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Abstract With the aim of accelerating the regenerative
processes, the objective was to study the influence of
gallium–aluminum–arsenide (GaAlAs) laser (660 nm) on
functional and histomorphological recovery of the sciatic
nerve in rats. The sciatic nerves of 12 Wistar rats were
crushed divided into two groups: control and laser therapy.
For the latter, GaAlAs laser was utilized (660 nm, 4 J/cm2,
26.3 mW and 0.63 cm2 beam), at three equidistant points on
the lesion, for 20 days. Comparison of the sciatic functional
index (SFI) showed that there was a significant difference
only between the pre-lesion value of the laser therapy group
and that after the 21st day in the control group. It was
concluded that the parameters and methods utilized dem-
onstrated positive results regarding the SFI over the time
period evaluated.
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Introduction

The treatment of peripheral nerve lesions constitutes an
important functional problem. Although there is some
recovery in most such lesions, it occurs slowly and
incompletely [1]. Peripheral nerves are highly vulnerable
to traumas such as crushing and sectioning. It is estimated
that the incidence of traumatic lesions is more than 500,000
new patients per year in some countries [2] and that 2.8%
of these patients acquire lifelong incapacities [3]. This
justifies the continuous development of therapies that allow
reductions in the levels of injury and incapacity [4, 5]. The
degree of lesion depends on the specific nerve involved, the
magnitude and type of pressure exerted, and the duration of
the compression [6]. The results of the injury commonly
include: axonal degeneration and retrograde degeneration
of the corresponding neurons in the spinal medulla,
followed by very slow regeneration [7]. Lesions of the
nerve structure result in loss of or diminished sensitivity
and/or motricity in the innervated territory, and this
adversely affects the daily activities of patients with such
lesions. These consequences make it imperative that
objectives be established to obtain early recovery from
such lesions [8].

It is common practice in physiotherapy to use electro-
therapy for regenerative purposes. Electrical [4], ultrasound
[5] and low-power laser (LPL) stimulation have been
utilized for accelerating the regenerative processes, with
the aim of restoring patients’ functional capacities. Laser
applied in the process of functional regeneration and
recovery from peripheral nerve lesions started to be
investigated in the 1970s, and there have been several
divergences in the results obtained so far [9].

A review of the literature on phototherapy for peripheral
nerve repair found that the use of laser was based on several
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wavelengths (632–904 nm), lesion types (crushing, neuro-
rrhaphy and tubulation), sample types, the duration and
manner of the emission and the measurement types (such as
electrophysiological, morphometric and functional) [10].

Our work was undertaken in the light of the need for
studies on the use of diode laser light in the red region of
the electromagnetic spectrum for the neuron repair process.
This is our justification for conducting this study on the
influence of gallium–aluminum–arsenide LPL (660 nm) on
functional recovery of the sciatic nerve in rats following
crushing lesion (axonotmesis).

Materials and methods

Animals

We used 12 adult male rats of Wistar lineage, with body
weights between 300 g and 350, from the central vivarium of
the University for State and Pantanal Region Development
(UNIDERP). They were kept in two cages (six animals per
cage) under controlled lighting and temperature, with
standard food and water available ad libitum.

All the experimental procedures were carried out in
accordance with the norms of the Brazilian College for
Animal Experimentation (COBEA). The project was
approved by the Research Ethics Committee of the
University of the Paraíba Valley (UNIVAP), under number
L184/2005/CEP.

The animals were divided into two experimental groups,
according to the procedure to be carried out.

– Control group (n=6): animals that were subjected to
crushing lesion of the sciatic nerve, unilaterally,
without undergoing irradiation.

– Laser therapy group (n=6): animals that were subjected
to crushing lesion of the sciatic nerve, unilaterally, with
subsequent irradiation in the region of the injury, for 20
consecutive days.

General surgical method

After being weighed, each animal was given pre-anesthetic
medication consisting of butorphanol (Turbogesic®, 2 mg/kg)
[11] together with acepromazine (Acepran®, 1 mg/kg), in a
single dose intramuscularly. Fifteen minutes later, zolazepam
and tiletamine (Zoletil® 50, 40 mg/kg) were administered
[12]. Once anesthetized, the animals were positioned in
ventral decubitus, while the front and hind paws were kept in
abduction. Antisepsis with iodated alcohol was followed by
trichotomy and an incision in the lateral face of the right
thigh, from the level of the greater trochanter to the knee.
The sciatic nerve was exposed and, with the aid of a

magnifying glass and hemostatic tweezers (6.3 MPa), we
produced a lesion by crushing the nerve approximately
3 mm distally from its emergence. The compression was
maintained for 30 s.

After the lesion had been produced, the soft tissue was
sutured with simple stitches of monofilament nylon thread
(Mononylon 5/0, Ethicon®). Following the surgical proce-
dure, each animal was given a dose of Fentanil® intra-
peritoneally (0.032 mg/kg) [13] for prophylaxis of
infections and promotion of analgesia. The administration
of the analgesic was maintained over two consecutive days,
every 12 h after creation of the lesion.

Laser therapy

A gallium aluminum arsenide (GaAlAs) laser emitter made
by KLD® (Endophoton model) was utilized, with wave-
length of 660 nm, power of 26.3 mW and beam area of
0.63 cm2, in continuous mode. The application method was
transcutaneous, at specific points and in contact with the
skin. The energy density was 4 J/cm2, the power density
was 0.0413 W/cm2 and the length of application was 96.7 s.
The average power of the equipment was measured before
the experiment, with a power-measuring device (2-Watt
Broadband Power/Energy Meter, Model 13 PEM 001/J,
Holland). Three points of the surgical incision were
irradiated: one point at each extremity and another at the
midpoint. The laser therapy was started on the first day
after the operation and was continued for 20 consecutive
days. The animals in the control group were subjected to
the same procedure, but with the laser switched off.

Functional analysis

The animals’ footprints were obtained before the operation
and 7 days, 14 days and 21 days after, by means of strips of
paper marked out in millimeters, on a walkway constructed
in accordance with the proposal by Dijkstra et al. [14].
After the rats had undergone initial training for walking
(5 min), their paws were coated with nankeen ink so that
we could record the footprints for analysis of the sciatic
functional index (SFI).

Data analysis

After the data had been, they were subjected to the Shapiro–
Wilk normality test because of the small size of the sample.
Thus, if the sample presented a normal distribution (para-
metric), the analysis of variance (ANOVA) statistical test was
applied with the Tukey post-test, so that comparative analysis
could be performed between the groups. In the case of non-
parametric distribution, the Kruskal–Wallis test would be
adopted. For these procedures, BioEstat® 3.0 statistical
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software was utilized, with a significance level (P) of 5%, i.e.,
if P≥0.05, the hypothesis of normality of the variables
would not be rejected or comparison between the groups
would not present a statistical difference, respectively.

Results

The mean SFI for the control group was −3.5±17.9 before
the lesion had been created, −116.7±27.9 on the 7th day
after the operation, −124.0±27.1 on the 14th day and
−117.7±15.7 on the 21st day. In the laser therapy group,
the mean SFI was −90.6±54.0 on the 7th day after the
operation, −83.1±57.5 on the 14th day and −57.8±57.4 on
the 21st day. In the Shapiro–Wilk normality test, it was
observed that all the groups presented data with normal
distribution (P≥0.05) (Table 1).

Comparative statistical analysis (ANOVA) on the control
group, between the different collection days for the SFI,
showed that only the pre-lesion values were statistically
significant in relation to the other days (P<0.001). In the
laser therapy group, comparisons between the pre-lesion
values and the values on the 7th and 14th days after the
operation presented statistically significant differences
(P<0.01 and P<0.05), but there was no statistical differ-
ence between the pre-lesion values and those on the 21st
day (P>0.05).(Fig. 1) There were also statistical differences
between the 7th and 14th days and between the 14th and
21st days (P<0.01).

Comparison between the control and laser therapy
groups showed that there was a significant difference only
between the pre-lesion value for the laser therapy group and
that for the 21st day after the operation for the control
group (P<0.001).

Discussion

The objective of this study was to analyze the influence of
the GaAlAs laser (660 nm) on the regeneration of the sciatic
nerve in rats following crushing lesion, with evaluation of
the results by means of the sciatic functional index.

Preliminary studies had demonstrated that laser therapy
would have action on both the function and regeneration of
the peripheral nerve. Thus, the study was devised and its
methodology was subsequently investigated so that viable
data could be generated.

Rats were chosen as the experimentation animal because
of the ease of acquiring and handling them. Moreover,
rodents (and particularly mice and rats) have become the
most frequently utilized models because of their low
maintenance costs and the distribution of their nerve trunks,
which is similar to the distribution in humans [2]. Although
lesions of the sciatic nerve are rare in humans, this model
provides a test bench for lesions that involve plurifascicular
nerves with axons of different sizes and types that compete
within the reach of distal endoneural tubes and are targets
for re-innervation [2].

A crushing lesion was chosen, because the regeneration
takes place within a favorable setting provided by reactive
Schwann cells and the preservation of endoneural tubule
continuity [15–17]. Both of these increase axon prolonga-
tion and facilitate adequate re-innervation of the target.
After a short latent period (1 or 2 days), axons regenerate
linearly [18].

Crushing lesions were appropriate for investigating
cellular and molecular events that intervene in peripheral
nerve regeneration and for giving access to factors such as
drugs that could increase the regeneration speed and the
effectiveness of the re-innervation [2].

The way in which the crushing lesions were produced
(with hemostatic tweezers) has also been utilized in a
variety of other studies [7, 19–24]. The duration of the
compression varied, but 30 s was the length of time most
utilized among the above-mentioned studies, with the
exceptions of that by Khullar et al. [22], who utilized
10 min, and Anders et al. [21], who utilized 90 s.

Helium–neon (HeNe) laser (632.8 nm) in the red
emission region of the electromagnetic spectrum is the
wavelength that has been studied most with regard to
biomodulation of the biological response in repair processes
[7, 19–21, 25–28]. Today, lasers using other wavelengths
are being developed and researched, such as those emitting
in the range of 650–830 nm (gallium–aluminum–arsenide)

Table 1 Application of the Shapiro–Wilk normality test for the samples, evaluating the presence of normal distribution for P≥0.05

Groups Control
pre-lesion

Control
7th day

Control
14th day

Control
21st day

Laser
7th day

Laser
14th day

Laser
21st day

Mean −3.5 −116.5 −124.1 −117.5 −90.5 −83.0 −57.8
Standard deviation 17.9 28.0 26.9 15.7 53.9 57.4 57.4
P 0.46* 0.13* 0.40* 0.90* 0.07* 0.05* 0.09*

*P≥0.05
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[22, 24, 29–35] and 904 nm (gallium–arsenide) [23, 36].
GaAlAs laser (660 nm) was selected because it has low
power and a wavelength that is common in clinical practice.
Furthermore, there have not been many previous studies
investigating this wavelength [24].

In clinical practice, low-power laser therapy utilizes
doses of 1–4 J/cm2, together with output powers of between
10 mW and 90 mW, and it has been widely utilized in a
variety of musculoskeletal studies, and also in relation to
painful and inflammatory processes [9]. On this basis, a
density of 4 J/cm2 was justifiable in our study. It is
important to stress that this parameter is extremely variable
in laser therapy studies relating to nerve regeneration.

The utilization of laser as a beneficial biomodulating
instrument in nerve regeneration events is still controver-
sial. Some studies have produced positive evidence [7, 8,
19, 21, 22, 24–29, 31, 32, 35, 37], while others have not
[20, 23, 30, 34, 36, 38]. Many of these studies did not
describe all the parameters necessary, such as the dose,
average power of the apparatus, duration of the application
and manner of application. This leads to difficulty in
understanding their methodologies and, hence, in reproduc-
ing their results, and also difficulties in making compar-
isons between studies.

Walkways are an evaluation method that has been
greatly used [14, 39–41], and they are readily applicable
because they are easy to apply and inexpensive. Some
studies have sought to modernize this data collection
method with digital cameras, thereby making dynamic
evaluations possible [14, 39].

The results obtained from our study, with regard to the
SFI, demonstrate that, after the crush lesion had been

created, there was severe functional loss in both groups on
the 7th day after the operation. However, while the SFI for
the control group became even worse on the 14th day, the
laser therapy group presented functional improvement in
comparison with the 7th day. The explanation for the low
SFI in the irradiated group on the 7th day is probably that,
during the first hours after the lesion had been created in the
axon, the cell bodies had started to undergo a series of
alterations called chromatolysis that are characterized
histologically by ingurgitation of cells, degeneration of the
Nissl substance (the rugose endoplasmic reticulum of the
neuron) and migration of the nucleus from the center to
the periphery. These alterations have the aim of producing
proteins (actin and tubulin) related to the regeneration of
the cytoskeleton of the axons, to the detriment of
neurotransmitter production, and are related to intracellular
transportation and movement of the growth cone [16–18,
42, 43]. The first 7 days after creation of the lesion were
probably marked by these events, but the use of laser
therapy within 24 h of creation of the lesion reduced the
immediate functional loss. This demonstrates that the
therapy should be started during this initial period and
corroborates the affirmations of Dahlin [16]. Fourteen days
after the operation, both the control and laser therapy
groups showed a positive trend regarding improving
functional capacity, but this was more accentuated, with
better values, in the treated group.

In the functional analysis of the control group, the
comparisons between the 7th and 14th days and between
the 14th and 21st days did not demonstrate significant
differences, although all the evaluation days after the lesion
had been created presented a difference in relation to the
pre-lesion value.

With regard to the laser therapy group, the comparative
analyses of the SFI between the different evaluation days
demonstrated significant differences from the pre-lesion
value, except for the 21st day. This suggested that the laser
had had a beneficial effect on the functional improvement.

The molecular basis that would explain the effectiveness
of laser therapy on nerve regeneration is still unclear. Karu
[44] found that irradiation of isolated mitochondria induced
positive alterations in cell homeostasis. The author sug-
gested that some components of the respiratory chain
(cytochromes, flavins and dehydrogenase) would be prima-
ry photoreceptors or chromophores, i.e., capable of absorb-
ing light of certain wavelengths, thereby activating the
respiratory chain. Thus, this would result in increased
synthesis of adenosine triphosphate (ATP), which would
affect the hydrogen levels in the cells, activate other
transported ions such as sodium and potassium, and also
alter the calcium flow between the mitochondria and
cytoplasm. This energy level favored by laser therapy
might have had an influence on the process studied.

Fig. 1 Comparative print out of averages and standard deviation of
analysis of the sciatic functional index (SFI).**P<0.01 and *P<0.05
indicates significant difference from the control group
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Manteifel and Karu [45] reported that cytochrome-
c-oxidase, the terminal enzyme of the respiratory chain, is
a photoreceptor of visible light in the red region of the
spectrum, i.e., the same wavelength region as utilized in our
study. The absorption of the light by this enzyme would
accelerate the transportation of electrons in the respiratory
chain, which would lead to increased transmembrane
electrical potential in the mitochondria, thereby activating
the synthesis of ATP and, consequently, the cell metabolism.

Rochkind and Quaknine [1] reported that the effects of
low-power laser are dependent on the light dose, since low
doses cause regulation of oxidation–reduction in the cell
metabolism, while high doses lead to photodynamic
damage. This affirmation was possible after they had
analyzed different wavelengths and energy doses applied
to fibroblast cells. They found that at 630 nm a greater
number of mitoses was obtained than at 360 nm and
780 nm. The peak was attained with a dose of 15 J/cm2, but
at doses of more than 60 J/cm2 there was a reduction in cell
reproduction. On the basis of these results, the use of a low
density of 4 J/cm2 in our study was justified, thereby
avoiding photodynamic damage and suggesting that in-
creased numbers of mitoses on the fibroblasts of our sample
would be found in the formative layers of the peripheral
nerve (epineuron, perineuron and endoneuron), as in the
studies by Dahlin [16] and Rummler et al. [46].

Other events might explain the functional improvement,
such as: (a) improvement in the transportation of energy and
propagation of calcium ions (Ca2+) in the cytoplasm [46],
which would generate increased cellular functional poten-
tial [47]; (b) acceleration of wound repair and increased
resistance of the scar tissue [48]; and (c) anti-inflammatory
action. Furthermore, the accelerated tissue regeneration and
improved blood circulation were due to the following
effects: (1) increased activity of some cells, such as
leukocytes and phagocytes, and increased calcium in the
cell cytoplasm; (2) accelerated cell division and growth; (3)
activation of protein and cytokine synthesis; and (4)
relaxation of the vessel walls (vasodilatation) by photolysis
of complexes such as nitric oxide (NO). Consequently, it
has been postulated that these reactions would lead to
indirect effects such as bactericide, regeneration and
vasodilatation [49]. Karu et al. [50] stated that NO is also
associated with energy production and stimulation of
mitochondrion biogenesis and apoptosis, and is involved
with analgesic effects and increased microcirculation.

Schwartz et al. [27] found that, after irradiation of
muscle cell cultures (632 nm, 3 J/cm2, 20 mW), there was a
rise in the levels of nerve growth factor (NGF), which is a
neurotropic factor secreted by skeletal muscles that influ-
ences the survival and regeneration of sympathetic and
sensitive neurons in the peripheral nervous system. Other
neurotropic growth factors are also biostimulated by laser

therapy, such as growth-associated protein 43 (GAP-43)
[24] and fibroblast growth factor [51]. The improvement in
the SFI might be due to these events, but histocytochemical
studies will need to be undertaken.

It is believed that the functional improvement is also not
due to the release of neurotransmitters at the neuromuscular
junction, as a result of the study by Nicolau et al. [34],
because of the similarity in wavelength (655 nm) and
energy density utilized (1–12 J/cm2).

Despite the beneficial action of laser therapy on the SFI,
the mean values obtained on the 21st day after the lesion
had been created were neither the same as nor greater than
the pre-lesion values. This suggests that the period of
21 days was still insufficient for complete nerve regener-
ation to take place.

One important fact to be mentioned is the pre-lesion SFI.
It was noted that there was no statistically significant
difference between the two groups at this evaluation time,
thus demonstrating that the study sample was homogeneous.

Sciatic nerve injury implies functional losses with regard
to walking patterns, because of the direct relationship
between the distribution and contribution of the spinal
nerve fibers that form the sciatic nerve [52].

The improvement in the SFI by laser therapy in our
study corroborates the findings of Shin et al. [24]. Those
authors utilized an index associated with immunocyto-
chemistry to analyze the therapeutic effect of laser therapy
(650 nm, 5 mW) on sciatic nerve lesions of axonotmesic
type, with only four consecutive days of treatment. After
the fifth week, there was no statistically significant
difference between the treated group and the control group.
It is interesting to note the similarity between that study and
ours, with regard to wavelength, animal, lesion type and
time taken to achieve a positive effect (3 weeks). Nonethe-
less, further studies are necessary, with the aim of making
observations over periods of treatment longer than 21 days,
or even longer than 5 weeks.

Others studies found satisfactory results with different
wavelengths, such as 632.8 nm [26–28], 780 nm [31],
808 nm [33] and 820 nm [32]. However, in an evaluation of
the effect of GaAlAs laser (820 nm) on sciatic nerves of rats
subjected to axonotmesis, Khullar et al. [22] found that
there was beneficial action on functional and electrophys-
iological evaluations, while histology did not demonstrate
any significant result, despite the differences in wavelength,
power and dose.

Beau and colleagues [15] stated that myelinization of the
regenerated fibers took place between 14 days and 21 days
after creation of a lesion. However, the lesion type utilized in
that study was neurotmesic. From this, it can be seen that,
although the lesion in our study (of axonotmesic type) was
less severe, the 21 laser applications were insufficient. In any
event, neither morphometry nor electrophysiology can
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measure the most important factor, i.e., the SFI, probably
because of the proportion of regenerated fibers that
appropriately reach their target. Thus, morphometric analysis
on experimental traumatic lesions provides a reliable image
of the trophic conditions in the regenerated nerves, but it
does not assist in our understanding the function [53].

Conclusion

The utilization of low-power gallium–aluminum–arsenide
laser (660 nm) showed positive results with regard to
functional recovery in the sciatic nerve of rats following
crushing lesion.
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