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A Laboratory Investigation

The Efficacy of a Two Needle Electrode Technique in 
Percutaneous Radiofrequency Rhizotomy: An Investigational 
Laboratory Study in an Animal Model

Richard Derby, MD, and Chang-Hyung Lee, MD

Background: Radiofrequency neurot-
omies are used to help reduce pain caused 
by structures innervated by the medial 
branch of the dorsal spinal nerve. The du-
ration of effect may vary proportionally to 
the length of nerve coagulated. Techniques 
used to maximize the length of nerve with-
in the radius of maximal heat include mak-
ing multiple lesions, using larger needles, 
positioning the exposed needle parallel to 
the target nerve, and attempting more pre-
cise placement using 50 hertz test stimula-
tion. A variation of the technique uses two 
needles that are simultaneously placed 
to lie parallel to one another and parallel 
to the probable area the target nerve is 
known to traverse. Heating both needles 
at the same time would be a faster method 
that theoretically might also include more 
tissue within the heating radius of the nee-
dle lengths.

Objective: The purpose of this study 
was to confirm that two parallel radiofre-
quency lesions increased the volume of tis-
sue included within the heating radius of 
the exposed needle tips, to determine op-
timal heating parameters, and to establish 
how far apart the needles can be placed 
and still achieve temperatures between the 

needles that will coagulate nerves. 
Study Design: Investigational labora-

tory study in an animal model 
Methods: Ex-vivo porcine spinal tis-

sue samples were prepared following a 
standardized protocol and two needle 
electrodes were connected to the Stryk-
er® rhizotomy device. A series of tissue 
samples were prepared with the needles 
placed 1, 1.5, 2, 3, 4, 5, 6, 7, 8, or 9 mm 
apart in respective samples. The needles 
were positioned parallel to the surface, 
and perpendicular to the tissue. 

In one series of samples, two needle 
electrodes were heated sequentially for 
each needle placement. Temperature pa-
rameters ranged from 60 to 100oC and the 
time duration ranged from 60 to 90 sec-
onds for each electrode. After each heat-
ing, all tissue was dissected and the size 
of the coagulated area measured. Temper-
atures at the midpoint between the two 
needle electrodes were monitored and 
measured with a Radionics® needle sen-
sor. Using the same study protocol and 
evaluation, a second set of samples was 
studied but both needle electrodes were 
heated simultaneously.

Results: Maximal lesion size was ob-

served when the temperature of the elec-
trode was higher than 70–80oC and main-
tained for longer than 70 seconds. When 
the needles were heated sequentially, the 
needles could be placed no further than 1.5 
to 2 mm apart before areas of incomplete 
coagulation were visualized at the midpoint 
between the needles. When both needles 
were simultaneously heated the needles 
could be placed 4 mm apart before incom-
plete coagulation was visualized.  With si-
multaneous heating, the highest peak 
temperature of the midpoint between two 
needles (6 mm apart) exceeded 66oC, com-
pared to a temperature of 40oC achieved 
with sequential heating. 

Conclusions: This research confirms 
the efficacy of utilizing two needle elec-
trodes during lumbar facet rhizotomy in an 
experimental model. Heating the two elec-
trodes sequentially appears to coagulate 
a wider area and thus would be more like-
ly to include a longer length of the target 
nerve and thus potentially could achieve 
better results in less time. 
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There is an extensive body of ev-
idence supporting the existence of fac-
et joint pain (1-12), although some still 
dispute the validity of the diagnosis (13-
15). Research suggests that compromise 
of the facet (zygapophysial) joint may 

by significant relief of pain following 
the intraarticular injections of local an-
esthetic within the joint or on the me-
dial branches of the dorsal rami that in-
nervate the joint (26). Once the prima-
ry pain source has been determined by 
diagnostic blocks, facet joint pain may 
be managed by intraarticular injections, 
medial branch blocks, or neurolysis of 
medial branch nerves (27-31). 

Medial branch neurotomy is an ef-
fective although often time-limited ap-
proach to the management of facet joint 
pain (9, 29, 32). In particular, pain medi-
ated by the medial branch of the lumbar 
or cervical dorsal ramus is reduced or re-
lieved by coagulating the nerve to pre-
vent the conduction of nociceptive im-

be the cause of low back pain in 15%–
45% of patients (16-21), based on cri-
teria established by the International 
Association for the Study of Pain (22). 
Since there is little or no evidence that 
facet joint pain can be diagnosed on the 
basis of clinical examination or by med-
ical imaging alone, there is a growing 
impression that diagnostic blocks are 
needed to confirm the facet joint as a 
source of the pain in a given patient (9, 
10, 16-25). The above statistics on prev-
alence include data derived from analy-
sis of placebo-controlled blocks or com-
parative local anesthetic blocks (6).

A clinical impression that the pa-
tient’s pain is caused by the facet or zyg-
apophysial joint is typically confirmed 
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pulses (1). The nerves will eventually re-
grow, but the procedure can be success-
fully repeated (33) 

Assuming the diagnosis was cor-
rect and the facet joints are the source 
of pain, the effectiveness and dura-
tion of pain relief is proportional to the 
length of nerve coagulated. Heating a 
wide volume of tissue will theoretical-
ly minimize technical failure due to in-
complete coagulation and increase the 
duration of relief (1, 33-35).

Maximizing successful nerve co-
agulation depends on several consid-
erations. First, the electrode does not 
reliably coagulate in a distal direction. 
Rather, coagulation occurs principally 
in a radial direction, perpendicular to 
the long axis of the electrode, i.e. side-
ways. Therefore, placing the needle par-
allel to the nerve is necessary to increase 
the potential for effective coagulation 
(1, 36, 37).

Second, multiple lesions may be 
needed to increase the likelihood that 
adequate coagulation occurs. The Lord 
et al (37) landmark double-blind study 
showed percutaneous radio-frequen-
cy neurotomy with multiple lesions of 
the cervical medial branches can pro-
vide lasting pain relief. Since the heat-
ing radius of a small needle is limited, 
the needle must be placed exactly on 
the nerve in order to guarantee its co-
agulation. With small gauge electrodes, 
a displacement of even one millimeter 
may fail to secure coagulation (1). To 
guarantee coagulation in the event the 
electrode is not placed precisely on the 
nerve, Lord et al made multiple paral-
lel lesions to coagulate a volume of tis-
sue that was more likely to include the 
nerve (1) and the authors spent on av-
erage 30 minutes per level to assure a 
technically adequate neurolysis. 

Third, the location of the nerve 
varies. In the lumbar spine, the exact lo-
cation of the medial branch is ambigu-
ous when the superior articular process 
is elongated. The operator may not be 
certain whether the nerve lies low on 
the neck of the superior articular pro-
cess (near the groove formed by its 
junction with the transverse process) or 
higher in the wall of the superior articu-
lar process. Even though the nerve may 
be located with 50 hertz stimulation, 

such localization does not guarantee 
that the needle lies parallel to the nerve. 
To accommodate possible variations in 
the location of the nerve, a reasonable 
strategy would be to lesion all possible 
locations on the nerve. If the first lesion, 
or set of lesions, has been made close to 
the groove between these two process-
es, a second lesion can be placed along 
a parallel course, aligned with one elec-
trode dorsally across the superior artic-
ular process. Conversely, if a lesion has 
initially been established “high” on the 
articular pillar, a second lesion should 
be placed closer to the groove (1). 

Fourth, the size of the lesion is pro-
portional to the needle diameter i.e. the 
wider the needle diameter, the wider the 
radius around the length of the exposed 
tip that is coagulated (1). In fact, many 
believe that the most effective needle 
for performing both lumbar and cer-
vical neurotomies is the 16-gauge, Ray 
electrode(Radionics, Burlington, MA) 
with a 5-mm exposed, active tip (38). 

Even though larger diameter nee-
dles will increase the volume of tissue 
coagulated, besides perhaps being more 
traumatic during insertion, the heat is 
dissipated in both the horizontal and 
vertical direction. Heat dissipation in 
the vertical direction may not be need-
ed and just results in unproductive tis-
sue damage. 

Simultaneously placing two nee-
dles would have several advantages. 
One could use a commercially available 
smaller gauge needle, the needles could 
be validated to lie parallel to each oth-
er, the volume of horizontally heated 
tissue could be greater than that of one 
larger gauge needle, and heating could 
occur simultaneously. The purpose of 
this study was to determine the extent 
of heating achieved by using two paral-
lel placed needles at variable distances 
from one another and compare the ex-
tent of coagulation when radiofrequen-
cy lesioning was performed either se-
quentially or simultaneously. 

Methods

Ex-vivo porcine tissue samples 
were obtained post-mortem from in-
dustrial processing and prepared ac-
cording to standard protocol. Even 
though previous studies have utilized 

various types of animal tissue (pork, liv-
er, and egg white) (1, 2), egg white was 
not considered or used, because of al-
bumin’s soft texture, lack of stability fol-
lowing lesioning, and its different tem-
perature thresholds compared to ani-
mal tissue (3).

Porcine tissue samples were kept at 
room temperature for more than 1 hour 
until they reached room temperature 
and were soaked in wet gauze to mini-
mize evaporation. Procedures were per-
formed using cross-sectional samples to 
observe the effects of needle placement 
and temperature parameters on tissue. 
For procedures involving two needles, 
electrodes were connected to a Stryk-
er rhizotomy device (Stryker: REF 406-
800, manufactured by Valley Forge Sci-
entific Corp. Oaks, PA 19456).

Since larger gauge electrodes make 
larger lesions, the target nerve is more 
likely to be thoroughly coagulated if a 
large gauge electrode is used. Although 
some still use 22 gauge electrodes, clini-
cal experience suggests that lesions and 
outcomes are optimized if an 18 or 20 
gauge electrode is used (1). A commer-
cially available 20 gauge Teflon coated 
needle with a 10 mm exposed tip and 
its companion electrode was utilized in 
this investigational study.

1. �Sequential lesioning with two 
needle electrodes:

Two needles were placed sequen-
tially in the porcine tissue sample. The 
needles were positioned parallel to the 
surface, and perpendicular to the tissue. 
The second needle was placed with ref-
erence to the first, an exact distance from 
the placement of the first needle. When 
the first needle is not available as a point 
of reference, subsequent lesions may to-
tally overlap or be placed too far apart. 
Consequently, even after multiple co-
agulation procedures there may still be 
tissue between the needles that has not 
been lesioned.

A series of tissue samples were pre-
pared with the needles placed 1, 1.5, 2, 
3, 4, 5, 6, 7, 8, or 9 mm apart in respec-
tive samples. The needles were placed 
parallel to the surface, and perpendic-
ular to the tissue. The needle placement 
was measured with an indicator, and 
the electrodes were heated in succes-
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sion. Temperature parameters ranged 
from 60 to 100o C and time duration 
ranged from 60 to 90 seconds for each 
electrode. After each heating, about 1 or 
2 minutes had been spent for the next 
heating. After each heating, all tissue 
was dissected and the size of coagulat-
ed area measured. The temperatures of 
tissue surrounding the electrodes were 
monitored and measured with a Radi-
onics needle sensor (Radionics Mod-
el No. TCA-2, Ser. No: 716-544, manu-
factured by Radionics Inc. Burlington, 
Massachusetts 01803).

2. Simultaneous lesioning with two 
needle electrodes: 

A second set of porcine spinal tis-

sue samples were prepared for the ex-
periment, using the protocol described 
above. The two needle electrodes were 
heated simultaneously to 80o C for a to-
tal duration of 70 seconds for both elec-
trodes. After each heating, the tissue was 
dissected, and the size of the coagulated 
area was measured. 

3. Comparison of temperature at the 
midpoint—lesioning sequentially and 
simultaneously: 

A third set of porcine tissue sam-
ples were prepared for the experiment, 
using the protocol described above. 
Two needles were placed 6 mm apart. 
The temperature applied was 80o C and 
the time duration was a total of 70 sec-

onds for both electrodes. Samples were 
heated either sequentially or simultane-
ously. Temperatures at the midpoint be-
tween the two needle electrodes were 
monitored and measured with a Radi-
onics needle sensor.

Results

Sequential Lesioning

1.1 Two electrodes inserted 1, 1.5, or 2 
mm apart, heated sequentially: 

All tissue between the two needles 
was coagulated and no tissue escaped 
treatment. We found that 1.5 to 2 mm 
is the optimal width between needles 
to secure coagulation—approximately 
2 widths of a 20-gauge needle diameter. 

Fig 1. A. One needle electrode: Electrical lesion created using a single needle electrode, parallel to the surface of  the 
tissue. B. Two needle electrodes: Electrical lesion created using two needle electrodes placed 1.5 mm apart and heated 
sequentially. Tissue color change occurred in a radial direction perpendicular to the long axis of  the electrode. All tissue 
between the two needles was completely coagulated. White arrows indicate area of  color change.  

A B

Fig 2. Two needle electrodes heated sequentially. A. When needles were 1 mm apart, all tissue between the needles was 
found to be fully coagulated. (Each scale bar indicates 1 mm.) B. When the two needles were placed 4 mm apart, some 
tissue at the midpoint escaped coagulation (arrows show demarcation).

A B
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Using two needle electrodes, the place-
ment to secure coagulation in our study 
was slightly wider than that of a pre-
vious study using a single needle elec-
trode, which consistently achieved co-
agulation at 1 mm (1, 36).

When the temperature of the elec-
trode was higher than 70-80o C and 
maintained for longer than 70 seconds, 
maximal lesion size was observed. With 

longer durations and higher tempera-
tures, slightly larger areas of tissue co-
agulation were evident, but differences 
were minimal and difficult to measure. 
Most of the results observed were simi-
lar to those of previous studies (36, 37). 
(Fig. 1)

1.2 Two electrodes inserted 3 mm apart 
or greater, heated sequentially: 

When two electrodes were insert-

ed 3 mm apart or greater and heated 
in succession, some tissue at the out-
er margin of the midpoint was not ful-
ly coagulated. This finding was consis-
tent in all electrode placements 3 mm or 
more apart (Fig 2).

Simultaneous Lesioning

Two electrodes inserted 1, 1.5, 2, 3, 4, 5, 
or 6 mm apart, heated simultaneously: 

Fig 3. A. Two needle electrodes 4 mm apart, perpendicular to the surface and heated simultaneously at 80º C for 70 
seconds. All tissue between the two needles was fully coagulated (arrows). B. Two needles placed 9 mm apart par-
allel to the surface and heated simultaneously. The image shows some uncoagulated tissue between the two needle 
placements (arrows show demarcation). 

Fig 4. A. Two needle electrodes 6 mm apart heated simultaneously at 80ºC for 70 seconds. At the midpoint, temper-
atures were monitored and measured with Radionics® needle sensor (arrow).  B. The highest peak temperature, ob-
served at the end of  the heating, exceeded 66ºC.  

A B

A B
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Our results also showed that when 
the two needles were heated simulta-
neously, the lesions created were more 
extensive, covering a wider area than 
those created by sequential needling 
(Fig 3). When simultaneous stimulation 
was applied, tissue was completely co-
agulated in all samples with the needles 
4 mm apart or less. 

Temperature Measurement

Two electrodes placed 6 mm apart, 
heated sequentially or simultaneous-
ly: 

Temperatures were compared be-
tween samples with sequential and si-
multaneous stimulation, with the elec-
trodes placed 6 mm apart. The mid-
point temperature in sequentially le-
sioned samples was 40o C, but when le-
sioned simultaneously (1) was greater 
than 66o C (Fig 4). 

Discussion

We found that two parallel placed 
needle electrodes heated simultaneous-
ly coagulated a wider tissue area with no 
“escaped tissue” compared to using one 
needle or using two needles but heating 
the needles separately rather than at the 
same time. 

Whether one uses single needle 
electrodes or bipolar electrodes, the 
chance of incorporating a maximal 
length of nerve will depend on the ra-
dial heating parameters of the needle. 
Larger diameter needles heat more tis-
sue, but have the disadvantage of un-
availability, increased tissue trauma, 
and perhaps the unnecessary heating in 
the vertical direction. 

Another strategy to optimize suc-
cess is to perform multiple lesions us-
ing side by side placement of two nee-
dles. One previous study used “strip” le-
sions created with two bipolar needles 
that were placed 6 mm apart (39), but 
whether the tissue between the needles 
was adequately heated or whether the 
needle were consistently 6 mm apart is 
unclear. Others have used two parallel 
bipolar placed electrodes to maximize 
chance of coagulating the sacral lateral 
branches and used the technique specif-
ically because of the inconsistent loca-

tion of the nerves buried within the lig-
aments (40-42).

Regardless of the method or tech-
nique, if the coagulated tissue area be-
tween the two lesions does not com-
pletely overlap, nerve tissue within this 
area may still not be coagulated (1). In 
other words, even though a lesion is 
made close to the nerve if the electrodes 
are placed too far apart, intervening 
volumes of tissue may escape coagula-
tion due to the circular, cross-sectional 
configuration of the lesioned area (1). 

If one knows the heating param-
eters of the needle, one can place two 
needles parallel to one another at an 
optimal distance to assure coagulation 
of the intervening tissue. If one uses a 
single needle that is withdrawn after le-
sioning, even with fluoroscopy one may 
not consistently place the needle at the 
desired distance and parallel to the first 
placement. Although previous stud-
ies determined that secure coagulation 
(97.5% confidence) occurred only when 
the distance between the first insertion 
and the second is less than 1 mm (1, 36, 
37), we found that complete coagula-
tion using two 20 gauge electrodes oc-
curred at up to 2mm or about 2 nee-
dle widths distance. When the needles 
were simultaneously heated the needle 
could be placed up to 4 needle widths 
apart consistent with an additive effect 
when heat was occurring simultaneous-
ly from both directions. 

Coagulation of tissue using radio-
frequency current depends on temper-
ature (43,44). We found that heating 
beyond 70 seconds at 80 degrees cen-
tigrade did little to increase the vol-
ume of coagulated tissue. Heat produc-
es tissue color change between 45–50o 

C in liver (43) and 65o C in egg albu-
min or animal tissue (1). If the temper-
ature of the tissue is not sufficient, the 
color does not change and the tissue is 
regarded as uncoagulated ‘escaped tis-
sue.’ However, this does not mean that 
the nerve is undamaged or is still capa-
ble of normal conduction. Previous re-
search indicates that a “lethal tempera-
ture range” ≥ 45–50o C for 20 seconds 
or more will destroy cell structures and 
biomolecules (3, 4). All such effects can 
occur at sub-cellular and molecular lev-

els without substantially elevated tem-
perature (43). 

 

Conclusion
This study provides data confirm-

ing the experimental efficacy of a two 
needle electrode technique for medi-
al (or lateral) branch neurotomies in an 
ex-vivo porcine spinal model. 

Parallel simultaneous placement 
and sequential lesioning of two needle 
electrodes coagulated a wider area of tis-
sue more accurately then previous stud-
ies using only a single needle. More im-
portantly, simultaneously heating two 
parallel needles for 70 seconds was the 
fastest and most effective method for 
incorporating a larger volume of coag-
ulated tissue. Although this technique 
is currently used clinically, whether bet-
ter outcomes can be achieved with this 
technique compared to other methods 
and techniques remains theoretical. 
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