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adiofrequency Lesioning of the Cervical Medial
ranches
hristopher J. Centeno, MD, James Thacker, MD, and Whitney Elkins, MPH
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hile radiofrequency (RF) has been used in many clinical con-
exts, perhaps the most ubiquitous use is in treating cervical
acet pain in patients who have suffered whiplash injury. The
athophysiology of these injuries has only recently become
learer.

2004 Elsevier Inc. All rights reserved.

or many years, whiplash was thought to be caused by a
hyperextension injury.1,2 However, recent studies have

hown that normal physiologic ranges of extension are rarely
xceeded.3 Seminal studies by Grauer and coworkers4 have
emonstrated that in a rear-end crash, the seat back pushes the
orso forward while the head lags momentarily behind. This
ovel movement creates an S-shaped curvature of the neck. The
inematics are biphasic, with the largest dynamic elongation of
he facet capsular ligaments being observed at the C6-C7 level
uring this initial S-shaped phase. In the second phase of whip-

ash all levels of the cervical spine are extended, so that the head
eaches its maximum excursion. No injury mechanisms were
bserved in the second phase.5 While the initial investigations
ere in vitro, later experiments in vivo by Kaneoka and col-

eagues6 corroborated these findings. Of note, Kaneoka and
oworkers also observed facet joint spearing and the stretching
f the anterior ligamentous structures.
Facet joint injury is not the only pathology in whiplash and

raumatic cervical pain. Recent investigations by multiple re-
earchers have identified central neurologic hypersensitivity in
his same population.7-10 Many of these investigations compare
hiplash-injured patients with a normal cohort. These data are

onsistent with seminal work by Svensson et al11 on human
adavers exposed to simulated rear-end impacts. This model
emonstrates injuries to the dorsal root ganglia in both animal
nd cadaver subjects.12,13 These models also demonstrate a
water-hammer” effect seen in the cerebrospinal fluid (CSF)
uring the types of loading commonly seen in rear-end car
rashes.

The concept of facet spearing and ligament injury caused by
ifferential acceleration of the torso and head has led to the
esign of safety systems based on the neck injury criterion
NIC). The NIC is a mathematical model based initially on
njuries to the dorsal root ganglia in rear-end accidents.11 This

odel has been validated with cadaver studies showing increas-
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Techniques in Regional Anesth0
ng values of pressure within the CSF with increasing NIC.13

he results of this research have allowed engineers to deploy
uch systems as the Volvo WHIPS. These new systems have
educed neck injury claims by as much as 49% when measured
gainst old style seats.14 These “real world” data go a long way
n validating the differential acceleration injury model first pro-
osed by Grauer and colleagues.4

While facet joint injury has been implicated in both in vitro
nd in vivo experimental models, what evidence exists that this
njury occurs clinically? Taylor and Twomey15 have examined
adavers of people who died of major motor vehicle-related
rauma compared with control subjects who died of other
auses. They have demonstrated hemarthrosis of the cervical
acets in subjects who died in auto accidents (Figs 1-3). In
ddition, the cervical spine does not appear to be alone. Using
imilar techniques, Taylor and colleagues16 revealed injuries
ot visible on standard radiography in a high percentage of

umbar joints. They include fractures of the superior articular
rocess, central infractions of the subchondral bone plate, and
ears of the articular capsule, including the ligamentum flavum.
he facet joint injuries in young subjects were almost entirely
bsent from the facet joints of a comparable group of young
ubjects with no recent history of major trauma. Again, it is
lear that more than just facets are likely injured. For instance,
aylor and coworkers17 have also performed similar experi-
ents and found a significant prevalence of cervical dorsal root

anglion injury, similar to those seen experimentally by Svens-
on and colleagues.11 This was as high as 34.5% when only
hose individuals surviving (N � 29) the injury between 2
ours and 7 days were considered.
Clinical anesthesia block studies are another important clue

hat cervical facet joints and dorsal root ganglia are injured in
ar crashes. In patients with chronic pain after whiplash who
ndergo double blinded differential block studies (blocking the
edial branch), pain in the distribution of the medial branch of

he dorsal ramus can be confirmed in 54% of patients with
hronic pain who are referred to a tertiary care center.18 The
ost common levels causing pain have been noted to be C2-C3,

ollowed by C5-C6, and then C4-C5. In addition, many whip-
ash patients report referral patterns that match the cervical
acet joint pain patterns mapped out by Dwyer and cowork-
rs.19 The clinician should take note of these pain referral maps,
hich have established that facet pain can be referred from the
ead to the shoulder. These pain maps have shown good agree-
ent with block results.20

Treatment-based studies are the final arbiter for the clinician.
ervical RF neurotomy has shown good success in treating
hronic postwhiplash pain. This relief appears to be long last-
ng. The Newcastle group has demonstrated that the effects last
63 days for those treated versus the 8 days for those receiving

21
placebo. Published in another series of studies, McDonald

esia and Pain Management, Vol 8, No 1 (January), 2004: pp 10-16
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Fig 2. Fractured superior articular process (see arrow).

G

nd colleagues22 found that the mean duration of effect for
reatment successes is 422 days. Furthermore, this effect ap-
ears to be independent of litigation status.23

Finally, this treatment also appears to have an impact on
hat was previously considered psychosomatic complaints.24

allis and coworkers24 studied 17 patients with a single painful
ervical facet joint who reported psychological distress. All
howed elevated scores for psychosomatic behavior on a Symp-
om Checklist-90. The patients were then treated with RF neu-
otomy in a placebo controlled, double blinded fashion. All
atients who experienced complete pain relief exhibited reso-

ution of their preprocedure psychological distress. In contrast,
ll but 1 of the patients whose pain remained unrelieved con-
inued to demonstrate psychological distress.

Anatomical Considerations

ervical RF lesioning is largely focused on the posterior col-
mn innervation, which is represented by the medial branches
f the cervical dorsal rami. Recent cadaver dissections have
hown that every medial branch from the dorsal rami of the
3-C8 spinal nerves passes through an anatomic tunnel dorso-

ateral to the facet joint.25 The nerve then passes laterally
round the articular pillar (Fig 4). The course of the nerve has
een mapped by placing copper wires over the dissected nerve

26

igs 1, 2, and 3. Pathological anatomy of the cervical facet
oints following motor vehicle accident. Dissections and pic-
ures were kindly provided by Dr James Taylor. Fig 1. Facet
oint cartilage disruption (see arrow).
nd superimposing several specimens onto radiographic film.

UIDE TO RADIOFREQUENCY LESIONING
Fig 3. Facet joint hemarthrosis (see arrow).
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s a rule, for C3-C6 medial branches, the nerve always passed
hrough the centroid of the bisecting lines created by trapezoi-
al shape of the articular pillar (see Fig 5). Since the nerve

nnervates the facet joint from above and below, it is necessary
o block the medial branch of the named nerves at that spinal
evel. For instance, the C3-C4 facet joint is innervated by the

edial branches of the C3 and C4 dorsal rami. While this holds
rue for the C3-C6 medial branches, there are differences in
oth the upper and the lower cervical spine. The C2-C3 joint is
upplied by a large third occipital nerve (which later becomes
utaneous just below the nuchal line) as well as afferents from
2, the position of which may be variable.27 The lower cervical
edial branches also have a nerve course that differs from the
idcervical spine. The target for the C7 medial branch lies on

he superior-medial tip of the C7 transverse process, while the
arget for the C8 medial branch lies on the superior lateral
spect of the T1 transverse process.28 Therefore, to block the
7-T1 joint, the C7 and C8 medial branches must be injected.
It should also be noted that the medial branch innervates far
ore than the cervical facet joint. Recent anatomical investiga-

ions have shown that the nerve receives sprouts from the bony
amina and spinous process as well innervating the surround-
ng musculature.29 This includes the deep segmental stabilizers
f the spine (multifidus) as well the semispinalis capitus and
emispinalis cervicis.

Block Technique and Paradigm

arnsley and Bogduk30 have investigated the radiographic con-
rast spread during cervical medical branch blocks to determine
f the target structure is contacted by injectate while sparing

ig 4. A stylized diagram of the greater occipital nerve
GON), third occipital nerve (TON), and C3-C6 medial
ranches superimposed on a lateral radiograph. Connec-
ions between the GON and TON are not shown.

ig 5. The bisection of the centroid is the needle target. Note

that the needle tip shown is located at this bisection.

2

nwanted structures that could confound results. This investi-
ation did reveal specificity of this technique for the medial
ranch.
It should be noted that a significant false positive rate has

een found for single-event cervical medial branch blocks, as
etermined by Barnsley and coworkers31 to be 27% (95% con-
dence interval, 15%-38%). As a result, double blocks are rec-
mmended for confirmation before proceeding to RF lesioning.
The posterior and lateral fluoroscopically guided approaches

o access the cervical medial branch seem to be the most widely
sed. For the more common posterior approach, the patient is
laced prone on a radiographic table, with the cervical spine in
flexed position and the head turned opposite the target side.
he C-arm is adjusted to an AP view with caudal tilt to allow the
aist of the target articular pillar to appear perpendicular to the
-ray beam. The needle is inserted for an initial target at the
osterior waist of the articular pillar. Once bone is contacted,
he needle is walked off into the lateral portion of the groove in
he articular pillar. A lateral x-ray view is then checked with
djustment of the needle. For the C3-C6 medial branches, the
arget is the centroid of the lines that bisect the trapezoid of the
rticular pillar (see Figs 5, 6, and 7). To block the C2-C3 joint,
fferents from C2 (posterior primary ramus supplying the su-
erior portion of the C2-C3 joint), the third occipital nerve, and
he C3 medial branch must be covered. In addition, this block is
urther confounded by the fact that the C3 communicating loop
rosses the dorsal aspect of C2-C3 and may send articular
ranches to the joint. To avoid these pitfalls, the needle position
hould be both above and below the joint line laterally as well as
ust dorsal to the joint. For the C7 medial branch, the target is
he superior-medial aspect of the C7 transverse process and
walked off” the leading edge (approximately 2 mm anterior).
or the C8 medial branch, a similar approach may be taken at
he superior-medial aspect of the T1 transverse process. This
arget only allows access to the articular branch of the nerve. If
he entire distribution of the C8 medial branch is the target, the
lock should be performed on the superior lateral tip of the T1
ransverse process (see Fig 8). This is because the main trunk of
he C8 medial branch is located superior lateral on the T1

32

ig 6. AP position for a right C2, C3, C4 medial branch block.
ote that the patient’s head is turned to the left. Also note

he contrast spreading in the articular groove of C4 (dotted
ircle). The C2 needle is placed at the middle of the C2-C3

oint.
ransverse process.

CENTENO ET AL.
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Pain measurement and assessment is a key part of any diag-
ostic block paradigm. Both preprocedure and postprocedure
isual analog scale (VAS) scores should be obtained. In addi-
ion, care should be taken to ascertain which symptoms have
een helped by the block. For example, a patient who has both
ead and neck pain may report their post-VAS pain score as a
/10, but when questioned further will admit that their head-
che is gone but their neck pain remains a 5/10.

Radiofrequency Lesioning—Theoretical Aspects

he technique of RF lesioning for the nervous system started
ith Rosomoff and coworkers,33 in 1965, as a more precise
ethod of percutaneous cordotomy. By the early 1980s, Sluijter

nd Koetsveld-Baart 34 described techniques for percutaneous
oagulation of the cervical dorsal rami. In this technique, elec-
rodes were placed lateral to the cervical facet joints. The goal of
his approach was mainly to reduce pain of radicular origin.35

his technique appeared to be effective with very little deaffer-
ntation pain and no motor denervation in the 20 patients
tudied.36 The use of this technique to perform a “rhizotomy” of
he cervical facet joints was first reported by Schaerer.37 In this
echnique, electrodes were placed onto the transverse pro-
esses. While the dorsal ramus was denervated from this point,
ogduk38 raised concerns that there were risks that the elec-
rode may be placed too far laterally away from the medial
ranch. Additional concerns that the electrode tip needed a
ony landmark to define depth led to the suggestion of the
urrent recommendations for positioning.

The current application of cervical RF lesioning has led to 2
ajor camps: continuous and pulsed RF. The early pioneers of

ontinuous RF used a tip temperature of 75°C delivered
hrough a large electrode diameter, which provided lesions of
ignificant size.39 This may have attributed to the lack of early
nterest in this technique. The development of small-diameter
lectrodes for the treatment of spinal pain assisted the spread of
he technique and allowed access to the anterior column with-
ut damaging the exiting nerve roots. All modern RF tech-
iques use these smaller needle diameters.
Radiofreqiency treatment is applied through an insulated

ig 7. Lateral position for a third occipital, C3, and C4 medial
ranch block. Note that the third occipital needle is located
t the midportion of the C2-C3 facet joint, while the C3 and
4 needles are located at the midportion of the centroid

ormed by the lateral articular pillar.
lectrode where the active tip is left uninsulated. This distal d

UIDE TO RADIOFREQUENCY LESIONING
ctive tip varies in length between 2 mm and 15 mm. The
atient is insulated by a grounding pad, where the current
ntering the body through the electrode must be equal to the
urrent leaving the body through the ground. There are 2 im-
ortant events occurring at the electrode tip: the formation of
eat and the exposure of tissue to an electrical field.40

To examine the properties of both continuous and pulsed
F, the basic principles of lesion generation must be fully un-
erstood. Heat is formed by tissue resistance to RF current flow.
he formation of heat will be the greatest where the current
ensity is largest, which is around the electrode tip. A contin-
ous RF lesion causes tissue coagulation in a slightly pear-
haped area with the base of this shape at the proximal end of
he active tip and the smaller apex at the distal electrode tip. At
he same time heat is being formed by tissue resistance to
urrent flow, heat is also being washed out by dissipation into
he surrounding tissue and the circulation. The second prop-
rty of lesion generation is the shape of the electrical field,
hich is unaffected by the resulting formation of heat. This
attern is more akin to a magnetic field distribution. The inten-
ity of the forward electrical field depends on the shape of the
lectrode tip. The clinical significance of this phenomenon is
hat strong electrical fields are generated by sharp-tipped elec-
rodes while weak fields are generated by blunt- or flat-tipped
lectrodes.41 To summarize these 2 effects, the production of
eat spreads sideways and parallel to the shaft with little spread

orward to the electrode tip. The electrical field projects
trongly forward from sharp tips and is weak along the shaft of
he electrode tip. These properties mean that to provide a target
ith maximum exposure to heat, the electrode should be posi-

ioned parallel to the nerve; for maximum expose to an electri-
al field, the electrode should be perpendicular to the nerve (see
ig 9).
The early focus of RF lesioning was neuroablation. However,

omplete ablation of a sensory nerve had some undesirous side
ffects including deafferentation pain and hypoesthesia. As a
esult, the focus soon shifted to a selective C-fiber lesion, which
ould modulate pain but leave the larger sensory fibers intact.
eat was thought to be a good solution to selective neuroabla-

ig 8. C7 and C8 medial branch block and RF targets. The C7
arget is the superior-medial portion of the transverse pro-
ess (A). Two C8 medial branch targets are shown (B and C).
he B target (superior-medial) blocks only the articular
ranch. The C target (superior-lateral) blocks the entire me-

ial branch distribution.

13
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ion of C-fibers based on an animal model.42 However, replicat-
ng these findings have proven difficult.43,44 In 1 animal model
here the dorsal root ganglion lesion conditions were much
ore thoroughly controlled, there was only temporary loss of

ll myelinated fibers. Based on these data and the observations
f many practitioners that lower temperature RF lesions pro-
uce acceptable clinical outcomes. It is unknown if heat is the
roperty of RF that causes the clinical effect.
At this time, the cervical RF community is presented with a

linical dilemma. The vast majority of blinded, randomized
ontrolled cervical studies have used a continuous and “hot”
esion. For example, the medial branch lesions created in the
ong-term follow-up study by McDonald were 80°C for 90 sec-
nds. However, to reduce postprocedure skin hypersensitivity,
any practitioners have switched to a pulsed 42°C lesion.
What data exist that a warm, pulsed 42°C lesion is effective?

arly animal studies with this technique appear to demonstrate
hat pulsed RF (but not continuous RF at the same tempera-
ure) activates pain-processing neurons in the dorsal horn.45

arly clinical case series suggest that the pulsed technique is
ffective in neuropathic pain states such as end-stage trigeminal
euralgia.46,47 While more long-term randomized controlled
rials are needed for the pulsed RF, the choice of a hot or cold
esion is left up to the individual practitioner.

Technical Aspects of RF Lesion Generation

s alluded to earlier, positioning of the electrode is key, based
n the property of RF that is being optimized. Heat lesions are
ptimized by placing the electrode parallel to the medial
ranch. This means that on a posterior approach, the needle is
laced parallel to the groove in the articular pillar. To optimize
he electrical properties of RF, the electrode tip is placed per-
endicular to the medial branch. A lateral approach is better
uited for this pulsed technique.

One of the advantages of RF is that the electrode can deliver
lower intensity stimulus to assist in identifying the exact

ocation of the medial branch and to reproduce concordant
ain. Patient-blinded stimulus (0.2-0.3 V at 50 Hz) that repro-
uces concordant pain in conjunction with segmental contrac-
ion of the multifidus confirms that the electrode is placed in
he correct location to begin lesion generation. If multifidus
ontraction is seen without symptom generation, this site
hould not be lesioned.

A hot lesion is defined as a temperature of 80°C to 90°C for
0 to 90 seconds. A cold or warm lesion is defined as 38°C to
2°C at 500 Hz for 60 to 90 seconds. Temperatures of 60°C to
0°C have also been used to treat the dorsal root ganglion.

ig 9. Pulsed versus continuous RF properties at the active
lectrode tip.
The continuous cervical medial branch lesioning technique a

4

s identical to the medial branch block techniques already de-
cribed. The tip of the electrode is placed parallel to the medial
ranch as it runs in the waist of the lateral articular pillar (see
ig 10). On a lateral view, this appears as if the tip of the
lectrode is laid across the waist or midportion of the articular
illar (see Fig 11). Once the nerve has been located, a small
mount of lidocaine is instilled through the cannula. Since the
ctive uninsulated electrode tip must make contact with the
edial branch, a 4-mm tip length is commonly used for C3-C6.
are should be taken so that the tip is not advanced into the

ntervertebral foramen.
Some practitioners have advocated a 2-lesion approach, with

oth posterior and oblique approaches for each medial branch
o be lesioned.48 This technique is used to avoid missing aber-
ant nerve courses. In addition, the maximum effective radius
f an RF lesion is not reliable at more than 1 electrode diame-
er.49 This means that to create a wider continuous lesion, the
lectrode tip must be placed, at maximum, 1 diameter from the
ast lesion. While the 2-lesion approach appears to be very
omprehensive, a single posterior approach appears to be more
ommon.

For lesioning of the C2-C3 level (see Fig 12), the target
oints lie on a vertical line that bisects the lateral portion of the
2-C3 joint. The upper target area lies opposite the level of

ig 10. RF electrodes placed in the groove of the articular
illar on an AP view.

ig 11. Lateral placement of cervical RF electrodes. Note
hat the tip of the electrode runs across the middle of the

rticular pillars.

CENTENO ET AL.
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he apex of the C3 superior articular processes (just above the
oint line). The lower target area lies opposite the bottom of the
2-C3 intervertebral foramen (just below the joint line). The
iddle point lies midway between the upper and lower points,

sually on the subchondral plate of the superior articular pro-
ess of C3 (at the joint line).

For lesioning of the lower cervical medial branches, either a
0- or 100-mm cannula with a 5-mm active tip can be used. As
n the block technique, the cannula is directed 2 mm over the
eading edge of the transverse process. Stimulation is then per-
ormed, paying close attention to any unwanted fasciculations
n the upper extremity.

Contraindications

he following is a list of contraindications listed by the Inter-
ational Spinal Injection Society:

Absolute

Bacterial infection—systemic or localized in the region of the
blocks to be performed.
Possible pregnancy.
Bleeding diathesis—due to hematological disease or antico-
agulants.

Relative

(Blocks only) Allergy to contrast media—may require cover-
age with corticosteroid and H1 and H2 antagonists.
(Blocks only) Allergy to local anesthetics—may require iden-
tification of a class of anesthetic to which the patient is not
allergic.
Compromise of coagulation—on treatment with nonsteroi-
dal anti-inflammatory medications, including aspirin.

Complications

ajor complications from cervical RF lesioning are rare. Ataxia
as been reported as a result of third occipital neurotomy.50 In
ddition, concerns have been raised that denervating a cervical
acet joint may lead to a Charcot joint.51 McDonald and co-
orkers48 have argued against this claim. At this time, no long-

erm studies regarding this issue have been conducted. In ad-
ition, continuous RF lesions can produce transient cutaneous

ig 12. RF lesioning points for the C2-C3 joint. The dotted
val represents the approximate target area. Line 1 is oppo-
ite the bottom of the C2-C3 foramen, line 2 is opposite the
idpoint of the lateral C2-C3 joint line, and line 3 is opposite

he C3 superior articular process.
ypersensitivity. Anecdotal reports are that this problem is less

UIDE TO RADIOFREQUENCY LESIONING
ignificant with pulsed RF, although there is currently a lack of
iterature on the subject.

Medical-Legal Considerations

ince many of the patients who receive cervical RF have been
njured in a motor vehicle collision, medical-legal concerns will
ndoubtedly arise for the cervical RF practitioner. As it was
oted above, the Sapir study23 found no statistical difference in
he amount of pain relief obtained from this procedure between
itigants and nonlitigants. In addition, the Newcastle group21 has
ound that the psychological distress so common in late whip-
ash patients (as measured on a Symptom Checklist-90) re-
olved after cervical RF treatment. Perhaps the biggest medical-
egal concern for the RF practitioner is an estimate of future
osts for the procedure. Since no long-term studies lasting 10
ears or longer have yet been published, it is unknown exactly
ow long any 1 patient is likely to need RF performed. How-
ver, as long as the procedure continues to provide long-term
elief and no complications arise, it is assumed that patients will
equire the treatment on an ongoing basis.
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