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Abstract. The erector spinae plane block (ESPB) is a novel 
fascial planar block technique, which is used to reduce 
postoperative pain in several surgical procedures, including 
breast, thoracic, spine and hip surgery. Due to its recognizable 
anatomy and low complication rate, the application of ESPB 
has been significantly increased. However, it is rarely used 
in clinical practice for postoperative analgesia after posterior 
lumbar spine surgery, while the choice of adjuvant drugs, 
block levels and drug doses remain controversial. Based on the 
current literature review, ropivacaine and dexmedetomidine 
could be considered as the best available drug combination. 
The present review aimed to analyze the currently available 
clinical evidence and summarize the benefits and challenges 
of ESPB in spinal surgery, thus providing novel insights into 
the application of ESPB in the postoperative management of 
posterior lumbar surgery.
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1. Introduction

Patients undergoing posterior lumbar spine surgery commonly 
experience severe postoperative pain due to skin and para‑
spinal tissue dissection and bone tissue removal. In a study 
comparing the intensity of postoperative pain on the first day 
after surgery, in 179 different surgical procedures across a 
wide range of surgical specialties, lumbar spinal fusion surgery 
ranked second in terms of pain intensity (1,2). Inadequate 
control of acute pain can potentially lead to the development of 
chronic pain, which can significantly affect patients' recovery 
and postoperative quality of life (3).

The most common postoperative pain management 
approaches for posterior lumbar spine surgery include oral 
or intramuscular opioid medications, patient‑controlled intra‑
venous analgesia, epidural analgesia and continuous wound 
infiltration. These pain management strategies are commonly 
associated with the significant administration of opioid 
medications, which can interfere with normal gastrointestinal 
motility, increase the incidence of respiratory complications 
and prolong hospital stay (4). Strategies for promoting rapid 
postoperative recovery typically include the use of regional 
anesthetic techniques, which can reduce the use of opioid 
medications (5).

There are several analgesic options for postoperative 
lumbar spine surgery, including traditional local wound 
infiltration anesthesia, erector spinae plane block (ESPB) and 
thoracolumbar interfacial plane (TLIP) block (6). Local wound 
infiltration anesthesia is characterized by the infusion of 
anesthetics at the incision site, thus reducing pain via blocking 
peripheral nerve endings. This is a simple and safe analgesic 
option that relieves postoperative pain and reduces the use 
of opioids. However, this option can be applied only in a few 
hours after surgery and has a limited range of blockade (7). 
Since lumbar spine surgery requires stripping the paraspinal 
muscles and removing part of the vertebrae, analgesia is mainly 
aimed at blocking the dorsal branch of the spinal nerves that 
innervate the spine and paraspinal tissues (8). ESPB functions 
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via blocking the dorsal branch of the spinal nerves, which is 
considered as the best way to alleviate pain after lumbar spine 
surgery. In addition, it is applied far away from the incision 
site, thus reducing the risk of poor incision healing and infec‑
tion. The aforementioned finding was verified by a previous 
randomized controlled trial, where ESPB and local wound 
infiltration were performed with the same dose of anesthetics 
in lumbar spine surgery. Therefore, lower postoperative 
numerical rating scale scores, decreased postoperative opioid 
consumption and shorter hospital stay were recorded in the 
ESPB group, thus further supporting the beneficial effect of 
ESPB on controlling postoperative pain and reducing opioid 
consumption (9).

TLIP, originally proposed by Hand et al (10), blocks the 
posterior branch of the spinal nerve and its branches across 
the paraspinal muscles via the injection of anesthetic drugs 
into the fascial plane between the longest and the multifidus 
muscle. This method was later modified via injecting anes‑
thetic drugs into the fascial plane between the longest and the 
iliopsoas muscle away from the midline (11). TLIP is an inter‑
muscular fascial plane block, which is prone to deforming the 
lumbar spinal structures, thus interfering with the recognition 
of the injection site and the diffusion of local anesthetic (LA) 
drugs (12). ESPB can inject anesthetics deep into the muscle, 
which in turn can spread over the fatty interosseous compart‑
ment to the cranial and caudal sides, thus allowing for a wider 
range of block and avoiding the drug from being washed out 
during surgery. Therefore, it mainly focusses on lumbar spine 
postoperative analgesia and can therefore improve the duration 
and quality of analgesia (13). A study based on the efficacy 
and safety of ESPB and TLIP in spinal surgery demonstrated 
that ESPB exhibited lower pain scores and reduced opioid 
consumption in the short‑term postoperative period and 
improved analgesic effects compared with TLIP, thus effec‑
tively relieving lumbar postoperative pain (14).

In summary, analgesia after lumbar spine surgery is 
currently a thorny problem for surgeons, yet there is no perfect 
solution. The ESPB is a new fascial plane block technique that 
is simple to perform, has a low learning curve, achieves effec‑
tive analgesia in the acute postoperative period, and has fewer 
complications, making it a highly desirable postoperative anal‑
gesic solution for lumbar spine. Moreover, it has significant 
advantages over other analgesic protocols such as local wound 
infiltration anesthesia and TLIP. Secondly, the application of 
ESPB in postoperative analgesia after lumbar spine surgery is 
relatively rare (15), and there are still more controversies about 
adjuvant drugs, block level selection and drug dosage. There 
are fewer reviews that comprehensively summarize adjuvant 
drugs, block level selection and drug dosage. Finally, previous 
and recent studies were summarized and the currently more 
academically accepted ESPB‑based lumbar postoperative 
analgesia regimen was proposed. Therefore, the present 
review may be important for further in‑depth clinical or basic 
research.

2. Origin and mechanism of ESPB

ESPB, a relatively novel regional anesthesia technique intro‑
duced by Forero et al (16) in 2016, involves the injection of a 
LA into the fascial plane between the transverse process (TP) 

and the erector spinae muscle (Fig. 1). LAs can diffuse through 
the fascial plane into a cranio‑caudal and medial‑lateral direc‑
tion, thus resulting in blockade of the posterior branches of 
the spinal nerves around the erector spinae muscle, eventually 
promoting analgesia. Currently, the particular mechanisms 
underlying the effects of ESPB are not fully understood. The 
prevailing hypothesis is based on the idea that LAs diffuse 
cranially and caudally through the thoracolumbar fascia, 
thus resulting in multiple areas of sensory block (17). Several 
studies have suggested that the mechanism involves the spread 
of LAs into the paravertebral space, intervertebral foramina 
and extradural space, thereby reaching the dorsal branches 
of the spinal nerves and the communicating branches of the 
sympathetic chain, eventually causing blockade (18). Another 
potential mechanism is based on the systemic absorption of 
Las (19).

3. Ultrasound‑guided ESPB

Ultrasound‑guided ESPB allows clinicians and patients to 
avoid ionizing radiation and is recommended in particular 
populations, such as obstetrics or pediatrics (20). The afore‑
mentioned method allows for more precise targeting and 
real‑time monitoring of the extent of drug diffusion during 
injection. Following the induction of general anesthesia, the 
patient is placed in the prone position and bilateral ESPB is 
performed prior the surgical incision. The surgical procedure 
is shown in Fig. 2. An ultrasound probe is first used to locate 
the sacrum in the sagittal plane and then the probe is moved 
cephalad to find the corresponding lumbar vertebral level. A 
high‑frequency linear probe is positioned into the parasagittal 
midline to identify the spinous processes. The probe is then 
moved laterally to visualize the tip of the TP and the erector 
spinae muscles ~4‑6 cm lateral to the spinous process. Τhe 
needle is subsequently tilted to the side of the head and is pulled 
back slightly when it touches the transverse protuberance. To 
verify and open the correct plane, a saline hydro‑dissection is 
conducted. After the correct position of the needle is verified, 

Figure 1. Cross sectional magnetic resonance imaging of the L1 VB. The 
blocking site, namely the fascia compartment of the erector spinal muscle, is 
indicated by an arrow. L1 VB, lumbar 1 vertebral body; ESM, erectoral spine 
muscle; TP, transverse process; QL, quadratus lumborum; PM, psoas major.
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repeated aspiration is performed. Ιf no blood is drawn, then 
20‑30 ml of LA solution is injected (21,22). Although TLIF 
and PLIF surgery in the posterior lumbar can expose muscles 
to the articular process joints or the base of the TP, surgeons 
can more accurately and directly inject drugs into the fascia 
plane between the TP and the erector spinae muscles before 
wound suturing. However, ultrasound guided ESPB has the 
following advantages: Firstly, an intact deep fascial plane is 
necessary for improved diffusion of the anesthetic solution 
craniolaterally and caudolaterally to achieve greater analgesia. 
Secondly, ESPB is time‑delayed, and in order to prevent the 
anesthetic effects of ESPB from being untimely in the post‑
operative period, it is usually necessary to perform the block 
earlier. Finally, lumbar spine surgery is becoming increasingly 
inclined to be minimally invasive, and for most procedures 
that do not require lumbar muscle exposure, the advantages of 
preoperative ESPB are even more pronounced.

4. Selection of anesthetics and adjuvants for ESPB

Selection of LA drugs. ESPB has been extensively used in the 
postoperative period in several surgical procedures, including 
breast, thoracic, abdominal and spinal surgery. Its effective‑
ness has been confirmed (15). However, the analgesic effect of 
a single block is usually temporary, lasting no more than 24 h. 
The difference in block time mainly depends on the type of 
LA used and the amount of injection (23). Currently, the most 
commonly used anesthetics for ESPB include ropivacaine and 
bupivacaine, at concentrations of 0.2‑0.5% (24). The analgesic 
mechanisms of ropivacaine and bupivacaine have been previ‑
ously elucidated in both basic and clinical studies. Therefore, 
a study reported that both drugs could preferentially block 
c‑, A‑delta and A‑beta fibers, thus inhibiting pain transmis‑
sion and exerting analgesic effects (25). Compared with 
lidocaine, ropivacaine and bupivacaine are characterized by 
higher drug dissociation and constant lipid solubility, which 
is beneficial for diffusion within the nerve and ion channel 
blockade (26), eventually resulting in a faster onset of action 
and improved analgesic efficacy. Ropivacaine and bupivacaine 
are medium‑ to long‑acting LAs and their analgesic effect 
lasts for ~8‑12 h. Therefore, simply increasing their concen‑
tration or dosage cannot significantly extend their analgesic 
effect (27,28). However, severe pain after posterior lumbar 

surgery commonly occurs on the first day after surgery. Since 
single block alone is not sufficient to reduce postoperative pain 
and opioid consumption, high doses of opioids are required to 
relief patients' pain within the first day after surgery. Therefore, 
extending the duration of a single ESPB for pain relief is of 
great importance.

Adjuvant. The placement of a catheter for nerve block can 
prolong postoperative analgesia. However, catheter placement 
can increase operation time, cost and the risk of infection and 
neurological complications (29). To overcome this shortcoming, 
various adjuvants, such as epinephrine (30), sufentanil (31), 
midazolam (32), clonidine (33) and butorphanol (34) have been 
used in combination with anesthetics to prolong analgesia, 
however, with limited success. A previous study identified 
dexmedetomidine and dexamethasone as clinically effective 
adjuvants (35).

Dexmedetomidine, an alpha‑adrenergic receptor agonist, 
is a highly selective drug with anti‑anxiety, sedative and 
analgesic properties (36). It is currently receiving increasing 
attention as an adjunct to regional anesthesia. Previous 
studies also revealed that the application of dexmedetomidine 
combined with LAs in nerve and fascia blocks could accelerate 
block onset, prolong block duration, enhance analgesic effects 
and significantly reduce opioid consumption (37,38). The 
locking mechanism could be as follows: Dexmedetomidine is 
an imidazole derivative with a prolonged analgesic action (39). 
It has been reported that it can promote vasoconstriction, 
delay the absorption of LAs and prolong the effect of Las (40). 
Another study suggested that dexmedetomidine could block 
hyperpolarized sodium and potassium ion currents, thus 
attenuating acute LA‑induced peripheral inflammation (41). 
Additionally, the combination of dexmedetomidine with ropi‑
vacaine in ESPB could prolong sensory blockade for 18‑24 h, 
thus significantly prolonging postoperative analgesia and sleep 
duration, ultimately resulting in rapid recovery (21). A previous 
meta‑analysis indicated that low dose of dexmedetomidine, as 
an adjunct to ESPB, exerted a beneficial effect on postoperative 
analgesia and reduction of nausea, without increasing the risk 
of arrhythmias and hypotension. Different doses of dexme‑
detomidine exhibited different effects on prolonging analgesia, 
with dexmedetomidine at doses of 1 and 0.5 µg/kg prolonging 
analgesia by ~11 and 4.86 h, respectively (42). Although 

Figure 2. (A) Ultrasound‑guided ESPB at L4 site; the patient is female (68 years old; weight, 75 kg; height, 155 cm). (B) Ultrasound image showing the trajec‑
tory of the needle in the L4 plane during the ESPB process (arrow). (C) The area within the yellow line indicates the deep diffusion of the local anesthetic into 
the erector spinal muscle. ESPB, erector spinae plane block; L4, lumbar 4.
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increasing evidence has suggested that dexmedetomidine, as 
an adjunct to LA, can prolong analgesia, further subgroup 
studies are needed to determine the optimal drug doses and its 
associated complications.

It has been verified that dexamethasone, a highly potent 
and long‑lasting glucocorticoid, has analgesic and anti‑inflam‑
matory effects (43). The combination of dexamethasone with 
LAs cannot only shorten the onset of sensory and motor 
blockade, but also prolong the duration of analgesia or 
sensory block. Its prolonged analgesic effect could be due to 
the capacity of dexamethasone to inhibit potassium channels 
through glucocorticoid receptors, thus reducing the activity 
of pain sensory C‑fibers (44). Dexamethasone is a steroid 
that promotes vasoconstriction and reduces the absorption of 
Las (45). Once absorbed into the blood vessels, dexamethasone 
has a systemic anti‑inflammatory effect. A study suggested that 
co‑administration of dexamethasone with LAs (ropivacaine or 
bupivacaine) could notably prolong nerve blockade. Although 
bupivacaine demonstrated a longer duration of blockade 
compared with ropivacaine, its combined effect with dexa‑
methasone resulted in an almost identical analgesia at 22 h 
(1.9‑fold for ropivacaine and 1.5‑fold for bupivacaine) (28). 
The aforementioned findings suggested that prolongation of 
analgesia could be associated with the co‑administration of 
dexamethasone. However, further dose‑related studies are 
needed to improve elucidation of the optimal balance between 
drug doses, efficacy and side effects, particularly in low‑dose 
studies.

5. Injection plane and amount

There is an ongoing debate regarding the efficacy, injection 
site and dosage of ESPB. Due to the relatively larger size and 
thicker fascia surrounding the lumbar erector spinae muscles, 
lumbar ESP injections have limited cranial and caudal diffu‑
sion compared with the thoracic ones. In lumbar posterior 
surgery, the lower thoracic ESPB can only extend to the L2‑L3 
level. Therefore, the analgesic efficacy of high‑level injections 
remains unconfirmed (46). A study investigating ESPB at 
different levels, including the thoracic, lumbar and respon‑
sible vertebral levels, indicated that performing ESPB at the 
respective vertebral incision level could be the most appro‑
priate approach compared with the fixed lumbar or thoracic 
levels (15). However, the majority of studies do not provide a 
precise description of the injection site. In another cadaveric 
study investigating drug spread in the lumbar erector spinae 
plane, 20 ml solution was injected into 12 erector spinae 
planes of six cadavers. The selected injection site was at the 
midpoint between the spinous and TP. Finally, two samples 
showed anterior spread beyond the TP (47). However, in 
another experimental study conducted on five cadavers with a 
total of nine erector spinae muscle regions, injection of 20 ml 
solution exhibited no anterior spread in all samples. However, 
the selected injection site was at the tip of the TP (48). The 
aforementioned results indicated that different injection sites 
in the same plane could result in varying range of solution 
spread, with injections closer to the midline and paravertebral 
space being more likely to penetrate the paravertebral space 
or the lumbar plexus, thus leading to lower limb motor weak‑
ness (46).

In addition to the injection site, the effectiveness of 
blockade varies with the volume of anesthetic injected. 
Studies on anesthetic injection volumes tended to favor larger 
anesthetic volumes, with the majority of them reporting a 
volume of 20‑30 ml per side as the appropriate anesthetic 
volume after spinal surgery (25). A cadaveric study revealed 
that injecting 20 ml dye on one side resulted in limited spread 
only to the posterior margin of the TP. However, injection 
with 30 or 40 ml of dye promoted its spread to the anterior 
TP area, the paravertebral space of the lumbar spine and 
part of the lumbar plexus (49). The aforementioned finding 
suggested that ESPB exhibited volume‑dependent diffusion. 
However, the aforementioned cadaveric study had some limi‑
tations, since dye diffusion in the living human body could 
be different, with particular anatomical features affecting 
propagation. In addition, there could be a variation in the 
permeability and spreading potential of LAs compared with 
dye solutions.

Data on the association between injection sites and volumes 
and the diffusion of LAs are listed in Table I. These data could 
be used as a reference for the level of ESPB in posterior lumbar 
surgery. According to Table I, a volume of ~4‑6 ml LA is typi‑
cally required to cover a single lumbar vertebral body. The 
most common blocks are at the L3 and L4 levels. Therefore, at 
the aforementioned levels, 20 ml of LA can cover almost the 
entire lumbar vertebral level and diffuse to the L2‑S1 level, 
respectively. Therefore, increasing the volume of anesthetic 
can extend the diffusion of the LA to cover more vertebral 
levels.

In summary, the current literature review indicated that 
ropivacaine and dexmedetomidine could be the best currently 
available drug combination for posterior lumbar surgery. 
Therefore, the combination of ropivacaine at a concentration 
of 0.375% with 1 µg/kg dexmedetomidine, with 20 ml of the 
drug injected in the plane of the lumbar surgical site, is consid‑
ered as the optimal analgesic regimen for posterior lumbar 
surgery (21,42,57,58).

6. Complications

ESPB is characterized by a low complication rate, including 
local infection, nerve and vessel injury, hematoma forma‑
tion, LA toxicity reactions, block failure, as well as specific 
spinal surgery‑related complications, such as lower limb 
motor and sensory impairment (55,59). However, it has been 
reported that when lower limb motor and sensory impair‑
ments occur after ESPB, neurologic recovery typically 
follows a distal‑to‑proximal pattern. Therefore, impairments 
are gradually improved from the periphery to the center, 
with sensory recovery preceding motor one. This pattern is 
commonly observed ~90 min after patient awakening from 
general anesthesia (60).

7. Limitations and drawbacks

Since ESPB delays postoperative analgesia in the lumbar 
spine and it often takes ~1.5 h to achieve maximal analgesic 
efficacy, it is commonly administered prior anesthesia (61). 
Ultrasound‑guided ESPB often requires additional preparation 
space, time and sedation (62). Accurate ultrasound localization 
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in obese patients and severely degenerated spinal structures 
remains a challenge (20). However, obesity and severe spinal 
degeneration are common in lumbar fusion surgery.

8. Conclusions

In posterior lumbar surgery, ESPB can alleviate postoperative 
pain, reduce opioid consumption and shorten hospital stay, 
thus making it a safe and effective approach. By adjusting 
the choice of LA and the level of blockade, maximum pain 
relief can be achieved, thus providing postoperative comfort 
and improving sleep in patients undergoing lumbar surgery, 
eventually enhancing their satisfaction. Ropivacaine and 
dexmedetomidine could be considered as the best currently 
available drug combination. The current review aimed to 
help spine surgeons to safely incorporate these blockade 
techniques into the clinical practice, thus accelerating patient 
recovery.
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Table I. Relationship between local anesthetic volume and diffusion level.

        Capacity/
  Experimental  Capacity Blocking Diffusion number of
(Refs.) Year sample type Local anesthetic (one side) site level segments

Tulgar and 2018 Patient Bupivacaine 0.25% + 30 ml L4 T12‑L4 6
Senturk (50)    lidocaine 0.3%    
Chung and 2018 Patient 5 ml 2% lidocaine and 15 20 ml L4 L2‑S1 4
Kim (51)   ml contrast medium    
De Lara 2019 Corpse Contrast medium 20 ml L4 L2‑L5 5
González et al (47)       
Mantuani et al 2019 Patient 20 ml of 1% lidocaine 20 ml L1 T10‑L2 4
(52)    containing adrenaline    
Celik et al (53) 2019 Patient 40 ml injection, including 40 ml L4 L1‑S4 4.4
   20 ml bupivacaine, 10 ml    
   lidocaine, 8.6 ml physiological    
   saline, 40 mg/ml    
   methylprednisolone, 1 ml, and    
   0.4 ml contrast agent     
Ahiskalioglu 2020 Patient 20 ml 0.5% bupivacaine, 10 20 ml L4 L2‑L5 5
et al (54)    ml 2% lidocaine, and 10 ml    
   physiological saline    
Breidenbach 2023 Corpse 1 ml methylene blue and 19 20 ml L4 L2‑S1 4
et al (55)   ml 0.25% bupivacaine    
Zhang et al (56)  2021 Patient 20 ml 0.4% ropivacaine 20 ml L3 L1‑L5 4
Yi‑Han et al (21) 2022 Patient 20 ml 0.375% ropivacaine 20 ml L3 L1‑L5 4
   and 20 ml dexmedetomidine    
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