Functional Electrical Stimulation (FES) and Cerebral Palsy – a review of the literature
The evidence supporting the efficacy of Functional Electrical Stimulation (FES) to improve gait for children with
Cerebral Palsy (CP) is growing steadily. The results of studies utilizing FES in pediatric study protocols are increasingly
demonstrating improvements in gait quality, gait symmetry, and muscle strength and motor control. Given the
complex nature of the gait deviations seen in children with CP, many pediatric FES studies investigate the effect of
multichannel FES systems on abnormal gait. Most multichannel systems include stimulation of the anterior tibialis
muscle as a treatment of for drop foot.1-6 Two of the contributions to the FES literature involve no component of
dorsiflexion, instead they address ankle plantarflexion and knee extension respectively.7-8 An equal number of the FES
studies reviewed here investigate single channel FES systems that operate as a neuroprosthetic by stimulating the
Peroneal Nerve to alleviate drop foot.9-16
In keeping with the special concerns of a pediatric population, studies investigating the effects of FES on the gait of
children with CP have addressed comfort and tolerability. Four studies addressed average wear and tolerability, finding
that the children tolerated FES very well.11-12,14-15 In the two studies that looked at longer term wear (4-6 months), the
children utilized the FES system an average of 5-6 hours with the majority of children in both studies choosing to
continue with FES after the treatment phase.12,15
Kinematic Outcomes: Much of the evidence supporting the use of FES to improve gait for children with CP
demonstrates the efficacy of FES systems through changes in gait kinematics and gait symmetry.
Swing Phase: The functionality of the child’s swing and placement of the foot at initial contact are important
considerations as impairments here lead to instability and increased trips and falls.15 Utilizing FES to activate the
dorsiflexors during swing directly impacts the efficacy of gait, as evidenced by the decrease in both toe-drag and falls
seen in one study utilizing PN FES.14 Using motion analysis to measure dorsiflexion during swing, other studies have
demonstrated a significant increase in both peak3-6,9,13,15 and mean dorsiflexion.13,15 FES has been shown to impact the
degree of dorsiflexion at initial contact as well. Two studies demonstrated a significant increase in degree of ankle
dorsiflexion at initial contact with the use of FES4,13 with another noting an improved heel position at initial contact in
some subjects both with and without FES.5
Stance Phase: The impact of FES on the gait of children with CP is also apparent in stance. Studies have shown that
utilization of FES has improved ankle and foot posture during stance with a more symmetrical heel to toe pattern
noted.7,11 Use of PN FES to initiate dorsiflexion at terminal stance must be balanced with the child’s ability to push off.15
Studies have contributed results to the evidence that demonstrate that push-off is preserved with FES,7,15 and also that
the total work imposed on the ankle in terminal stance is improved with FES.4,13
The kinematic improvements in both swing and stance that are seen with the use of FES contribute to the quality of
gait. Several studies demonstrated overall improvements in gait quality in the form of an increase in the symmetry
of step length1 and a decrease in overall gait deviations as compared to normative values for children with CP.10
This improved quality can also contribute to functional mobility as evidenced in the results of several studies that
demonstrate trends toward increased gait velocity and cadence.1,3,10
Improved muscle strength and control: Two studies looked at anatomic cross sectional area and anterior tibialis
muscle thickness as measures of improved muscle function. Both of those studies showed significant increases in both
cross sectional area and muscle mass in time periods ranging from 20 therapeutic sessions of FES to 3 months of FES
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wear as a neuroprosthesis.2,9 The longer term FES study also measured cross sectional area and muscle mass at a 3
month follow-up visit to assess carry over and found that the improvements in both measures were maintained.9 Other
studies have also demonstrated improvements in muscle function with reports of significant increases in voluntary
strength,8,14 selective motor control14 and improved Gross Motor Functional Measure scores.1 Finally, studies resulting
in a decrease in lower extremity spasticity in the agonist and antagonist muscle groups have concluded that FES is
beneficial to the overall balance of tone and control of the motor patterns used in gait.8,14
Key Points: While multichannel systems have been investigated longer, support in the evidence is clearly building
for the use of Peroneal Nerve FES alone as a therapeutic and neuroprosthetic option for children with drop foot as
a result of CP. Using FES in general is a rather new topic in pediatric gait research. Up to this point most studies have
investigated the use of Neuromuscular Electrical Stimulation in an exercise protocol. However there has been a
distinct increase in pediatric FES studies and 4 of the most recent studies have utilized the WalkAide specifically as a
Neuroprosthesis.9, 12,14-15
The current evidence for the use of PN FES for the treatment of drop foot with children who have CP is very promising
in terms of tolerability, kinematic improvements and muscle plasticity. At the 2010 International Society of Prosthetics
and Orthotics meeting a group reported the results of an observational analysis utilizing the WalkAide with 124
children, 42 of which had CP. Their clinical results are very supportive of the use of FES with children. The use of FES
with a pediatric population is increasingly becoming a viable and effective standard of care. The WalkAide is at the
forefront of this paradigm shift and promises to be an exciting part of future therapeutic interventions.
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