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ABSTRACT
Objective: Evaluate clinical outcome of dorsal root ganglia (DRG) pulsed radiofrequency (PRF) treatment 
in neuropathic pain of patients with radiculopathy regarding improvement of pain and degree of patients’ 
satisfaction. Method: Forty-five procedures in cervical and lumbossacral spine. Data collected by phone 
call interviews (independent researcher). Evaluation done after one month and at minimum three months 
follow-up. Analyzed data included objective and subjective improvement, and degree of satisfaction. 
Results: Outcome much better in 31%, 36% better, 24% unchanged, 9% worse. At initial evaluation, 
relief was rated: 24% excellent, 16% good, 27% moderate, 33% poor. At late evaluation, 27% excellent, 
18% good, 7% moderate, 49% poor. Degree of satisfaction was high (82% of patients reported they 
certainly or probably would repeat the procedure). Conclusion: PRF was effective and safe in selected 
patients. Most patients were satisfied and would repeat/recommend the procedure.
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RESUMO
Radiofrequência pulsada no gânglio da raiz dorsal para tratamento de dor crônica
Objetivo: Avaliar a evolução clínica do tratamento com radiofrequência pulsada (RFP) de gânglio da 
raiz dorsal (GRD) na dor neuropática em pacientes com radiculopatia, considerando melhora da dor 
e grau de satisfação dos pacientes. Método: Quarenta e cinco procedimentos na coluna cervical e 
lombossacra. Os dados foram coletados por meio de entrevistas telefônicas (pesquisador independente). 
Avaliação inicial feita após um mês e final no mínimo de três meses de acompanhamento. Dados 
analisados ​​incluíram melhora objetiva, subjetiva e o grau de satisfação. Resultados: Evolução “muito 
melhor” em 31%, “melhor” em 36%, “inalterado” em 24%, “pior” em 9%. Na avaliação inicial: 24% 
“excelente”, 16% “bom”, 27% ​​“moderada”, 33% “pobre”. Na avaliação final, 27% ​“​excelente”, 18% 
“bom”, 7% “moderada”, 49% “pobre”. O grau de satisfação foi elevado (82% dos pacientes relataram 
que certamente ou provavelmente repetiriam o procedimento). Conclusão: RFP foi eficaz e segura em 
pacientes selecionados. A maioria dos pacientes ficou satisfeita e repetiu/recomendou o procedimento.
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Introduction

Chronic pain syndrome is a major health problem 
affecting 2%-40% of the adult population significantly 
decreasing the quality of life and causing economic 
losses.1,2 Back pain is one of the most common medical 
conditions, affecting 54%-80% of individuals during 
their lifetime, whether nociceptive or neuropathic.3 
Neuropathic pain is related to an injury or dysfunction 
of the central or peripheral nervous system.4 In spinal 
diseases the occurrence of anatomical or functional root 
disturbances is common.

The number of surgical procedures to the spine is 
increasing, however, they don’t seem to decrease the 
incidence of chronic pain symptoms nor improve the 
quality of life of those surgically treated, even after 
multiple surgeries.5 Although many types of drugs have 
been used for conservative treatment of chronic pain, 
the majority of patients were unable to significantly 
control their pain.

 Minimally invasive procedures, such as radiofre-
quency (RF) and pulsed radiofrequency are a valuable 
therapy and have been studied worldwide.6 While 
conventional radiofrequency uses a high temperature 
ablation, causing thermal damage to the neural struc-
tures, pulsed radiofrequency has been shown to cause 
minimal neural injury and can be used in peripheral 
nerves, roots and dorsal root ganglia, without major 
damage. Most initial studies show a possible neuro-
modulatory effect following the application of pulsed 
radiofrequency to the dorsal root ganglia (DRG).7 It has, 
therefore, been an attractive option for the treatment of 
refractory neuropathic pain, especially in patients with 
associated root lesions. 

The goal of this study was to review the clinical 
results of pulsed radiofrequency treatment of DRG in 
patients with neuropathic pain in one or multiple ra-
dicular levels. The authors analyzed the degree of pain 
control and also evaluated the level of satisfaction with 
this treatment.

Methods

Patients

The authors analyzed patients submitted to pulsed 
radiofrequency of the DRG for the treatment of chronic 
pain due to osteoarthrosis with radicular compression 
or failed back syndrome with radicular pain. All patients 
suffered from neuropathic pain that was refractory 
despite conservative treatment. The level of the DRG 
to be treated was determined based on clinical history, 

physical examinations and imaging in most cases, par-
ticularly in patients with postoperative radiculopathy. In 
those patients where a specific level could not be clearly 
defined, a diagnostic block was performed.

Forty-five procedures were performed at the De-
partment of Pain Management, at the Instituto de 
Neurologia de Curitiba, from December 2006 to April 
2010. From this group, 32 were women and 13 were 
men with ages ranging from 32 to 82 (mean 56.4 years). 
In 40 cases the target was a lumbosacral DRG and in 5 
cases cervical.

Technique

The procedure was performed under fluoroscopic 
guidance using the Sluijter technique8 to reach the 
target. To achieve perfect needle positioning, paresthe-
sias along the expected dermatome should be elicited 
below a 0.5 V (50 Hz) stimulation threshold. Whenever 
possible, low impedance (below 400 mA Ohms) was 
maintained and, whenever needed, 1 ml of saline was 
injected. 

Pulsed radiofrequency was applied using the fol-
lowing parameters: 2 cycles per second, 20 ms each. 
All procedures were performed using the RFG 1-B 
Radiofrequency Generator Cosman model. From 
December 2006 to January 2009, the time of exposure 
to pulsed radiofrequency was 4 minutes. However, 
after February 2009, the RF exposure time increased 
to 10 minutes.

 The procedure was performed under local anes
thesia plus sedation with low doses of midazolam and 
fentanyl, enough to decrease the anxiety level, but en-
abling the patient to fully cooperate with the medical 
team to achieve correct physiological localization. Du
ring the radiofrequency treatment, an anesthesiologist 
monitored the patients’ vital signs. After the procedure, 
the patients would remain in the hospital for one day, for 
pain evaluation, even though no major side effects were 
expected. In addition, acetaminophen was prescribed 
along with an opioid on an as-needed basis.

The patients were instructed to avoid the use of anti-
inflammatory drugs or steroids for 15 days. If treatment 
were required in more than one level, they were realized 
in one procedure.

Outcome measures

The data were collected via two phone interviews 
performed by an independent researcher. The initial 
evaluation was performed after one month and a late 
evaluation was performed after a minimum three 
months. Pain status was provided by the patient us-
ing percentages from 0% to 100 (0% = no change, 
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and 100% = complete resolution of pain). At the ini-
tial and late evaluations, the pain control status were 
classified on a scale of: 0% to 19% poor, 20% to 49% 
moderate, 50% to 69% good, and 70% to 100% excel-
lent. The late evaluation was realized at a mean time 
of 20.37 months. 

The subjective improvement in pain was additionally 
classified by the patient in general terms such as: much 
better, better, unchanged or worse. 

Moreover, the patients were asked to rate their 
degree of satisfaction with the treatment outcome. The 
two questions were: “If you could go back in time, would 
you like to repeat the procedure?” and “Would you 
recommend the same procedure to a family member or 
friend?” Answers were classified as: certainly would re-
peat/recommend; probably would repeat/recommend; 
probably would not repeat/recommend; and certainly 
would not repeat/recommend.

Results

The subjective evaluation considered patients’ opi
nion on improvement of pain, as showed in Figure 1, 
with best results in cervical group. The objective evalua-
tion considered patients’ degree of pain improvement is 
showed in Figure 2 and also was better in cervical group.

Finally, the satisfaction of patients, showed in Figu
re 3, was better in cervical group, but also positively 
relevant in all groups. 

There were no complications related to the proce-
dure. No patient had pain worsening or paresthesias. 
No significant hematoma or infection was observed.

Discussion

The use of RF in clinical practice started in the 
1950’s, when Rosomoff et al.9 used this technique to 
induce spinothalamic lesions during chordotomies. 
At that time, many authors showed interest in its more 
predictable thermocoagulation effect, especially in the 
surgical treatment of trigeminal neuralgia and other 
painful conditions. With the evolution of RF generators 
and electrodes, this technique became widespread in the 
neurosurgical armamentarium.

Pulsed RF became popular after the published se-
ries of Slappendel et al.,10 in 1997, which analyzed two 
groups of patients with cervicobrachial pain. One group Figure 1 – Patients’ opinion on improvement of pain (subjective).
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Figure 2 – Patients’ degree of pain improvement (objective).
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Figure 3 – Subjective evaluation of the results.
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was treated using cervical spine RF at 67° C and the 
other with a maximum of 40° C. The results were similar 
in both groups. Although it could be interpreted as if RF 
was similar to a placebo, the researchers found that both 
groups obtained a clear benefit in pain improvement. 
With these observations, it was suggested that many 
major RF effects could be the result of something else 
rather than thermal neural ablation.

In patients with neuropathic pain syndromes, and 
especially when the target was the dorsal root, con-
ventional RF could induce deafferentation.11 With the 
advent of pulsed RF, major neural structures could be 
targeted. Considering the importance of DRG as a major 
region in pain modulation, some authors have studied 
its role in interventional treatment.

With the advent of pulsed radiofrequency, the ques-
tion focused on what could influence pain control in a 
typical radiofrequency procedure besides the thermoab-
lation.12 Early publications suggested that a beneficial 
effect was also attributable to neural tissue exposure to 
electrical stimuli and not only to thermal damage. Initial 
studies in animals and further investigation in human 
patients presumed a neurobiological phenomenon 
changing the transmission on pain stimuli, defining 
pulsed RF as neuromodulatory method.13 

Higuchi et al.,14 in 2001, analyzed the results of 
rats treated with conventional radiofrequency, pulsed 
radiofrequency or sham applied at the DRG after hemi-
laminectomy. Immunohistochemical analysis showed 
an increase of c-Fos immunoreactive neurons on the 
dorsal root and the spinal cord, especially in superficial 
laminae (I, II and V). This was found mostly ipsilaterally 
to the stimulation site and, in a lesser extent, contralater-
ally, suggesting the occurrence of cellular changes not 
related to the thermal action itself, but caused by a pos-
sible inhibitory activation of interneurons. Van Zundert 
and Cahana,15 in 2005, also studied rats treated with 
pulsed radiofrequency after laminectomy and found 
similar results after seven days.

More recently, Podhajsky et al.16 observed some 
anatomopathologic alterations on the nerve rootlet 
and in the spinal cord in rats that underwent pulsed 
or conventional RF on DRG. They showed that in 
the pulsed RF group, there was no visible histologic 
lesions under optical microscopy examination. Some 
subclinical changes such as endoneural edema, fibro-
blasts activation and collagen deposition were observed, 
which could be related to the activation of a modulatory 
system. 

Another explanation to the analgesic effect of pulsed 
RF on neuropathic pain is the possible inhibition of 
neuronal activity, as observed by Cahana et al.,17 in 2003. 
These authors showed that in cultures of hipoccampal 
cells, exposure to RF promoted neuronal inhibition at 
synaptic transmission level.

Structural changes in neurons undergoing pulsed 
radiofrequency seem to be minimal. In 2009, Protasoni 
et al.18 studied early morphological changes follow-
ing pulsed radiofrequency under optic and electron 
microscopy of DRG in order to observe ablative or 
neuromodulatory signs.

Erdine et al.19 researched the effects of pulsed ra-
diofrequency on the axonal ultrastructure of the sciatic 
nerve. Contrary to what was observed in the sham 
group, the study showed morphologic and mithocon-
drial membrane changes, microfilaments and micro-
tubules rupture and rearrangement, mainly in C-fibers 
than in A-delta and A-beta fibers, within the specimens 
of the pulsed radiofrequency group.

In the present series, the authors used percentage 
values to evaluate pain intensity instead of analyzing 
any decrease in visual or numeric scales. This was due 
to the preference of most of the patients evaluated. Some 
authors agree that there is a good relationship between 
the percentage pain reduction and the evaluation using 
numeric rating scale,20,21 while some papers suggest a 
more consistent relationship between the percent change 
in pain intensity and the clinically important changes.22

The first study with clinical use of pulsed radiofre-
quency was published by Sluijter et al.,23 in 1998. In their 
prospective, but not controlled study, 60 patients were 
evaluated after treatment with radiofrequency, 36 pulsed 
and 24 continuous, with a temperature limit of 42°C. At 
6 weeks evaluation, 86% of the patients from the pulsed 
group and 12% from the continuous group showed 
improvement of more than 50% using the GPE scale.

In another prospective, non-controlled study on 
pulsed radiofrequency (with 28 patients) published 
by Shabat et al.,24 no anesthetic test block was done, 
where the correct root level was determined by clinical 
examination and imaging exams. In addition to pulsed 
radiofrequency sessions, patients also underwent other 
treatments. Three months following the procedure, 82% 
of patients had improved VAS (visual analogic scale) by 
more than 30%, and 68% of them had achieved a similar 
benefit after 1 year.

In our study, the cervical subgroup had improve-
ments of more than 50% in 40% of cases in the early 
evaluation, and 80% in the late evaluation. These results 
after pulsed radiofrequency were significantly better in 
cervical than in lumbosacral group. 

A prospective, randomized, double-blinded study 
of 23 patients with chronic cervicobrachialgia using 
pulsed radiofrequency was published by Van Zundert 
et al.25 In their sample, 11 patients underwent pulsed 
radiofrequency and 12 were in the sham group. At 
3-month-evaluation, 9 patients of the radiofrequency 
group showed improvements of more than 50%, while 
in the sham group, only 3 patients. These results were 
statistically significant (p < 0,05).
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Van Zundert et al.,26 published another paper on this 
subject in 2003. It was a retrospective study in chronic 
single level cervicobrachialgia, with 18 patients. Using 
the GPE rating scale, 72% of patients experienced 
improvements of more than 50% in 2 months, 56% 
maintained this improvement at 3 to 11 months and 33% 
for periods exceeding one year. The authors conclude, 
therefore, that treatment with pulsed radiofrequency 
in the cervical DRG provides satisfactory pain relief in 
the long term, in most patients with radicular cervico-
brachialgia.

Chao et al.27 published a study in 2008 of 154 pa-
tients with cervical radicular (49 cases) or lumbar (116 
cases) pain derived from disc herniation or the failure 
of previous treatment. In the initial evaluation at 1 week, 
53.06% of the cervical group had pain relief exceeding 
50%. At 3 months follow-up, 44.83% had improved.

In our study, at the lumbosacral spine, 40% of pa-
tients improved by more than 50% at initial evaluation 
and 40% maintained this improvement in late evalua-
tion. Teixeira et al.11 published a retrospective series of 
13 patients with radicular pain due to disc herniation. 
In all cases there was an indication for surgery but 
the patients were treated with pulsed RF instead. The 
decision on the root level to be treated was based only 
on clinical examination and imaging. In this series, 9 
patients had motor or sensory deficit related to the root 
involved. In the evaluation after 1 year, 92% of these 
patients showed improvement (up to 5 points) in the 
Pain numerical scale, and surgery was no longer indi-
cated. In all cases, a complete resolution of the initial 
neurological deficits was observed.

In our study, the authors analyzed the degree of 
satisfaction with the pulsed radiofrequency treatment, 
as well as the results. Most patients were satisfied, 67% 
had at least mild improvements, based on a subjective 
response. It is worth noting that, regardless of the im-
provement rate, 82% stated that they would undergo 
the procedure again as initially proposed. Furthermore, 
87% of patients said that they would recommend the 
procedure to a friend or a relative.

Further considerations should be made about our 
study, which cannot be evaluated statistically. The first is 
that we included the most refractory patients, including 
some with more than two spine operations. In cervical 
group patients are usually referenced to Pain Group 
early in treatment than in lumbosacral. So they suffered 
less time with the pain and underwent few procedures 
when compared to lumbosacral. Although we could 
not evaluate this group of patients separately (due to 
the small number of cases), based on this data, their 
outcome seemed to be worse. 

The study included older patients with spinal steno-
sis that could not be treated surgically due to clinical 
issues; most of them had multiple compressions, and 

the results of such cases were poor and not statistically 
relevant.

In the interview, the authors found that some lum-
bar level patients were not satisfied with the procedure 
because of residual low back pain, despite having had 
a marked improvement in their painful neuropathic 
symptoms and being advertised of the aim of treatment 
previously to the procedure.

Additionally, it’s not clear that longer radiofrequency 
exposure leads to better results. Further studies should 
be undertaken to answer these questions. 

Conclusion

In our study, pulsed radiofrequency was safe, no 
complications were seen and achieved satisfactory im-
provement in neuropathic pain. Better results were found 
in cervical neuropathic pain than in or lumbossacral 
region. Most patients were satisfied after the treatment 
and would repeat or recommend the procedure if indi-
cated. Further studies with longer follow up are needed. 
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