the left hind paw. An incision,
using no. 24 scalpel blade (EMBRAMAC, Campinas, SP,
Brazil), in the skin and divulsion of the gluteus maximus
and biceps femoris to the left sciatic nerve were exposed.
The injury site was standardized based on the location of the
upper and lower bone spines on the ventral face of the iliac
crest. The skin incision (∼2 cm) was perpendicular to the line
joining these bony processes and down 2 cm caudally in the
lateral hind paw.

The animals were placed over a stainless steel base con-
structed to induce nerve damage using a Bdead weight.^ For
the controlled crushing of the left sciatic nerve, a 15-kg load
was applied to the sciatic nerve to induce lesion [23] for
10 min with a circular crush area ∼0.2826 cm2 (Ø 0.6 cm,
5.2 MPa, 53.07 kgf/cm2) (Fig. 1a). After the injury, the sciatic
nerve was repositioned, the skin was sutured using a nylon 4-0
suture, and 10 mg/ml of anti-inflammatory agent flunixin
meglumine (Banamine, MDS, Cruzeiro, SP, Brazil) and the
broad-spectrum antibiotic pentabiotic (Fort Dodge, Zoetis,
Campinas, SP, Brazil) were administered.

Low-level laser application

The Twin Laser (MMO, São Carlos, SP, Brazil)
(GaAlAs) device was used. Six irradiations were applied
on 6 alternate days at three points of the injured nerve
region, corresponding to the proximal, distal, and central
regions of the lesion, based on the same anatomical
locations used to perform injury of the sciatic nerve.
The animals were mechanically restrained, preventing
the need to use general anesthesia, and thus reducing
the loss of animals during the application of LLLT
(Fig. 1b). The irradiation parameter data are presented
in Table 2.

Collection and processing of the material

After 2 weeks of nerve injury, the animals were killed
via rupture of the diaphragm under general anesthetic
followed by intra-cardiac perfusion with 0.05 M phos-
phate buffer (pH 7.4) for vascular cleaning and glutar-
aldehyde (2.5% in buffer sodium cacodylate, 0.1 M,
pH 7.2, 1 ml/g, MERCK, Darmstadt, Germany) for fix-
ation. Following dissection, the tissue was collected,
processed, and embedded in historesin (Leica, Wetzlar,
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Germany). The tissue was obtained from microtome cuts
(3 μm) of the nerves followed by mounting on histo-
logical slides. To stain the slides, the slides were soaked
in 100% alcohol (MERCK, Darmstadt, Germany) for
15 min, followed by successive baths in Sudan black
(VETEC, Duque de Caxias, RJ, Brazil) for 15 min
and neutral red for 2 min and washing in distilled wa-
ter. We opted for this color because Sudan black stains
the lipid portion [24] of the myelin sheaths, and the

background is stained by neutral red (VETEC, Duque
de Caxias, RJ, Brazil), improving image contrast.

Qualitative morphological analysis

The histological sections were stained with Sudan black and
neutral red and photographed using a M2 Zeiss microscope
with an AxioCam camera MRc (Zeiss, Oberkochen,
Germany) and the images were digitally stored. The nerves

Fig. 1 Material and methods. A Sciatic nerve lesion by controlled
compression model (15 kgf, 5.2 MPa, 10 min) using stainless steel
apparatus especially made for this purpose. B Application of LLLT
(Twin Laser MMOptics) using mechanical containment method. C’
Preparation of histological images for the myelin quantification
analysis. Original image obtained under the microscope (mag. ×320).
C^ Picture prepared for analysis using the ImageJ software showing

binary (black and white) images, areas around the nerve, and deleted
capillaries (mag. ×320). D Representative sketch of a nerve fiber that
shows the morphometric parameters analyzed. Blue arrow—maximum
diameter of nerve fiber. Red arrow—minimun diameter of nerve fiber.
Green arrow—diameter of the axon. Orange arrow—thickness of the
myelin. G-ratio—Bdiameter of the axon/maximum diameter of the
nerve fiber^

Table 1 Experimental groups
Control group

(C)
- Anesthetized animals and lateral position for 10 min

Laser group 0
(L0)

- Anesthesia and nerve compression (15 kgf, 10 min)

Laser group 4
(L4)

Anesthesia, nerve compression (15 kgf, 10 min), LLLT of 4 J/cm2 (Belchior et al. [12],
Dos Reis et al. [13])

Laser group 10
(L10)

- Anesthesia, nerve compression (15 kgf, 10 min), LLLT of 10 J/cm2 (Barbosa et al. [14])

Laser group 50
(L50)

- Anesthesia, nerve compression (15 kgf, 10 min), LLLT of 50 J/cm2 (Medalha et al. [16])
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were analyzed and photographed. A comparative analysis of
the morphological characteristics of the samples of the five
study groups was then performed.

Quantitative histological analysis

The regions around the nerve, blood vessels, and areas of
nerve degeneration were deleted such that the figures reported
here do not include these areas as myelin sheaths. The images
were processed in pure black and white (binary), and the dark
area was quantified using the ImageJ software (National
Institutes of Health NIH, Stapleton, NY, USA), yielding the
area of myelin by quantifying the number of black pixels
(Fig. 1(c’) and (c^)). The total nerve area surrounding the
nerve in the original image was obtained using the ImageJ
software, and the final value obtained was the ratio of the area
of myelin to nerve total area (area myelin/nerve area), which
was compared among the groups. In addition, the capillaries
present in the nerve were quantified and subsequently used to
calculate capillary density, i.e., the number of capillaries pres-
ent in the area of the nerve (capillaries/mm2).

Morphometric analysis

The morphometric analyses were performed on the original
images using the ImageJ software. The parameters evaluated
were the maximum (blue arrow, Fig. 1d) and minimum diam-
eters of nerve fiber (red arrow, Fig. 1d), which represent dis-
tinct values since usually the shape of the nerve fibers is rep-
resented by an ellipse; the diameter of the axon (green arrow,
Fig. 1d); the G-ratio (ratio between the axon diameter and the
nerve fiber diameter), which takes a value ranging from 0 to 1
corresponding to the degree of myelination of fibers [25–27];
and the thickness of the myelin sheaths (orange arrow,
Fig. 1d). In each group, 18 photomicrographs, 3 per animal,
were evaluated.

Statistical analysis

Statistical analysis was performed with using the SigmaPlot
12.0 software (Systat software Inc, San Jose, CA, USA). The
Shapiro-Wilk test was selected to assess data normality. For
data with normal distributions, the one-way ANOVA
(p = 0.05) with the Holm-Sidak post hoc test [28] was
employed, and the data are presented as the mean ± SD. For
data that did not follow a normal distribution, we used the
Kruskal-Wallis followed by a Dunn’s post hoc test, in which
case, the data are presented as the median, low (25%), and
high (75%).

Results

Qualitative morphological analysis

The images reveal the different characteristics among the five
protocols applied in the different study groups after 15 days of
nerve injury.

The histological analysis revealed that the sciatic nerve
crush lesion induced with a load of 15 kgf for 10 min was
effective in destroying nerve fibers, as the injured groups (L0,
L4, L10, and L50; Fig. 2b–i) showed a clear reduction in the
number and size of nerve fibers compared to the control group
(C; Fig. 2a).

The injured group that was not irradiated L0 (Fig. 2b, c)
exhibited formation of glial cells, such as Schwann cells,
which are important for the support and maintenance of nerve
fibers. These cells occupied nearly the entire area of the trans-
verse section and thus present in higher number than observed
in the control group C, and fewer and smaller nerve fibers with
thin myelin layers and a spaced distribution were noted in the
L0 group.

The irradiated groups (L4, L10, and L50) showed an im-
provement in post-injury status compared to L0 beyond the
critical period of 15 days, for which the results differed based
on the applied energy density.

The L4 group with 4 J/cm2 (Fig. 2d, e) showed an improve-
ment in the morphological characteristics compared with the
L0 group due to the greater amount of myelinated nerve fibers
with larger diameters, although many Schwann cells were still
observed in the myelin degeneration areas. The L4 results
clearly revealed lower quality compared to the control group.

The energy densities of 10 and 50 J/cm2 (L10, Fig. 2f, g
and L50, Fig. 2h, i) improved the morphologies of the nerve
fibers in comparison to L0 and L4. The myelin fibers were
larger and more numerous and exhibited a more uniform dis-
tribution in the cross-sectional area of the sciatic nerve. The
number of Schwann cells decreased, although these cells were
still present, especially in the L50 group.

Table 2 LLLT irradiation parameters

Power 40 mW (0.04 W)

Intensity 1 W/cm2

Energy density 4, 10, and 50 J/cm2

Wavelength 780 nm

Irradiation time (per point/total) 4/12, 10/30, and 50/150 s

Irradiations points number 3

Type Continuous wave (CW)

Beam direction Perpendicular to the skin

Deposited energy (per point/total) 0.16/0.48, 0.4/1.2, and 2/6 J

Spot irradiation area 0.04 cm2

Number of sessions 6 (alternate days)
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Quantitative histological analysis

Myelin density

To analyze of the density of myelin, cross-sectional areas of
the samples were subjected to an ANOVA on ranks test and
Dunn’s post hoc test due to failure of the Shapiro-Wilk nor-
mality test (p = 0.03). Group C (52.88, 47.89, and 61.19%)
exhibited the highest value for this parameter, with a signifi-
cant difference compared to the other study groups, L0 (8.84,
1.79, and 11.95%), L4 (13.54, 5.10, and 19.08%), L10 (12.43,
9.27, and 21.28%), and L50 (14.69, 6.33, and 18.56%)
(Fig. 3a).

Capillary density

ANOVA and a Holm-Sidak post hoc test were used for the
statistical analysis of the density of blood capillary because the
data samples exhibited a normal distribution. The capillary

density data revealed that the injured group without treatment
L0 (54.25 ± 26.4 cap/mm2) showed a significant reduction in
the number of vessels compared to the control group C (85.65
± 22.64 cap/mm2). Among the treated groups, the L4 (73.0
±23.51 cap/mm2) group was the only group similar to L0;
however, the L4 group was also similar to groups L50
(92.65 ± 37.47 cap/mm2) and C. The group with the largest
capillary density was the L10 group (107.12 ± 33.07 cap/
mm2), which was significantly different than the L0 and L4
groups and similar to the C and L50 groups (Fig. 3b).

Morphometric analysis

All morphometric data on the maximum and minimum diam-
eters of the nerve fibers, axonal diameters, myelin thickness,
and G-ratio were not normally distributed, and thus, for the
statistical analyses, we used an ANOVA on ranks test follow-
ed by a Dunn’s post-test. The data are presented as the median,
25 and 75%.

Fig. 2 Histological images. a–c Sciatic nerve with normal morphology
showing nerve fibers (arrow), glial cells (short arrow), and capillaries
(arrowhead) (mag. a, ×320; b, ×640). c, d L0 group—crushed sciatic
nerve (15 kgf) without LLLT irradiation showing reduced nerve fibers
(arrow), many glial cells (short arrow), and capillaries (arrowhead)
(mag. c, ×320; d, ×640). e, f L4 group—crushed sciatic nerve (15 kgf)
with LLLT irradiation of 4 J/cm2, revealing nerve fibers (arrow), glial

cells (short arrow), and capillaries (arrowhead) (mag. e, ×320; f, ×640).
g, h L10 group—crushed sciatic nerve (15 kgf) with LLLT irradiation of
10 J/cm2 showing nerve fibers (arrow), glial cells (short arrow), and
capillaries (arrowhead) (mag. g, ×320; h, ×640). i, j L50 group—
crushed sciatic nerve (15 kgf) with LLLT irradiation of 50 J/cm2

showing nerve fibers (arrow), glial cells (short arrow), and capillaries
(arrowhead) (mag. i, ×320; j, ×640)
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Maximum diameter of nerve fiber

Regarding the maximum diameter of the nerve fibers, all of
the groups differed from one another, except the L4 (0.88,
0.71, and 1.16 μm) and L10 (0.91, 0.77, and 1.1 μm) groups,
which were similar regarding the upper values of the median
compared to the other injured groups. The control group
(1.62, 1.45, and 1.81 μm) showed the highest values for the
maximum diameter of the nerve fiber, and the L0 group (0.74,
0.6, and 0.88 μm) showed the lowest value for this parameter.
The L50 group (0.85, 0.68, and 1.04 μm) had values between
the C and L0 groups (Fig. 4a).

Minimum diameter of nerve fiber

The minimum diameter of nerve fiber differed among all
groups, except the L4 (0.6, 0.49, 0.79 μm) and L50 (0.6,
0.49, and 0.74 μm) groups, which were similar. Group C
(1.1, 0.96, and 1.26 μm) had the highest values, and the L0
group (0.74, 0.6, and 0.88 μm) had the lowest values for this
morphometric parameter. Notably, the L10 group (0.65, 0.55,
and 0.79 μm) exhibited values between the C and L0 groups,
with slightly larger values than the medians of L4 and L50
groups (Fig. 4b).

Axonal diameter

The axonal diameter differed among all study groups, except
between the groups L4 (0.52, 0.41, and 0.71 μm) and L50
(0.52, 0.41, and 0.66 μm), which were similar. The untreated

injured L0 group (0.41, 0.33, and 0.52 μm) exhibited the
lowest values, and the control group C (0.88, 0.77, and
1.04 μm) had the highest values for this morphometric param-
eter. Among the groups irradiated with LLLT, the L10 group
(0.58, 0.47, and 0.74 μm) had the highest median value
(Fig. 4c).

Myelin thickness

The thickness of the myelin sheath of the nerve fibers was
higher in the C group (0.37, 0.31, and 0.44 μm) compared
to the other groups. The lowest values were observed for the
L0 (0.15, 0.11, and 0.18μm) and L50 (0.15, 0.12, and 0.2μm)
groups, which were similar to each other, followed by the L4
(0.18, 0.14, and 0.22 μm) and L10 (0.16, 0.12, and 0.20 μm)
groups, which were also similar to each other that exhibited
the highest median values compared to the other injured
groups (Fig. 4d).

G-ratio

Regarding the G-ratio, a parameter that measures the degree of
myelination of nerve fibers, the C group (0.55, 0.48, 0.60) had
the lowest value, followed by the L0 (0, 58, 0.53, 0.65) and L4
(0.60, 0.53, 0.66) groups, which exhibited similar values with
slightly larger median values. Finally, the highest G-ratio
values were noted for the L10 (0.63, 0.57, 0.69) and L50
(0.62, 0.56, 0.68) groups, which were also similar (Fig. 4e).

Fig. 3 Histological quantification. A Myelin density analysis graph
(ratio between the area of the myelin nerve area of the cross section) for
the six rats of the study groups; the letters represent significant differences

(p < 0.05). B Graph of the densities of capillaries (number of capillaries/
nerve cross-section area in mm2) for the six rats of the study groups;
letters a and b represent significant differences (p < 0.05)
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Discussion

In our study, three low-level laser (LLLT) energy densities
were applied after nerve crush injuries to sciatic nerves. The
load used for the lesion was 15 kgf (10 min), and the analysis
was performed after 15 days; thus, it was possible to assess the
effect of LLLT immediately after irradiation protocol. Three
LLLT energy densities (4, 10, and 50 J/cm2) were chosen
according to previous literature [12, 14, 16] to assess three
energy density levels: low, medium, and high.

The variability of the physical parameters (energy density,
wavelength, intensity, power, and irradiation time) of LLLT
remains a subject of discussion. In this type of study, it is
increasingly important to improve how such variations are
managed and to employ the best physical parameters for each
case. The variability of the energy density applied to the nerve
injury is wider than that proposed in previous studies, which
ranged from 1 J/cm2 [11] to 450 J/mm2 [29]. However, we
evaluated three densities that were frequently used in previous
studies [11–18, 30]. The 15-kgf load was chosen for its known
ability to induce axonal injury [23].

The morphological analysis showed that the control group
with normal characteristics contained many densely

distributed nerve fibers in the cross-sectional area that were
larger compared to the injured groups (L0, L4, L10, and L50).
These observations are consistent with Wood et al. [31], who
reported demyelination as a consequence of crush injury to
peripheral nerves. The injured and irradiated groups (L4, L10,
and L50) revealed better features compared to the L0 group.
These groups exhibited more nerve fibers with better distribu-
tions and larger sizes, but these features were still below those
observed in the control group after 15 days of nerve injury.
Among the treated groups, the L10 group presented morphol-
ogy closest to that of the control group, with a better organi-
zation and distribution of nerve fibers. The likely reasons for
such improvements include the possibility that the LLLT, due
to its photochemical and photobiological effects at the cellular
level, may induce trophic conditions and inhibit inflammatory
processes, which is necessary for nerve regeneration, thus im-
proving the growth of neurite ATP production, gene expres-
sion, and the secretion of neural factors [10, 11]. Data from
quantitative analysis decreased after nerve injury. The myelin
density revealed no significant differences between the irradi-
ated animals with the injured-only animals. However, a trend
of rising values in the treated groups was observed. The cap-
illary density values of the L4 and L50 groups reached values

Fig. 4 Morphometric analysis. a Morphometric analysis graph of the
maximum diameter nerve fibers for the six rats of the study groups; the
letters represent significant differences (p < 0.05). b Morphometric
analysis graph of the minimum diameter nerve fibers for the six rats of
the study groups; the letters represent significant differences (p < 0.05). c
Morphometric analysis graph of the axon diameter for the six rats of the
study groups, the letters represent significant difference (p < 0.05). d

Morphometric analysis graph of the thickness of the myelin sheath for
the six rats of the study groups; the letters represent significant differences
(p < 0.05). e Morphometric analysis graph of the G-ratio (ratio of axonal
diameter/maximum diameter nerve fiber) for the six study groups. In all
graphs, the different letters a, b, c, and d represent significant differences
(p < 0.05) among the groups, and the similar letters represent no
significant differences (p > 0.05) among the groups
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similar to the control group, and the L10 group showed even
greater values than the control. These data are relevant be-
cause increased vascular permeability and angiogenesis are
crucial for wound healing. The increase in vascular permeabil-
ity allows cytokines and growth factors to reach the injured
tissue [32].

The morphometric analysis corroborates previous analy-
ses. The maximum and minimum diameters of the nerve fi-
bers, the axonal diameter, and the myelin sheath thickness had
reduced values in the L0 group. The LLLT (L4, L10, and L50)
groups showed higher values than the L0 group, although the
treated groups did not reach values similar to the control. The
minimum nerve fiber diameter and axon diameter of the L10
group were closer to the control, and the maximum diameter
and myelin sheath thickness of the L10 group which was
followed by the L4 group were the closest to the control
values.

The G-ratio of all of the groups showed values close to the
ideal value of 0.6 [26, 33, 34]. However, the nerve injury and
irradiation by the LLLT led to increases in the morphometric
parameters, and energy densities of 10 to 50 J/cm2 represented
the highest values.

The quantitative and morphometric analysis, even though
they are not directly related to functional evaluation (motor
and/or sensory), can suggest improvements, since these pa-
rameters correlate with the functional outcome of the nerve
recovery [35].

Many recent studies have assessed nerve recovery after
crush injury using the LLLT. Belchior et al. [12] and
Barbosa et al. [14] both used 660-nm wavelength laser with
energy densities ranging from 4 to 10 J/cm2 and reported
histopathological and functional improvements in post-injury.
Gigo-Benato et al. [15] also used 660-nm LLLT and energy
densities of 10 to 60 J/cm2 and succeeded in restoring muscle
fiber-associated pinched nerve and improving the myelin
sheath of the nerve and the area of the transverse section.
The same energy densities also applied to 780-nm laser, which
restored normal levels of myelin and cross-sectional areas of
nerve fibers but did not prevent muscular atrophy.

There is indeed a large variation among the physical pa-
rameters of LLLT for the treatment of nerve injuries. This
study included utilized 780-nmLLLTapplied at three different
power densities of 4, 10, and 50 J/cm2. The Twin Laser
MMOptics equipment has two wavelengths, 660 and
780 nm, in different probes, the 780-nm wavelength was cho-
sen due to its greater ability to penetrate organic tissues [36]
and thus deliver more energy to deeper tissues, such as the
sciatic nerve. Gigo-Benato et al. [15] employed the same
wavelength and also achieved positive results with similar
energy densities. However, the authors mentioned the lack
of prevention of muscle atrophy, which was not examined in
this study. Moreover, Belchior et al. [12] and Barbosa et al.
[14] used 660-nm lasers and obtained positive results with

energy densities of 4 and 10 J/cm2 in injured nerves, as in
the present study.

After sciatic nerve crush, the thickness of the myelin sheath
was significantly increased in the animals administered irradi-
ation with 808-nm LBI at 3 and 8 J/cm2. Treatment at such
low energy densities enhances regeneration of crushed periph-
eral nerve [19]. Takhtfooladi et al. [20] reported improve-
ments in the sciatic functional index (SFI) and the static sciatic
index (SSI) after 14 and 21 days of sciatic nerve crush (5.4 kg)
treated with LLLT (685 nm, 15 mW, CW, 3 J/cm2).

These studies [19, 20] disclosed a laser treatment to treat
crush injuries that employed moderate (8 J/cm2) and low (3 J/
cm2) energy density values, in contrast to previous studies that
have utilized densities up to 450 J/mm2 [29]. Our results
showed improvements for all densities applied, including den-
sities of 4 to 10 J/cm2. This finding is in agreement with this
latest reports, albeit not tested for energy densities as high as
450 J/mm2, which suggests an exaggerated energy density
according to current standards.

Although several studies have reported favorable results
employing LLLT for treatment of nerve injury, other studies
have shown no such improvement. Crushed peroneal nerves
of rats (5 kgf, 10 min) irradiated with LLLT (830 nm, 30 mV,
10.34 J/cm2) for 14 consecutive days exhibited no difference
compared to injured animals without irradiation. No signifi-
cant differences were observed regarding the number of
Schwann cells, and the number of myelinated nerve fibers
was not sufficient for improving neural function. The nerve
fibers of the injured groups had a lower diameter, and LLLT
showed no positive influence on the recovery of peripheral
nerves [30]. Another study regarding crushed peroneal nerves
(5 kg/f) considering the application of various energy densities
of LLLT (830 nm; 5, 10, and 20 J/cm2; 21 days) showed no
improvements in function (peroneal functional index), nerve
cross-sectional area, and nerve fiber density [18]. The animal
gait analysis for crushed sciatic nerve and irradiated with dif-
ferent energy densities of 830 nm LLLT showed that 40 and
80 J/cm2 were more effective, supporting the World
Association for Laser Therapy that does not recommend irra-
diation at densities of 10 J/cm2 for peripheral nerve compres-
sion cases [17].

The negative results observed in studies considering pero-
neal nerve [18, 30] are likely not due to the use of this nerve.
The use of 830-nm LLLT by Marcolino et al. [17] may be
related to the negative results, as all other studies utilizing
other wavelengths observed at least some positive results.

The recommendation by the World Association for Laser
Therapy regarding the use of 10 J/cm2 would not be indicated
for the treatment of crush injuries of peripheral nerves [17].
This fact draws attention that, as in our study, the energy
density of 10 J/cm2 induced the best results following injury.
As in several other studies, some discussed here, the use of
10 J/cm2 or comparable energy density also led to
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improvements in nerves post-injury. Therefore, the physical
parameters of LLLT must be taken into consideration, which
goes far beyond just the chosen energy density, to improve the
biological frameworks. In this study, in addition to energy
density, we suggest that the type of tissue modification/
injury and other parameters, such as the wavelength and type
of radiation, must always be considered.

This controversy illustrates the need for additional studies
to better understand how the various settings and parameters
of low-level lasers affect nerve injury treatments.

Conclusions

In conclusion, the morphological, morphometric, and quanti-
tative results 15 days after sciatic nerve injury due to a load of
15 kgf revealed different outcomes. The 780-nm low-level
laser induced improvement in the injury status for various
energy densities (4, 10, and 50 J/cm2), but the improvements
did not reach control levels, which showed the best results.
However, among the evaluated energy densities, the 10 J/cm2

was the most effective treatment for improving the post-injury
period.
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