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INTRODUCTION

The relationship between the motor cortex and
certain types of pain has been known for many
years, but the nature of that relationship remains
obscure. In 1954, Penfield and Japser reported re-
lief of severe pain after resection of the primary
motor cortex; previous resection of the sensory
cortex had not been effective.1 The obvious
morbidity of this approach prevented its wide-
spread adoption. Subcortical neurostimulation for
pain primarily focused on sensory pathways.2

However, stimulation of the primary sensory area
was not found to be effective.3 In 1991, Tsubo-
kawa made the serendipitous observation that
chronic stimulation of the precentral gyrus below
the threshold to produce a motor response was
able to alleviate certain types of deafferentation

pain.4 Subsequently, Meyerson and associates
observed that the technique was particularly
effective for trigeminal neuropathic pain.5 Since
that time, a number of reports have confirmed ef-
ficacy for a number of deafferentation pain
syndromes.6–13

The mechanism of action for motor cortex stim-
ulation (MCS) has been attributed to modulation of
pathologic hyperactivity in thalamic relay nuclei
that results from deafferentation, possibly
because sensory neurons below a deafferenting
lesion cannot exert physiologic inhibition of noci-
ceptive neurons.3 Higher order neurons within
the sensory pathway are known to exhibit
enhanced sensitivity when afferent signals are
lost.14–17 Thalamic hyperactivity has been identi-
fied as a correlate of deafferentation pain in a feline
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KEY POINTS

� Motor cortex stimulation (MCS) provides relief of many chronic pain syndromes that have been re-
fractory to multiple treatment modalities.

� MCS has been used successfully to treat pain in patients with central post-stroke pain, anesthesia
dolorosa, post-herpetic neuralgia, multiple sclerosis, phantom limb pain, and spinal cord injury.

� Patients undergo a craniotomy for implantation, followed by a trial period of stimulation. Patients
who are considered to be responders then undergo implantation of the pulse generator for chronic
stimulation.

� Multiple techniques are available for localizing the precentral gyrus: Frameless stereotaxy with or
without functional magnetic resonance imaging, somatosensory evoked potentials, and facial
electromyography.

� Stimulation parameters vary widely, and patients often require multiple programming sessions.
Some patients that experience return of their symptoms can be “recaptured” through programming
changes.
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model, andMCS has been shown to normalize this
to a greater degree than stimulation of the primary
somatosensory cortex.3 However, the precise
pathway involved remains elusive.

INDICATIONS AND PATIENT SELECTION

Most reports of successful pain control using MCS
involve deafferentation owing to some form of
neurologic injury. This includes post-stroke pain,3

trigeminal neuropathic pain/anesthesia dolorosa,5

post-herpetic neuralgia,18 multiple sclerosis,19

phantom limb pain,20,21 spinal cord injury,22,23

brachial plexus lesions,24 pelvic pain,25 and com-
plex regional pain syndrome.10 Aswith any invasive
treatment, patients should have failed maximal
medical management before MCS is considered.
Before surgery, patients should undergo a pain
psychology screening.
MCS has proven to be an effective treatment op-

tion in many refractory pain syndromes. However,
whencounselingpatients, it shouldbe remembered
that the percentage of patients who achieve good
long-termpaincontrol remainssuboptimalwithcur-
rent techniques, and it is difficult to predict who will
respond well. In addition to a standard discussion
regarding the risks and benefits of the procedure,
patients should also be counseled regarding the
frequent need for reprogramming sessions.

OPERATIVE TECHNIQUE

1. Positioning. Patients are placed under general
anesthesia with intubation and positioned su-
pine in a Mayfield head holder with the head
turned contralateral (Fig. 1). A shoulder roll is
used if the patient’s habitus requires it.

2. Preoperative medications. Routine surgical
antibiotic prophylaxis is administered before
incision.

3. Incision. Preoperative magnetic resonance
imaging (MRI) is used with frameless stereotaxy
for intraoperative navigation, allowing the sur-
geon to create a small incision overlying the
relevant portion of the precentral gyrus.

4. Craniotomy. Two burr holes are created and
connected to create a small crantiotomy over
the precentral gyrus.

5. Localization and Implantation. The central sul-
cus is localized by the presence of N20-P20
phase reversal on median nerve somatosen-
sory evoked potentials. A 2� 4, 8-contact pad-
dle electrode is placed in the epidural space
overlying the facial or upper extremity region
of the motor cortex. The electrode is then
used for motor evoked potentials with electro-
myography to confirm motor activity. Iced
saline is prepared for irrigation if a seizure is
induced. The minimum thresholds for motor ac-
tivity and any seizure activity are noted. After
confirmation, a paddle electrode is sutured to
the dura over the precentral gyrus over the
motor area that corresponds to the patient’s
pain distribution.

6. Closure. Leads are tunneled and externalized
using percutaneous extensions. The inner table
of the bone flap is thinned to allow for the
increased mass effect from the paddle elec-
trode as well as an exiting site for the electrode
leads. The incision is closed in layers, and a
sterile dressing is applied to the externalized
leads.

7. Stimulation parameters and trial. Optimal pain
relief is usually noted with fairly low frequency
and high pulse width. Initial stimulation
parameters are 50Hzwith 450 msec pulse width.
If any intraoperative after discharges are noted,
maximal voltage is set at 70% of the after
discharge threshold. Otherwise, maximal
voltage is set at 70% of the voltage required for

Fig. 1. (A) Surface rendering of preoperative magnetic resonance imaging showing central sulcus (pink), sylvian
fissure (blue), and planned electrode (green) and contact (yellow) positions. (B) Postoperative lateral scout view
of a computed tomography of the head. Metallic artifact from the implanted electrode shows good correlation
with preoperative planning.
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