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Neuromuscular Electrical Stimulation for Children With Stroke
Research into neuromuscular electrical stimula-
tion (NMES) for children with cerebral palsy and
children post-stroke is limited. However, a recent
review suggests that evidence for NMES is suffi-
cient for improvement of gait and muscle
strength as well as hand function and walking
speed when combined with botulinum toxin and
task-specific training.1 NMES is also referred to as
electrical stimulation (eStim), functional electri-
cal stimulation (FES), or muscle stimulation.
What is it?

NMES uses an electrical current to trigger a con-
traction in a weak or partially paralyzed muscle.

NMES has been shown to:

� Improve motor function.2-4

� Increase muscle strength and range of
motion.5-7

� Reduce muscle spasticity.4,8,9

� Replace muscle function (ie, orthotic use).
NMES can be done while the child is at rest or
while they are using that muscle to perform an
activity. NMES is well-tolerated by children of all
ages, including infants. Some NMES units have a
trigger mechanism, which allows muscle stimula-
tion to be timed with task performance. Research
suggests that using NMES while trying to activate
a muscle is the most effective.10 If used in this
way, NMES can assist a child to do tasks that
would otherwise be too difficult. Thus, along with
increasing task execution an advantage of NMES
may be to enhance motivation and engagement.
Most portable home-based NMES units offer 2
channels which allow up to 2 muscle groups to be
stimulated simultaneously or in a reciprocal man-
ner. Such units usually deliver asymmetrical
biphasic electrical stimulation, although some
units may be programmable for symmetrical stim-
ulation. There are also larger, more complex NMES
systems that can stimulate up to twelve muscle
groups at a time while a child participates in a
functional activity. See figure 1 for 2 examples of
how NMES is used.
How does it work?

NMES bypasses the brain and spinal cord to trig-
ger a response at the motor unit junction (most
common) or depolarizes a nerve before it reaches
the muscle. NMES at the neuromuscular junction
releases a chemical signal which leads to a muscle
contraction allowing for stimulation of specific
muscles (figure 2). Yet adjacent muscles may be
stimulated simultaneously with use of larger elec-
trodes. Depolarization of a nerve before it reaches
a muscle stimulates all muscles supplied by the
nerve distal to the point of stimulation. This may
be desirable to target several muscles at once
(eg, wrist, finger, and thumb extensors). Setup
can be adjusted to recruit different types of mus-
cle fibers or to reach deeper fibers within a mus-
cle. Increasing the amplitude or pulse width
results in recruitment of smaller diameter fibers
and recruits deeper muscle fibers. Increasing the
distance between electrodes recruits deeper mus-
cle structures.

Research shows how the brain may change with
NMES: (1) motor-evoked potentials increase (an
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Fig 1 Examples of NMES use: (A) task-based NMES for shaping around objects. (B) functional electrical stimulation bike.
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indicator of how easily the brain produces move-
ment); (2) blood flow to brain regions associated
with movement increases; (3) genes that code
factors important to brain plasticity are more
Fig 2 Physiology and typical clinical setup of neuromuscula
active; and (4) new neurons form around the
lesion.10,11 It is recommended that in children
with select neurologic conditions, treatment
should be provided at a minimum dose of
r electrical stimulation for extensor digitorum communis.

www.archives-pmr.org

http://www.archives-pmr.org


NMES for Children with Stroke 193
20 minutes/day, 5 days/week for 2 to 6 weeks to
improve arm function.12
When is NMES a potential option?
Indications

� Improve ability of a specific muscle or muscle
group to activate during task performance.

� Activate muscle(s) opposing those muscles
with spasticity that are limiting function.

� Increase body awareness or proprioception to
influence function.

� Replace an orthotic (eg, activate dorsiflexors
during gait).

� Stabilize joints (eg, minimize shoulder sublux-
ation).
Considerations

� Studies support the benefit of combining
NMES with task-based training or providing
passive NMES plus traditional therapy.

� Select the muscle(s) to target based on clin-
ical assessment and therapy goals.

� Requires an effective dose as with any ther-
apy.

� Setup time (varies).
� Must educate child and family about the
purpose, sensation, and dosage.

� Consider strategies to increase child engage-
ment: the parent or clinician may receive NMES
at the same time on their limb, allow the child
to adjust the amplitude, or use the trigger.

� Use strategies to increase comfort as needed
(eg, adjust parameters, use larger electro-
des, ensure the electrode is not dry, try reus-
able rubber electrodes with gel).

� Distraction may be helpful initially until the
child becomes accustomed to the sensation.

� Use child-friendly language such as “tickle
stickers.”

� Parameter settings (table 1).
Limitations

� Child anxiety with novel treatment and unfa-
miliar sensations.

� Access to equipment.
www.archives-pmr.org
� Clinician expertise.
� Muscles fatigue more quickly with NMES than
with voluntary activation.

� Target muscle must be accessible (eg, difficult
to target shoulder external rotators).
Contraindications

� Uncontrolled seizures (no known evidence of
harm, but not usually done).

� High risk of bleeding (NMES increases blood flow).
� Pacemaker, deep brain or vagal nerve stimula-
tor (some types are fine).
Risks & precautions

� Risks include skin irritation or burn and auto-
nomic dysreflexia.

� Be cautious if sensation is impaired; check skin
integrity before and after NMES.

� Power down before moving or removing elec-
trodes.

� Ensure electrodes do not touch each other.
� Amplitude may vary depending on muscle
fatigue and skin moisture; begin at 0 each ses-
sion and increase slowly.

� No water/wet surfaces/wet hands during NMES.
Final thoughts

NMES is a promising and potentially powerful
adjunct to improve motor control, reduce spastic-
ity, and, most importantly, improve function and
participation for children. It is important to com-
bine the information provided with clinical rea-
soning considering each child and family’s
circumstances when deciding to use NMES. In
addition, clinicians should be aware that stimula-
tion settings and electrode pad placement can
vary between NMES devices and individuals. Per-
sonal response to the stimulation is the most
important indicator and guide for treatment.
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Table 1 NMES parameter settings

Settings Reported in Cited
Trials2,6,8,9 Considerations

Pulse type Biphasic symmetrical;
biphasic asymmetrical

A symmetrical pulse is often required to create a
substantial contraction in a larger muscle (trunk or
lower extremity). An asymmetrical pulse is more
comfortable for smaller muscles. Not all units allow
selection of pulse type. For a small child, biphasic
asymmetrical may be sufficient regardless of the
muscle target and preferable for comfort.

Frequency 25-60 Hz Higher values result in a stronger contraction but will
more quickly induce fatigue.

Pulse duration 200-300 ms Higher values recruit larger and deeper motor units.
On time/cycle *trigger; 10-12 s Use of a trigger overrides cycle settings. A trigger

allows timing stimulation when a muscle is naturally
recruited during a task rather than trying to pace the
task to match when stimulation is on. Must consider
how long a muscle typically contracts during a select
component of a task.

Off time/cycle *trigger; 7-12 s As above. Consider that longer “off” times allow for
more recovery but reduce the amount of stimulation
across a session.

Ramp up/down 0.5-2 s Longer ramp time is more comfortable but will
decrease the amount of stimulation at full intensity.
A longer ramp time may be helpful if spasticity is a
concern.

Amplitude Sufficient for contraction
but tolerable; some
studies included a max of
25 or 45 mA

Higher values create a stronger contraction but will
also induce fatigue more quickly and result in
overflow of stimulation to surrounding muscles.
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Rehabilitation Medicine (ACRM) Stroke Interdisci-
plinary Special Interest Group Pediatric Stroke
Task Force.
Disclaimer

This information is not meant to replace the
advice of a medical professional and should
not be interpreted as a clinical practice
guideline. Statements or opinions expressed in
this document reflect the views of the contribu-
tors and do not reflect the official policy of ACRM,
unless otherwise noted. Always consult your
health care provider about your specific health
condition. This Information/Education Page may
be reproduced for noncommercial use for health
care professionals and other service providers to
share with their patients or clients. Any other
reproduction is subject to approval by the pub-
lisher.
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