MedCrave

Step into the Wonld of Research

i@

International Physical Medicine & Rehabilitation Journal

Case Report

a Open Access @

Stepping in motor complete spinal cord injured
patient with extensor spasticity following intensive
gait rehabilitation- case report

Abstract

Introduction: We report the case of a chronic motor complete spinal cord injury (SCI)
subject who regained stepping in parallel bars after intensive gait rehabilitation treatment.

Methods: A 32 year old male patient with chronic sensory incomplete SCI (T6, AISA
B) with extensor spasticity of both legs, performed over 3 months a locomotor training
program 2 years after his initial injury. The training included the use of a robotic system
combined with bilateral functional electrical stimulation (FES) of the peroneal nerve for 2

months followed by another month of training on parallel bars with FES.

Results: After the three months of training, the patient was able to walk using parallel bars

for 2 minutes without FES, orthosis or third person assistance.

Conclusion: A young patient following a complete motor SCI with some preservation of
sensory pathways and with extensor spasticity could perform steps following intensive gait

rehabilitation.
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Introduction

For patients who suffer a traumatic spinal cord injury (SCI),
the most visible disability is the inability to walk at all or to walk
at velocities that don’t permit community ambulation. Regaining
ambulatory function after a traumatic SCI has been reported at 3%
in initially complete SCI patients AIS-A'? and is almost impossible
in chronic complete motor SCI.* There are just two cases reported,
one with chronic complete SCI (AIS-A)** and one chronic complete
motor SCI (AIS-B)’ that could perform some steps after locomotor
training. Here we describe a patient with a chronic complete motor
SCI who was able to do stepping between parallel bars for 2 minutes
following an intensive gait training program for 3 months.

Case presentation

A 32 year-old male patient had a snowboard accident resulting
in a traumatic SCI two years prior to commencing this training.
On admission, initial neurological examination revealed a motor
complete SCI (AIS-B) at the thoracic 6 level. He presented
predominantly extensor spasm in both legs with a Modified Ashworth
Scale (MAS) score of 3.This allowed him to stand upright for several
seconds but without any locomotor capacity. Proprioception of 5-20
degree movements was absent in his toes and knees bilaterally. The
neurophysiological assessment showed an absence of motor and
sensory evoked potentials in his lower extremities.

Due to the ability of the patient to stand up for a few minutes
using extensor spasticity two years after his initial SCI , we decided to

initiate an intensive rehabilitation program which included traditional
physiotherapy and two months of robotic locomotor training
(Lokomat , Hocoma, Switzerland). The training in the Lokomat was
done for 30 minutes per day, five days a week, over a two month
period, with a velocity of 1.5 km/h, 50% of bodyweight support, and
100% guidance force. We added functional electrical stimulation
(FES Odstock, Salisbury, UK) on the peroneal nerve to enhance ankle
dorsiflexor activity in both legs in order to prevent extensor spasticity
from blocking the robotic device during each step cycle.

After two months of FES-assisted robotic gait training, the patient
received only FES on the peroneal nerve bilaterally while supporting
himself with his arms and performing stepping between parallel bars
for one month. After 3 months of gait training, he was able to perform
37 steps using the parallel bars, without an orthosis or third person
assistance for a distance of 16 meters in 2 minutes. The average
velocity was 0.13m/second with a stride length 0.84m.

Discussion

We report the case of a patient with chronic complete motor SCI
with severe extensor spasticity in both legs that allows him to stand
and to perform stepping for a few minutes between parallel bars after
intensive locomotor training. Here we discuss the role of different
central nervous pathways on stepping and/or gait following chronic
complete motor SCI.

In the literature, there are only a few case reports regarding
chronic severe SCI realizing some form of locomotor function.
Wernig & Miiller® reported a 32 years old patient (T6, AIS-C) with
absent voluntary activity in both legs except in TA unilaterally and
severe bilateral extensor spasticity who was capable of walking 40 m
with a walker following 10 years of individual training. Behrman &
Harkema* described the case of a 20 years old person with a complete
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chronic SCI (T5, AIS-A) who could produce 3 to 10 consecutive steps
with manual assistance to one leg on the treadmill after gait training.
Manella et al.’ reported a 33 years old individual with chronic SCI
(T7, AIS-A) who developed over ground walking ability following
intensive physical therapy and robotic locomotor training. Murillo et
al.”reported a single case who was 15 years old with a chronic motor
complete SCI (T6, AIS B) and severe bilateral extensor spasticity that,
at the end of training, the patient was able to cover a distance of 200
meters with a walker and assistance pulling the walker with each step
to help her accomplish effective over ground stepping.

The severity of lesion, severe extensor spasticity and youth
were common characteristics of the last case and this reported case,
however, the current case being reported did not require an orthesis
or person to provide assistance for stepping using the parallel bars.

In all of these case reports we can observe commons characteristics:
the patients were young (3, 20, 33 and 15 years old respectively),
all had chronic lesions, three of them presented extensor spasticity,
and they all participated in an intensive, specific locomotion training
program.

Age is an important factor for the development of neuronal
plasticity® which could contribute to the learning of locomotion in the
spinal cord. Furthermore, Oleason CV et al.’ observed a correlation
between an initial pinprick sensation (AIS B) and age under 50 years
that favored a positive prognosis for walking in people living with a
SCIL.

Three other previously published patients presented with similar
bilateral spastic extensor patterns as our current patient.””’ Extensor
spasticity is defined by Steldt RE & Schmit BD.!” as a multipoint
reflex response to bilateral hip extension, and is characterized
by hip flexion, knee extension, and ankle extension torques. it
is a recurring feature in all these reported cases and it could be an
identifying characteristic which could predict the success of an
intensive locomotion training program.. This extensor spasticity
would be conditioned to the location of the lesion, possibly because
the ventral part of the spinal cord is less damaged, how it is observed
in studies in animals such as rats or cats, in which the vestibulospinal
tract is described as responsible for activating the antigravitational
extensor muscles during the stance phase of the gait cycle.'? It is
possible that feedback from the otoliths, from peripheral receptors,
or centrally from interneuron signaling information about the Spinal
Central Pattern Generator (CPG) will modulate the activity of the
vestibulospinal neurons (VSNs) to ensure that their maximum output
occurs at times in the step cycle at which there is the greatest need
for antigravity activity."’ Along with the vestibulospinal pathways, the
reticulospinal pathways are also implicated in the step-by-step control
of locomotion. Given their widespread projections, these cells may
participate in the coordination between limbs as well as in weight
support directly or as an integrative relay between the cortex and
spinal cord."

Besides these pathways, it is clear that on lesion type AIS B,
patients have a certain grade of sensation that means that they have
some dorsal pathways preserved. In rats, it has been observed that
lesions at the Rubrospinal nucleus cause persistent deficits during over
ground and skilled locomotion."* Hence preservation of this nucleus is
a conceivable condition needed to initiate locomotion.

In addition to young age, some sensory preservation and
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extensor spasticity, intensive and specific training might be the other
important factor for recuperation of stepping as it promotes neuronal
plasticity by increasing the learning of the neural circuits involved
in locomotion."*According to Smith AC & Knikou M, locomotor
training promotes functional neuronal reorganization. A major driver
for neuronal reorganization after locomotor training is reinforcement
of activity-dependent sensory feedback from receptors that can adjust
the operation of the CPG.

Conclusion

The spinal cord may improve some of its locomotor function
following gait rehabilitation in younger patients with chronic
complete motor SCI with sensory pathway preservation and the
presence of extensor spasticity. It is possible that extensor spasticity
activity facilitates standing in young patients and together with some
preserved ventral and dorsal pathways, could facilitate stepping
depending on the intensity of locomotor training.
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