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Abstract
Rationale: Despite undergoing transforaminal epidural steroid injection (TFESI), many patients complain of persisting cervical
radicular pain. For the management of chronic cervical radicular pain, clinicians are widely applying pulsed radiofrequency (PRF)
stimulation to dorsal root ganglions (DRGs). To enhance the effect of PRF stimulation, we conducted bipolar PRF stimulation in 2
patients with chronic cervical radicular pain that was refractory to monopolar PRF and repeated TFESIs.

Patient concerns: Patients 1 and 2 presented with a numeric rating scale (NRS) score of 7 and 6 for chronic cervical radicular
pain, respectively, despite undergoing monopolar PRF and 2 TFESIs.

Diagnoses:On cervical magnetic resonance imaging, foraminal stenosis at the right C6–7 and right central to right foraminal disc
protrusion on C6–7 were observed in patients 1 and 2, respectively. Two patients showed a positive response on diagnostic right C7
selective nerve root block with 0.5mL of 1% lidocaine.

Interventions:Bipolar PRF stimulation was performed under C-arm fluoroscopy. Two parallel RF cannulas (less than 1cm apart)
were used for DRG stimulation. The PRF treatment was administered at 5Hz and a 5-ms pulsed width for 360seconds at 45V with
the constraint that the electrode tip temperature did not exceed 42°C.

Outcomes:At the 2-week and 1-month follow-up, after undergoing bipolar PRF, the pain of patient 1 was completely relieved, and
at 2, 3, and 6months, the pain was scored as NRS 2. In patient 2, at the 2-week follow-up after undergoing bipolar PRF, pain severity
was reduced fromNRS 6 to 2. The effect of bipolar PRF on patient 2 lasted for at least 6months. No adverse effects were observed in
either patient.

Lessons: Application of bipolar PRF to DRGs seems to be an effective and safe technique for treating refractory chronic cervical
radicular pain.

Abbreviations: CRF = continuous radiofrequency, DRG = dorsal root ganglion, IL = interleukin, MRI = magnetic resonance
imaging, NRS = numeric rating scale, PRF = pulsed radiofrequency, TFESI = transforaminal epidural steroid injection, TNF = tumor
necrosis factor.

Keywords: bipolar, cervical radicular pain, chronic pain, pulsed radiofrequency, refractory pain
1. Introduction

Cervical radicular pain is defined as pain perceived as arising in
the upper limb caused by ectopic activation of the spinal nerve
roots or other neuropathic mechanisms.[1,2] Cervical radicular
pain affects approximately 83 persons in 100,000.[3] Chemical
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inflammation and mechanical compression of the cervical nerve
root are known to be responsible for cervical radicular pain.[4,5]

For the suppression of inflammation-related processes or
molecules such as various cytokines and chemokines, trans-
foraminal epidural steroid injection (TFESI) is being widely
performed.[6–8] Its effect for reducing the cervical radicular pain
has been well-demonstrated in several previous studies.[6–8]

However, several patients are unresponsive to TFESI. Therefore,
various techniques have been applied for the management of
uncontrolled cervical radicular pain.[9–11]

Pulsed radiofrequency (PRF), a technique introduced by
Sluijter et al[12] in 1998, is known to be safe and effective in
alleviating pain. PRF functions by delivering an electrical field
and heat bursts to targeted nerves or tissues without significant
damage of these structures.[13–15] Continuous radiofrequency
(CRF) exposes target nerves or tissues to a continuous electrical
stimulation and ablates the structures by increasing the
temperature around the RF needle tip.[16] In contrast to CRF,
PRF applies a brief electrical stimulation followed by a long
resting phase.[17] Thus, PRF does not produce sufficient heat to
cause significant structural damage.[17] The proposed mechanism
of PRF is that the electrical field produced by PRF can alter pain
signals.[18–20] To date, several studies have reported that PRF
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stimulation of the dorsal root ganglion (DRG) can successfully
manage cervical radicular pain.[6,9,21] However, in the clinical
practice, despite undergoing PRF, some patients continue to
complain of persisted cervical radicular pain. In all previous PRF
studies, a single cannula was used to produce a therapeutic
electrical field. This method is called monopolar PRF stimulation.
To overcome the limitations of monopolar PRF stimulation, we
used bipolar PRF stimulation, a technique that applies 2 electrode
tips to the DRG. We considered that bipolar PRF can be more
effective than monopolar PRF because 2 parallel PRF cannulas
would produce denser and larger electrical fields compared to a
single PRF cannula.[22–24]

In this study, we report a positive response to bipolar PRF
stimulation on cervical DRG in 2 patients with chronic cervical
radicular pain who were refractory to monopolar PRF and
repeated TFESIs.
2. Case report

Two patients with refractory chronic cervical radicular pain were
recruited for this study. Both the patients provided informed
consent for participation. The study was approved by the
Institutional Review Board of Yeungnam university hospital.
Patient 1 was a 74-year-old womanwho visited the department

of physical medicine and rehabilitation at our university hospital
due because of right cervical radicular pain during a period of 8
months. She had tingling sensation and piercing pain on posterior
arm and forearm. The numeric rating scale (NRS) score was 7 out
Figure 1. (A) Patient 1: axial T2-weighted cervical spine MRI at 8 months after sym
radiofrequency on the right C7 dorsal root ganglion was performed under the C-ar
weighted cervical spine MRI at 6 months after symptom onset presented with righ
bipolar pulsed radiofrequency on the right C7 dorsal root ganglion was performe
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of 10. On physical examination, she showed a positive Spurling
sign on the right side and hypoalgesia on the right C7 dermatome.
Motor weakness was not checked. On cervical magnetic
resonance imaging (MRI), foraminal stenosis at the right C6–7
was observed (Fig. 1A). The patient showed a positive response
on diagnostic right C7 selective nerve root block with 0.5mL of
1% lidocaine. At first, we performed TFESIs on the right C7
nerve root with 20mg (0.5mL) of dexamethasone mixed with
0.25mL of 0.125% bupivacaine twice, within a 2-week interval.
Its effect was spontaneous. The NRS score was reduced from 7 to
2, but it lasted only for 1 day. After 9 months of symptom onset,
monopolar PRF on the right C7 DRG was performed with a 22-
gauge curved-tip cannula (SMK Pole needle, 100mm with a 10
mm active tip, Cotop International BV). For the procedure, the
patient was laid in a supine position for C-arm fluoroscopy
(Siemens). The sensory stimulation test and PRF treatment were
conducted using an RF generator (Cosman G4, Burlington, MA).
The catheter needle was placed around the DRG. The inserted
catheter needle was placed close to the DRG when the patient
reported a tingling sensation and/or dysesthesia at less than 0.3V.
The PRF treatment was administered at 5Hz and a 5-ms pulsed
width for 360seconds at 45V with the constraint that the
electrode tip temperature did not exceed 42°C. One month after
monopolar PRF, the patient reported that the radicular pain was
not reduced at all. After 10months of symptom onset, we applied
bipolar PRF on the right C7 DRG to the patient. Two catheter
needles (active tip electrodes) were inserted under C-arm
fluoroscopy (Fig. 1A). The distance between the 2 catheter
ptom onset showed foraminal stenosis at the right C6–7 (right). Bipolar pulsed
m fluoroscopy (oblique and anteroposterior views) (left). (B) Patient 2: axial T2-
t central to right foraminal disc protrusion on C6–7 (right). Fluoroscopy-guided
d (oblique and anteroposterior views) (left).
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needle tips was less than 1cm, but they were not in contact with
each other. When the patient reported a tingling sensation and/or
dysesthesia at less than 0.3V, the PRF treatment was adminis-
tered with the same protocol as the bipolar PRF treatment. At the
2-week and 1-month follow-up, the patient reported that her
cervical radicular pain was completely relieved (NRS 0). At 2, 3,
and 6 months after bipolar PRF, the pain was scored as NRS 2.
Patient 2 was a 52-year-old woman who visited the department

of physical medicine and rehabilitation at our university hospital
due to right cervical radicularpainduring aperiodof6months. She
complained of tingling sensation and piercing pain on the right
posterior arm and forearm. The NRS score was 6. On physical
examination, she showed a positive Spurling sign on the right side,
hypoalgesia on the right C7 dermatome, and motor weakness of
the right elbow extensor (Medical Research Council[25]: 4). On
cervical MRI, we observed right central to right foraminal disc
protrusion on C6–7 (Fig. 1B). On the diagnostic right C7 selective
nerve root block with 0.5mL of 1% lidocaine, a positive response
was shown.However, 2 TFESIs on the right C7 nerve rootwith 20
mg (0.5mL) of dexamethasone mixed with 0.25mL of 0.125%
bupivacaine were not effective (NRS was not changed). After 7
months of symptom onset, we performed monopolar PRF on the
right C7 DRG, but 1 month after the monopolar PRF procedure,
the patient reported that the procedure was not effective, and the
severity of pain was not changed. At 8 months after symptom
onset, we conducted bipolar PRFon the rightC7DRG (Fig. 1B). In
themonopolar and bipolar procedures, the catheter needle and RF
generator used inpatient 2were the sameas those in patient 1.Two
weeks after the bipolar PRF, the painwas reduced fromNRS6 to2.
The pain score remained asNRS2 at 1, 2, 3, and 6months after the
procedure. No adverse effects of bipolar PRF stimulation on DRG
were noted.
3. Discussion

In the current study, we reported 2 cases of successful response to
bipolar DRG stimulation on cervical DRG in patients who were
refractory to monopolar PRF and repeated TFESIs.
The PRF is a minimally neurodestructive method to treat many

types of chronic pain.[26]However, despite of its increasing use, the
exact mechanism of PRF stimulation is not clearly elucidated.
However, Erdine et al[27] reported structural alteration of sensory
nociceptive nerve fibers after PRF stimulation using electron
microscopy. They described that PRF selectively caused changes in
smaller principal sensory neural fibers such as C and Ad fibers,
compared with larger nonpain-related sensory fibers such as Ab
fibers.[27] Cho et al[18] reported that PRF of the DRG decreased
microglia activity in the spinal dorsal horn of a ratmodel of lumbar
disc herniation. Because microglia are strongly responsible for the
development of chronic neuropathic pain through releasing
various cytokines and chemokines, which are related with pain
signaling, they proposed that down-regulation of microglia can
possibly prevent progression to chronic neuropathic pain. Further,
Vallejo et al[28] proved that levels of proinflammatory cytokines,
such as tumor necrosis factor (TNF)-a and interleukin (IL)-6, were
normalized after PRF stimulation. Hagiwara et al[19] found that
PRF activates the noradrenergic and serotonergic descending pain
inhibitory pathways and inhibits excitatory nociceptive C fibers.
Thus far, for the management of the various types of pain, most of
clinicians have been applying monopolar PRF.[6,9,12,29]

Recently, it hasbeen suggested that treatmentusing 2parallelRF
cannulas is more effective in reducing pain than monopolar PRF.
Cosman et al[30] showed that parallel-tip bipolar RF induced
3

larger-sized lesions compared with monopolar RF. Similarly,
Kapural et al[31] suggested that bipolar intradiscal RF can target a
broader area compared with monopolar RF. In addition, Shen
et al[32] investigated normal human lumbar DRG in an imaging
study and showed that in the case of L5DRG, averagemean length
was 11.58mm and mean width was 6.40mm. When CRF was
conducted using a cannula with a 20-gauge, 10-mm exposed tip,
mean lesion size of monopolar RF was 7.8�12.8mm2, whereas
that of bipolar RF using parallel cannulas spaced by 10mm was
15.5�11.8mm2.[30] Considering the size of the human L5DRG, a
bipolar RF can sufficiently cover whole DRG area, but the
monopolarRFcannot.Whereas it is unfitting to apply the results of
CRF stimulation to PRF, we believe that similar results could be
observed with the PRF procedure. In 2017, Chang et al[21]

recruited 50 patients with chronic lumbosacral radicular pain, and
assigned to monopolar or bipolar group. They reported that
bipolar PRF on DRG controlled chronic lumbosacral radicular
pain more effectively compared with monopolar PRF. However,
no study has been conducted to evaluate the therapeutic efficacy of
bipolar PRF in cervical radiculopathy.
In conclusion, we report 2 patients with refractory chronic

cervical radicular pain who showed a good response to bipolar
PRF on DRG to reduce radicular pain. The results of this study
showed that bipolar PRF on DRG could be useful for controlling
the cervical radicular pain, especially in patients who are
unresponsive to monopolar PRF and TFESI. This is the first
report to show the effective use of bipolar PRF for managing
refractory cervical radiculopathy. However, this is limited
because it is a case study. Further studies that involve larger
case numbers are warranted for the clear elucidation of the effect
of bipolar PRF.

References

[1] Merskey H, Bogduk N. International Association for the Study of Pain.
Task Force on Taxonomy. Classification of Chronic Pain: Descriptions
of Chronic Pain Syndromes and Definitions of Pain Terms. 2nd ed.
Seattle, WA: IASP Press; 1994.

[2] Rathmell JP, Aprill C, Bogduk N. Cervical transforaminal injection of
steroids. Anesthesiology 2004;100:1595–600.

[3] Radhakrishnan K, Litchy WJ, O’Fallon WM, et al. Epidemiology of
cervical radiculopathy. A population-based study from Rochester,
Minnesota, 1976 through 1990. Brain 1994;117:325–35.

[4] Ahn SH, Cho YW, Ahn MW, et al. mRNA expression of cytokines and
chemokines in herniated lumbar intervertebral discs. Spine 2002;27:
911–7.

[5] Olmarker K, Rydevik B, Holm S, et al. Effects of experimental graded
compression on blood flow in spinal nerve roots. A vital microscopic
study on the porcine cauda equina. J Orthop Res 1989;7:817–23.

[6] Lee DG, Ahn SH, Lee J. Comparative effectivenesses of pulsed
radiofrequency and transforaminal steroid injection for radicular pain
due to disc herniation: a prospective randomized trial. J Korean Med Sci
2016;31:1324–30.

[7] Lee JH, Lee SH. Can repeat injection provide clinical benefit in patients
with cervical disc herniation and stenosis when the first epidural injection
results only in partial response? Medicine (Baltimore) 2016;95:e4131.

[8] Lee JH, Lee SH. Comparison of clinical efficacy between interlaminar
and transforaminal epidural injection in patients with axial pain due to
cervical disc herniation. Medicine (Baltimore) 2016;95:e2568.

[9] Choi GS, Ahn SH, Cho YW, et al. Long-term effect of pulsed
radiofrequency on chronic cervical radicular pain refractory to repeated
transforaminal epidural steroid injections. Pain Med 2012;13:368–75.

[10] He L, Tang Y, Li X, et al. Efficacy of coblation technology in treating
cervical discogenic upper back pain. Medicine (Baltimore) 2015;94:e858.

[11] Ji GY, Oh CH, Won KS, et al. Randomized controlled study of
percutaneous epidural neuroplasty using racz catheter and epidural
steroid injection in cervical disc disease. Pain Physician 2016;19:39–48.

[12] Sluijter M, Cosman E, Rittman I. The effects of pulsed radiofrequency
field applied to the dorsal root ganglion-a preliminary report. Pain Clin
1998;11:109–17.

http://www.md-journal.com


[13] Kim ED, Yoo WJ, Kim YN, et al. Ultrasound-guided pulsed radio- [22] Cosman ER, Nashold BS, Ovelman-Levitt J. Theoretical aspects of

Chang Medicine (2017) 96:15 Medicine
frequency treatment of the cervical sympathetic chain for complex
regional pain syndrome: a retrospective observational study. Medicine
(Baltimore) 2017;96:e5856.

[14] Podhajski RJ, Sekiguchi Y, Kikuchi S, et al. The histologic effects of
pulsed and continuous radiofrequency lesions at 42 degrees°C to rat
dorsal root ganglion and sciatic nerve. Spine 2005;30:1008–13.

[15] Yao P, Hong T, Zhu YQ, et al. Efficacy and safety of continuous
radiofrequency thermocoagulation plus pulsed radiofrequency for
treatment of V1 trigeminal neuralgia: a prospective cohort study.
Medicine (Baltimore) 2016;95:e5247.

[16] Vatansever D, Tekin I, Tuglu I, et al. A comparison of the neuroablative
effects of conventional and pulsed radiofrequency techniques. Clin J Pain
2008;24:717–24.

[17] Sluijter ME, Cosman ER, Rittmann WB, et al. The effects of pulsed
radiofrequency fields applied to the dorsal root ganglion: a preliminary
report. Pain Clin 1998;11:109–17.

[18] Cho HK, Cho YW, Kim EH, et al. Changes in pain behavior and glial
activation in the spinal dorsal horn after pulsed radiofrequency current
administration to the dorsal root ganglion in a rat model of lumbar disc
herniation: laboratory investigation. J Neurosurg Spine 2013;19:256–63.

[19] Hagiwara S, Iwasaka H, Takeshima N, et al. Mechanisms of analgesic
action of pulsed radiofrequency on adjuvant-induced pain in the rat:
roles of descending adrenergic and serotonergic systems. Eur J Pain
2009;13:249–52.

[20] Higuchi Y, Nashold BSJr, Sluijter M, et al. Exposure of the dorsal root
ganglion in rats to pulsed radiofrequency currents activates dorsal horn
lamina I and II neurons. Neurosurgery 2002;50:850–5.

[21] Chang MC, Cho YW, Ahn SH. Comparison between bipolar pulsed
radiofrequency and monopolar pulsed radiofrequency in chronic
lumbosacral radicular pain: A randomized controlled trial. Medicine
(Baltimore) 2017;96:e6236.
4

radiofrequency lesions in the dorsal root entry zone. Neurosurgery
1984;15:945–50.

[23] Cosman ERJr, Cosman ERSr. Electric and thermal field effects in tissue
around radiofrequency electrodes. Pain Med 2005;6:405–24.

[24] Cosman ERJr, Gonzalez CD. Bipolar radiofrequency lesion geometry:
implications for palisade treatment of sacroiliac joint pain. Pain Pract
2011;11:3–22.

[25] Jang SH, Yi JH, Chang CH, et al. Prediction of motor outcome by
shoulder subluxation at early stage of stroke. Medicine (Baltimore)
2016;95:e4525.

[26] Snidvongs S, Mehta V. Pulsed radio frequency: a non-neurodestructive
therapy in pain management. Curr Opin Support Palliat Care 2010;
4:107–10.

[27] Erdine S, Billir A, Cosman ER, et al. Ultrastructural changes in axons
following exposure to pulsed radiofrequency fields. Pain Pract 2009;
9:407–17.

[28] Vallejo R, Tilley DM, Williams J, et al. Pulsed radiofrequency modulates
pain regulatory gene expression along the nociceptive pathway. Pain
Physician 2013;16:E601–13.

[29] Cho IT, Cho YW, Kwak SG, et al. Comparison between ultrasound-
guided interfascial pulsed radiofrequency and ultrasound-guided
interfascial block with local anesthetic in myofascial pain syndrome of
trapezius muscle. Medicine (Baltimore) 2017;96:e6019.

[30] Cosman ERJr, Dolensky JR, Hoffman RA. Factors that affect radio-
frequency heat lesion size. Pain Med 2014;15:2020–36.

[31] Kapural L, Vrooman B, Sarwar S, et al. A randomized, placebo-
controlled trial of transdiscal radiofrequency, biacuplasty for treatment
of discogenic lower back pain. Pain Med 2013;14:362–73.

[32] Shen J, Wang HY, Chen JY, et al. Morphologic analysis of normal
human lumbar dorsal root ganglion by 3D MR imaging. AJNR Am J
Neuroradiol 2006;27:2098–103.


	Effect of bipolar pulsed radiofrequency on refractory chronic cervical radicular pain
	Outline placeholder
	1 Introduction
	2 Case report
	3 Discussion

	References


