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ABSTRACT

PURPOSE: To evaluate a new model of intraoperative electromyographic (EMG) assessment of the tibial and fibular nerves, and its
respectives motor units in rats.

METHODS: Eight Wistar rats underwent intraoperative EMG on both hind limbs at two different moments: week 0 and week 12.
Supramaximal electrical stimulation applied on sciatic nerve, and compound muscle action potential recorded on the gastrocnemius
muscle (GM) and the extensor digitorum longus muscle (EDLM) through electrodes at specifics points. Motor function assessment was
performaced through Walking Track Test.

RESULTS: Exposing the muscles and nerves for examination did not alter tibial (p=0.918) or fibular (p=0.877) function between the
evaluation moments. Electromyography of the GM, innervated by the tibial nerve, revealed similar amplitude (p=0.069) and latency
(p=0.256) at week 0 and at 12 weeks, creating a standard of normality. Meanwhile, electromyography of the EDLM, innervated by the
fibular nerve, showed significant differences between the amplitudes (p=0.003) and latencies (p=0.021) at the two different moments
of observation.

CONCLUSION: Intraoperative electromyography determined and quantified gastrocnemius muscle motor unit integrity, innervated
by tibial nerve. Although this study was not useful to, objectively, assess extensor digitorum longus muscle motor unit, innervated by
fibular nerve.
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Introduction

A variety of experimental models have been used to
study processes involving degeneration and regeneration of the
peripheral nerves; animal models such as dogs and cats!, rabbits?,
guinea pigs’, pigs?, and rats>® have been used, each with its own
advantages and disadvantages, but we still remain far from the
ideal model.

One well-established model is the sciatic nerve in rats’.
However, questions related to surgical treatment of facial paralysis
have led to double muscle innervation hypothesis®. Therefore, to
enlighten this issue, two different motor units experimental model
become interesting, making the study of the tibial and fibular
branches of the sciatic nerve relevant.

The goal of electrophysiological studies is to determine
and quantify the function and disorders of the peripheral nervous
system, specifically of the motor nerves and motor unit®, becoming
a fundamental tool on nerve regeneration assessment. Factors such
as anatomy, electrode type and distance, location and intensity of
electrical stimulation, and surgical fibrosis could affect results'.
The aim of this study was to evaluate a new model of intraoperative
electromyographic assessment of the tibial nerve, fibular nerve,
and its respectives motor units in experimental studies with rats.

In the technique proposed here, supramaximal electrical
stimulation directly applied onto isolated sciatic nerve, through
a bipolar needle electrode, at a fixed point 10 mm proximal to
its trifurcation into the tibial, fibular, and sural branches, was
recorded into gastrocnemius muscle (GM) and extensor digitorum
longus muscle (EDLM).

Methods

This study was approved by Universidade de Sdo Paulo
(USP) research ethical committee under process number 157/13.

In sample size calculation, the following assumptions
were accepted: data are paired and come from the same population;
each pair is chosen randomly and independently; minimal number
of animals for p<0.05 and equal coefficient of variance due to
biological variability. Normality assumption was rejected and it
was used a nonparametric test, the Fligner—Policello modification
of the Mann—Whitney—Wilcoxon, to determine the sample size'!.
Therefore, 8 adult male Wistar rats weighing between 300-350 g
were placed under general anesthesia via intraperitoneal injection
of pentobarbital sodium at a dose of 30-45 mg/kg'?. The animals
were positioned in ventral decubitus, right and left hind limbs were

shaved and cleaned with a polyvinylpyrrolidone 10% solution.

A 3 cm skin incision was made longitudinally on the posterior
aspect of each thigh, from the greater trochanter to the knee.
Blunt dissection was performed between the gluteus maximus
and biceps femoris muscles, and sciatic, tibial, fibular, and sural
nerves were exposed, along with the gastrocnemius muscle (GM).
After intraoperative electromyography (EMG) was performed, the
incisions were closed along the muscular planes and the skin using
6.0 nylon suture.

After 12 weeks, once again, all rats underwent new
intraoperative EMG, followed by euthanasia with an intraperitoneal
injection of pentobarbital sodium (100 mg/kg)'%.

Functional assessment

Walking track analysis was carried out prior to any other
procedure, to calculate the baseline values for the tibial functional
index (TFI) and fibular functional index (FFI) for both hind
limb, and was repeated after 12 weeks'®. For gait analysis, the
following characteristics were measured: print length (PL), print
width (PW), and intermediary toe-spread distance (ITSD) in both
the experimental (E) and the normal side (N). As suggested by
Bain (1989), the tibial nerve functional index (TFI) was calculated
using the formula: TFI = -37.2 x [(PLE — PLN) / (PLN)] + 104.4
x [(PWE — PWN) / PWN] + 45.6 x [(ITSDE — ITSDN) / ITSDN)]
— 8.8. The FFI was calculated using the formula: FFI = 174.9 x
[(PLE — PLN) /(PLN)] + 80.3 x [(PWE — PWN) / PWN] - 13.4.

Electrophysiological evaluation

Intraoperative electrophysiologic testing was conducted
in both hind limb at week 0 and after 12 weeks.

During the surgical procedure, the animals had the body
temperature assessed through a rectal thermometer and kept around
34°C, and the ambient temperature was maintained around 25°C.
The sciatic nerve was then stimulated and the compound muscle
action potential (CMAP) was recorded in the compartments of the
tibial and fibular nerves on the side ipsilateral to the stimulation.
The CMAP parameters analyzed were amplitude and latency.

The CMAP was obtained using a Neuro-MEP-Micro
model portable EMG device (Neurosoft®, Ivanovo, Russia)
connected to a Hewlett-Packard Pavilion laptop (Hewlett-
Packard®, Palo Alto, CA, USA) by a universal serial bus connector
(USB), eliminating the need for an external power source. Neuro-
MEPNET software version 2.4.23.0 was used to configure the
EMG device (high-pass 10 Hz filter; low-pass 10 kHz filter; notch
filter off; signal input margin of 60 mV; 10 kHz sampling rate) and
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to visualize and analyze the CMAPs.

For electrical stimulation and recording, two monopolar
12 mm length and 0.35 mm diameter subdermal teflon needle
electrodes (Spes Medica®, Sao Paulo, Brazil) were used, arranged
in parallel at a fixed distance of 5 mm from each other. The tips
of the stimulus electrodes were curved beforehand for better fit
and to prevent injuries (Figure 1A). The recording electrodes had
an insulating coating over 9 mm of their length, leaving the distal
3 mm uncoated (Figure 1B). A monopolar electrode of the same
brand with a similar coating to the electrodes described above was
used as a ground (neutral), but was positioned at the midpoint
between the stimulation and the recording electrodes. If impedance

exceeded five Q, the electrodes were relocated or replaced.

‘A INe

FIGURE 1 - Electrode model used for electrical stimulation (A).
Electrode model used for electrical recording (B).

The stimulus electrodes were located in the sciatic
nerve, 10 mm proximal to its trifurcation (Figure 2), anode (+)
was placed proximally and the cathode (-) distally from this point.
The electrical stimuli used were unique, without promeasurement,
and had a duration of 0.2 ms. Initial intensity was 0.1 mA and

gradually raised until supramaximum stimulus was reached.

FIGURE 2 - Stimulus electrode on sciatic nerve, positioned 10

mm proximally to its trifurcation.

In the tibial nerve compartment, represented by the GM,
the CMAP was recorded through the distal part of the electrode
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inserted into the belly of the GM at its midpoint between the
proximal portion and its distal tendon, at a distance of 15 mm
longitudinally from the trifurcation of the sciatic nerve (Figure 3),
parallel to the fibers and ipsilateral to the stimulated side, with
the proximal recording pole and the reference pole more distal in
relation to the stimulator. The scan used was 1.0 ms/division with

a total window of 10 ms and a gain of 2.5 mV/division.

FIGURE 3 - Recording electrode into gastrocnemius muscle (tibial nerve
compartment), positioned 15 mm distally from sciatic nerve trifurcation.

In the fibular nerve compartment, represented by extensor
digitorum longus muscle (EDLM), CMAP was recorded through
the distal part of the electrode inserted longitudinally into the belly
of the EDLM, 20 mm from the rat’s knee joint, via a percutaneous
introduction (Figure 4), parallel to the fibers and ipsilateral to the
stimulated side, with the proximal recording pole and the reference
pole more distal in relation to the stimulator. The scan used was
1.0 ms/division with a total window of 10 ms and a gain of 2.5

mV/division.

RS

FIGURE 4 - Recording electrode into extensor digitorum longus muscle
(fibular nerve compartment), positioned 20 mm distally from the knee
joint.
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The electrodes positioned together for the intraoperative

EMG are shown in Figure 5.

'

. Sciatic Nerve Stimulus
- Gastrocnemius muscle recording
[ Extensor digitorum longus muscle recording

FIGURE 5 - Intraoperative electromyography: stimulus in the sciatic
nerve, recording in the gastrocnemius muscle (tibial nerve compartment)
and recording in the extensor digitorum longus muscle (fibular nerve
compartment).

The postoperative analgesia was done with Buprenorfin,

0.05 mg/Kg, subcutaneously, every 12 hours for five days'.
Statistical analysis

The results of the tests were expressed as means and
standard deviations and compared using Statistical Package for
Social Sciences (SPSS) software version 19.0, specifically through
the nonparametric Wilcoxon signed-rank test, with the level of
significance set at 5% (p<0.05).

Results

Functional assessment

The TFI for the right and left hind limbs of the 8 animals
revealed statistical similarity in both week 0 (p=0.208) and week
12 (p=0.263). Similarly, the FFI for the animals’ right and left hind
limbs revealed statistical similarity in both week 0 (p=0.074) and
week 12 (p=0.735).

Since there was no statistically significant difference
between the sides for the evaluated parameters, we can consider
the values for both sides in sets of 16 hind limbs and represent

them by their means, generating new values and obtaining a

normal pattern, since the values for the 16 TFIs in week 0 and
week 12 were similar (p=0.918), as the FFIs in week 0 and week
12 were also similar (p=0.877).

Electrophysiological evaluation

As for the tibial nerve and the GM, the amplitude of
the right and left hind limbs of the 8 animals revealed statistical
similarity in both week 0 (p=0.999) and week 12 (p=0.069).
Latency also was seen to be similar between both sides in both
week 0 (p=0.270) and week 12 (p=0.575).

With regard to the fibular nerve and the EDLM, the
amplitude of the right and left hind limbs of the 8 animals revealed
statistical similarity in both week 0 (p=0.575) and week 12
(p=0.779). As well as latency in both week 0 (p=0.528) and week
12 (p=0.325) between both sides.

Since there was no statistically significant difference
between the sides for the parameters evaluated, we can consider
the values for both sides in sets of 16 hind limbs and represent
them by their means, generating new EMG values in week 0 and
week 12. Thus, comparing the electromyography (EMG) outcomes
of the 16 hind limbs, between the two assessment moments, it
was revealed that GM amplitude and latency were similar, while
EDLM amplitude and latency were statistically different (Table 1).

TABLE 1 — Comparison between the two moments of
evaluation in terms of gastrocnemius muscle (GM) and extensor
digitorum longus muscle (EDLM) amplitude and latency.

EMG n Mean (SD) p value
Amplitude GM 0 16 4.22 (#4.68) mV
Amplitude GM 12 16 7.49 (£6.24) mV 0.069
Amplitude EDLM 0 16 3.65 (£3.15) mV 0.003*
Amplitude EDLM 12 16 7.67 (£3.81) mV )
Latency GM 0 16 1.56 (£0.56) ms 0.256
Latency GM 12 16 2.44 (£3.31) ms '
Latency EDLM 0 16 1.44 (£0.35) ms
0.021%*

Latency EDLM 12 16
* Statistically significant

1.66 (£0.27) ms

Discussion

Small animals like rats, especially the Wistar breed,

are widely used in experimental research because they are
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easily handled, highly resistant to manipulation and infections,
and inexpensive'!; additionally, all their metabolic and growth
parameters have been well defined and described in the literature'.

Because it is quite long and and easily exposed, the sciatic
nerve of Wistar rats is one of the most commonly used models
in studies investigating neural regeneration'é. However, Kemp'’
showed that reinnervation occurs after nervous transfer between
the tibial and fibular nerves, revealing that these branches of the
sciatic nerve may be used in experimental studies of peripheral
nerves. However, inconsistent outcomes may be found if analysis
method is not standardized’.

In peripheral nerve regeneration study the assessment
moment is crucial. It was demonstrated that 12 weeks after nerve
repair, axonal count reaches its maximum'. English" showed
that recovery of electromyographic activity after transection
and surgical repair of the sciatic nerve in rats happens gradually,
reaching highest values from 8 weeks after the experiment.

This study revealed that invasive surgical exposure of
the sciatic nerve and its branches, associated with intraoperative
electromyography did not lead to gait functional changes 12 weeks
after the first procedure.

Rupp® stimulated sciatic nerve and recorded CMAP
in GM, with a concentric needle, in terms of nerve conduction
velocity, 8 weeks after the experiment. The concentric needle
electrode was seen to capture smaller CMAPs, or none at all,
compared to monopolar electrodes. This study also reported that
high intensity stimuli (>1.9 mA) generated CMAPs in the GM,
even after injury without repair of sciatic nerve, suggesting that
the impulses may have been propagated by contiguous muscles.
This may corroborate to inconsistents EMG outcomes in sciatic
nerve experimental studies, showing that the adjacent muscles
have a strong influence on recording from the GM and vice versa.

Despite higher readings in week 12, compared with week
0, there was no significant statistical difference between these
two moments regarding GM amplitude (p=0.069) and latency
(p=0.256). These findings suggests that intraoperative EMG
in moment zero could be used as a normal control, dismissing
the need for a sham group just for EMG in a later moment of
observation.

On fibular nerve compartment, there was a significant
statistical difference between the two evaluation moments in
terms amplitude (p=0.003) and latency (p=0.021). The EDLM is
located in the anterior compartment of the leg and is substantially
less bulky than the GM. To avoid increased morbidity in the rat’s
leg, as result of unnecessary dissection, the recording electrode

was percutaneously introduced at a fixed point 2 cm distal from
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the knee joint. Surgical fibrosis and cross reading contamination
from adjacent muscles may be the reason for these changes at the
different times®'.

Stipp-Brambilla?> compared data between percutaneous
and intraoperative EMG. The tibial nerve was sectioned, so there
was no interference from the GM in the reading for the fibular
compartment. Stimulus was applied in the sciatic nerve using a
hooked bipolar electrode at a frequency of 1 pps and a duration
of 100 ps. CMAP was recorded in the cranial tibial muscle. These
authors concluded that surgical exposure did not significantly
affect the values observed for the electrophysiological parameters,
and even made it possible to stimulate an exact point in the target
nerve, but did not specify this point in the sciatic nerve nether
the recording location in the cranial tibial muscle. Cranial tibial
muscle has a greater volume than the EDLM, the target muscle
for the fibular nerve compartment used in our study. This fact
may justify the higher amplitude and area values found by these
authors®.

Egeland* sectioned tibial and sural nerves, then
stimulated the sciatic nerve with 0.2 mA (+0.14) and obtained a
CMAP recording in the EDLM (the target muscle of the fibular
nerve) with an amplitude of 16.63 mV (+0.5.20), latency of 1.34
ms (£ 0.23), and nerve conduction velocity of 22.19 m/s (+3.62).
This author repeated the study after sectioning the tibial and
fibular nerves, and noted the transmission of a discrete antidromic
action potential (afferent) in the sural nerve (sensitive). Therefore
concluded that the presence of the intact sural nerve could lead
to contamination recording in neurophysiological assessment
of the tibial and fibular branches. This suggests future studies,
that intraoperatory section of non target branches would avoid
contaminating responses in neurophysiological assessment of the
target nerve.

Tatlidede*® proposed an experimental model using
lateral tibial nerve and the flexor digiti minimi brevis (FDMB)
muscle. Stimulus was applied through a bipolar hook-shaped
electrode in distal third of the leg, and CMAP recorded through a
concentric needle electrode. Control group, without nerve injury,
outcomes revealed a 1 mA stimulus in the tibial nerve yielded a 1
mV amplitude in the FDMB after 12 weeks. Despite similarities
to our study with regard to experiment duration and electrodes,
this author did not establish distance parameters for stimulus and
recording points; additionally, the FDMB is a small muscle and is
more subject to contamination from recording of CMAPs in the
adjacent muscles®.

Different distances between stimulus and recording

points could change parameters such amplitude and latency,
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making the experimental model difficult to reproduce!®.

Another important EMG standardization variable is
the intensity of stimulus current. Amplitude exhibits a direct
relationship with the number of nerve fibers depolarized by the
stimulus. A lower amplitude may reflect a decrease in the number
of fibers or decrease in the synchrony of the response. To avoid
errors in assessing amplitude, the supramaximal stimulus, which
is the maximum intensity of stimulus required to depolarize all
fibers, should be used?.

Several of the studies described above also used a wide
variation in stimulus intensity, so the responses obtained may not
reflect supramaximal amplitude.

EMG is a useful and objective method for evaluating
nerve regeneration. The use of supramaximal stimulus and
standardization of electrode distances in relation to reference
points, as well as the use of amplitude and latency, as more relevant
variables, could assist when comparing EMG outcomes in future
experimental studies involving nerve regeneration of the tibial and
fibular nerves in rats.

In a future study, the model presented for intraoperative
EMG evaluation will be used to assess progress after injury and

different techniques of nerve repair, including double innervation.

Conclusions

Intraoperative  electromyography  determined and

quantified gastrocnemius muscle motor unit integrity, innervated
by tibial nerve. Although this study was not useful to, objectively,
assess extensor digitorum longus muscle motor unit, innervated
by fibular nerve. The methodology described allows the tibial or
fibular nerve to be analyzed separately, sectioning the nerve that is

not relevant at the evaluation moment.
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