
Implanted Functional Electrical Stimulation for Upright
Mobility in Pediatric Spinal Cord Injury
Introduction
The ability to walk short distances and perform activities
in standing are often goals of people with spinal cord
injuries, and physiological and psychological benefits
have been shown.1,2,3 Long leg braces (LLB) are typically
prescribed for those who desire upright mobility and
have the physical ability to use LLB. Users frequently
abandon the use of LLB (30-71%) due to issues including
poor fit into a wheelchair, bulkiness beneath clothing,
skin irritation, and difficulty in donning.2,4 A potential
alternative to LLB is implanted functional electrical stim-
ulation (FES). In addition to addressing the more com-
mon reasons for abandonment of LLB, FES may provide
benefits of enhanced functional upright abilities by
allowing a quicker transition from sitting to standing
with greater independence. It is important to note how-
ever that the goal of FES is not to eliminate the need for
a wheelchair.

FES Systems for Upright Mobility
Our laboratory has conducted research on two implanted
systems for upright mobility, one with eight channels
(NeuroControl Corporation, Valley View, OH) available
for muscle stimulation5 and one with 22 channels
(Cochlear Ltd, Lane Cove, NSW, Australia).6 The 8-chan-
nel system was implanted in nine children and adolescents
and the 22-channel system was implanted in three adoles-
cents/young adults. Both systems provided stimulation
for upright mobility (Figure 1); however the 22-channel
system also provided stimulation for bladder and bowel
function. Two of the three subjects using this system
received electrodes for bladder and bowel management.

For individuals with SCI to be eligible for an implanted
FES system, the lower motor neurons to the targeted mus-

cles must be intact in order to obtain a stimulated
response. Therefore individuals with low thoracic or lum-
bar injuries may not qualify for these systems.7

Surgical Implantation
Each system included an internal control unit, implanted
beneath the skin over the abdomen or lower rib cage
(Figure 2). Electrodes were placed near the motor point of
the muscle or adjacent to the nerve branch to the muscle.
For the 8-channel system, electrodes were placed using a
percutaneous approach, in which electrodes were placed
using a series of cannulas, thus requiring only a small inci-
sion. For the 22-channel system, larger incisions were
made to access the nerve branches to the targeted muscles.
For both systems, leads were then passed beneath the skin
to connect to the internal control unit.

Five subjects with the 8-channel system were growing
children at the time of the surgical implantation. To
accommodate for growth of the pelvis and proximal
femur, extra lead wire was placed for each electrode in an
S-shape along the path to the stimulator.8

External Control Unit
To operate each system, a radio frequency antenna was
placed on the skin over the implanted control unit to
allow an external controller to communicate with the
internal components. The external controller for the 8-
channel system was approximately the size of a standard
cell phone, while the controller for the 22-channel system
was a pocket computer. Users placed the external con-
troller on a belt, pants pocket, or on the assistive device.
Both systems were simple to activate, allowing the user to
activate the system through a push button or by tapping
on the computer screen.
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Figure 1: A subject stands with his FES system to use a vending machine.
The external control unit is placed on his belt.

Figure 2: X-ray of the implanted 22-channel FES system. The internal
control unit is located near the left lower ribcage. Circular electrodes
were placed adjacent to the nerve branches and passed beneath the skin
to connect to the internal control unit.
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FES for Upright Mobility
The first use of implanted FES for upright mobility in our laboratory
involved stimulation to eight lower extremity muscles, including the
quadriceps muscles via the femoral nerve for knee extension, the gluteus
medius for hip abduction, the gluteus maximus for hip extension, and the
posterior head of the adductor magnus for hip extension and adduction. All
muscles were activated continuously to allow standing or walking. In this
study, the use of FES for upright mobility was compared to the use of tra-
ditional LLB during eight short duration activities for nine children and
adolescents with paraplegia. Subjects completed the activities with FES at
least as fast as they did with LLB and were faster during activities involving
transitions between sitting and standing (Figure 3). With LLB, users must
first lock the knees into extension prior to standing. With FES, the knees can
begin in flexion and stimulation ramps up during standing, potentially
reducing the effort of the upper extremities. In addition to being faster with
some activities with FES, the younger children also gained greater inde-
pendence for several activities, requiring minimal physical assistance with
LLB and only supervision with FES.

The 8-channel system allowed users to walk by swinging both legs togeth-
er while using an assistive device to support the body weight during the
swing. A reciprocal pattern with FES is another option and the subsequent
22-channel system provided this ability. With this system, 18 electrodes
were designated for lower extremity stimulation, providing use of muscles
to flex and extend the hip, knee, and ankle. This provided the ability to cre-
ate stance and swing with users activating a step through push buttons on
the assistive device. With this device, additional testing was performed to
examine activities of longer duration than with the 8-channel system,
including a six minute walk and maximum standing time. Two of the three
subjects could perform the six minute walk, walking 39.3 ± 5.7m (subject
1) and 215.1 ± 9.3m (subject 2) during that time. Maximum standing time
for the three subjects ranged from two minutes, two seconds to 40 minutes,
33 seconds.

Conclusions
These implanted FES systems provided subjects with an alternative means
for upright mobility. Functionally, subjects were faster and more independ-
ent with FES than they were with LLB during upright mobility activities.
Overall, the results of this study suggest that implanted FES systems are a
realistic alternative for children and adolescents with paraplegia.
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Figure 3: Results for an eight year
old boy with T1 paraplegia using a
walker as an assistive device. Two
activities (standing to reach an
object and transferring to a higher
surface) involved transitions from
sitting to standing, and he was able
to complete these activities faster
with FES than with LLB. He
required a comparable amount of
time to ascend stairs with FES and
LLB. These results are typical of
other children in the study. Time
to complete activities is measured
in seconds.




