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Radiofrequency Lumbar Zygapophysial (Facet) Joint Denervation: 
A Preliminary Report of a New Concept

An Original Contribution

This is a preliminary report of a new concept of lumbar medi-
al branch neurotomy by measurement of minimal sensory threshold.  
This technique is not recommended for routine clinical use until fur-
ther controlled data are available. 

The lumbar zygapophysial joints (Z-joint) or facet joints, are a 
potential source of low back pain.  In general, the principle innerva-
tion of the Z-joint is the medial branch of the posterior primary ra-
mus of the same level as the target Z-joint as well as the level above. 

Denervation of the multifi dus as evaluated by electromyogra-
phy has become a measurement of successful Z-joint denervation.  
Two drawbacks to this method are that it takes one to several weeks 

From Georgia Pain Physicians, Marietta, GA and De-
partment of Physical Medicine and Rehabilitation 
Emory University, Atlanta, GA.  Address correspon-
dence:  Robert E. Windsor, MD, Georgia Pain Physi-
cians, 2550 Windy Hill Road, Suite 215, Marietta, GA 
30067.  E-mail: rwindsor@aol.com
Funding:  No fi nancial support was obtained for 
this study.

The lumbar zygapophysial joints (Z-
joint) or facet joints are a potent source 
of low back pain.  Studies in healthy vol-
unteers have shown that stimulating these 
joints or their sensory nerves may pro-
duce low back and/or lower extremity 
pain (1-4).  Indahl et al (5) suggested that 
the Z-joint may have a regulatory func-
tion on the intricate neuromuscular bal-
ance.  Anesthetizing these joints or their 
sensory nerves relieves pain in the lower 
back as well as the pattern of referral (4, 
6-13).  Despite some investigators’ doubts 
that Z-joint pain exists (14, 15), it has now 
been fi rmly established through studies 
using controlled injections to limit false-
positive responses that the prevalence of 
chronic Z-joint pain in low back pain is 
between 15% and 40% (8-13, 9, 16).

Despite substantial investigation, no 
clinical features including history, physi-
cal examination, or imaging studies are 
able to defi nitively confi rm or deny the 
condition (8, 12, 13, 17-20).  Diagnostic 
blocks are the current mainstay for diag-
nosis (13).

The lumbar Z-joint can be anes-
thetized by direct intra-articular injec-
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tions of local anesthetic or by anesthetiz-
ing the neural elements supplying sensa-
tion to the joint (6-13).  Although there 
is some dispute (21-29), most authorities 
agree that the medial branch of the poste-
rior primary ramus arising from the spi-
nal nerve exiting adjacent to the target Z-
joint and the descending branch of the 
medial branch arising from the posterior 
primary ramus one level above the target 
Z-joint have been amply demonstrated to 
innervate the L1-2 through L4-5 Z-joints.  
The only exception in the lumbar spine is 
that the L5-S1 Z-joint is innervated by the 
L4 medial branch and the L5 dorsal ra-
mus (29-32).

Since the medial branch supplies the 
multifi dus muscle with motor innerva-
tion as well as sensation to the Z-joints, 
three studies have utilized electromyog-
raphy (EMG) to evaluate the effectiveness 
of radiofrequency (RF) Z-joint neuroto-
my (33-35).  Oudenhoven (33) utilized 
post-neurotomy EMG only to determine 
the effi cacy of the medial branch neu-
rotomy.  Further, he concluded that re-
lief from RF lumbar Z-joint neurotomy 
was strongly correlated only when signs 
of bilateral lumbar paraspinal denerva-
tion were present on EMG.  Dreyfuss et al 
(34) utilized both a pre-neurotomy EMG 
to confi rm that no denervation predated 
the procedure and post-neurotomy EMG 
to evaluate the effi cacy of multifi dus de-
nervation assuming that this correlated 
with adequate Z-joint neurotomy.  They 

found a correlation factor between pain 
relief and EMG demonstrated denerva-
tion of 0.61.  Finally, Barendse et al (35) 
found no correlation between post-neu-
rotomy EMG and pain relief following Z-
joint neurotomy.  As a result of the above 
discussion it may be seen that there is no 
agreement on how or if EMG should be 
used in evaluating the success or failure of 
lumbar Z-joint neurotomy.  

One reason EMG may be only a weak 
indicator of a successful lumbar Z-joint 
sensory neurotomy is that the EMG only 
evaluates the physiologic status of the mo-
tor branches and indicates nothing about 
the status of the sensory fi bers.  Thus, a 
positive EMG following a lumbar Z-joint 
neurotomy may present some pitfalls to 
the unwitting physician.  Since the main 
intent of RF Z-joint neurotomy is to ab-
late the sensory fi bers of the lumbar medi-
al branch thus anesthetizing the target Z-
joint, a partial lesion of the lumbar medi-
al branch could theoretically preferential-
ly damage the motor fi bers of the medial 
branch resulting in a positive post-proce-
dure EMG and leave the sensory fi bers in-
tact and functioning.  This could happen 
as a result of a partial lesion of the mixed 
nerve proximal to the division of the sen-
sory or motor branches from the main 
trunk or a partial or complete lesion of the 
medial branch after the sensory branches 
have already divided from the main trunk 
(Fig 1).  Assuming the patient’s pain re-
mains post-neurotomy and if the physi-

for denervation potentials to develop and thus does not give the phy-
sician any sense of successful denervation intra-operatively.  The 
other is that the Z-joint is innervated by the sensory fi bers of the me-
dial branches.  As a result, the multifi dus may be successfully dener-
vated as demonstrated by electromyography but the Z-joints may be 
inadequately denervated.  As a result, this technique describes mea-
surement of minimal sensory threshold prior to lesioning and seeking 
to double that threshold as an additional, intra-operative measure of 
successful sensory denervation of the Z-joint.
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cian assumes that the Z-joint had been 
adequately anesthetized by the neurot-
omy due to a positive post-neurotomy 
multifi dus EMG, then the physician may 
abandon the Z-joint as a potential source 
of pain and move on to other more inva-
sive procedures including surgery.

In addition to discussion regarding 
the need for post-procedure EMG, there 
is disagreement on other elements of the 
technique.  During routine lumbar Z-
joint RF neurotomy, it is standard to per-
form an investigative electrical stimula-
tion prior to a RF lesion.  Once the probe 
is optimally placed from a radiographic 
standpoint the medial branch is stimulat-
ed.  Some authors advocate this stimula-
tion to confi rm that the exposed tip of the 
RF probe is not too near the spinal nerve, 
dorsal root ganglion, or anterior ramus at 
2-5 Hz or 50-100 Hz (28-38).  Others rec-
ommend its usage as a means of confi rm-
ing that the probe is lying adjacent to the 
medial branch by visualizing and/or pal-
pating a multifi dus muscle twitch at 2-5 
Hz (39).  In essence, most investigators 
feel that a pre-lesion electrical stimulation 
is important, but there is some disagree-
ment on how it should be used.  Upon 

electrical stimulation, if there is no radic-
ular paresthesia at 50-100Hz and up to 1 
volt, no radicular muscular contraction 
at 2-5 Hz at up to 1 volt, and only local 
back paresthesia and/or multifi dus con-
traction with stimulation, then the medi-
al branch is anesthetized and one or two 
90 second lesions are created.  However, 
once the medial branch has been anesthe-
tized, no additional information regard-
ing sensory or motor stimulation of the 
medial branch may be obtained.  There 
seem to be some limitations using this 
methodology.

The objective of this paper is to dis-
cuss the development of a new concept 
regarding the radiofrequency denervation 
of the lumbar Z-joint.

DEVELOPMENT OF A NEW MODEL

The author noted that some of the 
patients, despite convincing responses to 
diagnostic blocks, continued to have pain 
following RF Z-joint neurotomy as de-
scribed above.  As a result, some of the pa-
tients were reinvestigated by restimulating 
the lumbar medial branch without dener-
vating them.  The author was intrigued to 
fi nd that, in many cases the lumbar me-

dial branch was easily stimulated at a low 
threshold and that the patients often had 
success with repeat lumbar medial branch 
neurotomy.  This seemed contrary to con-
ventional wisdom since a RF “zone of co-
agulation” reaches steady state in 80 sec-
onds at 83 degrees Celsius in egg yolk  
(40).  One would therefore expect that a 
properly placed RF probe should ablate 
the medial branch with a single or dou-
ble lesion and substantially increase the 
sensory threshold. This led the author 
to consider the rationale of the current-
ly recommended RF Z-joint neurotomy 
technique. 

As mentioned above, the concept of 
evaluating the multifi dus twitch seem to 
be inherently fl awed since the goal of the 
neurotomy is to ablate the sensory fi bers 
and not the motor fi bers.  In addition, af-
ter the multifi dus twitch is obtained and 
the lumbar medial branch anesthetized, 
no further electrical data may be ob-
tained.  This led the author to consider 
certain concepts of RF “cool lesioning.”

When performing a “cool lesion” of 
the Gasserian ganglion, it is standard to 
manipulate the position of the RF probe 
and stimulate at 50 Hz in each position 
until the minimal stimulation threshold 
is less than 0.5 volts and there is no visible 
or palpable masseter contraction at 2 Hz 
between 0.7 - 1.0 volts.  Once the probe 
is considered to be optimally placed, a se-

Figure 1. Sketch of  the relevant neuroanatomy of  the lumbar zygapophyse-
al joint. Mammiloaccessory ligament (Thin continuous arrow), Long hashed 
arrow (trunk of  medial branch, mixed nerve), Short hashed arrow (Theoreti-
cal site for a partial lesion producing abnormal multifidus EMG with subop-
timal Z-joint neurotomy), Bold continuous arrow (Theoretical site for a par-
tial or complete lesion producing abnormal multifidus EMG with suboptimal 
Z-joint neurotomy.

Figure 2. The spot film demonstrates 
the “groove view.” This view is ob-
tained by rotating the image intensi-
fier 20-30 degrees ipsilaterally and 
15-25 degrees caudally. The view is 
referred to as the groove view because 
it generally demonstrates the groove at 
the cephlad junction of  the transverse 
process and superior articular pro-
cess where the medial branch resides. 
The arrow indicates the position of  
the groove.
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ries of 60 second lesions are created main-
taining the probe temperature at between 
60 and 70 degrees Celsius until there has 
been slight diminution in the corneal re-
fl ex and only mild reduction in pin prick 
sensation in the desired branch of the fi fth 
cranial nerve.  The range of temperature 
for the fi rst lesion is typically between 60 
and 65 degrees Celsius and each subse-
quent lesion is performed at slightly high-
er temperatures until the desired reduc-
tion in sensation is obtained (41,42).

In March 1998, the author decided 
to utilize a similar model when perform-
ing RF Z-joint neurotomy.  Since there is 
no sensory refl ex or cutaneous distribu-
tion for the medial branch, the sensory 
threshold was evaluated.  To test the the-
ory that the lumbar medial branch is ade-
quately ablated with one or two 90 second 
lesions, routine anesthetizing of the medi-
al branch during the RF Z-joint ablation 
would have to be foregone.  The author 
thought that this might prove too pain-
ful for the patient to endure but such was 
not found.  Most patients are able to tol-
erate the RF lesion with routine conscious 
sedation, local anesthesia of the soft tis-
sues superfi cial to the transverse process, 
and gentle, encouraging verbal commu-
nication. 

When measuring the level of stim-
ulation at which the patient fi rst experi-
ences paresthesia of the un-anesthetized 
medial branch (minimal sensory thresh-
old), performing a 90 second lesion at 80 
degree Celsius, and reassessing the senso-
ry threshold, the author was intrigued by 
the fact that in the vast majority of cases, 
no signifi cant change in sensory threshold 
was found.  As a result, the author began 
creating a series of lesions without mov-
ing the probe from its original ideal po-
sition and found that as few as 2 and as 
many as 6 lesions are required to dou-
ble the sensory threshold in the lumbar 
spine.  Doubling of the sensory thresh-
old was chosen arbitrarily as an accept-
able increase in threshold to suggest ade-
quate ablation since the minimal sensory 
threshold is often as low as 0.2 volts and 
the interaction of equipment used and re-
sponse of the slightly sedated patient may 
not be reliably tracked at a lower increase 
in threshold.

Following serial RF lesioning and 
doubling of the sensory threshold at the 
ideal position, the probe is retracted 5 mm 
and the local region is restimulated.  The 
minimal sensory threshold is routinely 

found to be in the range of 0.8 – 2.5 volts, 
far greater than doubling of the origi-
nal sensory threshold.  Following the de-
scribed series of lesions, stimulating high-
er on the superior articular process and 
more laterally on the transverse process 
also typically fails to achieve a low senso-
ry stimulation. 

Technique
The patient is positioned prone of 

the fl uoroscopic procedure table and the 
lumbar and fl ank region is adequately 
cleaned with povidone iodine.  An IV is 
started in preparation for conscious se-
dation.  Vital signs are monitored includ-
ing blood pressure, heart rate, pulse, oxy-
gen saturation, and cardiac rhythm.  The 
fl uoroscopic beam is oriented in a 20-
30 degrees ipsilateral oblique angle and 
the image intensifi er is rotated 15-20 de-
gree caudally such that the groove in the 
cephlad transverse process (groove view) 
where the medial branch resides is visual-
ized (Fig 2).  A 20 G 100mm SMK probe 

with a 5 mm exposed bent tip is them 
placed down to the posterior transverse 
process parallel to the fl uoroscopic beam 
and periosteum is contacted immediately 
caudal to the groove in the transverse pro-
cess.  The probe is then manipulated into 
the groove and the probe is advanced 2-4 
mm distally.  The probe is then rotated so 
that the concavity of the bend “hugs” the 
transverse process in a medial and 30-45 
degree anterior direction thus placing the 
long axis of the exposed tip immediately 
adjacent to the medial branch in a curvi-
linear manner (Fig 3).  The medial branch 
is then stimulated at 50 Hz carefully de-
termining and recording the minimal sen-
sory threshold which is typically between 
0.25 and 0.4 volts.  The medial branch is 
again stimulated at 50 HZ up to 0.8 – 1.0 
volts to confi rm that no radicular stimu-
lation occurs thus implying that the probe 
is not too near the dorsal root ganglion or 
spinal nerve.  Once it has been confi rmed 
that the probe is optimally positioned as 
described above, a 90 second lesion at 

Figure 3. This is a typical location for a curved SMK radiofrequency probe 
while performing a Z-joint neurotomy. The exposed tip of  the radiofrequency 
probe lies at the cephlad junction of  the transverse process and superior artic-
ular process. Note that the concavity of  the curved tip “hugs” the anterolateral 
aspect of  the superior articular process where the medial branch lies.
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observations made during the 3-1/2 year 
interval this technique was developed and 
improved led to this descriptive paper.   
The original approach and subsequent re-
fi nements are reported.   Clearly the infor-
mation contained in this manuscript rep-
resent preliminary observations, which 
need to be subjected to rigorous testing 
by other interventional pain physicians.   
Until such is conducted, the routine use 
of this technique is not advocated.

CONCLUSION

A description of a novel prelimi-
nary technique to perform lumbar me-
dial branch neurotomy utilizing the min-
imal sensory threshold is provided.  The 
technique is not recommended for rou-
tine clinical use, until further controlled 
data are available. 
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