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Lumbar zygapophyseal joints have long 
been considered a source of low back pain with 
or without leg pain.  The objective of this pro-
spective study was to investigate the therapeu-
tic effectiveness of lumbar zygapophyseal joint 
radiofrequency denervation (RFD) followed by 
physical therapy, for the treatment of refractory 
lumbar zygapophyseal joint mediated low back 
pain secondary to lumbar zygapophyseal joint 
synovitis, in baseball pitchers.

Participants included twelve male 
baseball pitchers with a diagnosis of lum-
bar zygapophyseal joint synovitis mediated 
low back pain and a subsequent diffi  culty 
in pitching.  These athletes underwent a trial 
of treatment, including oral anti-infl ammato-
ry medication, physical therapy, osteopathic 
manipulations, and fl uoroscopically guided 

intra-articular zygapophyseal joint injection 
utilizing steroid and local anesthetic agent.  
Failure to progress led to these athletes re-
ceiving percutaneous, fl uoroscopically-guid-
ed, radiofrequency denervation of the bilat-
eral L 4-L5 and L5-S1 zygapophyseal joints.  A 
good response to a diagnostic medial branch 
block was a prerequisite for RFD treatment.  
In all cases, the medial branch above and be-
low the involved level was treated.  Post pro-
cedure, all athletes participated in a phased 
physical therapy program followed by a pro-
gressive return to pitching.  Success was de-
fi ned as the ability to return to pre-procedure 
level of baseball pitching combined with 
greater than 50% low back pain reduction.  
Pre- and post-RFD, Visual Analog (Numeric) 
Scale (VAS) and Roland-Morris (R-M) tests 

were administered.
Ten out of 12 (83%) athletes were able 

to return to pitching at a level attained pri-
or to RFD.  All 12 patients, experienced sta-
tistically signifi cant low back pain relief, with 
a mean pre-RFD VAS of 8.4; mean post-RFD 
VAS of 1.7; mean pre-RFD R-M score of 12.3; 
and mean post-RFD R-M score of 22.3.  

In conclusion, athletes, experiencing 
lumbar zygapophyseal joint mediated low 
back pain secondary to zygapophyseal joint 
synovitis and have failed more conservative 
management may benefi t from radiofrequen-
cy zygapophyseal joint denervation followed 
by a formal rehabilitation program.
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Low back pain is the second most 
common reason for a visit to the primary 
care physician (1).  Various spinal struc-
tures that are innervated by pain generat-
ing nociceptive fibers, which could be im-
plicated, include the intervertebral disc, 
ligaments, facet or zygapophyseal joints, 
sacroiliac joints, vertebral periosteum and 
bone, blood vessels, and spinal nerve roots 
(2).  Lumbar zygapophyseal joint or facet 
joint is reported to have a prevalence of 
15%-52% in this population with chronic 
low back pain (3).

The term facet synovitis or, more ac-
curately zygapophyseal joint synovitis, re-
fers to an acute or subacute inflammation 
of the zygapophyseal joint without degen-
eration and typically occurs in young-
er, active individuals with posterior el-

ement overuse syndrome (4-9).  This is 
particularly common in athletes placing 
high demands on the lumbar zygapoph-
yseal joint, such as professional baseball 
pitchers who incur high torsional torque 
forces on their lumbar zygapophyseal 
joint (10-12).  These athletes may present 
with symptoms identical to zygapophyse-
al joint osteoarthritis but without the ra-
diographic findings typical of spondylo-
sis.  In these patients, non-contrast lum-
bar T2-weighted magnetic resonance im-
aging (MRI) can demonstrate high sig-
nal intensity changes in the zygapophyse-
al joint space in the absence of any other 
pathology.

Once the diagnosis of lumbar zyg-
apophyseal joint mediated pain is es-
tablished, a variety of treatment options 
may be utilized.  Conservative treatment 
of the lumbar zygapophyseal joint medi-
ated pain traditionally has included a tri-
al of oral anti-inflammatory medications, 
physical therapy, osteopathic manipula-
tions of the lumbar spine, and intra-ar-
ticular steroid injection, either alone or 
in combination (13-20).  Medial branch 
block of the dorsal rami innervating the 
zygapophyseal joint has been shown to 

be beneficial but may offer only tempo-
rary relief (21-23).  Anesthetic infiltration 
of the medial branch can also be used as a 
diagnostic tool, and if successful in reliev-
ing pain, a more definitive multilevel me-
dial branch radiofrequency denervation 
(RFD) can be attempted (24-27).  

In this prospective study, the authors 
report on their clinical experience utiliz-
ing radiofrequency denervation in ath-
letes with lumbar zygapophyseal joint me-
diated low back pain secondary to lumbar 
zygapophyseal joint synovitis. 

METHODS

This prospective study was conduct-
ed at a major teaching hospital after ap-
proval from the hospital institutional re-
view board (IRB).  All patients were from 
the private practice of the senior author.  
The authors treated 12 baseball pitchers 
who presented with the primary com-
plaint of low back pain (LBP).  Physical 
examination revealed localized, axial, bi-
lateral low back pain exacerbated by lum-
bar extension and rotation but relieved by 
sitting.  All athletes demonstrated nega-
tive tension signs and had no neurological 
deficits.  Other causes for their symptoms 
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were excluded, including paraspinal mus-
culature or ligamentous sprain, disc pro-
trusion or herniation, rheumatoid arthri-
tis, degenerative disc disease, spinal ste-
nosis, and spinal fracture.  A non-con-
trast MRI was performed which demon-
strated increased signal intensity chang-
es of the L4-L5 zygapophyseal joints bi-
laterally on T2-weighted images (Fig. 1) 
when compared to other non-involved 
levels (Fig. 2).

All patients underwent conserva-
tive therapy, including non-steroidal oral 
anti-inflammatory medications, physical 
therapy, osteopathic manipulations, and 
bilateral intra-articular L4-L5 zygapoph-
yseal steroid injection under fluoroscopy.  
Intra-articular injections were performed 
using 1cc Kenalog and 1cc of 2% lido-
caine.  Persistence of symptoms, including 
difficulty in pitching, at 8-weeks following 
this initial treatment led to all 12 athletes 
undergoing a diagnostic nerve block of 
the L3, L4, and L5 posterior primary rami 
bilaterally.  The medial branch above and 
below the involved level (L4-L5) was anes-
thetized to account for the innervation of 
the zygapophyseal joint from at least two 
spinal levels (21, 28-33).  The technique 
for lumbar medial branch block has been 
described elsewhere (21, 29, 34, 35).  Brief-
ly, with the patient in a prone position on 
a fluoroscopy table, the skin over the lum-
bar region was prepared in a sterile fash-
ion.  For each target nerve, a 22-gauge 90 

mm spinal needle was advanced anterior-
ly, medially and caudally.  The target lo-
cation for the L3 and L4 medial branch 
block was the osseous groove at the junc-
tion of the superior articular process and 
the transverse process of the correspond-
ing vertebra.  For the L5 dorsal ramus 
block, the junction of the superior articu-
lar process and the ala of the sacrum was 
the target.  It is correctly called a dorsal ra-
mus block because the target injection site 
is proximal to the medial branch of the 
dorsal ramus.  After confirming, under 
fluoroscopic guidance, that the tip of the 
needle in the proper location, the bevel 
opening was rotated medially and 0.5 ml 
of radiopaque contrast material (Iohexol 
(Omnipaque®), Nycomed, Roskilde, Den-
mark) was injected.  Contrast flow along 
the path of the target nerve confirmed ad-
equate placement in all cases and was fol-
lowed by injection of 0.5 ml of 2% Xylo-
caine.  This was repeated to obtain accu-
rate medial branch anesthesia at L3-4, L4-
5 and L5-S1 bilaterally.  All patients com-
pleted a VAS pain rating before and after 
this diagnostic injection.  An independent 
observer, who determined the response to 
injection based on the pre- and post-in-
jection VAS score, then evaluated patients.  
All patients experienced at least 80% re-
duction of their low back pain lasting for 
three hours following this diagnostic me-
dial branch injection and were considered 
as good candidates for RFD of the L4-5 

and L5-S1 zygapophyseal joints.
The technique for lumbar radiofre-

quency medial branch neurotomy has been 
described elsewhere (26, 27, 36).  Briefly, 
with the same positioning and preparation 
as described above, three 22 gauge 90 mm 
spinal needles were advanced under fluo-
roscopic guidance into the osseous grooves 

Fig.1 Increased signal intensity changes (solid arrow) 
of  the L 4-5 zygapophyseal joint on magnetic resonance 
imaging, T2-weighted image.

Fig.2 Normal signal intensity (empty arrow) of  
uninvolved (normal) zygapophyseal joint on magnetic 
resonance imaging, T2-weighted image..

Fig.3 Fluoroscopic view of fi nal 
positioning of needles residing 
parallel to the target L3 and L4 
medial branch nerves in their osseous 
grooves, between the superior articular 
process and the transverse processes 
of L4 and L5, just proximal to the 
mamilloaccessory ligament; and in the 
L5 medial branch nerve osseous grove, 
just superior to the inferior aspect of 
the L5-S1 zygapophyseal joint.
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where the L3 and L4 medial branch and 
the L5 dorsal ramus reside.  The tip of 
the needle was positioned to access the 
nerve proximally, at the superior edge of 
the transverse process for the L3 and L4 
medial branch or the superior edge of the 
sacral ala for the L5 dorsal ramus.  Confir-
mation of the needle tip resting on bone in 
the groove, pointing to the location of the 
nerve was obtained through oblique, later-
al and antero-posterior (AP) views (Fig-
ure 3).  Three radiofrequency (RF) elec-
trodes (22 gauge, Ray electrode, Radion-
ics, Burlington, MA) were then introduced 
through the guiding needles under fluoro-
scopic guidance.  The electrode was ad-
vanced until its tip was in contact with the 
target nerve.  Lateral views were used to 
ensure that the tip of the electrode had not 
ventured beyond the transverse process to-
ward the intervertebral foramen.  Oblique 
views were used to check that the needle 
was oriented parallel to the course of the 
target nerve.  Once assured of proper radio-
frequency needle tip placement, a radiofre-
quency generator (Model 3FG-3C, Radi-
onics, Burlington, MA) was used to stim-
ulate the target nerve and further confirm 
placement through corresponding multif-
idus muscle twitch. Then 0.75 ml of 1% 
Xylocaine was injected through the guide 
needle to anesthetize the target nerve.  Af-
ter injection, the guide needle was with-
drawn approximately 2 cm to avoid radio-
frequency dispersal through its shaft and 
final fluoroscopic confirmation of RF nee-
dle tip placement was performed.  A RF le-
sion was then made by raising the temper-
ature of the tip of the electrode to 85° C for 
90 seconds.  A second lesion was made af-
ter carefully withdrawing the RF needle 5 
mm.  In this manner, the target nerve was 
coagulated 10 mm along its length distal 
to the mamilloaccessory ligament. The de-
scribed procedure was performed bilater-
ally.

All patients received oral hydroco-
done for post-procedure pain relief for a 
total of one week.  Formal rehabilitation 
program was started once adequate pain 
control had been achieved.  A phased pro-
gram of physical therapy was established 
for all athletes, with aquatherapy, stretch-
ing and active range of motion exercises 
as the initial intervention, followed by iso-
metric strengthening exercises of the back 
extensor musculature (37). The rehabili-
tation program culminated with a slowly 
progressive return to pitching at 8 to 12 
weeks post-procedure.

RESULTS

There were twelve male pitchers 
with an average age of 22.3 years (range: 
19 to 26 years). Successful primary out-
come was defined as the ability to return 
to pitching, with a reduction in functional 
disability and pain of at least 50% as mea-
sured by standardized scoring techniques 
as secondary outcomes.  To this effect, the 
Visual Analog (Numerical) Scale (VAS) 
for pain (38,39) and Roland-Morris (R-
M) (40) functional outcome measures 
were collected pre-treatment, and at one-
month, three-month, and one year post-
treatment.  Mean VAS before treatment 
was 8.4 (SD = 1.4); mean VAS after treat-
ment was 1.7 (SD = 1.3); mean R-M pre-
treatment was 12.3 (SD = 1.8); and mean 
R-M post-treatment was 22.3 (SD= 1.4).  
The Wilcox signed rank test was used for 
statistical analysis of the data pre- and 
post-treatment (matched pairs).  With a 
95% confidence interval, there was a sta-
tistically significant improvement in pain 
for all 12 patients (p<0.05) after treat-
ment.  Ten out of 12 (83%) RFD-treated 
athletes have been able to return to pitch-
ing at the level attained prior to this ther-
apeutic intervention.  To date, the medi-
an follow-up after treatment was 1.3 years 
(range: 1 to 2.1 years).  Follow-up contin-
ues to the present day, and has reached 2.1 
years for the first athlete treated. 

DISCUSSION

The lumbar zygapophyseal or fac-
et joint has been considered a potential 
source of low back pain since the ear-
ly 1900’s (41,42).  These are bilateral sy-
novial articulations of the spine linking 
two adjacent vertebrae posteriorly.  Hy-
aline cartilage lines the articulating sur-
face of the zygapophyseal joint and sy-
novial fluid fills the space between them.  
This construct is enclosed in a fibrous 
capsule, which receives innervation from 
at least two medial branches arising from 
the dorsal rami of spinal nerves above and 
below (32, 33, 43-53).  The lumbar facet 
joint is considered a significant source of 
low back pain in the general population 
(54-57). Specifically, spondylosis of the 
lumbar zygapophyseal joint is a well rec-
ognized cause of low back pain with typi-
cal clinical findings being axial, non-radi-
ating, paraspinal pain, usually in an older 
individual, exacerbated by lumbar exten-
sion and relieved by sitting (58-59).  Ra-
diographic abnormalities and arthrogra-

phy findings of the zygapophyseal joint 
include narrowing of the facet joint space 
and degeneration of the articular surfac-
es (60-64).

The lumbar zygapophyseal joint is a 
true synovial joint with rich innervation, 
containing free, encapsulated and non-
encapsulated nerve endings (65-67).  Fi-
bers of these nociceptive nerves as well 
as substance P and neuropeptide recep-
tors have been identified in the joint cap-
sule (46,53).  Biomechanical studies in ca-
davers have demonstrated that the capsu-
lar ligament of the lumbar zygapophyse-
al joint can suffer mechanical overstress 
(68).  With significant facet loading, the 
inferior tip of the facets will make con-
tact with the laminae below and act as a 
pivot point for the whole vertebra caus-
ing stretching of the capsule (69). Fur-
thermore, in order to maintain spinal 
segmental stability against ventral load-
ing, the erector paraspinal musculature 
will undergo isometric contraction, thus 
increasing the strain on the facet capsule 
(70).  The convergence of the resulting 
force vectors on the zygapophyseal joint 
capsule has been shown to cause tissue in-
jury, micro-hemorrhage and inflamma-
tion with subsequent prolonged nocicep-
tor excitation (71).

Baseball pitchers require a rigid cyl-
inder of strength in order to transfer 
torque from their legs to their throwing 
arm (10,72).  Developing power for the 
throw involves a rotational motion of this 
cylinder, which starts at the legs and is 
then transferred to the hips and the lum-
bar spine (10).  Due to their orientation, 
the lumbar facet joints oppose rotational 
inputs on the lumbar spine and will act 
as a solid construct when rotational force 
is applied (73,74). This mechanical ef-
fect is compounded by the isometric con-
traction of paraspinal extensor muscula-
ture and results in the transfer of the full 
torque force cephalad, towards the thorac-
ic spine, the shoulder and finally the arm.  
Throwing a baseball at high speed is a vi-
olent motion, which places extreme tor-
sion and extension strains on the lumbar 
zygapophyseal joint (11,75).  In our study, 
the mechanism of injury presumably in-
volved recurring lumbar facet joint cap-
sule stretch, synovial membrane injury, 
and inflammation secondary to the cu-
mulative effects of the numerous pitch-
ing actions executed by the players dur-
ing their careers.  The repetitive trauma 
resulted in low back pain and inability to 
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pitch at a level.  These athletes had failed 
oral medications, physical therapy, and 
intra-articular injections but also osteo-
pathic manipulations which can some-
times be helpful in patients who do not 
plan to undertake high level activities 
such as pitching (20).

MRI is a sensitive but not specific di-
agnostic tool for intraarticular zygapoph-
yseal joint pathology and has been shown 
to be superior to computed tomography 
or SPECT scan for this purpose (63,76-
80).  Specifically, facet joint synovitis has 
been shown to result in hyperintense sig-
nal changes of the intraarticular space 
which can be detected as early as one week 
after injury and probably represent pro-
teinaceous exudate and deoxy-hemoglo-
bin breakdown products (81-82).  These 
MRI findings in an athlete with acute on-
set of low back pain are suggestive but not 
diagnostic of lumbar facet joint synovi-
tis.  The differential diagnosis may in-
clude septic arthritis (78,83-85), synovi-
al chondromatosis (86) or even small sy-
novial cysts in which there is enlargement 
of the joint space in a true cystic manner 
(87-88).  A thorough medical workup to 
exclude other sources of facet joint pa-
thology should be performed prior to ini-
tiation of treatment, including sedimenta-
tion rate, C-reactive protein, and periph-
eral white cell count (87,89).

In our study, once the presumptive 
diagnosis of zygapophyseal joint synovi-
tis had been made, all athletes underwent 
a conservative treatment trial consisting 
of oral non-steroidal anti-inflammatory 
medication, physical therapy, intra-artic-
ular injections, and osteopathic manipu-
lations (19-20,37).  If low back pain per-
sisted after conservative treatment, diag-
nostic zygapophyseal joint blocks were 
performed.  The lumbar zygapophyseal 
joint can be anesthetized by direct intra-
articular injection of local anesthetic or by 
infiltration of the medial branches of the 
dorsal rami.  To block the nerve supply to 
a lumbar zygapophyseal joint, at least two 
medial branches should be anesthetized 
because of its dual innervation from the 
branch at and above the suspected painful 
joint.  Failure to do this can result in up to 

40% of non-diagnostic blocks (90).  Ad-
ditional innervation of the zygapophyse-
al joint from the next more caudal medi-
al branch has also been reported (31,91).  
To achieve complete lumbar zygapophy-
seal joint anesthesia, the authors advocate, 
in addition to the medial branch at the 
involved level, anesthetizing the branch 
above and below the suspected level.  This 
minimizes the incidence of non-diag-
nostic blocks and adds minimally to the 
length of the procedure.

Careful patient selection through a 
positive response to medial branch block 
has been shown to be the only predic-
tor of a good outcome for zygapophyse-
al joint denervation (26).  In our study, 
those athletes who had failed more con-
servative therapy but had a satisfactory 
response to medial branch block under-
went radiofrequency denervation of the 
facet joints.  Both L4-L and L5-S1 facets 
were denervated bilaterally in order to in-
sure adequate denervation. Parallel needle 
placement techniques under direct fluo-
roscopic imaging performed by an experi-
enced physician have been shown to result 
in over 90% denervation rate (26). Pre-
liminary stimulation of the target nerve to 
confirm needle placement prior to neu-
rotomy can be performed.  Electromyo-
graphic (EMG) testing of the multifidus 
muscle innervated by the target medial 
branches after radiofrequency denerva-
tion has also been utilized to confirm the 
accuracy and thoroughness of the proce-
dure (26).  This could be especially useful 
when pain still persists after the procedure 
and all examined multifidi levels where 
neurotomy was attempted lack EMG signs 
of denervation.  If needle EMG is going 
to be utilized for denervation documen-
tation, baseline testing should be accom-
plished prior to RFD, since many system-
ic and local conditions can cause a similar 
denervation pattern unrelated to the pro-
cedure.  In our study, needle EMG confir-
mation of the efficacy of RFD or baseline 
needle EMG testing was not performed.  
It is our experience that a good response 
to multilevel, bilateral medial branch an-
esthesia is a sufficiently accurate predic-
tor of pain relief after RFD as long as a re-

fined operative technique is applied.  The 
essential requirement is the precise place-
ment of the electrode in the target osseous 
groove under direct fluoroscopic guid-
ance by a skilled operator.  If this can be 
accomplished successfully, the use of pre-
liminary stimulation or post-procedure 
EMG is superfluous.  In addition, while 
evidence of this denervation on EMG in-
dicates that the RFD successfully coagu-
lated this nerve, the results do not corre-
late with symptom improvement (26).

No long-term complications have 
been documented after medial branch 
RFD.  Arthritic changes of the treated joint 
has been suggested but never demonstrat-
ed.  Although medial branch RFD dener-
vates the zygapophyseal joint, the segment 
is not rendered unstable, since the disc, os-
seous and ligamentous structures and most 
of the paraspinal musculature at that lev-
el remain unchanged (36).  Furthermore, 
there are no reports of increased frequen-
cy of lumbar injury in patients treated with 
RFD of the lumbar zygapophyseal joints 
despite a growing number of such patients 
and many years of accumulated follow-up.  
Rarely, patients will notice discomfort and 
short-term cutaneous pain or hypersensi-
tivity in the postoperative period.  When it 
occurs it is transient and usually subsides 
in 4-to-6 weeks.

CONCLUSION

In this study, 12 baseball pitchers who 
had failed more conservative treatment for 
disabling lumbar zygapophyseal joint sy-
novitis underwent RFD of the affected zyg-
apophyseal joints. Medial branch RFD fol-
lowed by a postoperative rehabilitation re-
gime offered significant relief of back pain 
and the ability to return to pitching.  All 
athletes tolerated the procedure well and 
no complications have been noted to date.  
It is the authors’ belief that if accurate di-
agnosis and a meticulous technique is em-
ployed, lumbar zygapophyseal joint radio-
frequency denervation can be an effective, 
safe, long-term pain control measure that 
can facilitate an athlete’s recovery of func-
tion by enabling a formal rehabilitation 
program without pain.
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