
Acta Neurochir (Wien) (1995) 136:140-144 :Acta . 
Ndurochlrurgica 
�9 Springer-Verlag 1995 
Printed in Austria 

The Surgical Anatomy of Thoracic Facet Denervation 

W. H. Chua and N. Bogduk 

Faculty of Medicine and Health Sciences, The University of Newcastle, New South Wales, Australia 

Summary 
Thoracic percutaneous facet denervation has been employed for 

the treatment of thoracic zygapophysial joint pain. But the surgical 
anatomy of this procedure has been assumed to be the same as for 
lumbar medial branch neurotomy. To establish the anatomical basis 
for thoracic medial branch neurotomy, an anatomical study was 
undertaken. Using an X40 dissecting microscope, a total of 84 
medial branches fl'om 7 sides of 4 embalmed human adult cadavers 
were studied. 

The medial branches of the thoracic dorsal rami were found to 
assume a reasonably constant course. Upon leaving the intertrans- 
verse space, they typically crossed the superolateral corners of the 
transverse processes and then passed medially and inferiorly across 
the posterior surfaces of the transverse processes before ramifying 
into the multifidus muscles. Exceptions to this pattern occurred at 
mid-thoracic levels (T5-T8). Although the curved course remained 
essentially the same, the inflection occurred at a point superior to 
the superolateral comer of the transverse process. 

At no time during the dissection were nerves encountered cros- 
sing the junctions between the superior articular processes and 
transverse processes which have been the target points advocated 
for thoracic facet denervation. Rather, the results of this study indi- 
cate that the superolateral corners of the transverse processes are 
more accurate target points. 

Keywords: Thoracic nerves; dorsal rami; facet denervation; 
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Introduction 

Thoracic percutaneous facet denervation is repeat- 

ing the history of its progenitor-lumbar facet denerva- 

tion. First introduced in 1974 by Shealy [12, 13], lum- 
bar facet denervation was designed to relieve low 

back pain originating from the lumbar zygapophysial 
(facet) joints by disrupting the nerve supply to these 

joints. At that time, however, there were no antece- 
dent studies of the anatomy of the target nerves which 

were the articular branches arising from medial 
branches of the lumbar dorsal rami. The nerves were 

presumed to lie at a point to which the thermocouple 
electrodes were introduced. The appropriate anatomi- 

cal studies did not appear until five years later when 

Bogduk and Long [2] showed that the medial branch- 

es of the lumbar dorsal rami crossed the root of the 

transverse process. Distal to this point, articular 

branches were given off near the caudal and superior 

poles of the zygapophysial joints. No articular nerves 

crossed the lateral aspect of the superior articular pro- 

cess as required by Shealy's description of lumbar 

facet denervation. Consequently, it was not until the 

1980s that lumbar facet denervation was performed 

according to an accurate surgical anatomy. 

Recently, Stolker et aI. [14] have described their 

clinical experience with thoracic percutaneous facet 

denervation. They reported the clinical outcomes of 

their procedure but did not refer to any antecedent 

anatomical descriptions. The intended targets were 

the medial branches of the thoracic dorsal rami, and 

the target points they adopted were said to be analo- 

gous to the target points proposed by Bogduk and 

Long [2] for lumbar facet denervation, i.e., the junc- 

tion between the superior articular process and the 

transverse process. However, they provided no data 

nor any reference to support the notion that the medi- 

al branches of the thoracic dorsal rami cross the base 
of the transverse processes. 

Existing textbook descriptions of the thoracic dor- 
sal rami are limited in detail. Textbooks such as 

Gray's Anatomy [16] focus on the distribution of the 
lateral branches but provide no details on the course 

or articular distribution of the medial branches. Hov- 
elacque [4] offers a more detailed description of the 

thoracic dorsal rami but again, explicit details as to 
radiological landmarks for the medial branch or its 

distribution of the zygapophysial joints are not pro- 
vided. The studies of Lazorthes [6, 7], although 
addressing the clinical anatomy of the thoracic dorsal 
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rami, do not provide sufficient nor reliable detail as to 
the exact trajectory of the nerves required for the 
design of diagnostic blocks or percutaneous surgical 
procedures based on identifiable radiological land- 
marks. 

In order to prevent thoracic percutaneous facet 
denervation from falling into disrepute because of an 
erroneous anatomical basis, we undertook a study to 
determine the location and course of the medial 
branches of the thoracic dorsal rami which by anal- 
ogy to the cervical and lumbar spine are the legitimate 
targets for thoracic facet denervation. In addition, the 
origin and course of the articular branches to the tho- 
racic zygapophysial joints were explored. 

Methods 
Dissection was performed on four embalmed human adult 

cadavers. Two of the cadavers were male, aged 64 and 88 years, 
while the other two female cadavers were 39 and 83 years of age. 

Upon removal of the skin, deep fascia and superficial muscles 
of the back, the lateral branches of the thoracic dorsal rami were 
first identified. At lower thoracic levels, these nerves generally 
have a cutaneous distribution and were, therefore, easily identified. 
At upper thoracic levels the lateral branches only have a muscular 
distribution. Consequently, it was first necessary to resect the sur- 
rounding muscles which these nerves supplied. Having identified 
the lateral branches, they were then traced proximally towards the 

intertransverse space as a guide to the expected origin of the medi- 
al branches. At the same time, muscles were resected working from 
lateral to medial until the medial branches were encountered. The 
muscles were resected fascicle by fascicle so as to preserve any 
nerves that might course through them. Once identified, the medial 
branches were traced proximally into the intertransverse space as 
far as their origin from the dorsal rami which in turn were traced 
back to the spinal nerves. As well, the medial branch was traced 
distally into the muscles it supplied and to the point where it 
became cutaneous at levels where cutaneous branches arose. 
Throughout, the medial branches were dissected using a X40 dis- 
secting microscope. A total of 84 medial branches from 7 sides of 
the 4 cadavers were successfully dissected. 

During the later stages of the dissection, a careful search was 
made for articular branches, in the region ventrolateral to each tho- 
racic zygapophysial joint between the joint and the dorsal ramus, in 
the region caudal to each zygapophysial joint, and in the region 
above each joint. 

Results 

The course of the medial branches of the thoracic 
dorsal rami was essentially, systematically similar at 
all segmental levels, although certain topographic dif- 
ferences occurred at specific levels. Typically, the 
medial branch arose from the dorsal ramus within 
5 mm of the lateral margin of the intervertebral fora- 
men. From its origin, the medial branch first passed 
dorsally, inferiorly but largely laterally within the 
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Fig. 1. A sketch of the archetypical course and relations of the thor- 
acic dorsal rami viewed from a right superior aspect. SP spinous 
process; TP transverse process, SAP superior articular process, PD 

pedicle, ZJ zygapophysial joint, MB medial branch, LB lateral 
branch, VR ventral ramus, E1 external intercostal, RB rib, LC leva- 
tor costae, LCL lateral costotransverse ligament, VB vertebral body 
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Fig. 2. A sketch of the medial branches of the thoracic dorsal rami 
viewed from behind. On the right side, the multifidus and lateral 
branches are not shown. TP transverse process, MB medial branch, 
ZJ zygapophysial joint, SP spinous process, LB lateral branch, MF 
multifidus, ISL interspinous ligament, C cervical vetebra, L lumbar 
vertebra, * atypical medial branch 



142 W.H. Chua and N. Bogduk: Thoracic Facet Denervation 

Fig. 3. Photographs of a dissection of the branches of the right thoracic dorsal rami viewed from behind. (A) Upper 6 thoracic levels: (B) 
lower 6 thoracic levels. The medial branches are indicated by black arrowheads. LB lateral branch, SP spinous process, TP transverse pro- 
cess, MF multifidus, LCL lateral costotransverse ligament, LC levator costae, * atypical medial branch 

intertransverse space, posterior to the superior costo- 
transverse ligament (Fig. 1). Along this course, the 
nerve was embedded in areolar tissue and accompa- 
nied by arteries and veins. Opposite the tip of the 
transverse process, the medial branch curved dorsally 
through the intertransverse space, aiming for the 
superolateral corner of the transverse process. It then 
entered the posterior compartment of the back by 
crossing this corner and then running caudally along 
the posterior surface of the tip of the transverse pro- 
cess, lying in the cleavage plane between the origin of 
multifidus medially and that of semispinalis laterally 
(Figs. 2 and 3). Thereafter, covered by the fibres of 
the semispinalis, it curved inferiorly and medially 
over the dorsal aspect of the fascicles of multifidus to 
which it provided numerous filaments. At upper tho- 
racic levels, one filament continued over the dorsal 
surface of the multifidus towards the mid-line where 
it then penetrated the fascicles of spinalis thoracis, 
splenius cervicis, rhomboids and trapezius to become 

cutaneous. At lower levels, this filament was not rep- 
resented and only terminal filaments to the multifidus 
occurred. 

The archetypical course of the medial branches 
was consistently exhibited by the nerves at the upper 
thoracic levels (T1-T4) and lower levels (T9-T10).  
The course of the T l l  and T12 medial branches dif- 
fered because of the different osseous anatomy. The 
T12 transverse process was much shorter than typical 
transverse processes. Consequently, the T l l  medial 
branch ran across the lateral surface of the root of the 
superior articular process of T12 (Figs. 2 and 3). The 
T12 medial branch assumed a course analogous to 
that of the lumbar medial branches, crossing the junc- 
tion of the superior articular process and the base of 
the transverse process (Figs. 2 and 3). 

At mid-thoracic levels (T5-T8) ,  the medial branch 
did not always assume contact with the transverse 
process. The nerve sometimes appeared to be sus- 
pended in the intertransverse space as it passed dor- 
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sally. It assumed a course parallel to those at typical 
levels but was displaced somewhat superiorly. Instead 
of crossing the superolateral corner of the transverse 
process, the nerve entered the posterior compartment 
of the back by passing dorsally through the middle of 
the intertransverse space, medial to the intertrans- 
verse muscle, and wrapping medially around the fas- 
cicles of multifidus above the level of the transverse 
process (Figs. 2 and 3). It then curved medially and 
only slightly inferiorly so that it remained separated 
from the transverse process by the fascicles of the 
multifidus. 

Two types of articular branches arose from the 
medial branches. Ascending branches arose from the 
medial branch as it passed caudal to the zygapophy- 
sial joint. These branches were short and they rami- 
fied in the inferior aspect of the zygapophysial joint 
capsule. A slender descending articular branch arose 
from the medial branch as it crossed the superolateral 
corner of the transverse process. It followed a sinuous 
course between the fascicles of multifidus to reach the 
superior aspect of the capsule of the zygapophysial 
joint below. 

Discussion 

Although a small number of cadavers were used in 
the present study, a large number of nerves (n = 84) 
was nonetheless studied. No substantial variations 
were encountered except for those at specific segmen- 
tal levels. Consequently, we submit that the present 
study reliably establishes the anatomy of the medial 
branches of the thoracic dorsal rami. 

The course and distribution of the lateral branches 
were not addressed in this study because these have 
been addressed in previous studies. Descriptions of 
their deep course can be found in textbooks [4, 9, 11, 
16] while their distribution to the skin has been 
described in dissections studies of adult cadavers [5, 
8] and human fetal material [10]. 

The observation of the present study are concor- 
da.nt with the descriptions of Hovelacque [4] but 
amplify the detail sufficient for clinical purposes. The 
key feature of the thoracic medial branches is that 
by and large, they cross the superolateral corner of 
the subjacent transverse process. However, at mid- 
thoracic levels, the nerve may be displaced cephalad 
and therefore does not assume this relationship while 
at lower thoracic levels, the nerve assumes an osseous 
relationship analogous to that of the medial branches 
of the lumbar dorsal rami. 
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Our observations are at variance with the descrip- 
tions of Lazorthes [6] who described and illustrated 
the thoracic medial branches as passing next to the 
superior articular process. The nerves are not this 
close to the zygapophysial joint; they swing laterally 
to circumvent the multifidus which arises from the 
distal end of the transverse process. 

At no time in the present study were nerves 
encountered crossing the superomedial corner of the 
transverse process which is the target point for thorac- 
ic facet denervation advocated by Stolker et al. [14]. 
This means that the target points do not coincide with 
the course of the medial branch. Therefore, the proce- 
dure that they describe cannot constitute a thoracic 
medial branch neurotomy. When in contact with the 
transverse process, the medial branch lies at least 
12 mm lateral to the root of the transverse process. 
However, the maximum size of the lesions created by 
the thermocouple electrodes used in thoracic facet 
denervation measures only 1.1 mm in radius [3]. 

In a more recent publication, Stolker et al. [15] 
referring to Hovelacque and Lazorthes, suggest that 
fine filaments can be found crossing the inferomedial 
corner of the intertransverse space in the vicinity of 
their electrode position. In the present study, these 
fine filaments could not be verified by microdissec- 
tion. If they exist, they would require histological 
confirmation. In the case of tiny, putative articular 
branches, conclusions based on microdissection alone 
would be unreliable because it can be difficult to dis- 
tinguish neural tissue from fine fascial fibres. It is the 
lack of histological confirmation that precludes us 
from accepting the description of Lazorthes [6]. 

Stolker et al. [14] adopted the target point at the 
superomedial corner of transverse process because 
they perceived this to be analogous with the site at 
which the medial branch of the lumbar dorsal ramus 
cross the bone. What they neglected was the homol- 
ogy between the lumbar and thoracic vertebrae. The 
so-called transverse process of the lumbar vertebra is 
formed largely by the costal clement of the lumbar 
vertebra. The true transverse process is represented 
by the mamillary process, the lateral surface of the 
superior articular process and the transverse process 
but only as far as the accessory process. That being 
the case, the lumbar medial branches can be perceived 
as crossing the transverse element diagonally from its 
superolateral corner to its inferomedial corner. Thus, 
when addressing the thoracic medial branches, the 
course would be expected to run from the superolater- 
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al to the i n f e romed ia l  co rner  of  the t ransverse  e l emen t  

wh ich  is the t r ansverse  p rocess  p rope r  on the thorac ic  

ver tebra .  This  is where  the med ia l  b ranches  were  

encoun te red  in the p resen t  s tudy.  This  h o m o l o g y  is 

fur ther  e n d o r s e d  by  the m y o t e n d i n o u s  re la t ions  o f  the 

med ia l  b ranch .  A t  the thorac ic  leve ls ,  the  m e d i a l  

b ranch  l ies  la te ra l  to the mul t i f idus  but  deep  to the 

tendons  of  semisp ina l i s .  In the l u m b a r  spine ,  the 

nerve  runs deep  to the m a m i l l o - a c c e s s o r y  l i gamen t  

which  is h o m o l o g o u s  to the  semisp ina l i s  musc le  in 

the thorac ic  spine  [ 1 ]. 

I f  thorac ic  pe rcu taneous  facet  dene rva t ion  is to be  

accep ted  as a l eg i t ima te  op t ion  for  the t rea tment  o f  

thorac ic  z y g a p o p h y s i a l  jo in t  pain ,  fur ther  va l ida t ion  

of  da ta  is requi red .  E i ther  the t echn ique  of  S to lker  

et al .  [14] mus t  be  ve r i f i ed  c l in i ca l ly  in the fo rm of  a 

d o u b l e - b l i n d  con t ro l l ed  tr ial  or  the p rocedu re  needs  to 

be  m o d i f i e d  so as to be  conco rdan t  wi th  the surg ica l  

a na t omy  of  the thorac ic  med ia l  b ranches .  

I f  the med ia l  b ranches  o f  the thorac ic  dorsa l  r ami  

are to be targets  for  d i agnos t i c  b locks  or  pe rcu taneous  

facet  dene rva t ion ,  the bes t  l a n d m a r k  is at the supero-  

la te ra l  co rner  o f  the t ransverse  p rocess .  Here  the 

nerve  l ies aga ins t  bone  and for  the pu rposes  o f  d iag -  

nos t ic  b locks ,  cou ld  be r eached  by  need les  d i r ec t ed  

towards  this si te.  R a d i o f r e q u e n c y  e l ec t rodes  d i rec ted  

to this  nerve  w o u l d  f i rs t  have  to contac t  this  supero-  

la te ra l  co rner  and then be  pa s sed  over  the super io r  

edge  o f  the t ransverse  p rocess  in o rder  to l ie  pa ra l l e l  

wi th  the med ia l  b ranch .  Target  poin ts  for  the m e d i a l  

b ranches  in mid - tho rac i c  leve ls  are less  re l iab le .  

Because  the nerves  enter  the pos te r io r  c o m p a r t m e n t  

suspended  in the in te r t ransverse  space ,  they lack  an 

osseous  re la t ion .  Techniques  for  reach ing  these  

nerves  w o u l d  have  to be ca re fu l ly  d e v e l o p e d  tak ing  

into account  the d i f ferent  ana tomy  o f  these  nerves .  
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Comment 
The authors perform dissections of the posterior spinal regions 

for embalmed hmnan adult cadavers in order to establish the ana- 
tomical course of the medial branches of the thoracic, dorsal rami. 

The objectives of the paper are clearly defined and the metho- 
dology described. Both photographic illustrations and diagrammat- 
ic representations are clear and well labelled, and the authors 
describe consistent routes for the medial branches of the dorsal 
rami. 

The findings in this paper should be of practical value for plan- 
ning of thoracic percutaneous facet denervation. 

R. O. Weller 


