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ABSTRACT

PURPOSE: To investigate the efficiency of electrical stimulation in the muscle maintenance and nerve regeneration after end-to-side
neurorrhaphy (ESN).

METHODS: Sixty male Wistar rats (Rattus norvegicus) were divided into four experimental groups. Control group (Control),
Denervated Group (Denervated); Group with End-to-side neurorrhaphy (ESN); Group with End-to-side neurorrhaphy and electrical
stimulation (ESN + ES). We perform electrical stimulation in rats after they had undergone muscle reinnervation by ESN. We collected
morphometric and functional data.

RESULTS: When comparing the mass of the treated side of cranial tibial muscle (CTM) and that of normal side of CTM, the group ESN
+ ES (26.12%) exhibited lower mass loss than that of group ESN (37.23%). The peroneal functional index showed that group ESN +
ES equaled that of the Control group and showed an evolution of 60.5% while group ESN showed an evolution of 9.5%. In measuring
maximum strength of CTM, the group ES + ESN outperformed group ESN. The muscle and nerve morphometry showed superiority of
group ES+ESN over ESN group in all parameters.

CONCLUSION: Electrical stimulation is an effective means of maintaining functional muscle and nerve regeneration after end-to-side
neurorrhaphy.
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Introduction

The peripheral nerves disorders lead to different types
and degrees of injuries'. Lesions in peripheral nerves usually
cause changes in the structure, metabolism and physiological
activity of the neuronal cell body, and may stop the innervation of
organs distal to the lesion, in the case of motor neuron, the organ
committed is the muscle®?.

For the treatment of peripheral nerve injuries,
microsurgery has advanced greatly and thus plays a key role in
the prognosis of patients suffering from this disorder. One of the
landmark advanced occurred in 1992 when Viterbo et al.* proposed
end-to-side neurorrhaphy (ESN) that would not contribute to donor
nerve damage and also without the removal of the epineurium’. In
an experimental study in rats, Viterbo et al.* performed a section
of the peroneal nerve, which innervates the cranial tibial muscle
(CTM), and its distal stump was sutured to the lateral surface of
the intact tibial nerve. Muscle reinnervation was hence achieved
without injuring the donor nerve. This technique has brought
great contribution, because from then on, any nerve can be used
as a donor nerve without harming itself or any of the structures
innervated by it. Several experimental and clinical studies has
validated the study of Viterbo®’. Use of ESN has been indicated
in clinical situations in which the proximal stump of injured nerve
is not available®.

However, even with the advances in microsurgery, we
still have not been able to achieve full motor recovery in the
repair of the damaged nerve, because complete recovery of motor
function is dependant on axon regeneration and the process of
atrophy of the muscles innervated by the nerve occurs during
axon regeneration, a fact that promotes functional damage to the
muscle®'?.

Electrical stimulation (ES) to promote regeneration,
although controversial'''*, became a topic of study in functional
muscle recovery, and may be used as a method of preventing
muscle atrophy resulting from a period of muscle inactivity
regardless if caused by denervation or not’.

Authors, such as Tagami et al."* observed that the daily
application of electrical stimulation in rats is beneficial for axonal
regeneration and does not contribute to functional impairment,
unlike some authors who have cited harmful effects of electrical
stimulation, causing contractures and spasms''-"*.

ES to increase the performance capability of skeletal
muscle is demonstrated in experimental and clinical studies'>'.
They are able to increase the activity of oxidative enzymes in

muscle fibers, enhance muscle regeneration and prevent skeletal
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muscle atrophy®. In addition to the metabolic effects, ES also
helps in minimizing the effects of immobilization, minimizing
the reduction of cross-sectional area, interstitial fibrosis and
deficiency of blood supply®. ES promotes increased effectiveness
of contractile muscle fibers, enabling thus the dynamics of uptake
via GLUT-4, glucose metabolism and activity of cellular metabolic
pathways?-2%,

ESN allows the passage of nerve impulses through the
reinnervated region®?°, however, the functional demand of a
patient goes beyond the passage of the stimulus by the junction
between the donor and the recipient nerve. A healthy muscle must
have the innate ability to produce tension during contraction to
produce movement. For this reason the objective of this study
was to analyze the efficiency of electrical stimulation in the
maintenance of muscle and nerve regeneration after end-to-side

neurorrhaphy.

Methods

Research approved by the Ethics Committee (CEEA.
Protocol n. 746) of FMB/UNESP and the study was conducted in
accordance with the ethical principles.

Sixty male Wistar rats (Rattus norvegicus) were used,
weighing an average of 261.87g (+/-28.39). The rats were
randomly divided into four experimental groups. The surgeries
were performed according to the group in which the rats were
divided. In the Control group (Control) with ten rats, the peroneal
nerve was dissected, however, but without section or neurorrhaphy
(Figure 1A). Denervated group (Denervated) with ten rats, the
peroneal nerve was cut and their stumps were inverted 180 degrees
and fixed to underlying muscles, and the proximal stump was
transfixed by an incision in the adjacent musculature and sutured
in the subcutaneous plane to prevent motor contamination (Figure
1B). End-to-side neurorrhaphy group (ESN) with 20 rats, the
peroneal nerve was transected and its proximal stump bent 100
degrees medially, and transfixed by an incision in the adjacent
musculature and sutured in the subcutaneous plane preventing
spontaneous regeneration. The distal stump of the peroneal nerve
was bent approximately 80° and sutured laterally to the tibial
nerve (Figure 1C). Group End-to-side neurorrhaphy and electrical
stimulation (ESN + ES) with 20 rats, the rats underwent the similar
procedure as group ESN, however, during recovery, they received

electrical stimulation in CTM as adjunct treatment (Figure 1D).
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FIGURE 1 - Indicates surgical procedures. A) Control group. B)
Denervated group. C) ESN group. D) ESN+ES group. CTM) Cranial
Tibial Muscle. a) Peroneal nerve distal stump. b) Peroneal nerve proximal
stump. ¢) End-to-side neurorrhaphy. Ray) Indicates CTM treatment with
ES.

The rats were anesthetized with ketamine (70mg/kg
ip) and xilasine (30mg/kg ip) administered intramuscularly.
The dorsal lateral aspect of one hind limb, suffered incision of
2 to 3 cm along the longest axis of the limb, affecting skin and
subcutaneous tissue with subsequent expansion of the muscles.
The sciatic nerve, common peroneal, tibial and sural nerve were
dissected. Thereafter, the procedure was performed according to

the experimental group (Figure 2).

FIGURE 2 - Indicates the surgical procedure. A) Exposure of the sciatic
nerve and its branches, the peroneal nerve, tibial nerve and sural nerve.
B) Proximal stump of the peroneal nerve transfixing adjacent muscles
and being sutured on it superficial side. C) Peroneal ESN on tibial nerve
lateral. D) Another view of ESN.

The surgeries were performed with the surgical
microscope MU-M19 DF Vasconcelos (Sao Paulo, SP) with
magnification of 10 and 16 times. The neurorrhaphies were
performed with 10-0 monofilament nylon cylindrical and circular

shaped needle, without an epineurium window and with two
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simple bites. After the procedure, the incision was closed in layers
with simple stitches using 4-0 nylon suture for muscle and skin.

The rats were kept in the appropriate boxes, containing
five animals each in controlled temperature (25 + 2°C), light-dark
cycle of 12 hours, with food and water ad libitum until time of
sacrifice which occurred after 180 days.

Electrical stimulation began five days after surgery. The
rats in group ESN+ES underwent three sessions per week for 180
days. They received applications of electrical stimulation to the
cranial tibial muscle with alternating current using 1kHz frequency,
modulation at 10 Hz, with duration of 2 ms (modulation), ON Time
10 seconds, OFF Time 20 seconds, during 10 minutes. The initial
current was 8 mA and after five minutes, was increased to 12 mA
to avoid the effect of tissue accommodation. Electrical stimulator
used was Neurodyn 10 Channels Ibramed Company (Amparo /
SP).

The rats were stimulated without anesthesia; a special
metal capsule was developed for this purpose with a posterior
opening for the tail and two side openings for fixing the hindlimbs.
After this immobilization, the electrodes were fixed (Figure 3).
Ten capsules were used simultaneously to optimize stimulation

time.

FIGURE 3 - Electrical Stimulation. A) Positioning of rats in capsule
stimulation. B) Another view of the rats in the capsule. C) Rats receiving
stimulation at the same time.

Tests

Walking track analysis (WTA)

Animals were tested for walking track analysis every 30
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days. The peroneal function index (PFI) was used?!.

Electrophysiological test

For electrophysiological testing, the temperature was
maintained around 25°C. The compound action potential was
recorded by needle electrodes active and reference. The reference
electrode was placed in rats cranial tibial muscle tendon, the
active electrode in cranial tibial muscle belly, and the dispersive
electrode, introduced in a location away from the test region.

The electrodes recorded the amplitude and latency of the
muscle action potential. The pulses were generated by a bipolar
electrode specially developed for this purpose, whose cathode and
anode were 2 mm apart, which was positioned directly over the
sciatic nerve prior to neurorrhaphy region, and the stimulation
was made proximal to the neurorrhaphy, enabling the spread of
electrical impulses through them. The frequency of the stimulus
was set at 1 pps and 100 ms in duration. The stimulus intensity

used, constant in all animals was 5.1 volts.

CTM Force contraction

After electrophysiological testing, the distal tendon of
the cranial tibial muscle was sectioned and connected to a force
transducer FT03 Grass Technologies Company, An Astro-Med,
Inc. (West Warwick, RI) using nylon suture with 4-0. The ideal
length of the muscle was maintained by a pre-tensioning load
of 0.18 N and was reset between tests. This preload value was
determined during calibration of the device.

Electrical stimulation was generated directly from
CTM exposed. The test consisted of muscle contraction in three
sequential applications of one second of duration with the same
specifications as the current power used for the treatment of group
ESN+ES. Muscle tension was readjusted between measurements.
The tetanic contraction test was performed with 100 mA and

frequency of 100 Hz.

Collection of histological pieces and sacrifice

After completion of muscle strength testing, the rats
received a lethal dose of sodium pentobarbital, administered
intraperitoneally, and proceeded to collect the peroneal nerve
segments and cranial tibial muscles.

The segment called “N1” represents the cross section of
the distal stump of the peroneal nerve.

The cranial tibial muscles were removed, weighed
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and kept immersed in liquid nitrogen (-196°C) and subjected to
cross-sections of 7 micrometers. The sections were performed in
the central region, across the major axis of the muscle. Sections
were stained with hematoxylin - eosin (HE). The images were
captured and digitized by an Aperio ScanScope Image Scanner
(Vista, CA) and analyzed by measures of area, perimeter and
minimum diameter of muscle fibers. Measurements were made of
semi-automatic mode using Sigma Pro Image Analysis software,
version 5 from Jandel Scientific (San Jose, CA).

The N1 segment of nerve was fixed and kept in solution
Karnovisk and refrigerated at 4°C until histological processing.
Transverse cuts were made semi-fine (0.5uM) in microtome.
The staining was performed manually by razor blade, with 1%
toluidine blue for 5 minutes. The scanned images were saved and
analyzed through measures of minimum diameter, fiber number
and area and thickness of the myelin sheath.

Statistical analysis

When comparing the groups, was used analysis of
variance (ANOVA) followed by Tukey test when significant
differences was detected. When the distribution of the data
presented was not in normal range, the analysis of variance on
ranks was used, Kruskal-Wallis test followed by Dunn’s method,
when difference was noted. For comparison between mass of
experimental and normal CTM was utilized paired t test. In all
tests, was used a significance level of p <0.05. The program used
for the analysis was SigmaStat 3.5 Software Jandel Scientific (San
Jose, CA).

Results

The experimental CTM mass compared with normal CTM
mass in each group showed no difference between experimental
and normal sides in the control group. In other groups, the normal
side was always higher than the experimental side, however, the
loss of muscle mass for group ESN+ES (26.12%) was lower than
the loss of muscle mass for group ESN (37.23%) (Table 1).
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TABLE 1 - Mean and standard deviation of the CTM and percentage mass loss of CTM experimental compared to normal (g).

Control Denervated ESN ESN+ES
Normal Experimental Normal Experimental Normal Experimental ~ Normal  Experimental
Mean 0.828 0.914 0.859 0.172 0.803 0.504 0.804 0.594
SD 0.147 0.177 0.135 0.0499 0.165 0.211 0.148 0.152
Loss % -10.39 79.98 37.23 26.12

The peroneal functional index for 180 days after surgery
showed group ESN+ES was the only one to match the control
group. The medians (25% / 75%) for this measure were: Control)
-20.0 (-37.4 / 1.3); Denervated) -127.0 (-169.3 / -110.4); ESN)
-74.5 (-180.3 /-0.3), ESN+ES) -29.9 (-147.9 / -11.3) (Figure 4A).

Figure 4B represents the variation of the peroneal
functional index between 30 and 180 days postoperatively. The
ESN+ES group improved 60.5% while the ESN group improved
9.5% only.

Figure 4C represents the maximum force contraction of
experimental CTM between groups. The results showed ESN+ES
group higher than ESN Group. Median (25% / 75%): Control)
0.870 (0.705 / 0.970); Denervated) 0.290 (0.268 / 0.328); ESN)
0.765 (0.620 / 0.890) ESN+ES) 0.890 (0.810 / 0.990).
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FIGURE 4 — Walking test analysis and maximum force contraction.
A) Box Plot to PFI 180 days postoperatively. Kruskal-Wallis followed
by Dunn’s method. Control = ESN+ES > Denervated; Control > ESN =
Denervated; ESN+ES = ESN (P <0.001). B) Evolution of the peroneal
functional index between 30 and 180 days postoperatively. C) Box plot
of maximum force contraction of experimental CTM (N). Kruskal-Wallis
followed by Dunn’s method. ESN+ES = Control > Denervated; ESN+ES
> ESN > Denervated; Control = ESN (p <0.001).

The electrophysiological test for latency and amplitude
showed equivalence between groups. For latency the median
(25% / 75%) was: Control) 1.84 (1.62 / 1.98); ESN) 1.6 (1.5 /
2.6); ESN+ES) 1.9 (1.6 / 2.3). Kruskal-Wallis (p = 0.803). For
amplitude the median (25% / 75%) was: Control) 13.1 (8.1 /27.6);
ESN) 6.45 (4.2 / 12.9); ESN+ES) 11.03 (3.1 / 17.9). Kruskal-
Wallis (p = 0.150).

Figure 5A represents the perimeter of experimental
cranial tibial muscle fiber. The results showed Control group
rather than other groups and ESN+ES group superior to ESN
group. Median (25% / 75%): Control) 273.32 (228.3 / 321.7);
Denervated) 96.25 (76.6 / 126.6); ESN) 189.38 (144.3 / 217.8),
ESN+ES) 224.88 (201.9 / 242.3).

Figure 5B represents the minimum diameter of
experimental cranial tibial muscle fibers. For this parameter,
the ESN+ES group is higher than ESN group, but lower than
control group. Median (25% / 75%): Control) 58.05 (48.6 / 68.2);
Denervated) 21.7(17.2/26.6); ESN) 41.92 (33.5/48.5); ESN+ES)
49.35 (46.2 / 54.9).

Figure 5C represents the area of experimental cranial
tibial muscle fiber. The ESN+ES group was superior to ESN
group, but still not reaching the control group. Median (25% /
75%): Control) 4280.27 (2894.8 / 5463.9); Denervated) 562.16
(352.1 / 910.1); ESN) 2104.34 (1299.8 / 2748.9), ESN+ES)
2882.81 (2437.9/3361.5).
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FIGURE 5 — Muscular Morphometrics. A) Box plot for experimental
CTM fibers perimeter (um). Kruskal-Wallis followed by Dunn’s method.
Control > ESN+ES > ESN > Denervated (p<0.001). B) Box plot for
experimental CTM fibers minimum diameter (um). Kruskal-Wallis test
followed by Dunn’s method. Control > ESN+ES > ESN > Denervated (p
<0.001). C) Box plot for experimental CTM fibers area (um?). Kruskal-
Wallis test followed by Dunn’s method. Control > ESN+ES > ESN >
Denervated (p <0.001).

Figure 6A represents the number of nerve fibers in each
group for N1 segment. The Control group is superior to others
and ESN+ES group is presenting a good result, higher than ESN
group. Mean (SD): Control) 1397.06 (331) Denervated) 0.0 (0.0);
ESN) 577.67 (332.6); ESN+ES) 952.8 (229.5).

Figure 6B represents the minimum diameter of nerve
fibers in each group for N1 segment. Remained the same pattern
of results presented in the above parameters with Control higher
than others groups and ESN+ES group above the ESN group.
Mean (SD): Control) 10.57 (1.8); Denervated) 0.0 (0.0); ESN)
7.19 (1.4); ESN+ES) 8.42 (1.6).

Figure 6C represents nerve fibers myelin sheath area of
N1 segment in each group. The ESN+ES group was superior to
ESN group. Median (25% / 75%): Control) 91.82 (78.8 / 104.8);
Denervated) 0.0 (0.0 / 0.0); ESN) 40.86 (32/45, 2); ESN+ES)
58.39 (35.5/67.6).

Figure 6D represents nerve fibers myelin sheath thickness
of N1 segment in each group. The results shows ESN+ES group
above ESN Group. Median (25% / 75%): Control) 2.83 (2.5/3.1);
Denervated) 0.0 (0.0 / 0.0); ESN) 1.92 (1.8 / 2.0); ESN+ES) 2.48
(2.1/2.8).

Figure 6A represents the number of nerve fibers in each

group for N1 segment. The Control group is superior to others
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and ESN+ES group is presenting a good result, higher than ESN
group. Mean (SD): Control) 1397.06 (331) Denervated) 0.0 (0.0);
ESN) 577.67 (332.6); ESN+ES) 952.8 (229.5).

Figure 6B represents the minimum diameter of nerve
fibers in each group for N1 segment. Remained the same pattern
of results presented in the above parameters with Control higher
than others groups and ESN+ES group above the ESN group.
Mean (SD): Control) 10.57 (1.8); Denervated) 0.0 (0.0); ESN)
7.19 (1.4); ESN+ES) 8.42 (1.6).

Figure 6C represents nerve fibers myelin sheath area of
N1 segment in each group. The ESN+ES group was superior to
ESN group. Median (25% / 75%): Control) 91.82 (78.8 / 104.8);
Denervated) 0.0 (0.0 / 0.0); ESN) 40.86 (32/45, 2); ESN+ES)
58.39 (35.5/67.6).

Figure 6D represents nerve fibers myelin sheath thickness
of N1 segment in each group. The results shows ESN+ES group
above ESN Group. Median (25% / 75%): Control) 2.83 (2.5/3.1);
Denervated) 0.0 (0.0 / 0.0); ESN) 1.92 (1.8 /2.0); ESN+ES) 2.48
(2.1/2.8).
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FIGURE 6 — Nerve Morphometrics to N1 segmente. A) Nerve fibers
number. ANOVA followed by Tukey test. Control > ESN+ES > ESN
> Denervated (p <0.001). B) Nerve fibers minimum diameter (pm).
ANOVA followed by Tukey test. Control > ESN+ES > ESN > Denervated
(p <0.001). C) Nerve fibers myelin sheath area (um?). Kruskal-Wallis
followed by Dunn’s method. Control > ESN+ES > ESN > Denervated (p
<0.001). D) Nerve fibers myelin sheath thickness (pm). Kruskal-Wallis
followed by Dunn’s method. Control > ESN+ES > ESN > Denervated (p
<0.001).

The CTM in control group were characteristic of normal
muscle with polygonal fibers, nuclei in peripheral position and
little connective tissue. In groups ESN and ESN + ES had similar



characteristics to the control group, but some slides showed
greater amount of connective tissue. Denervated group present
muscle fibers with smaller diameter and an increase in the amount

of tissue, polymorphism and centralized nuclei showing muscular

atrophy (Figure 7).

Denervated 4

FIGURE 7 - Cross section of the CTM in different groups.

In the cross section of the distal stump of the peroneal
nerve (N1) Control group presents great amount of axons, myelin
sheath thick and well defined. In groups ESN and ESN + ES
observed fewer fibers with thinner myelin sheath of nerve and
fibers area smaller relative to control group. We also observed
a heterogeneous pattern on the size of nerve fibers in these two
experimental groups. In denervated group observed a large amount

of connective tissue without presence of nerve fibers (Figure 8).

Control

FIGURE 8 - Cross section of the distal stump of the peroneal nerve (N1).

The distal portion of the proximal stump of the peroneal
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nerve, we observed the presence of neuroma of amputation and
discontinuity of the formation of terminal and collateral sprouts
(Figure 9A). In the longitudinal section of the neurorrhaphy, we
observed nervous sprouting going from the side of the tibial nerve
(donor) to the distal stump of the peroneal nerve (receiver). The
nerve tissue observed has the same density for the tibial and the
peroneal nerves (Figure 9B).

A S W K
.. .+ Proximal stump

| peroneal nerve
,.

FIGURE 9 - A: Longitudinal section of the proximal stump of the
peroneal nerve. B: Longitudinal section of ESN between the distal stump
of the peroneal nerve with the lateral surface of the tibial nerve.

Discussion

Data from this study demonstrate that ES improved
function and morphometry for cranial tibial muscle after ESN, also
caused nerve regeneration. The WTA showed a vast improvement
in receiving ES group reaching Control group similar percentages.
After 150 days, only rats subjected to neurorrhaphy with electrical
stimulation reached Control group similar levels. In addition, rats
subjected to neurorrhaphy with electrical stimulation were the most
evolved in relation to PFI, with an improvement of 60.5%. After
150 days ESN+ES group achieved a significant improvement. This
may happen because, after the occurrence of muscle reinnervation,
electrical stimulation ceases to be a preventive atrophy agent
and becomes a muscle training acting directly on the functional
improvement of muscle. It is proven that ES in healthy muscles
improves it motor activate®>.

A factor that may have contributed to this functional
improvement of ESN+ES group was muscle strength, because
for this parameter ESN+ES group is highlighted showing greater
strength than the others groups and was statistically superior to the
ESN group. This finding corroborates with Rutherford and Jones**
to suggest that part of the training effect can be achieved by ES in
facilitating neural function in a larger number of active motor units
and increased pulse rate or a more efficient pattern of recruitment,
probably due to a modification of force gradation mechanism,
providing improved summation of nerve stimuli.

Cranial tibial muscle mass showed no difference when
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comparing the experimental and normal sides for Control group.
In the other groups, the normal side was always higher than the
experimental side, but the loss of muscle mass in ESN+ES group
(26.12%) was lower than the muscle mass loss in ESN group
(37.23%). This has become an important point when we note
that a muscle with 10% more muscle mass, in practical terms,
has a higher ability to produce force, it probably will also show a
larger transversal section.”® During the electrophysiological test,
the rats in denervated group that showed no response to electrical
stimuli, for just not having the connection between nerve and
muscle, were therefore removed from the statistical analysis. The
electrophysiological test showed no difference between groups in
relation to latency or amplitude. This may indicate equivalence
between groups who underwent ESN and Control group in terms
of nerve impulse conduction.

The muscle morphometry also demonstrated superiority
of ESN+ES group over ESN group. According to the results,
ESN+ES group showed greater cross section fibers than ESN
group, this shows that ES preserved muscle fibers and further
supports functional findings. Looking at the muscle fibers
perimeter, area and minimum diameter realize a constant showing
Control group higher than others, and ESN+ES group always
superior to ESN and denervated groups. This fact shows that
ES training was positive for CTM after ESN, as there is a direct
relationship between muscle cross-section fibers with muscle
strength production. Results found in this study in relation to the
nerve N1 segment suggests that there was an acceleration of nerve
regeneration. This fact was also observed by Teodori et al.*® and
Tagami et al."

Our study is unique in that no others researches has
utilized the same model to make purposeful comparisons, since
most studies using electrical stimulation in denervated muscle
spans seven to 52 days of observation and therefore could
not possibly asess the functional evolution of animals using
histological means in most cases??2%3¢37 As our duration of
stimulation is relatively high and, the rats would have to undergo
several sessions of ES, it was be too risky to anesthetize the rats
everytime they were receiving treatment. This would endanger
our samples, so we elected to stimulate the rats awake. For this
purpose, we developed a method of stimulation that involved
capsule restraining of the rats (Figure 3). Electrical stimulation
used during this study did not cause any pain or suffering for these
rats, because the levels of stimulation were arranged to remain
within the motor threshold of the rats and did not reach the pain
threshold®?. The stimulation current parameters were determined

based on predetermined criteria. According to Ward*, medium-
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frequency current with short duration from 2 to 4 ms were ideal for
producing muscle strengthening. The frequency was determined
according to the predominant cranial tibial muscle fiber type, as
this muscle has a homogeneous mixture of phasic and tonic fibers,
previous studies conducted in our laboratory helped us to justify
the use 10 Hz modulation frequency. The current intensity was
also determined by previous studies where we found the ideal
point for muscular contraction. In our literature review, we found
studies using intensity ranges from 1 mA to 5 mA , however, these
studies used anesthetized rats or implanted electrodes?*?527-28.36,
For this very reason, we investigated and decided on using 8§ mA
as initial intensity in the rats without anesthesia. This intensity
was postulated to cause muscle contraction, because there will no

muscle training without mechanical work.
Conclusion

Electrical stimulation was effective in functional muscle

maintenance and nerve recovery after end-to-side neurorrhaphy.
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