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Effects of Infra-Red Lasers on denervated muscle:
A preliminary study in the rats.

Vilai Chentanez  Viyada Raiwa**

Meechai Sreesai* Wisanu Saardsud***

Chentanez V, Raiwa V, Sreesai M, Saardsud W. Effects of Infra-Red Lasers on
denervated muscle : A preliminary study in the rats. Chula Med J 1996 Nov;40(11):

921-32

Objective : To study the effect of InfraRed Laser on the denervated muscle in
comparison with electrical stimulating treatment.

Setting ¢ Department of Anatomy, Faculty of Medicine, Chulalongkorn
University.

Design s Experimental study

Experimental animals : 25 adult Wistar rats were devided into five groups: one control and
Sfour denervated groups included no treatment, electrical stimula-
tion (ES), laser and ES plus laser groups

Methods : Four days after cutting the right sciatic nerve, the tibialis anterior
muscle of that side was treated according to its group. The
circumference and weight of the muscle were measured. Cryostat
sections of the muscle were stained with H & E, and ATPase for
differentiation of muscle fiber types and morphometry.

Results : Type-I muscle fiber was totally disappeared in the denervated
muscle without any treatment, 3% of type-1 fiber in the laser

treated group, 16.9% in the ES group, 14.8% in ES plus laser

.: Department of Anatomy, Faculty of Medicine’ Chulalongkorn University
Department of Orthopedics Surgery and Rehabilitation,Faculty of Medicine, Chulalongkorn University
Department of Physical therapy, Faculty of Allied Medical Science, Chulalongkorn University
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group and 57% in normal (control) group. There were significant
differences in the weight, circumference and diameter of muscle
fibers between control vs denervated group and laser group,
denervatedvs ES group and ES plus laser group, ES vs laser group
and laser vs ES plus laser group. There were no significant
differences betweenthe control VS ES, and ES plus laser, denervated
vs laser and ES vs ES plus laser groups.

Conclusions : The results indicate that Infra - Red laser treatment at a dosage of
4 j/cmz Imw 2.13 minute every other day for 90 days cannot
significantly retard denervation atrophy .

Key words 1 Infra-Red Laser, Denervated muscle, Sciatic nerve denervation,

Low-power laser, Muscular atrophy.

Reprint request : Chentanez V, Department of Anatomy, Faculty of Medicine, Chulalongkorn
University,Bangkok 10330, Thailand.
Received for publication. October 10,1996. .
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Denervation of muscle causes various
alterations, including biochemical, mechanical,
electrical and morphological changes. It has been
found that the electrical properties of the membrane
become a]tered,(l) the fibers become sensitive to
acetylcholine over their entire length instead of
only at the endplate,(z) the neuromuscular junctions
may begin to degenerate,G) the fiber organelles un-
dergo alterations, and the fibers become atrophic.(4)
The belief that inactivity might be responsible for
these changes has led to attempts to arrest or inhibit
the rate of muscle degeneration by electrical stimula-
tion therapy. Electrical stimulation has been shown
to be beneficial in retarding denervation atrophy
for both types of muscle fiber.(s) Contraction of
denervated muscle by electrical stimulation prevents
the loss of oxidative enzymes(é) and the atrophy
associated with denervation.

In recent years, laser technology has been
applied to many aspects of society. Laser beams
have been used in medicine for surgical purposes
to reduce destructive lesions, especially in opthal-
mology, neurosurgery and general surgery. Over the
past 20 years many reports have appeared on the use
of weaker lasers which include low power and low
level lasers. The definition of a low level laser is one
in which energy output is low enough so that the
temperature of the treated tissue does not rise above
36.5°C. Although the medical application of low
power lasers remains controversial, the clinical use
of these devices for a variety of analgesic and wound
healing applications is steadily increasing.  Nu-

merous biological and physiological effects have

been reported. These include the contraction of
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denervated muscle by electrical stimulation which
prevents the loss of oxidative enzymes.m) Low level
lasers have also been proven to increase the cyclic
AMP level in Chinese hamster fibroblast, DNA
synthesis in Hela cells and protein synthesis in
E.coli.m The stimulatory effect of low dose lasers
on the injured sciatic nerves of rats has also been
investigated.(g) It causes a significant increase in
the amplitude of the action potential recorded in the
corresponding gastrocnemius relative to the action
potential of injured but untreated nerves. This evi-
dence led to the hypothesis that low power lasers
may have some physiological effects on the dener-
vated muscle fiber which may retard its atrophy.
Treatment by laser is completely painless and
aseptic. Therefore, it is very convenient and does
not produce unpleasant feelings in the patient as
does treatment with electrical stimulation.

The objectives in our study were: to study
the effect of an Infrared Laser (wavelength 830 nm)
on denervated muscle in comparison with electrical
stimulation. This was determined by examining
the morphological changes in the muscle fibers,
including measuring their diameter in type-I and I

fibers under a light microscope.

Materials and Methods

Twenty-five male Wistar rats, body weight
300-400 g, were divided into 5 groups of 5 rats per
group. The 5 groups were the control group, those
denervated without any treatment (denervated
group), those denervated with electrical stimulation

(ES group), those denervated with laser treatment

(Laser group) and those denervated with ES and
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laser treatment (ES and laser group). Four days
after cutting the right sciatic nerve in the ES group,
the tibialis anterior muscle was treated with
electrical stimulation by interrupted direct current.
The intensity of stimulation was 10 mA with a 10
msec pulse width and a 50 msec pulse interval.
One hundred dorsiflexions of the foot were recom-
mended for each treatment. The schedule of stimula-
tion was every other day for 45 treatments. In the
laser group, 2.13 minutes of 4 j/cm2 I mW infrared
laser in continuous mode was applied to the tibialis
anterior muscle with the same schedule as in the ES
group. In the ES and Laser group, both ES and laser
were applied to the tibialis anterior muscle with the
same intensity and duration as in the above groups.

After 90 days, the tibialis anterior muscle
of the right hindlimb was excised and its circum-
ference and weight were measured. The middle
third of each muscle was cut into 6-8 pm thicknesses
with a cryostat, and stained with hematoxyline and
eosine for morphological examination. The tissue
sections were also processed by the myosin ATPase
technique for differentiation of types of muscle fiber.
Photomicrographs were made from all quadrants of
the sections. Random fascicles were chosen and
the muscle fiber diameter was measured according
to the method of Brooke and Engel.(g) Sufficient
photographs were taken to include at least 200
fibers. In order to measure these, a transparent
ruler was construct from a photograph, at the same
magnification, of a micrometer slide graduated at
10 p intervals. The fibers were measured across
their smallest diameter. In practice, the “smallest
diameter” is the greatest distance between the oppo-

site side of the narrowest aspect of the fiber. The

Chula Med J

significance of the differences in each parameter

between groups was determined by unpaired t-test.

Results

Muscle weight and circumference

The various weights and circumferences of
the tibialis anterior muscle were recorded as shown
in Table 1. The mean weight of this muscle in the
control group was 0.44 g. It was much reduced in
the denervated laser treatment groups (0.17g).
The weight of the muscle was less reduced in the
ES and ES plus laser groups (0.40 for both). Similar
results were obtained for the circumference of the
muscle (Table 1). There was no significant diffe-
rence between the denervated and laser groups,
but a significant difference occurred between the
denervated and ES group.

Histology and type of muscle fiber

H & E staining. The normal shape of the
muscle cells in the transverse sections was poly
gonal and they were closely packed with no inter-
cellular space (Figure 1A). In the denervated group,
the shape of the muscle cells was round and more
intercellular space was seen. Most fibers were
reduced in size (Figure 1B). In the ES group, the
shape and size of the muscle fibers were quite
similar to those of the control group (Figure 1C).
Some atrophic muscle fibers appeared in the peri-
phery of the muscle mass (Figure 1D). Transverse
sections of muscle in the laser group showed small
and round muscle fibers (Figure 1E), similar to
those of the denervated group. In the last group

(ES plus laser), the morphology of the muscle fiber
was very well preserved. The shape and size were

close to the control and ES groups (Figure 1F).
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ATPase pH 9.5 staining. Using this tech-
nique, the muscle fibers can be differentiated into
two types: light staining (Type-I) and dark staining
(Type-II) (Figure 2A). The numbers of type-I and
type-II muscle fibers were counted and converted to
percentages. In the control group there were 57%
type-I and 43% type-II. Type-I muscle fibers were
absent in the denervated group(Figure 2B), and
the fibers were rather small and stained darkly. In
the ES group, 16.9% of type-I fibers were preserved
(Figure 2C), and in the ES plus laser group 14.8%
of type-1 fibers were found (Figure 2D). In the
laser group, only 3% of type-I fibers were present

(Figure 2 E, F).

a ¢ 1Y & 4 3 & P Y
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Size of muscle fibers

The diameters of the muscle fibers in each
sample were measured and the means are shown in
Table 2. Type-II fibers were considerably smaller
than the type-I fibers. There were no type-I fibers in
the denervated group (Figure 2B). In the ES group,
type-I fibers were preserved (Figure 2C) but their
size was smaller than in the controls. Both types of
muscle fiber were much reduced in size in the laser
group (Figure 2E, F). In the last group, type I-fiber
was quite close in size to those of the control group.
There was no significant difference between the
denervated and laser groups but a significant
difference occurred between the denervated and

ES groups.

Table 1. Effects of electrical stimulation and laser treatment on the weight and circumference of tibialis

anterior muscle.

Treatment Weight (g) Circumference (cm)
Control 0.4440.02 2.5240.13
Denervated

No treatment 0.17+0.01* 0.98+0.08*
ES 0.40+0.02" 2.16+0.16'

Laser 0.17+0.01 " 1.02+0.04
ES+Laser 0.40+0.01"" 2214008 "

at 0.05 level
1 Significantly different from denervated at 0.05 level
2 Significantly different from ES at 0.05 level
at 0.05 level

* Significantly different from controls

3 Significantly different from laser
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Figure 1.
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Transverse section of tibialis anterior muscle with H & E staining

A
B
G =
D
E
F

= Control group

= Dernervated without treatment group

ES group

= ES group with some atrophic area (arrow)
= Laser group

= ES + laser group



a ' & 4 & &
Vol. 40 No. 11 ua'uaoawﬂﬂ—wﬂ Lamas‘ nana”'mmanﬂ'lmi'uﬂs:a'mmnam 3 miﬁnmmmé’m‘luw% 929
November 1996

Figure 2. Transverse section of tibialis anterior muscle with ATPase pH 9.5 staining

A = Control group

B = Dernervated without ireatment group

C = ESgroup

D = ES + laser group

E,F = Laser group, few type I muscle fiber is seen (arrow)
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Table 2. Mean diameters of type-I and II muscle fibers in each group.
GROUP TYPE I (um) TYPE II (um)
Control 59.41 + 3.65 3435 +2.16
Denervated
No treatment 9.4 4+ 2.16*
ES ‘ 30.97 + 14.76* 34.68 +3.98'
Laser 1591 + 1.88 "~ 11.10 +0.85 ~
ES+Laser 2900+27 " 33254279

at 0.05 level
1 Significantly different from denervated at 0.05 level
at 0.05 level
at 0.05 level

* Significantly different from controls

2 Significantly different from ES
3 Significantly different from laser

Discussion

The normal proportions of type I-and type-II
muscle fibers of the tibialis anterior muscle of the
rat are 57% and43%, respectively. The mean dia-
meters of type-I and type-II muscle fibers are 59.41
pum and 34.35 um, respectively. Following dener-
vation, the fiber organelles undergo alteration and
the fibers become atrophic. In this experiment,
type-I muscle fiber was more vulnerable to dener-
vation atrophy than type-II fiber. This is not in
agreement with previous studies(s’m’”) which de-
scribed a so-called “preferential type-II atrophy”
after denervation which implies that type-I muscle
fibers are affected by atrophy to a much lesser
extent than type-II fibers. The difference between
our experiment and the others was in the type of
muscle selected and the duration of the treatment.
Jaweed et al. (1975) suggested that the denervation
atrophy of muscle fiber depended on the individual

. . (1D
muscle and the duration of denervation. We chose

the tibialis anterior muscle instead of the extensor

digitorum longus muscle because the tibialis anterior
muscle layed superficially and was easier to stimu-
late and treat with the laser. The duration of our
experiment was 90 days but in Pachter, et al (1982),
it was only 24 days. The appropriate dose and du-
ration of treatment with low power lasers is of vital
importance if optimum results are to achieved."
It is recommended that the dosage be sufficient to
produce a reaction which is an improvement in the
condition either during or immediately following
the first treatment session. In our experiment, we
could not observe the treatment reaction so we
followed the recommended dosages for treatment
of wounds,which are 1-4 j/cm2 in continuous mode.
Our schedule was every other day for a period of
90 days. This dosage and schedule may not be
sufficient to slow down the atrophic process.
However, ours was a preliminary study of the effects
of the infrared laser on denervated muscle and further
investigation is needed. There are several existing

reports of the effect of lowpower lasers on the peri-
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pheral nervous system.(s'm An He Ne laser in-
creased the action potential, prevented scar forma-
tion and accelerated the degeneration process of
crushed sciatic nerve. The dosage used wasa 17 mW
current wave for 20 consecutive days (7 minutes
per treatment). Although infrared lasers seem to
have no retarding effect on denervated muscular
atrophy, one striking finding was the presence of
Type-I muscle fiber in the laser treatment group. We
believe that the low power laser must have had some
effect on the denervated muscle and suggest that
further experiments be carried out to determine the
effects of changing the dosage, wave length, mode
and duration of treatment. Morphological studies
should also include both light and electron micro-
scopy for detection of minute structural changes.
Histochemical and biochemical studies of oxidative
enzymes, CAMP levels and rates of DNA and RNA

synthesis should also be considered.

Conclusion

It may be concluded that infrared laser
treatments at a dosage of 4 j/cm2 ImW for 2.13
minutes every other day for 90 days cannot prevent
muscular atrophy after denervation. Some type-I
muscle fibers were preserved, but the effect was

not statistically significant.
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