
ORIGINAL RESEARCH

Contrast Spread After Erector Spinae Plane Block
at the Fourth Lumbar Vertebrae: A Cadaveric Study

Kathryn A. Breidenbach . Sayed E. Wahezi . Soo Yeon Kim .

Sarang S. Koushik . Karina Gritsenko . Naum Shaparin .

Alan D. Kaye . Omar Viswanath . Hall Wu . Jung H. Kim

Received: August 30, 2022 /Accepted: October 24, 2022 / Published online: November 12, 2022
� The Author(s) 2022

ABSTRACT

Introduction: In recent years, the erector spi-
nae plane block (ESPB) has seen widespread use
to treat acute and chronic pain in the regions of
the thoracic spine. While limited data suggest
its increasing utilization for pain management
distal to the thoracic, abdomen and trunk, the
anesthetic spread and analgesic mechanism of
ESPB at the level of the lumbar spine has not
been fully described or understood.

Methods: This is an observational anatomic
cadaveric study to assess the distribution of
solution following an ESPB block performed at
the fourth lumbar vertebrae (L4) using ultra-
sound guidance to evaluate the spread of a
20 ml solution consisting of local anesthetic
and methylene blue. The study was performed in
an anatomy lab in a large academic medical cen-
ter. Following injection of local anesthetic with
contrast dye, cadaveric dissection was performed
to better understand the extent of contrast dye
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and to determine the degree of staining to further
predict analgesic potential. We reviewed the
findings of other ESPB cadaveric studies currently
available for comparison.
Results: Following cadaveric dissection in an
anatomy lab, the contrast dye was observed in
the ESP space, and staining was found most cra-
nially at L2 and extending caudally underneath
the sacrum.Evaluating thedepthof its spread,we
found it to be confined to the posterior com-
partment of the spine sparing the nerve roots
bilaterally, which is consistent with the only
other cadaveric study of ESPB performed at L4.
Conclusion: Our results demonstrate the clini-
cal utility of lumbar ESPB where posterior con-
finement of local anesthesia is preferred.
However, further investigation is needed to
determine the efficacy of ESPB in lower
extremity analgesia which is predicated on
ventral nerve root involvement.

Keywords: Erector spinae block; Cadaver study;
Regional anesthesia; Acute pain

Key Summary Points

The anesthetic spread and analgesic
mechanism of ESPB at the level of the
lumbar spine have not been fully
described or understood.

Different solutions and mixtures have
been used in various studies. In our
assessment we used 20 ml of solution to
resemble a clinical setting. This should in
theory provide a reasonable assessment of
the spread of anesthetic in a fresh cadaver
to estimate analgesic boundaries.

Evaluating the depth of its spread, we
found it to be confined to the posterior
compartment of the spine sparing the
nerve roots bilaterally, which is consistent
with the only other cadaveric study of
ESPB performed at L4.

INTRODUCTION

Postoperative pain control following lumbar
spinal fusion can be very difficult and may lead
to various complications. The pathophysiology
of pain after spine surgery is multifactorial,
involving nociceptive, inflammatory, and neu-
ropathic pathways [1]. Various structures can be
involved, including vertebral bodies, facet
joints, intervertebral disks, muscle, fascia, liga-
ments, intra- and extraspinal nerves, dura, and
subcutaneous/cutaneous tissues [2]. In an effort
to reduce postoperative opiate requirement,
new techniques in regional anesthesia have
been developed as an adjunct to standard peri-
operative pain control. The erector spinae plane
block (ESPB) has become an essential tool for
the treatment of postoperative spinal pain,
among other areas of the body from thoracic to
truncal analgesia.

The ESPB was first described in 2016 as a new
therapy for patients with severe thoracic neu-
ropathic pain after bony injury and acute post-
operative pain after video-assisted
thoracoscopic wedge resection [3]. Since then
there have been a number of reports of its
effective use in managing postoperative pain for
a variety of surgeries such as thoracic and car-
diac surgery, breast surgery and reconstruction,
bariatric surgery, laparoscopic ventral hernia
repair and cholecystectomy, and various spinal
procedures including scoliosis surgery and
spinal decompression and fusion [4–13]. Previ-
ous literature has been retrospective to surmise
efficacy or ESPB blocks have been performed at a
more proximal mid to low thoracic level. The
ESPB performed at lumbar spine brings a unique
element of potential anterior spread of local
anesthesia which can result in unwanted lower
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extremity weakness. Despite expanding use of
this technique, the volume of literature of
assessing the spread of injectate at lumbar
region remains modest [4, 14–16]. At the time of
this study, few cadaveric studies have been
published to validate the anesthetic spread and
analgesic mechanism of lumbar ESPBs but those
that exist show conflicting evidence with varied
volumes and mixtures of solution used and
variety in the spread of said medications
[17–26].

The use of lumbar ESPB for lumbar spinal
surgeries, although promising, remains limited
to a few case reports, a retrospective study, and
one randomized controlled trial [9–13]. The
purpose of this single cadaver dissection is to
determine the extent of a 20 ml local anesthesia
spread after the ESPB at lumbar region and
enhance the depth of evidence currently
available.

Study Objective

The objective of this observational anatomic
study was to simulate the standard technique of
an ultrasound-guided ESPB performed in a fresh
cadaver at the transverse process of L4 per-
formed in an academic cadaver lab setting.
Following the nerve block, a layered dissection
sought to evaluate the spread of a 20 ml solu-
tion consisting of local anesthetic and methy-
lene blue. We assessed posteroanterior depth of
penetration, flow away from midline, as well as
craniocaudal spread to adjacent vertebral levels,
particularly in relation to the dorsal and ventral
rami of the lumbar spinal nerves with the
hypothesis to provide clinical predictability for
the analgesic road-mapping for perioperative
analgesia of the spine.

METHODS

The cadaver used in this observational study
was provided for educational purposes by Ava-
nos Medical, Inc. One fresh, un-embalmed
cadaver was included and there was no history
of spinal pathology or prior spine surgery
reported. The cadaver was stored in the

dissection area at room temperature for several
hours prior to the start of the study.

Compliance with Ethics and Guidelines

Ethics committee approval was not required as
this was a cadaveric study with the cadaver
provided by Avanos Medical Inc. This study was
performed in accordance with the Helsinki
Declaration of 1964 and its later amendments.

Erector Spinae Plane Block Technique

Standard technique for the ESPB was performed
by the lead investigator. With the cadaver in
prone position, a Sonosite M-Turbo (Sonosite
Inc., Bothell, WA, USA) ultrasound machine
with a high-frequency linear transducer
(13–6 MHz) was used to longitudinally scan and
identify the sacrum and then moved cephalad
to identify the spinous process of L4. The
transducer was then moved laterally until the
transverse process of L4 with overlying erector
spinae muscle plane was identified. A 9 cm,
21 G needle (Arrow StimuQuik ECHO Stimu-
lating and Echogenic Peripheral Nerve Block
Needle) was inserted in-plane in a caudocranial
direction until it was visualized contacting the
dorsal surface of the transverse process of L4. A
solution consisting of 1 ml of methylene blue
and 19 ml of 0.25% bupivacaine was used to
more closely approximate injectate used during
ESPBs. The 20 ml solution was slowly injected,
over approximately 30 s, under direct ultra-
sound visualization to confirm spread deep to
the erector spinae muscle fascial plane (Fig. 1).
The procedure was then repeated on the con-
tralateral side.

Cadaveric Dissection

A vertical midline skin incision was made from
the lower thoracic spine to the sacrum. This was
followed by perpendicular incisions at T12 and
S1 which extended laterally to the midpoint of
the iliac crests; this approximated the mid
scapular lines. An 11 blade scalpel was used to
dissect down to the thoracodorsal fascia. This
created a skin flap that, when reflected,
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improved visualization of deeper tissues while
maintaining the integrity of the deeper mus-
cular layers. After the thoracodorsal fascia was
identified, the erector spinae and quadratus
lumborum muscles were each vertically and
horizontally incised and then reflected. This
exposed the area of injectate spread, commen-
surate with needle introduction. The tissues
deep to the erector spinae were blunt dissected
to preserve the underlying neural and vascular
tissue.

RESULTS

A bilateral L4 ESPB was successfully performed
at L4 in a single cadaver model. Appropriate
craniocaudal injectate spread in the plane deep
to the lumbar erector spinae muscles was
observed using ultrasound (Fig. 1). After pos-
teroanterior plane dissection, the injectate

solution was observed to have spread in a
craniocaudal direction consistently extending
from L2 to the sacrum, bilaterally (Fig. 2).
Staining from the methylene blue was found
dorsal to the transverse processes at these levels

Fig. 1 In-plane ultrasound-guided erector spinae plane
block at the transverse process of L4 with highlighted area
of injectate spread

Fig. 2 Craniocaudal spread of injectate after bilateral
ESPB performed at L4

Fig. 3 Dissection of ventral rami of L4 spinal nerve
showing lack of injectate staining (left: left L4 ventral
ramus; right: right L4 ventral ramus)
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and extending to the inside of the erector spi-
nae muscles, covering the posterior rami. Dis-
section deep to the erector spinae showed that
the dye did not reach the ventral rami of the
spinal nerves (Fig. 3). There was no dye present
in the subcutaneous layer other than trivial
leakage that likely occurred during needle
placement. No laminectomy was performed and
the epidural space was not dissected.

DISCUSSION

The majority of ESPB studies, both clinical trials
and cadaveric studies, have been performed at
the thoracic level. The mechanism of action of
this block was originally thought to be due to
local anesthetic spread to both dorsal and ven-
tral rami (the latter through the costotransverse
foramen) of spinal nerves resulting in a multi-
dermatomal sensory block of the chest wall
[3, 18]. However, since then other cadaver
studies have been published with conflicting
results (Table 1). Cadaveric studies by Adhikary

et al., Vidal et al., Altinpulluk et al., Yang et al.,
and Elsharkawy et al. reported similar results
regarding spread to both dorsal and ventral rami
in either all or at least half of their injections
[14–20]. However, other cadaveric studies have
reported vastly different results. Ivanusic et al.
reported that only 1 out of 20 thoracic ESPBs in
fresh cadavers resulted in spread to ventral rami
[4]. Aponte et al. reported that with six thoracic
ESPBs in four fresh cadavers, no injections
resulted in anterior spread to the ventral rami
[26]. However, all of the aforementioned studies
were performed at a thoracic vertebral level and
59% of all the blocks did not show anterior
spread of injectate to the paravertebral space or
ventral rami (Table 2).

More recent literature also shows variable
degree of spread pertaining to lumbar ESPB.
Kokar et al. injected 10 ml of methylene blue
into the fascial space between the L4 transverse
process and the erector spinae muscle and
found that dye spread between T12 and L5 and
was associated with a wide variation of anterior
and posterior spread [16].

Table 1 Review of erector spinae plane block cadaver studies

Author Block
site

No. of
cadavers

No. of ESPB
injections

Cadaver
type

Injectate
volume (ml)

Injections with anterior
spread to PVS/VR

Elsharkawy

et al.

T10–11 6 6 Fresh 30 3 of 6

Altinpulluk

et al.

T9 4 8 Non-

fresh

20 6 of 8

Vidal et al. T4, T5,

T10

4 9 Fresh 20 9 of 9

Yang et al. T5 10 10 Fresh 20 6 of 10

Forero et al. T5 2 4 Fresh 20 2 of 4

Adhikary et al. T5 3 3 Fresh 20 3 of 3

Ivanusic et al. T5 10 20 Fresh 20 1 of 20

Aponte et al. T7 4 6 Fresh 20 0 of 6

De Lara

González

et al.

L4 6 12 Fresh 20 2 of 12

ESPB erector spinae plane block, PVS paravertebral space, VR ventral rami
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The aim of this study was to evaluate the
craniocaudal as well as the posteroanterior
spread of a lumbar ESPB performed in a fresh
cadaver at the transverse process of L4. Our
results indicate that the injection of 20 ml of
local anesthetic solution with methylene blue
did not result in crossover anterior spread
affecting the ventral rami of the lumbar spinal
nerves. This is consistent with the results of the
lumbar ESPB cadaver study by De Lara González
et al. who also reported no anterior spread in 10
of 12 injections at the transverse process of L4
[17]. The study was performed in fresh cadavers
and showed consistent results for the majority
of injections which were evaluated using plane
dissection, as well as radiographic and frozen
slice models. In addition, De Lara González
et al. recently published a case series of with
patients who had bilateral L4 ESPBs using 20 ml
of 0.2% ropivacaine prior to undergoing lumbar
spine arthrodesis. The series showed that all
eight patients had full 5/5 lower extremity
muscle strength at multiple points from 0
through 48 h postoperatively [27]. This further
supports the lack of anterior spread to ventral
rami during lumbar ESPB. These results are also
congruent with the study by Harbell et al. with
a 20 ml volume of injectate provided in the
lumbar ESPB of fresh cadavers with consistent
spread to the dorsal rami and no anterior spread
to ventral rami or paravertebral study.

Anatomical variance between thoracic and
lumbar erector spinae planes may explain the
difference in contrast spread. Unlike the tho-
racic erector spinae muscles, the deep muscu-
lature in the lumbar spine is contained by a
thicker aponeurosis to add strength and mus-
cular stability [28]. This dense connective tissue
surrounds each muscle group individually and

adheres to the transverse process, possibly mit-
igating penetration of injectate.

To date, most of the data surrounding lum-
bar ESPBs is based on case reports and observa-
tional studies on managing acute or chronic
pain in the lower extremities. Most recently,
Tulgar et al. reported their experience with
lumbar ESPB for patients undergoing hip or
proximal femur surgeries where 11 out of 12
patients achieved numerical rating score
(NRS) B 3 in the first 12 h postoperatively [29].
Unfortunately, the type of procedures were not
controlled and other analgesic techniques rou-
tinely performed such as wound infiltration
were not reported. Therefore, it is difficult to
conclude efficacy. As mentioned earlier, the
study by Harbell et al. injected a 20 ml volume
of 0.166% methylene blue into the plane
between the distal end of the L4 transverse
process and erector spinae muscle which
showed cephalocaudal and medial lateral
spread between L3 and L5 with consistent
spread to the dorsal rami, but no anterior spread
to ventral rami or paravertebral space [30].
However, possible explanations include the
difference in diffusion properties of local anes-
thetic to contrast injectate, slow absorption of
local anesthetic to the ventral ramus, and the
factors intrinsic to the in vivo state such as
vascular distribution and local peristalsis-related
medication migration. All uncertainties and
inconsistencies considered, the utility of ESPB
in surgeries involving the regions of lower
abdomen and lower extremities is still in ques-
tion. Also, the true safety of ESPB in the lumbar
spine must be considered when anterior spread
of local anesthesia is possible, although
uncommon.

Table 2 Summary of ESPB cadaver studies: percentage of blocks with anterior spread

Block location Anterior spread No anterior spread

Thoracic

Total no. of injections (n = 66) 41% (n = 27) 59% (n = 39)

Lumbar

Total no. of injections (n = 12) 20% (n = 2) 80% (n = 10)
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Our finding suggests that lumbar ESPB may
be used in the perioperative setting where deep
local anesthetic spread is discouraged such as in
spine arthrodesis. In vivo studies may need to
be performed to validate utilization of this
technique for perioperative anesthesia for hip
and groin surgeries. ESPB is a rapidly emerging
procedure due to its perceived safety, technical
feasibility, and possible clinical efficacy. We
believe that the analgesic mechanism of lumbar
ESPBs may differ from those performed in the
thoracic region. Further studies are recom-
mended to better define its mechanism of
action.

Limitations

Only one cadaver assessment was performed to
confirm the location of dye spread and ana-
tomic assessment may vary by patient, volume,
and speed of injectate. However, further study
confirming the spread may be conducted. Areas
of improvement would include standardization
of controlled pressured injection to create con-
sistency in flow and distribution of local in a
standard way. Also, it would be valuable to
provide a comparison of anatomic spread with
standardized comparisons of volume injected
and assessment of subsequent spread.

CONCLUSIONS

Our findings are consistent with current litera-
ture, and suggest that the injection spread after
lumbar erector spinae nerve block performed at
L4 is confined to the posterior compartment of
the spine and may spare its effect on ventral
nerve roots.
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