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1. Introduction
Paravertebral block, which is a regional anesthesia 
technique, has long been used for perioperative analgesia 
[1]. Recently, the erector spinae plane block (ESPB), an 
interfascial block technique, has been widely adopted 
under ultrasound (US) guidance as an alternative method 
to conventional paravertebral block [2]. The ESPB has 
been thought to allow local anesthetics to reach the related 
area without advancing the needle to the paravertebral 
space, thereby, reducing the risk of complications [3]. 
Technically, it is a method in which local anesthetics are 
injected into the fascial space between the erector spinae 
muscles and transverse process [2]. 

In a cadaveric study investigating the efficacy of the ESPB 
technique, Yang et al. [2] demonstrated the involvement of 
thoracic spinal nerves and the spread to the paravertebral 
space. Surprisingly, in another cadaveric study, Ivanusic et 
al. [4] administered methylene blue injection with the US-
guided ESPB technique and were unable to reach the dorsal 

root ganglion (DRG) or the ventral ramus, suggesting that 
the ESPB was not an alternative to paravertebral block. 
However, in the literature, there are many case reports 
in whom ESPB was performed for thoracic surgery [5], 
breast cancer and reconstructive surgery [6], bariatric 
surgery [7], rib fractures [8], and postthoracotomy pain 
syndrome [9]. 

On the other hand, there is still a limited number of 
data in the literature regarding the efficacy of ESPB in the 
lumbar region.  Tulgar et al. [10] found that ESPB was 
an effective method of analgesia in proximal femur and 
hip surgeries. The authors also reported that a mixture 
containing 40 mL volume, which they administered at 
the level of L4 transverse process, was spread around to 
the neural foramen and spinal nerves. In addition, Alici et 
al. [11] performed lumbar ESPB in a patient with herpes 
zoster-induced lower extremity pain and provided long-
term analgesia. Furthermore, several cases have been 
described in patients diagnosed with radicular pain due 
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to lumbar disc herniation and administered lumbar ESPB 
[12,13]. Harbell et al. [14] reported that a lumbar ESPB 
injection had limited craniocaudal spread compared to 
injection into the thoracic region without spread to the 
DRG, ventral rami, or paravertebral space. In another 
cadaveric study, however, the injected solution reached 
and passed the anterior of the transverse process and, 
even, the ventral rami were stained in some of the samples 
[15]. Both studies showed that dorsal rami were stained in 
all procedures. However, many authors have emphasized 
that further cadaveric studies are needed to elucidate the 
mechanism of action of these injections. 

Besides many pharmacological and nonpharmacologic 
approaches, epidural steroid and local anesthetic injections 
are the treatment options, which are frequently used in the 
treatment of low back pain, particularly in patients with 
radicular complaints [16,17]. These procedures include 
interlaminar, transforaminal, and caudal approaches 
[18]. However, each poses certain risks of complications 
such as dural puncture, epidural abscess, nerve injury, 
and paralysis [18,19]. Therefore, it is likely to avoid a 
considerable amount of these complications performing 
interfascial blocks. Furthermore, in patients with altered 
lumbar spine anatomy, this challenge can be overcome by 
permorfing fascial blocks. 

In the present study, we aimed to investigate the ESPB 
in lumbar region and to elucidate the possible mechanisms 
of action of these injections in lumbar radicular pain 
by means of detecting expected dye dispersion to the 
neural structures. The study provides an insight into the 
conflicting results of two previous studies [14,15] and a 
significant contribution to the literature.

2. Materials and methods
2.1. Study design
The present human cadaveric study was approved by 
the institutional Ethics Committee (Date: 04.03.2020, 
No: 37451). All cadavers used in the study were legally 
donated to the Department of Anatomy. In this study, 
US-guided lumbar ESPB was administered to three adult 
formaldehyde-fixed cadavers. Those aged below 50 years 
and having a previous lumbar surgery were excluded from 
the study. Unilateral injection was administered in two of 
them, while bilateral block was performed in the other one 
to evaluate possible variability of the results in different 
cadavers and both sides of the same cadaver. 
2.2. Interventional procedure 
All cadavers were placed in the prone position. All injections 
were performed by a single pain specialist having more 
than 15 years of experience in US-guided interventional 
procedures. A low-frequency (2 to 5 MHz) curvilinear 
transducer (LOGIQ P5, GE Healthcare, Buckinghamshire, 
UK) was used to visualize deep structures. At first, an US 

scan was performed to identify the L4 spinal level. By 
sliding the probe laterally in a longitudinal parasagittal 
orientation, the L4 transverse process together with the L3 
and/or L5 was, then, visualized (Figure 1A). After imaging 
the erector spinae muscles lying above the transverse 
processes, a 90-mm, 20-gauge Quincke-type spinal needle 
was advanced toward the target in the craniocaudal 
direction using the in-plane technique. Deep to the erector 
spinae muscle, no advance of the needle was attempted, 
when it reached the interfascial plane between the muscle 
group and the transverse process of L4 (Figure 1B). 
Primarily, the linear spread of the fluid was observed by 
injecting 2 mL of 0.9% saline solution, and it was confirmed 
to be in the fascial space (Figure 1C). Subsequently, 10 mL 
of methylene blue was injected, and the intervention was 
terminated, after recording the direction of the spread. 
2.3. Dissection
Dissections were performed by the anatomists within 
one hour after the injections. In the first step, the skin 
and subcutaneous tissues were removed. Subsequently, 
the latissimus dorsi and erector spinae muscles were 
identified and removed. The stained areas on the anterior 
and posterior parts of the erector spinae muscles were 
detected, and the intertransversarii and psoas major 
muscles were examined. It was searched for which of the 
dorsal rami of the spinal nerves among the erector spinae 
muscle fibers were stained with methylene blue. These 
nerves were followed until the intervertebral foramen. The 
vertebral laminae and articular processes were dissected, 
and then whether the DRGs and ventral rami were stained 
was evaluated. Spinous processes were also dissected, and 
the distribution of dye in the epidural space was assessed. 
Finally, the cauda equina and medulla spinalis were 
excised to search the dye in the anterior epidural space 
and posterior to the intervertebral discs. At each stage 
of the dissection, the extent of lateral and cephalocaudal 
distribution was noted.

3. Results
The whole injection and dissection procedures were 
performed successfully, and all three cadavers were 
included in the study. Through the superficial to the deep 
layers based on a step-by-step approach, there was no 
significant dye within the skin or subcutaneous layers. 
However, a nonsignificant amount of methylene blue 
was noticed to have leaked along the needle path in two 
cadavers. In all injections, the dye was spread along both 
the superficial and deep fasciae of erector spinae muscles, 
mainly in the deep plane. The spread in the lateral direction 
was observed to have reached the medial part of the iliac 
crest (Figure 2A). In addition, in all specimens, staining 
was detected in variable amounts on transversospinales 
(multifidus, rotatores), intertransversarii, quadratus 
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lumborum, and psoas major that are deep muscles of the 
vertebral column.

The involvement of dorsal rami was found to extend up to 
the T12 level and down to the L5 spinal nerves (Figure 2A). 
These levels differed among the samples (Table 1). Although 
dye dispersion was detected on the DRG in all specimens, 
it was found to be limited to one or two levels, unlike the 
dorsal rami (Table 2, Figure 2B). Staining was observed in 
the ventral ramus in half of the samples; however, it was 
limited to a single (L3) level (Figure 3A). The stained dorsal 

rami, DRG, and ventral rami conformed to the spread 
direction as visualized sonographically. The distributions 
mostly occurred unidirectionally (cephalic or caudal).

In addition, the methylene blue was observed in the 
posterior epidural space in half of the samples, corresponding 
to the L3-L4 levels (Figure 2B). No dye was observed in the 
anterior epidural space or posterior to the intervertebral 
discs (Figure 3B). 

Furthermore, there were variations in distribution of 
both sides of the same cadaver and among the cadavers.

Figure 2: (A) Involvement of posterior rami. Please note that the spread of methylene blue is mostly unidirectionally with predominantly 
cephalic or caudal staining (each posterior ramus written in the figure). Lateral spread extends up to medial part of iliac crest. (B) 
Staining of dorsal root ganglia (dashed circles) and epidural region (dashed rectangle). 

Figure 1: (A) Fascial space (arrows). The probe in the longitudinal parasagittal orientation (left bottom). (B) The spinal needle advancing 
from the cephalic to caudal direction using in-plane technique (arrow heads). The needle tip (arrow) located in the target fascial space. 
(C) Linear spread of the fluid throughout the fascial space (arrows). L3 TP, L3 transverse process; L4 TP, L4 transverse process.  
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4. Discussion
The erector spinae muscles extend longitudinally along 
the vertebral column, which facilitates the craniocaudal 
spread in ESPB [20]. Besides, through the gap created by 
fasciae, lateral spread can be achieved, extending to the 
medial part of the iliac crest, i.e. the attachment site of 
iliocostalis lumborum which constitutes the lateral part 
of the erector spinae muscles [4,21]. In the present study, 
we investigated the ESPB in lumbar region in cadaveric 
specimens. We administered the injection into the space 
between the deep fascia of the erector spinae muscles and 
transverse processes. We observed that the methylene 
blue was spread mainly along the deep and medio-lateral 
plane. However, since the fascial space is connected to 
the superficial fascia of the erector spinae muscles [2], 
staining also occurred on the posterior surface of the 
muscles. In this context, we do not agree with the opinion 
of Harbell et al. [14] that thoracolumbar fascia (TLF) 
restricts the posterior spread. Although TLF is thicker 
in the lumbar region as stated, it is unlikely for it to be 
a sufficient barrier to prevent the spread of the injection 
solution to the posterior, and the solution can find its way 
to spread posteriorly. 

The access of the injectate to the anterior aspect lies 
over and below the transverse process (Figure 4). The 
deep muscles of the vertebral column (i.e., psoas major, 
quadratus lumborum, and intertransversarii) limit the 
distribution to the anterior to some extent [22]. Therefore, 
the ventral rami may have been involved just in half of the 
injections in our study. In a study, de Lara González et al. 
[15] reported dissemination before the transverse process 
in most of the samples (75%), but the spread to the ventral 
rami was limited (17%).

Although DRG involvement was identified in all 
injections, it might have been limited to one or two levels 
due to the same reason. On the other hand, when the ESPB 
is performed in the lateral decubitus position, whether the 
distribution can be restricted in the lateral direction and 
head toward the DRG/epidural space located medially 
may be the subject of another study. However, based on 
the staining of the DRG and dorsal rami in all specimens, 
we consider that lumbar ESPB is likely to share the similar 
mechanism of action as the periradicular injection. In this 
regard, our results are not consistent with the cadaveric 
study findings of Harbell et al. [14]. The aforementioned 
authors reported no spread to the DRG; however, in all 

Table 1. Staining of posterior rami†.

Level

Cadaver no. 1 
Cadaver no. 2
(cephalic) 

Cadaver no. 3 
(caudal)Left

(cephalic)
Right 
(caudal)

T12
L1
L2
L3
L4
L5

Blue bars represent the level of involvement. †Methylene blue was used for staining.

Table 2. Staining of dorsal root ganglia†.

 
Level

Cadaver no. 1 
Cadaver no. 2
(cephalic) 

Cadaver no. 3 
(caudal)Left

(cephalic)
Right 
(caudal)

L2
L3
L4
L5

Blue bars represent the level of involvement. †Methylene blue was used for staining.
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cadavers, DRG was stained in our study, which is probably 
the most important finding of the present study. This 
discrepancy between the studies can be attributed to the 
needle positioning over the medial or lateral part of the 
transverse process and anatomical differences. Of note, 
in the study of Harbell et al. [14], no anterior spread 
was observed in any of nine injections, which seems to 
contradict with many case reports [12,13,23]. The most 
important step of ESPB is to position the needle tip exactly 
in the fascial space. It should be kept in mind that the 
spread may remain limited if the needle tip is positioned 
within the muscles over the transverse process. 

In a cadaveric study, Adhikary et al. [24] reported 
epidural distribution in their samples in which they 
administered thoracic ESPB with 20 mL of a radiocontrast 
dye mixture. In another study using a 20-mL volume, 
Harbell et al. [14] reported no lumbar epidural spread. 
In the current study, we used 10 mL of volume. There 
was no epidural spread for each injection. However, in 
half of the injections, the dye reached the dura mater. It 
is likely that, by increasing the volume, to eliminate this 
limitation and even to reach the anterior epidural space. 
In this context, it should be kept in mind that the objective 
of the present study was to elucidate the possible efficacy 
of these injections, if administered in patients with lumbar 
radicular pain. It is not appropriate to use steroids, one 
of the main components of these injections, in such 
high volumes as the methylene blue used in the current 
cadaveric study. In routine clinical practice, we usually use 
2 to 4 mL of dexamethasone for lumbar epidural injections. 
In this case, how much of the diluted steroid in the 20 mL 

mixture arrives at the target would be another question 
to be answered. Considering all these reasons, it cannot 
be speculated that lumbar ESPB is an exact alternative to 
epidural injections.

Nonetheless, the significance of the aforementioned 
issues is still controversial regarding the interventional 
procedures in patients with lumbar radicular pain. 
Although review of the literature reveals more favorable 
results for epidural injections [25,26], some authors have 

Figure 3: (A) Staining of ventral ramus of L3 hold by an orange wire. (B) No staining in anterior epidural space or posterior to the 
intervertebral discs.

Figure 4: A schematic view of lumbar vertebrae and related 
muscles. Deep to the erector spinae muscles, the spinal needle 
extending into the fascial space (target) between the transverse 
process and muscle group. PM, Psoas Major; QL, Quadratus 
Lumborum; Ic, Iliocostalis; Lo, Longissimus; Mf, Multifidus; TP, 
transverse process.
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suggested that epidural injections are not superior to 
selective nerve blocks [27,28]. We believe that further 
studies are needed to elucidate these discrepancies and to 
gain a better understanding of this topic. 

On the other hand, the present study has some 
limitations due to the nature of cadaveric studies. Cadaveric 
models may not represent living subjects exactly. A more 
dynamic and extensive distribution of the injections is 
supposed to occur in living tissues than cadavers [20]. This 
difference may result from tissue tension and pressure 
alterations [4]. Muscle contraction in livings induces not 
only bone movement but also fascial stretching. Thus, the 
local anesthetic, which has already moved on passively 
along the fasciae, is transported similarly to a pump 
mechanism [29]. In addition, the distribution can be 
affected by the use of formaldehyde-embalmed cadavers, 
instead of fresh cadavers. According to this theoretical 
rationale, the factors that we consider limitations to this 
study support our findings implicitly.

Another limitation is related to the spread direction 
of methylene blue. Ivanusic et al. [4] found cephalic 
distribution in their cadaveric study which thoracic ESPB 
was performed. In another cadaveric study in which lumbar 
ESPB was performed, de Lara González et al. [15] reported 
that the spread could occur in both directions. Schoenfeldt 
et al. [30] reported that their clinical observations in these 
procedures were in favor of the caudal spread. The authors 
also emphasized that the conflict could be explained by 
the difference between cadavers and living subjects. In 
our study, we administered all of the injections between 
the L4 transverse process and the deep fascia of the erector 
spinae muscles. The fluid was spread predominantly in the 
cranial direction in half of the injections, whereas caudal 
spread was prominent in the other half. Consequently, 
T12-L3 dorsal rami and L2, L3 DRG were stained with 
cranial spread, while L3-L5 dorsal rami and L4, L5 DRG 
were involved in caudal spread (Tables 1 and 2). The lack 
of any staining in the S1 dorsal rami and limited spread 
in the caudal direction in our study are consistent with 
previous findings of the studies of Harbell et al. [14] 
and de Lara González et al. [15]. Although it seems to 
complicate performing the block at the targeted level, it 
was considered a condition, which could be avoided. 
Therefore, we administered 2 mL of saline solution (0.9%) 
into the fascial space before injecting the methylene blue. 
Thus, we confirmed that the needle was in the proper 

location and documented the direction of the fluid 
spread. The results after dissection proved that the stained 
spinal nerves and DRG coincided with the direction of 
distribution as evidenced by US imaging. In the light of 
these findings, we recommend injecting a saline solution to 
the target point and identifying the direction of the spread 
in the treatment of low back pain. If no spread occurs in 
the intended direction, it would be wise to terminate the 
procedure by drawing the needle back and to perform 
the procedure at another level. However, since regional 
anesthesia requires higher volumes with a greater extent of 
spread [10], drawing the needle back and identifying the 
direction of the spread as in the lumbar radicular pain may 
be clinically less significant in these procedures.

The guidance of the US has certain merits, including 
having no radiation exposure, being relatively inexpensive 
and accessible thanks to its portable design [31]. All of those 
are the distinctive features of the US from other imagining 
technologies. In addition, it can visualize soft tissues and 
vessels through real-time visualization [31,32].	

5. Conclusion
Based on our study results, we suggest that the ESPB 
injection using 10 mL of volume may be an alternative to 
periradicular injection. If higher volumes are administered, 
these blocks may be preferred to epidural anesthesia. In 
addition, the ESPB reduces the complication risks owing 
to being a superficial injection technique. Therefore, the 
lumbar ESPB is an option, which should be kept in mind, 
particularly in case of altered lumbar spine anatomy (i.e. 
lumbar spondylosis, spinal stenosis, scoliosis, or fractures), 
bleeding diathesis, and allergy to contrast materials. 
Additionally, it may be considered the first-line treatment 
or anesthesia method taking the advantages of US. The 
level of recommendations presented is inevitably confined 
to further clinical researches in this field.
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