FUNCTIONAL ELECTRICAL STIMULATION TO ELIGIT THE
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INTRODUCTION

Electrical stimulation over the common peroneal nerve has been shown to
stimulate a flexor withdrawal response in the ipsilateral limb. Enhancing flexion
of the hip, knee and ankle during the swing phase of gait through facilitating
the flexor withdrawal response with functional electrical stimulation (FES)

in people with spinal cord injury (SCI) has been documented by Granat et

al (1993). Two reviews by Nightingale et al (2007) and Ragnharsson (2008)
conclude that there is evidence to support the use of FES to improve function
and quality of life in people with SCI. However, since the 1990’s there has

been little evidence regarding the specific use of FES to elicit flexor withdrawal
response during gait.
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METHOD

This case series review of five subjects was carried out to determine whether
FES can produce hip flexion, knee flexion and dorsiflexion in the swing phase of
the gait cycle in people with SCI to either enhance or produce swing phase.

FES was provided with a one channel stimulator with the -ve electrode over the
common peroneal nerve as it passes around the head of the fibula and the +ve
electrode either over the tibialis anterior muscle or in the lateral aspect if the
popliteal fossa.
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* At times the ability to have a time out option was vital as the flexor
withdrawal response needed to terminate mid - late swing to allow for
extension in preparation for stance.

* The ability to build in a starting delay was also crucial to allow the subject
time to translate weight onto the stance leg before the swing phase on the
weaker side was stimulated.

The parameters used varied between subjects. The stimulator was able to provide:

Current - 0-100maA, Falling ramp of 0-2s

Frequency - 20-60Hz Waveform - asymmetrical or symmetrical
Pulse width - 0-360us Time out period 300ms- 60000ms
Rising ramp of 0-2s, Starting delay - 0-2000ms

Extension time of 0-2s

TABLE 1: PARTICIPANT DEMOGRAPHIC

CP JG GT DC MT
Age at time of FES trial 28 30 42 56 15
NLI and AIS on admission C6 AISB C6 AISB C6AISB T8AISC C6 AIS A
NLI Al isch f
and AlS on discharge from C6 AIS C C6AISD C6AISC T8AISD C6 AlS C
rehab
L h of for initial reh
ength of stay for initial rehab 11 8 9 A 9
(months)
Years post |nJur.y at time of FES . 0 0 17 0
trial
Ashworth 3-4 . . Ashworth grade 3- 4 in Ashworth 1-2
_ _ 100° spasticity angle | Moderate extensor _
Muscle Tone at time of FES trial | throughout lower _ , , , quadriceps of the thoughout lower
, in quadriceps tone in lower limbs , ,
limbs weaker lower limb limb muscles
1-2 in weaker lower | 0-3 in weaker lower |0-2 in weaker lower| 1-5in weaker lower
Muscle strength at time of FES limb limb limb limb (5 in quads only) | 0-3in stronger leg
trial 1-4 in stronger lower| 3-5 in stronger lower 1-4 in stronger 2-5in stronger lower | 0-2 in weaker leg
limb limb lower limb limb
2 wheeled 2 castor 2 wheeled 2 castor He dut lpit
Walking aid W ¢ Elbow crutches W ¢ Elbow crutches avy auty paipl
gutter frame gutter frame frame

POINTS OF INTEREST

The case subjects all have upper motor neurone lesions as a result of a spinal
cord injury in either the thoracic or cervical spine.

All subjects have incomplete spinal cord injuries with one lower limb significantly
weaker than the other.

All subjects had no motor activity in the weaker leg at time of injury.

All subjects improved at least one AIS level during their inpatient rehabilitation.
All subjects had at least moderately increased muscle tone in their lower limbs.
All of the subjects were either unable to or had difficulty producing swing phase
with their weaker lower limb but did have adequate extensor activity to maintain

extension during stance phase with the use of a walking aid.

All subjects had enough activity in their opposite lower limb to produce stance
and swing phases of gait.

TABLE 2: RESULTS

Gait without FES Gait with FES

Able to st ker leg th h and
CP | Unable to produce swing phase € 1o step weaker leg through an

walk 10-20m
G Hitch to produce swing phase Able to step left leg through -
10MTW- 47s and 3 trips 10MTW - 27 s and no trips

Able to step weaker leg and walk 10
m

GT | Unable to produce swing phase

Swing phase effortful and Improved effort of walking and

DC . . :
reduced foot clearance improved foot clearence in swing

Able to step weaker leg with very

MT | Unable t d ing ph
NElPle e Pl Sl [Piess minimal guidance

In 3 of the 5 subjects FES in gait produced swing phase in the limb which was
unable to swing voluntarily. One of these subjects demonstrated carry over into
voluntary gait.

For the remaining subjects, FES during gait improved flexion at the appropriate
joints to optimise swing phase.

CONCLUSION

This case series highlights that FES in gait may be a useful option to:

a) Provide an alternative when there are no other practicable options to facilitate
stepping in people with SCI who are able to step one leg and not the other, which
would allow ongoing rehabilitation of gait, capitalising on the benefits of walking.

Or

b) To improve the quality of the gait pattern, reduce the effort of walking and improve
safety of walking in people with SCI who have reduced ability to produce adequate
hip and knee flexion.

® |t can be used in an acute rehab setting or in the community to either rehabilitate
gait or as an orthosis to maintain current abilities.

® Considerations need to be given to the level of increased muscle tone present and
whether there is adequate passive range of movement.
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