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SUMMARY

Peripheral nerve injuries can cause serious health problems and result in lifelong
disabilities.1 Although researchers have been studying peripheral nerve injuries, patients
may not regain complete function of their muscles even after surgeries to repair their
nerves are performed. However, animal studies have shown that after peripheral nerve cut
and repair (muscle self-reinnervation), stretch-reflex in the affected muscles does not
recover, which may affect the muscle electromyographic (EMG) activity of all muscle
synergists, as well as joint kinematics.2,3 The aim of this study is to determine the effects
of the self-reinnervation of the lateral gastrocnemius (LG) and soleus (SO) muscles in the
hind limb of felines on the mean EMG activity of the intact synergist medial
gastrocnemius (MG), as well as the moments at the knee and ankle joints during different
walking conditions: level (0%), downslope (-50%), and upslope (+50%). The EMG
activity and joint kinematics were recorded on the three different walking conditions
before and 12 weeks after the self-reinnervation of LG and SO when these muscles
recovered their activity. The self-reinnervation of the two muscles caused the MG EMG
activity to increase for all walking conditions. However, the changes in the knee and
ankle moments differed depending on the three different walking conditions. It was
concluded that the changes in EMG and joint moments after self-reinnervation could be
caused by the absence of stretch-reflex in the affected muscles and/or changes in
physiological properties of muscles.
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CHAPTER 1
INTRODUCTION

Axons in the peripheral nervous system are able to regenerate after injuries,
unlike those found in the central nervous system. However, this regrowth is hampered
when peripheral nerve injuries occur, which causes fewer intact axons and larger motor
units.4 The regrowth of the peripheral axon is often delayed because of the distance that
axons must travel to reach the target tissues. Therefore, complete regrowth of the axon
and regaining full function are often unreachable, which is why peripheral nerve injuries
could result in lifelong disabilities.5 Scientists and doctors have continually been seeking
for advancement in existing peripheral nerve injury treatments, with many of these
treatments refined during times of war, primarily beginning with World War I. Since
approximately 18% of all extremity injuries include damage to peripheral nerves,
treatments for peripheral nerve injuries were vastly improved over the course of the war.6
Animal Studies
Animal studies have often shown promise in recovery from peripheral nerve
injuries since there have often been changes in the EMG activity and joint kinematics
shortly after the self-reinnervation of an animal’s hind limb muscles. Different methods
of reinnervating nerves have been performed and electrical stimulation could decrease the
time it takes for a nerve to be completely reinnervated, which has been shown in rats.7
Other techniques, as well as experiments with other animals have been used to examine
how muscles recover from self-reinnervation. A study was performed on a cat’s hind
limb muscle, which observed how the self-reinnervation of the medial and lateral
1

gastrocnemius muscles would alter the muscle-tendon unit (MTU) length and EMG
activity in the cat.8 Although the MTU length and EMG activity are able to provide a
great amount of insight into the self-reinnervation of muscles, there are still areas that the
changes in MTU length and EMG activity do not measure, such as the joint kinetics
(knee and ankle moments), frequencies of muscles’ EMG, and the amount of activity
present in muscles surrounding those that were reinnervated.
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CHAPTER 2
MATERIALS AND METHODS

One adult cat was trained under operant conditioning methods with food rewards
for walking along an enclosed walkway. The walkway was surrounded with Plexiglas
and consisted of three force plates embedded on the surface of the walkway. The slope of
the walkway was changed to allow for three different walking conditions: level (0%),
upslope (+50%), and downslope (-50%). After training was complete, the cat underwent
the first surgery: the implantation of EMG electrodes in the right hind limb. The
electrodes were implanted in the nine different muscles of the hind limb, but only one
muscle was analyzed for this study - the MG. Once the cat recovered from surgery, the
initial set of data collection could begin
Reflective markers, whose positions were recorded by the Vicon camera system,
were placed at specific locations on the cat. As the cat walked along the walkway, the
Vicon camera would record each trial. For each trial, the ground reaction forces, EMG
data, and joint position data was collected. After pre-reinnervation data were collected,
the cat was ready for the second surgery: the self-reinnervation of the SO and LG
muscles of the right hind limb. The nerves innervating the SO and LG muscles were cut,
realigned, and repaired with fibrin glue. After the cat recovered from surgery, the next set
of data collection could begin, which used the same procedures as the ones used before
self-reinnervation. The EMG activity and joint kinematics were recorded weekly for 12
weeks after the self-reinnervation surgery. Collected marker positions and ground
reaction forces were used to compute the resultant muscle moments at the ankle and knee
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joints.9 Recorded EMG signals were analyzed using a wavelet analysis to determine the
mean frequency and magnitude of EMG signals.10 A two-sample t-test was performed to
analyze the results from pre-reinnervation and 12 weeks after the self-reinnervation
surgery and to determine which conditions were statistically significant.
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CHAPTER 3
RESULTS
Effects of LG and SO self-reinnervation on mean EMG activity of MG

Figure 1. Mean EMG of medial gastrocnemius for all three walking conditions prior to and 12 weeks after
the self-reinnervation of the soleus and lateral gastrocnemius muscles in a cat’s right hind limb.

The mean EMG activity of MG significantly decreased for all three walking
conditions 12 weeks following the self-reinnervation surgery (p<0.05). For all walking
conditions, there were steeper negative slopes during the stance phase and steeper
positive slopes during the swing phase after self-reinnervation when compared with that
of pre-reinnervation.

5

Effects of LG and SO self-reinnervation on knee and ankle moments

Figure 2. Mean ankle and knee moments for all three walking conditions before and 12 weeks after the
self-reinnervation of the soleus and lateral gastrocnemius muscles in a cat’s right hind limb.

In some of the knee and ankle moments for each walking condition, significant
differences were observed. For the upslope condition, there was a decrease in ankle
moment and an increase in knee moment. However, due to the small sample size, a t-test
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could not be performed since conditions were not satisfied, indicating that neither of
these results was significant. A significant decrease was observed in the ankle moment of
the downslope condition (p<0.05). In the level walking condition, there was no
significant difference in either the ankle or knee moments following reinnervation.
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CHAPTER 4
DISCUSSION

Significant results were observed in mean EMG activity of the MG, ankle, and
knee moments, which are all slope dependent. For all walking conditions, there was a
decrease in the mean EMG activity of the neurologically intact synergist MG, which
could be caused by numerous factors, such as different motor control strategies or
implantation sites when compared with other cats. Since each cat is unique, the
implantation site could differ from one another, which could result in different EMG
readings. Along with these differing factors, the decrease in EMG activity could be
caused by the increase in SO and LG muscle activity, which would compensate for the
decrease in MG activity. The absence of stretch-reflex in the affected muscles will also
cause changes in the EMG activity, as well as the joint moments after self-reinnervation.
Looking at the results for the ankle and knee moments, compensation of different
joints could be the reason why some joint moments increase, while others decrease after
self-reinnervation. In the upslope walking condition, there was an increase in knee
moment, but a decrease in ankle moment. This could be due to the knee moment
compensating for a smaller ankle moment. Since only one cat was observed in this study,
it is difficult to draw concrete conclusions based on these results. Based on the results of
this and previous animal studies, there is promise in advancing the current peripheral
nerve injuries that exist. However, more cats need to be studied to determine the general
mean EMG activity and joint kinematic trends after self-reinnervation of different
muscles.
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