
Electrical spinal neuromodulation in the form of spinal cord stimulation is currently used 
for treating chronic painful conditions such as complex regional pain syndrome, diabetic 
neuropathy, postherpetic neuralgia, peripheral ischemia, low back pain, and other con-
ditions refractory to more conservative treatments. To date, there are very few published 
reports documenting the use of spinal cord stimulation in the treatment of head/neck 
and upper limb pain. This paper reports a case series of 5 consecutive patients outlining 
the use of spinal cord stimulation to treat upper extremity pain. All subjects had previ-
ously undergone cervical fusion surgery to treat chronic neck and upper limb pain. Pa-
tients were referred following failure of the surgery to manage their painful conditions. 
Spinal cord stimulators were placed in the cervical epidural space through a thoracic nee-
dle placement. Stimulation parameters were adjusted to capture as much of the pain-
ful area(s) as possible. In total, 4 out of 5 patients moved to implantation. In all cases, 
patients reported significant (70–90%) reductions in pain, including axial neck pain and 
upper extremity pain. Interestingly, 2 patients with associated headache and lower ex-
tremity pain obtained relief after paresthesia-steering reportedly covered those areas. 
Moreover, 2 patients reported that cervical spinal cord stimulation significantly improved 
axial low back pain. Patients continue to report excellent pain relief up to 9 months fol-
lowing implantation. This case series documents the successful treatment of neck and 
upper extremity pain following unsuccessful cervical spine fusion surgery. Given this ini-
tial success, prospective, controlled studies are warranted to more adequately assess 
the long term utility and cost effectiveness of electrical neuromodulation treatment of 
chronic neck and upper extremity pain.
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Spinal neuromodulation for the management 
of chronic pain conditions exists in 2 basic 
forms: chemical neuromodulation or electrical 

neuromodulation. Spinal chemical neuromodulation 
is exemplified by the use of epidural injections or the 
intrathecal delivery of drugs (1-3), whereas electrical 
spinal neuromodulation is produced by the use of 
spinal cord stimulation (SCS) devices (4,5). An increasing 
number of reviews on the use of this technology in 
the treatment of a variety of pain conditions have 
been written summarizing the short- and long-term 
effectiveness, purported mechanism(s) of action, and 
cost benefits (6-11). Despite the growing literature 
base documenting the use of SCS in the treatment of 
chronic pain conditions, to our knowledge, there have 
been very few reports detailing the use of spinal cord 
stimulation therapy to treat chronic pain following 
failed cervical spinal surgery (12).

One predominant indication for SCS is the relative-
ly nebulous diagnosis of failed back surgery syndrome 
(FBSS) (8,13-17) . In general, back surgery that does not 
adequately relieve pain in an individual is labeled as 
“failed.” Reasons for the lack of success can be multifold 
including incorrect patient selection, poor technique, 
recurrent pathology, and a variety of other causes (18). 
Relatively recent randomized trials suggest that spinal 
cord stimulators provide an effective therapeutic op-
tion in the treatment of FBSS (14,15,19). In a prospec-
tive, controlled study by North et al (19), patients were 
randomized to either a spinal cord stimulation group or 
a re-operation group. Either group could cross over to 
the other if the initial randomized treatment failed to 
adequately control pain. A greater percentage of the 
re-operation patients crossed over into the spinal cord 
stimulation group as opposed to SCS subjects crossing 
over into the re-operation group. Moreover, spinal 
cord stimulation offered a greater chance of success-
fully controlling pain as opposed to re-operation. This 
study suggests that spinal cord stimulation may more 
effectively control the pain of FBSS. 

In contrast to the amount of study devoted to the 
efficacy and cost-effectiveness of SCSs in the treatment 
of low back pain, relatively little is published about the 
use of spinal cord stimulators in the treatment of neck 
and upper limb pain. In upper extremity pain most stud-
ies have focused on a variety of chronic pain conditions 
such as diabetic neuropathy (20-22), complex regional 
pain syndrome (8,23,24), Raynaud’s phenomenon (25-
27), painful peripheral vascular disorders (28-31), and 
pain resulting from brachial plexus avulsion (32), just 

to name a few. In particular, there is little published 
about the effectiveness of spinal cord stimulators in 
the treatment of neck (axial) and upper limb pain after 
neck surgery. In this paper we present a series of 5 con-
secutive cases where neck and/or upper limb pain were 
treated with cervical spinal electrical neuromodulation. 
In particular, we focused on patients that had a prior 
neck surgery without sufficient pain relief. Outcomes, 
complications, and recommendations are discussed.

Case series

Five consecutive patients treated with spinal cord 
stimulators epidurally placed in the cervical spine re-
gion for the treatment of neck and/or upper limb pain 
were identified through chart review and included in 
the study. All patients had uncontrolled neck and/or 
upper extremity pain despite aggressive intervention-
al procedures prior to being considered candidates for 
cervical spinal electrical neuromodulation. In all cases, 
radiological reports (including x-rays, MRIs, and CTs) 
were mostly unremarkable. No significant structural 
instability, stenosis, or cord impingement was noted. 
In most cases, slight cervical disc degeneration was 
noted at 1 or more levels with or without a slight disc 
bulge or very slight disc herniation. In no cases were 
pseudoarthrosis or myeloradiculopathy noted. Physical 
exams including a neuromuscular exam were normal 
with normal deep tendon reflexes, muscle strength, 
and gait stability.

Three out of 5 patients underwent diagnostic cer-
vical facet joint injections prior to spinal cord stimula-
tor trials in order to rule out sources of pain amenable 
to treatment with radiofrequency lesioning. Although 
3 of the patients reported significant relief following 
diagnostic cervical facet medial branch blocks, subse-
quent radiofrequency denervation failed to achieve 
sustained reductions in pain. In all cases, patients had 
previously undergone anterior cervical fusion surger-
ies without successful reductions or adequate control 
of neck and/or upper limb pain. Based on history, 
physical examination as well as imaging, patients were 
not considered surgical candidates. Because we were 
unable to further rule out other sources of pain and, 
similar to FBSS, accounted the pain to an idiopathic, 
chronically intractable neck pain syndrome in which 
the pain following the so-called failed neck surgeries 
persisted for at least 3 months.

In both the trial phase and the implant phase (if 
warranted) patients were brought to the fluoroscopy/
surgery suite and placed in the prone position. One 
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gram of intravenous cefazolin was given prophylacti-
cally and 1% lidocaine was administered for skin and 
subcutaneous anesthesia. Using a sterile technique 
and under direct fluoroscopic visualization, a #14 epi-
dural needle via a paramedian approach was used to 
identify the T3-4 epidural space by using the loss of 
resistance technique. Leads were typically advanced 
in the dorsal epidural space to the C2-4 level. Sensory 
stimulation and programming was completed to cap-
ture as much of the painful regions as possible. Trials 
lasted for between 5 and 7 days at which point pa-
tients rated pain relief on a 100 point numerical rat-
ing scale (percentage). If trials produced at least 50% 
pain relief then the option to move forward with the 
implantation phase was discussed. 

results

A total of 5 patients were trialed with circumfer-
ential style leads manufactured by Advanced Bionics 
(2 patients), Advanced Neuromodulation Systems (2 
patients), or Medtronic (1 patient). Patient details are 
outlined in Table 1. In most cases (4/5; 80%) patients 
indicated significant pain relief (>50%; mean 82.5% ± 
6%, range 50%–90%). In 1 case the patient indicated 
that he did not obtain at least 50% pain relief, pre-
dominantly because of persistent complaints of pain 
over the spinous process at C7. This pain was not al-
leviated with local infiltration of local anesthetic and 
methylprednisolone (to rule out neuroma). Interest-
ingly, this patient had a diagnosed C7 radiculopathy 
with a potential deafferentation syndrome. As a result 

Patient Age Gender Prior 
Surgeries

Pain 
Location(s)

Medications Attempted 
Treatments

Trial 
Relief

Trial / Implant 
Lead Position

Implant 
Relief

A 39 M C7-T1 
Foramenotomy 
C7-T1 Fusion

Neck, Left 
Arm 
(C3-C7 
Distribution)

Opiates 
NSAIDs

Physical 
Therapy 
TENS 
CESI 
CFDB 
CFRFL

< 50% 
Neck & 
Arm

C3 
Dual 8-contact 
Trial Leads

N/A

B 56 M C6-7 
Discectomy 
C6-7 Fusion

Neck, Back, 
Feet Headache 
(C2-7 & L4-S1 
Distribution)

Topromide Physical 
Therapy 
TENS 
CFDB 
CESI 
CFRFL

70% 
Total Body

C2-3 / C3 
Single 8-Contact 
Lead

>90% 
in neck, 
back, feet 
(9 
months); 
some 
headache 
relief

C 57 M C5-7 Fusion Neck, Bilateral 
Shoulder, Feet 
(C3-7 & L2-S1 
Distribution)

Opiates Physical 
Therapy 
TENS 
Acupuncture 
CESI

80% 
Neck & 
Shoulder

C3 / C3 
Single 8-Contact 
Lead

70% (1 
month)

D 72 M C5-7 Fusion Neck and 
Bilateral 
Shoulder and 
Arm 
(C4-C8 
& L2-L5 
Distribution)

Opiates 
NSAIDs

Physical 
Therapy 
CESI 
Trigger Point 
BoTox 
Suprascapular 
Block 
CFDB 
CFRFL

80% 
> Shoulder 
& Arm 
< Neck

C3 / C4 
Single 8-Contact 
Lead

>50% (8 
months)

E 44 F C5-6 Fusion Neck, 
Shoulder,  
Right Arm, 
Low Back 
(C2-7 
Distribution)

Opiates 
Pregabalin 
Muscle 
Relaxants

TENS 
Physical 
Therapy

100% 
Total Body

C2/C3 
Dual 8-Contact 
Leads

>90% (2 
months)

Table 1. Summary of  patient information including pain locations, prior surgeries, pharmacotherapy, interventional procedures 
attempted, lead positions and outcomes. TENS = transcutaneous electrical nerve stimulation, CESI = cervical epidural steroid 
injection, CFDB = cervical facet diagnostic blocks, CFRFL = cervical facet radiofrequency lesion.
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of the poor relief obtained during the trial, the pa-
tient did not want to move on to the implant phase. 
Including the patient that had an unsuccessful trial, 
the mean trial pain relief was 75% ± 8.9%. In another 
case, the device failed following implantation and a 
revision had to be completed with a different lead 
type. The longest follow-up time recorded is 8 months 
with the patient still reporting >50% relief. The range 
of follow-up is 1 month to 9 months with 4/4 patients 
reporting an average pain relief at approximately 
70%. It is unclear if there is any “creep” in pain lev-
els, also termed “tolerance,” over time as reported in 
other papers (33). However, 2 patients have reported 
high (>90%) and moderately high (>70%) levels of 
pain control at 6 months and longer. It is important 
to recognize that in 4 out of 5 patients, spinal cord 
stimulation was able to significantly alleviate not only 
upper extremity pain in the shoulders and arms but 
also in an axial distribution. Primarily this axial pain 
reduction was in the neck, however 2 patients report-
ed axial relief (both >50%) in the low back with a spi-
nal cord stimulator placed in the cervical region. Pain 
relief was, for the most part, similar between the axial 
and distal regions with the exception of 1 patient that 
found somewhat better relief in the upper extremities 
compared to the neck.

Most patients report paresthesia mapping along 
a C2-C3 dermatome pattern. In all cases, the neck and 
upper limbs (from the shoulder to the fingers) could 
be captured. In some cases, paresthesia was reported 
in the occipital region of the head and in another case 
in the mandible region, which is again consistent with 
a C2 dermatome sensory innervation (Fig.1). In 3 cases 
patients reported head to toe paresthesias which were 
able to cover other more distal pain regions including 
low back, legs, and feet. Two patients reported the 
ability to drive the paresthesia supraoccipitally to the 
parietal region of the head. This coverage was able to 
help alleviate cervicogenic headache pain in tandem 
with upper and lower extremity pain. In no cases did 
we observe lead migration. In cases where optimal 
paresthesia coverage was lost, we could always recap-
ture the painful regions by reprogramming.

DisCussion

The use of spinal electrical neuromodulation as 
an advanced treatment to alleviate chronically intrac-
table painful conditions is steadily increasing in both 
the number of patients being treated as well as an 
ever-expanding list of indications for which spinal 
cord stimulation is effective. One predominant use 
of spinal cord stimulators is in the treatment of FBSS 
(8,16,19,34). In the current case series, we present 5 pa-
tients that underwent spinal cord stimulation follow-
ing a so-called failed neck surgery. In all cases, anterior 
cervical spinal fusions failed to adequately control or 
alleviate pain in the neck and/or upper limbs. This con-
dition is analogous to FBSS in the fact that a surgical 
procedure failed to control pain and there exists, basi-
cally, an idiopathic painful condition. Moreover, de-
spite that 60% (3 out of 5) of the cases obtained relief 
after dual facet medial branch blocks, none of them 
responded to radiofrequency ablation. The reason 
for the lack of response to radiofrequency ablation 
following dual medial branch blocks is unclear. Previ-
ous papers have documented approximately 75–85% 
dual block specificity (35, 36). The discrepancy could 
be partly explained by multiple false positive results. 
Recently, a preliminary report of a randomized, con-
trolled trial by Manchikanti et al (37) demonstrated 
significant long-term pain relief following medial 
branch blocks without steroids (13.4 ± 3.5 weeks). This 
duration of pain relief is significantly longer than the 
local anesthetic duration of action and suggests that 
facet joint pain may have a neuropathic component 
(38). This latter point would help explain the lack of 

Fig. 1. Cervical placement of  dual spinal cord stimulator 
leads. This patient obtained very good relief  of  elbow and 
hand pains. Interestingly, this patient could also feel pares-
thesia in the mandible.
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efficacy following radiofrequency ablation and yet 
the success of spinal cord stimulation therapy.

Since the epidural space in the cervical region is rel-
atively narrow compared to the thoracic or lumbar re-
gions, lead placement can be met with some resistance, 
especially when attempting to place 2 leads. Also, the 
second cervical vertebral level is currently about the 
highest the leads can be placed. Some benefit might be 
gained by capturing higher dermatomal levels although 
the placement of leads in this upper cervical region 
would be technically difficult given the anatomy of the 
epidural space and connectivity of the dura in the C2 
spinal region. In all cases, generators were implanted in 
the hip/buttock region. Despite this relatively long dis-
tance from the lead tips to the implanted pulse genera-
tor, we observed no lead migration. It should be noted 
that all of the patients represented in this case series 
had undergone anterior spinal fusion(s). It is possible 
that posterior fusions might lead to difficulties in lead 
placements; however, our data cannot directly address 
this potential limitation.

Our observation of the ability to capture the 
occipital regions of the head is not surprising. The 
greater and lesser occipital nerves emanate from the 
C2 root, and to a lesser extent the C3 root, and con-
nect in the spinal cord within the spinal nucleus of the 
trigeminal nerve (which becomes the nucleus caudalis 
in the cervical region) (39, 40). Both human and ani-
mal studies suggest that this anatomical substrate may 
be responsible for the sensory convergence observed 
(41-44). This anatomical and functional overlap may 
also explain why 1 patient reported paresthesia in the 
mandible, a sensory region subserved by the trigemi-
nal nerve. Deeper stimulation with increasing pulse 
widths may eventually stimulate neural structures as-
sociated with projections from the greater occipital 
nerve, thereby producing sensations seeming to be 
associated with parietal regions. Two patients in this 
case series noted significant improvement in head-
aches. This result is similar to those reported by Dario 
et al who reported treatment of cervicogenic head-
ache via spinal cord stimulation with lead tips placed 
at the C3 level (12). Also, these results are similar to 
those observed when utilizing occipital nerve stimula-
tion (45).

Stimulation of more distal structures such as the 
lower back, legs, and feet can be explained by the 
anatomical arrangement of sensory fibers within the 
dorsal columns. As sensory fibers project cephalad 
from more caudal regions of the body, they assume a 

more medial position while other sensory fibers from 
upper extremities course more laterally. Feirabend et 
al published an elegant anatomical study on the mor-
phometry of the spinal dorsal columns and concluded 
that lateral fibers demonstrate both an increasing fi-
ber density as well as fiber frequency with a subse-
quent increase in collateralization (46). This anatomic 
arrangement would provide a layer of stimulation 
where weaker electrical fields would stimulate more 
lateral nerve fibers and other neural structures while 
stronger electrical fields would be able to recruit more 
medial fibers and, thus, more caudally located derma-
tomes. These findings also help explain our observa-
tions of a cephalad to caudal paresthesia with increas-
ing current amplitudes or pulse widths. Moreover, 
stimulation of the cervical spinal cord could effectively 
manage pain in the lower extremities in conjunction 
with pain located in the neck and upper extremities.

These observations are in direct contrast to those 
of Eisenberg and Brecker who reported effective pain 
management of lower extremity pain (leg and foot 
pain of cervical origin) with a low thoracic placed spi-
nal cord stimulator (47). These authors reported that, 
despite the clear cervical origin of the pain, placement 
of the lead to produce paresthesia in the affected limb 
could still relieve pain. In contrast, our observations 
indicate that pain presumably of thoracic or lumbar 
origin can be effectively treated with cervical lead 
placement. Thus, it seems that lead placement is less 
important than the location of the paresthesias that 
are generated.

In this case series we did not observe any adverse 
events such as infection or lead migration. Although 
we did not collect radiographic evidence of anatomi-
cal migration, upon reprogramming we could always 
functionally capture painful regions. Thus, our obser-
vations of a lack of lead migration are based upon 
dermatomal paresthesia mapping and not based upon 
radiographic imaging. One might anticipate an in-
creased incidence of lead migration in the cervical ver-
sus thoracolumbar region due to the relatively greater 
flexibility and movement in the neck; however, it is 
not currently known if this is the case. Despite our and 
others observations of cervical spinal cord stimulation 
induced headache relief, Ward and Levin reported a 
case of lead migration causing cervicogenic headache 
(48). It is hypothesized that stimulation of the trigemi-
novascular system following migration caused the 
headaches since repositioning the leads alleviated the 
headaches. Epidural cervical spinal stimulation also has 
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other measurable effects besides analgesia including 
increasing cerebral blood flow, as well as tumor oxy-
genation and metabolism (49-53). While interesting, it 
is unclear what clinical significance this may play.

Despite the often referenced classic publication by 
Wall and Melzack in 1965 (54) there still exists a very 
limited amount of basic research data on spinal neu-
romodulation in the treatment of chronically painful 
conditions (11, 55). Significantly more research needs 
to be conducted in order to determine the precise 
mechanisms of action underlying the analgesic effects 
of spinal cord stimulation. In particular, it would be 
helpful to know which spinal and super-spinal regions 

are activated when leads are placed in the neck region 
versus thoracic regions. Moreover, it will be interesting 
to see if mechanisms of pain reduction differ between 
cervical and thoracic lead placement. 

In conclusion, our case series suggests that spinal 
cord stimulation can be an effective treatment for pa-
tients with persistent axial neck pain with or without 
upper extremity pain following failed cervical fusion 
surgery. A more rigorous prospective study is warrant-
ed to directly determine the long-term efficacy as well 
as document the rate of complications associated with 
cervical spinal cord stimulation.
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