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ABSTRACT
Since its description in 2016, the erector spinae plane 
block (ESPB) has become a widely employed regional 
anesthetic technique and kindled interest in a range of 
related techniques, collectively termed intertransverse 
process blocks. There has been ongoing controversy 
over mechanism of action of the ESPB, mainly due to 
incongruities between results of cutaneous sensory 
testing, clinical efficacy studies, and investigations into 
the neural structures that are reached by injected local 
anesthetic (LA). This paper reviews the spread of LA to 
the paravertebral and epidural space and the cutaneous 
anesthesia in ESPB, with specific emphasis on the dorsal 
root ganglion (DRG). We hypothesize that the DRG, due 
to its unique and complex microarchitecture, represents 
a key therapeutic target for modulation of nociceptive 
signaling in regional anesthesia. This paper discusses 
how the anatomical and physiological characteristics 
of the DRG may be one of the factors underpinning 
the clinical analgesia observed in ESPB and other 
intertransverse process blocks.

INTRODUCTION
Since its description in 2016,1 the erector spinae 
plane block (ESPB) has become a widely employed 
regional anesthetic technique and kindled interest 
in a range of related techniques, collectively termed 
intertransverse process blocks.2 There has been 
ongoing controversy over these blocks, particularly 
the ESPB, mainly pertaining to the specific mecha-
nisms of their analgesic effect. This largely springs 
from the fact that the body of evidence that supports 
clinical analgesic efficacy in the territory supplied 
by thoracoabdominal spinal nerves, has not always 
been congruent with studies investigating injectate 
spread or cutaneous sensory changes.3 Some early 
cadaveric studies only found spread restricted to the 
dorsal rami, whereas more recent work confirms 
that spread to the paravertebral space can and does 
occur.4 5 Imaging studies in live subjects generally 
show injectate spread to the dorsal rami, the para-
vertebral space, neural foramina, and the epidural 
space, although the last is more inconsistent.3 6 
The extent of detectable cutaneous sensory block 
associated with this spread is variable and tends 
to underestimate its magnitude.6 In this paper, we 
present a novel perspective on the possible mech-
anisms by which clinically significant analgesia can 
be achieved with the ESPB and other intertrans-
verse process blocks, despite the apparently modest 
spread of local anesthetic (LA) to the paravertebral 

and epidural space and the absence of dense cuta-
neous anesthesia. We hypothesize that the dorsal 
root ganglion (DRG) represents a key therapeutic 
target for these regional anesthetic techniques in 
the modulation of nociceptive signaling.

DISCUSSION
Fractional distribution of LA to the neural 
foramen and DRG
The DRG is an enlargement of the dorsal root of 
each spinal nerve and sits within the intervertebral 
neural foramen in the transition zone between the 
paravertebral and epidural space. Recent work using 
sophisticated micro- CT scanning in cadavers has 
found that the intervertebral foramina containing 
each DRG are in direct communication with the 
interfascial compartment deep to the erector spinae 
muscle and superficial to the superior costotrans-
verse ligament (the ‘retro- SCTL space’) (figure 1).5 
LA injected deep to the erector spinae muscle or 
into the intertransverse tissue complex can thus 
reach the DRG by a combination of bulk flow 
and simple diffusion. The physical extent of this 
spread to the neural foramina, paravertebral, and 
intercostal spaces, and the consistency with which 
it occurs, has been recently confirmed by MRI in 
human subjects.6 It should be noted that only a frac-
tion of the total LA dose reaches the neural struc-
tures in these locations, and that this fraction will 
vary between individuals depending on the unique 
interplay of factors influencing physical spread.7 
This can lead to the phenomenon of differential 
block, which accounts for the discrepancy between 
detectable cutaneous sensory block and clinical 
analgesia that is often observed with the ESPB 
but also other fascial plane blocks.8 The basis for 
differential block has been summarized elsewhere,7 
but in brief, different nerve fiber types exhibit 
different sensitivities to LA conduction block that 
is inversely proportional to their diameter. Notably, 
the majority of nociception (particularly long- 
latency ‘second’ pain) is transmitted in the smallest 
C- fibers; however, pinprick sensation is transmitted 
in larger Aδ-fibers.9 Thus, the pattern of sensory 
block will vary depending on the LA concentration 
achieved at the neural structure in question, and the 
absence of dense or detectable cutaneous sensory 
loss does not preclude meaningful analgesia.

Unique characteristics of the DRG
It is increasingly evident that the DRG has a unique 
and complex microarchitecture that underpins 
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its role in transmission and modulation of sensory input from 
the periphery to the central nervous system (CNS). The DRG 
contains the somas (cell bodies) of almost all somatic and 
visceral afferents from peripheral tissues and organs (low- 
threshold and higher- threshold mechanosensory fibers, the Aβ, 
Aδ, and C- fibers).10 DRG neurons are pseudounipolar—each 
soma has a protruding stem axon, which divides into a periph-
eral axonal process and a central axonal process. The central 
process extends into the dorsal horn of the spinal cord, while 
the peripheral process extends out into the periphery where its 
terminal endings respond to external and internal stimuli. The 
division point of the stem axon is called the T- junction.10 The 
microarchitecture of the T- junction has relevance for the DRG’s 
role in nociception and LA action at this site. When a peripheral 
nociceptor registers noxious stimuli, a train of action potentials 
(APs) is generated that travels up the peripheral axonal process, 
through the T- junction and into the central process and dorsal 
horn of the spinal cord.11 Each electrical AP represents an ‘all- 
or- nothing’ depolarization of the cell membrane. The ampli-
tude of change in the resting membrane potential is fixed, and 
increasing intensity of noxious stimuli is encoded by increasing 
frequency of APs.12 The frequency, pulse duration, and timing 
of sequential APs is a critical feature of neural sensory signaling, 
and is referred to as the rate code.13 Information about sensory 

stimuli is represented by different firing patterns (rate codes) 
which in turn are interpreted by the higher centers of the CNS. 
Any modulation of the firing pattern (frequency, duration, and 
timing) of the APs transmitted to the dorsal horn will alter how 
these stimuli are perceived. One firing pattern of particular 
significance for nociception comprises high- frequency trains of 
short- duration APs grouped in bursts; these are transmitted with 
high synaptic reliability, and are perceived by human subjects as 
being more painful than lower- frequency tonic APs, even when 
the average firing rate is the same.11 12 14 These high- frequency 
bursts of APs are also implicated in dorsal horn neuronal plas-
ticity and development of chronic pain.15

The branch point of any nerve is a favorable location for 
modulating AP transmission, and the DRG T- junction is a prime 
example of this. There is a minimum voltage threshold for prop-
agation of an AP along an axon—the excitation threshold—and 
any rise in membrane potential in excess of this is referred to as 
the ‘safety factor’. The safety factor is lower at the T- junction and 
other branch points, increasing the propensity for interruptions 
of AP propagation and neural transmission. Modulation of neural 
transmission at the T- junction of DRG neurons also results from 
an impedance mismatch between the larger- diameter peripheral 
process (lower impedance) and smaller- diameter central process 
(higher impedance).11 16 This transition of electrical signaling 

Figure 1 Different tissue compartments and anatomical pathways of communication between them, including fenestrations in the superior 
costotransverse ligament (SCTL), have been demonstrated in the thoracic paravertebral area using micro- CT scanning techniques. In an erector spinae 
plane block or intertransverse process block, local anesthetic is injected into the erector spinae plane compartment (red) and retroSCTL space (green), 
from where it can flow toward the neural foramina and intervertebral space (pink), and into the thoracic paravertebral space (blue). The dorsal root 
ganglion sits within the intervertebral foramen and space. ICN, intercostal nerve; IICM, internal intercostal muscle; ITL, intertransverse ligament; L, 
lateral slit; M, medial slit; SG, sympathetic ganglion; TP, transverse process of vertebra (reproduced with permission from Cho et al5).
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from the low- impedance to high- impedance axonal fibers causes 
slowing of high- frequency APs.17 The overall implication is 
that the T- junctions of DRG neurons can potentially act as a 
protective switch or a low- pass filter for high- frequency APs that 
encode noxious stimuli, and thus provide a defensive mechanism 
for attenuating pain perception.17 18

The ion channel blocking effects of LA applied to the DRG 
will further inhibit AP propagation beyond the T- junction and 
augment antinociception.17 Once again, the microarchitecture of 
the DRG may render it more susceptible to the effects of LA. Most 
notably, the DRG is enveloped by a connective tissue capsule that 
is analogous to the perineurium that ensheathes peripheral nerve 
fascicles but, unlike the perineurium, lacks tight junctions.19 The 
presence of tight junctions in the perineurium means that LA 
molecules have to diffuse through, rather than between, the flat 
cells of the basal laminae.20 The molecular weight and lipid solu-
bility of the LA agent is thus a determinant of its potency with 
regard to conduction block of peripheral nerves.21 In contrast, 
the lack of tight junctions in the DRG capsule means that it is 

more permeable to LA molecules.19 22 The implication is that the 
DRG will be more sensitive to conduction block by an equivalent 
concentration of LA in the interstitial space, compared with a 
peripheral nerve. This may be another explanation for the clin-
ically apparent analgesia produced by the relatively small mass 
of LA that reaches the interforaminal region following an ESPB.

The DRG neurons are enveloped and supported by two types 
of glial cells, the satellite glial cells (SGCs) and the Schwann 
cells (figure 2).23 SGCs are unique to the DRG and are only 
found around the soma and proximal portion of the stem axon; 
whereas the Schwann cells envelope the distal part of the stem 
axon as well as the peripheral and central processes.23 Periph-
eral nerve damage and inflammation induces activation changes 
in SGCs and there is increasing evidence that this contributes 
to ectopic activity in DRG neurons, the associated mechanical 
and thermal hypersensitivity, and pain perception.24 This may 
in turn be one of the mechanisms underlying the chronification 
of acute pain.25 Low concentrations of lidocaine at the DRG 
have been shown to suppress ectopic discharges and microglial 

Figure 2 Organization of a dorsal root ganglion (DRG) neuron. The DRG neuron is a pseudounipolar sensory afferent neuron that transmits action 
potentials (APs) from the periphery via a peripheral process (axon). The soma (cell body) of DRG neurons is contained within the dorsal root ganglion 
of each spinal nerve that sits within the intervertebral foramen. The soma has a protruding stem axon that divides at the T- junction into the peripheral 
process and central process. The central process extends into the dorsal horn of the spinal cord to synapse with second- order neurons. The T- junction 
is a site of potential neuromodulation, acting as a low- pass filter to impede transmission of higher- frequency APs.18 The soma is enveloped by a 
supporting structure of satellite glial cells, rather than the Schwann cells that sheath the peripheral and central axonal processes (reproduced with 
permission from KJ Chin Medicine Professional Corporation).
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neuroinflammatory responses, and are postulated as mechanisms 
for an analgesic effect of plasma- borne LA.26 The macroscopi-
cally visible spread of injectate achieved with an ESPB6 should 
produce LA concentrations at the DRG that would at least equal, 
if not exceed, that of systemic administration; and thus the same 
mechanisms of analgesic effect will apply.

CONCLUSION
In conclusion, the current evidence indicates that some fraction of 
LA injected into the retro- SCTL space in ESPB and other intertrans-
verse process blocks will reach the neural foramen and the DRG 
contained therein. The neurophysiology and microarchitecture of 
the DRG render it uniquely susceptible to modulation of nocicep-
tive impulses, and it may represent an important site of LA action. 
The LA concentration achieved at the DRG and other branches of 
the spinal nerve within the paravertebral space may not always be 
high enough to produce detectable sensory loss to conventional 
testing modalities. Clinically significant analgesia may neverthe-
less result from differential blockade of C- fiber mediated nocicep-
tion, and the same molecular mechanisms proposed for the lower 
target- site concentrations that systemically administered LA would 
produce. Future research using a wider range of nociceptive stimuli, 
for example, thermal quantitative sensory testing, may be able to 
further elucidate the contribution of the DRG to the effect of the 
ESPB in acute and chronic pain conditions.
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