
Falco et al • An Extra-Foraminal Cervical Nerve Root Stimulation Technique 99

Pain Physician Vol. 7, No. 1, 2004

Pain Physician. 2004;7:99-102,  ISSN 1533-3159

An Original Contribution

From Mid-Atlantic Spine, Newark, DE. Address Cor-
respondence: Frank Falco, MD, Mid-Atlantic Spine, 
139 East Chestnut Hill Road, Newark, DE-19713
Email: cssm01@aol.com
Funding:  There was no external funding in prepara-
tion of this manuscript.
Conflict of Interest: None
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Demonstration of an Extra-Foraminal Technique
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Since the description of electrical 
stimulation of nerve trunks as a means of 
providing pain relief, innovative peripher-
al nerve and nerve root stimulations have 
been developed. An extra-foraminal tech-
nique of electrical stimulation of cervical 
nerve roots resulting in reduction of up-

per extremity radicular pain is demonstrat-
ed here.  Electrical stimulation of the C6 
and C7 nerve roots was accomplished us-
ing a four-electrode spinal cord stimulator 
lead that was placed percutaneously with-
in the exit zone of the neuroforamina using 
an extra-foraminal approach.  Subsequent 

In 1967, Shealy successfully implant-
ed the first spinal cord stimulator for the 
treatment of chronic pain (1).  The mech-
anism of pain relief through electrical 
stimulation is not clearly understood, but 
is believed to result from inhibition of 
pain transmission.  There are several pro-
posed theories for pain inhibition includ-
ing antidromic activation of A-beta effer-
ent nerve fibers; supraspinal inhibition; 
interruption of transmission through the 
spinothalamic tracts; central inhibition of 
the sympathetic efferents; and inhibition 
via the activation of neurotransmitters or 
neuromodulators (1-6).

Spinal cord (dorsal column) stim-
ulation (SCS) is commonly used for the 
treatment of a variety of painful disor-
ders such as peripheral vascular disease, 
radiculopathy, phantom limb pain, pe-
ripheral neuropathy, and complex region-
al pain syndromes (7-10).  The most com-
mon indication in the United States for 
SCS is the treatment of radiculopathy sec-
ondary to failed back or neck syndrome 
and complex regional pain syndromes 
(11).  Spinal cord stimulation is more ef-
fective in treating neuropahtic pain as op-
posed to primarily nociceptive pain dis-
orders (12).  Patients with distal extrem-

ity pain respond better to SCS than those 
with predominately axial pain (13, 14).  
Spinal cord stimulation is not indicated 
for the treatment of individuals who suf-
fer only from neck or back pain.  

Spinal cord stimulation provides 
electrical current to the dorsal columns, 
which leads to paresthesias of the effected 
limb and subsequent pain reduction.  Un-
fortunately, SCS is not always successful in 
treating the painful disorder due to an in-
ability to capture the area of pain.  In ad-
dition, SCS has been ineffective in treat-
ing axial related pain.  The recent develop-
ment of peripheral nerve and nerve root 
stimulation techniques using SCS tech-
nology have been successful in treating 
some painful axial disorders and radicu-
lar pain that has failed to respond to SCS 
(10, 15, 16).

In 1959, Althaus described electrical 
stimulation of nerve trunks as a means of 
providing pain relief (17).  Innovative pe-
ripheral nerve and nerve root stimulation 
techniques have been developed since that 
time for the treatment of painful disor-
ders and other conditions not amenable 
or responsive to SCS.  These techniques 
have provided relief for occipital head-
aches, pelvic pain, radicular pain, inter-
stitial cystitis, trigeminal and postherpet-
ic neuralgias, urinary urge incontinence, 
urinary retention and bladder detrusor 
dysfunction (7-10, 15, 16,18-23).

Peripheral nerve root stimulation 
has been used clinically for the treatment 

of pelvic pain, lumbar radiculopathy and 
several bladder disorders.  Retrograde 
(craniocaudad) SCS electrode placement 
along lumbar and sacral nerve roots has 
been effective in the treatment of lumbar 
radiculopathy, pelvic pain, urge inconti-
nence and bladder detrusor dysfunction 
(15, 18-20).  Anterograde placement of 
SCS electrodes through the S2 foramen 
has been the primary stimulation method 
used for the treatment of non-obstructive 
urinary retention, urge incontinence and 
bladder detrusor dysfunction (21-23).

A trans-spinal approach in cadav-
ers has been described for stimulation of 
cervical nerve roots (24).  Electrodes were 
placed along the C5 through T2 nerve 
roots by advancing SCS leads laterally 
from the contralateral side of the cervical 
spine across the posterior epidural space 
into the cervical foramen.  For C3 and C4 
nerve roots a similar approach was used 
with a cephalocaudad approach to the fo-
ramen as opposed to the lateral method 
used for the lower cervical nerve roots in 
order to avoid the occiput, vertebral artery 
and cervical pelxus.  

This report describes an extra-spinal, 
extra-foraminal nerve root stimulation 
(EFNRS) technique for the treatment of 
chronic cervical radicular pain.  The stim-
ulation of the cervical nerve roots provid-
ed paresthesias in the area of pain with a 
reduction in pain intensity.  The patient 
tolerated the stimulation without compli-
cations or side effects.

C6 and C7 nerve root stimulation provided 
a reduction in arm pain within the distribu-
tion of the stimulation.

Keywords: spinal cord stimulation, cer-
vical radiculopathy, nerve root stimulation, 
pain, dorsal column stimulation, peripheral 
nerve stimulation.
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DESCRIPTION OF TECHNIQUE

Background Information
A 59-year old man with a chief com-

plaint of numbness and burning in the 
left upper extremity was seen in consul-
tation for pain management.  The pa-
tient was involved in a motor vehicle ac-
cident four years ago sustaining a cervical 
spine hyperextension.  He failed conserva-
tive treatment including medications and 
physical therapy.  A cervical spine MRI 
revealed intervertebral disc herniations 
at the C4/5 and C5/6 levels with under-
lying central spinal stenosis.  He subse-

quently underwent a cervical fusion at the 
C4/5 and C5/6 levels without relief of his 
extremity symptoms.  Post surgery he re-
ceived a cervical epidural and a left C7 se-
lective nerve root injection with tempo-
rary relief. 

At the time of the consultation he 
complained of burning pain present in 
the left forearm extending into the 2nd and 
3rd digits of his left hand. The pain was de-
scribed as constant with an intensity of 6-
7 on a numerical scale of 10.  There was 
also associated numbness in the same dis-
tribution of his pain.  He was taking nar-
cotic analgesics along with adjuvant neu-

ropathic agents for pain control with little 
relief of his symptoms.  The patient un-
derwent a cervical sympathetic block af-
ter the initial consultation with temporary 
relief of his symptoms lasting several days.  
Spinal cord stimulation was discussed 
with the patient at the follow up visit and 
he consented to an SCS trial.  

An attempt was made to place a SCS 
lead into the posterior epidural space, but 
the trial was unsuccessful.  The lead could 
not be advanced cephalad beyond the C6 
vertebral level due to the spinal stenosis. 
An extra-foraminal technique was em-
ployed with electrical stimulation at the 
left C6 and subsequently the left C7 nerve 
roots providing paresthesias in their re-
spective areas of innervation.  Stimula-
tion of the left C7 nerve root provided 
the patient with coverage and relief of his 
symptoms and the lead remained within 
the C6/7 foramen for the trial.  The pa-
tient had 50% relief of his symptoms dur-
ing the trial period but elected not to un-
dergo percutaneous implantation. He was 
not interested in considering lead implan-
tation using an open surgical technique.

Technique for EFNRS
The patient was placed in a supine 

position on the procedure table after in-
formed and signed consent.  The cervi-
cal, supraclavicular and chest areas were 
prepped and draped in the typical ster-
ile fashion.  Intravenous conscious seda-
tion was induced prior to starting the pro-
cedure.

The cervical foramina were identi-
fied using a left anterolateral approach 
under fluoroscopic visualization.  A 
modified 14 gauge epidural (Touhy®) 

Fig 1. Needle placement into the eixt zone of  the C6/7 cervical foramen. A. Oblique view. B. Posteroanterior (PA) view. 

Fig 2. SCS lead within the needle after advancement to the needle tip.
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needle was advanced into the postero-
lateral aspect of the exit zone within 
the foramen, parallel to the nerve roots 
(Fig 1).  Care was taken to avoid con-
tact with the exiting nerve root and ver-
tebral artery.  A four electrode SCS lead 

(Quadtrode®, Advanced Neuromodula-
tion Systems, Inc, Plano, TX) was then 
passed through the needle and advanced 
to the needle tip (Fig 2).  The needle was 
then removed leaving the electrode in 
place within the foramen, posterior and 
parallel to the nerve root (Fig 3).  This 
method was used in sequence for plac-
ing the SCS lead within the left C5/6 and 
C6/7 foramina to stimulate the left C6 
and C7 nerve roots respectively.  Electri-
cal stimulation of the C7 nerve root pro-
vided the best paresthesias and most re-
lief of his symptoms in the distal left up-
per extremity.  The lead was then secured 
to the skin for the trial using steri-strips 
and sterile clear bioadhesive.

DISCUSSION

Nerve root stimulation techniques 
have been described for lumbar and sacral 
nerve root stimulation using retrograde 
and anterograde techniques for the treat-
ment of lumbosacral radiculopathy and 
pelvic pain (15, 16).  An S2 transforami-
nal technique has been developed for the 
treatment of bladder disorders (21-23).  
Trans-spinal techniques for electrode lead 
placement along cervical nerve roots have 
been described in cadavers (24).  The ex-

tra-foraminal technique described here-
in represents an alternative approach for 
nerve root stimulation in the treatment of 
cervical radiculopathy.  

Conditions that may preclude a cer-
vical epidural trial include previous spi-
nal surgery, central canal stenosis or other 
spinal anomalies.  The EFNRS technique 
may be an option, when an epidural ap-
proach is not possible, to trial an individ-
ual with upper extremity radicular pain 
prior to making a clinical decision regard-
ing an open surgical SCS implantation.  
The EFNRS technique may even provide 
an alternative stimulation technique for 
treating cervical radiculopathy that does 
not respond to spinal cord stimulation 
as has been previously demonstrated with 
retrograde and anterograde nerve root 
stimulation methods in the treatment of 
lumbosacral pain.

Potential risks associated with this 
procedure include injury to the spinal 
cord, cervical nerve root, vertebral ar-
tery, spinal accessory nerve or carotid ar-
tery during needle placement.  Pneumo-
thorax is another potential complication 
when attempting EFNRS for C8 or T1 
nerve root stimulation.  A relative con-
traindication for this procedure may be 
foraminal stenosis, which might increase 
the risk for nerve root or vertebral artery 
injury.  Obese patients or those with rela-
tively “short” necks may also pose a rela-
tive contraindication, with a potential in-
creased risk for the above complications.  

These potential risks and relative contra-
indications described herein may be re-
duced with the use of introducer nee-
dles and electrodes that are smaller in di-
ameter. 

CONCLUSIONS

Extra-foraminal nerve root 
stimulation (EFNRS) is a percutaneous 
technique for electrode lead placement 
to stimulate cervical nerve roots for the 
treatment of upper extremity radicular 
pain.  This technique may be an alternative 
electrical stimulation trial method for 
chronic cervical radiculopathy and other 
upper extremity pain syndromes, when 
a percutaneous epidural approach is 
not possible.  Further investigation of 
this technique is warranted regarding 
the efficacy of this procedure and its 
possible use as an alternative implantation 
technique.
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