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Purpose: The spinal nerve ligation (SNL) model is a typical peripheral neuropathic pain model. During its construction, the removal 
of paraspinal muscles and transverse processes typically occurs, resulting in additional trauma that may potentially affect the 
pathophysiologic process of neuropathic pain. This study aimed to investigate the feasibility of establishing a more reliable SNL 
model using an oblique lateral approach.
Methods: 36 adult male Sprague-Dawley rats were randomly divided into three groups: the traditional SNL (T-SNL) group, the new 
SNL (N-SNL) group (where the left L5 spinal nerve was ligated with a titanium clip via an oblique lateral approach), and the sham- 
operated (Sham) group. The operation time, Intraoperative bleeding, the number of rats that died, gait behavior, mechanical and cold 
pain threshold were recorded and measured. Stereology technology was used to calculate the number of microglia in spinal dorsal 
horn, and the Enzyme-linked immunosorbent assay (ELISA) technology was used to detect the expression of TNF-α and IL-1β in 
spinal cord as well as C-reactive protein (CRP) in serum in order to assess the effect of surgery on animal inflammation.
Results: Compared with the T-SNL group, operative time and intraoperative bleeding were significantly decreased in the N-SNL 
group. Within 14 days postoperation, one rat in the N-SNL group was died, two rats in the T-SNL group were died. Compared with the 
Sham group, the N-SNL group showed obvious spontaneous pain behavior, decreased the pain thresholds, the number of microglia and 
the expression of TNF-α and IL-1β were significantly increased, and there was no significant difference in these indexes compared 
with T-SNL group. There was no significant difference in serum CRP levels among the three groups.
Conclusion: This study suggests that the oblique lateral approach SNL model is a reliable NP model with the advantages of good 
reproducibility, accessibility, and low trauma.
Keywords: animal model, mechanical pain threshold, hyperpathia, microglial, peripheral nerve injury, inflammatory

Introduction
Neuropathic pain (NP) is pain caused by a somatosensory system lesion or illness, in which peripheral nerve injuries are 
an important cause of induced neuropathic pain.1 NP manifests as spontaneous pain, hyperalgesia, and allodynia. And it 
is associated with high healthcare costs, decreased quality of life for patients, and increased societal burdens.2 Due to its 
complex mechanisms, effective therapeutic options for NP are lacking.3

Lumbar disc herniation (LDH) induces NP by compressing and irritating spinal nerve roots, leading to local 
inflammation and pain. The persistent pain and hyperalgesia symptoms generated by the spinal nerve ligation (SNL) 
model closely resemble those seen in clinical LDH-induced spinal nerve root irritation or compression. The SNL model, 
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introduced by Kim et al in 1992, and was constructed by firmly ligating of the L5 spinal nerve or the L5 and L6 spinal 
nerves.4,5 However, this model required animals to be prone position, with surgical exposure achieved by incising the 
skin along the L4-L6 paraspinal region, followed by removal of paraspinal muscles near the mastoid process and 
transverse process.4–7 Unfortunately, our previous study and others have encountered difficulties in replicating this SNL 
model.6,8 Firstly, removal of paraspinal muscles and resection of transverse processes caused additional tissue damage 
and interfered with pathophysiological mechanisms.9 Secondly, silk ligation of the L5 spinal nerve could easily result in 
pulling damage to the nerve, and the narrow surgical field made it challenging to achieve consistent ligation strength, 
thereby affecting post-surgery behavioral test outcomes in animals. Finally, severe postoperative local adhesions, high 
infection rates, and a high failure rate in modeling further limited the applicability of the model.6,8 Despite improvements 
in the SNL model, the need for transverse process excision remained, with a high risk of L4/L5 spinal nerve amputation 
during transversectomy.9,10 We discovered that the current clinical use of oblique lateral lumbar fusion for treating 
lumbar degenerative diseases is highly effective.11–13

Microglia, the predominant immune cells in the central nervous system (CNS), exhibited a significantly increase in 
number within the L5 spinal dorsal horn in our previous study of the SNL model.8,14 Activated microglia can release 
various inflammatory mediators, including IL-1β and TNF-α, through activation of corresponding inflammatory signaling 
pathways such as mitogen-activated protein kinase (MAPK) and nuclear factor-κB (NF-κB). These mediators maintain 
neuronal hyperexcitability and contribute to the onset and progression of NP.15–17

Therefore, we explored an SNL model that is easier to manipulate, less local injury and higher modeling success rate 
via an oblique lateral approach. To assess the feasibility of this approach, we introduced titanium clips for spinal nerve 
ligation following exposure of the surgical field using the oblique lateral approach in the SNL model, and collected 
operation data, evaluated postoperative pain-related behavior and systemic and local inflammatory responses.

Materials and Methods
Animals
The Experimental Animal Center of North Sichuan Medical College provided 36 adult clean-grade Sprague-Dawley 
male rats weighing 180–220 g (Animal Use License No. SYXK (Chuan) 2018–076). Rats were kept at temperatures of 
20°C to 25°C under a 12 h/12 h light/dark cycle with add libitum access to food and water. All experimental procedures 
were approved by the ethic committee of North Sichuan Medical College and followed ethical guidelines for investigat
ing experimental pain in conscious Animals (License No. NSMC-202209).

Since our previous study found that the mortality rate of SNL model rats was much higher than that of the Sham rats, 
the 36 rats used in this study were divided into three groups: traditional SNL-model group (T-SNL group, n=14) in which 
the L5 spinal nerve was exposed via the posterior approach, with the nerve being ligated using silk; new SNL-model 
group (N-SNL group, n=14) in which the L5 spinal nerve was exposed through an oblique lateral approach and ligated 
with titanium clip; sham-operated group (Sham group, n=8) in which the L5 spinal nerve was exposed via oblique lateral 
approach without the nerve being ligated. All the operations were on the left sides and the right sides of the rats was 
untreated. Within 14 days postoperation, 1 and 2 rats died in the N-SNL and T-SNL groups, respectively. Some rats with 
behavioral tests not meeting the pain behavioral criteria were excluded, resulting in the final number of animals in each 
group being 6 rats in the Sham group, 10 rats in the N-SNL group, and 10 rats in the T-SNL group.

Surgical Methods
The following surgical operations were carried out in a sterile environment:

Surgical Procedures for the T-SNL Group
For T-SNL group, refer to the method of Kim et al.4,5 In brief, rats were positioned prone under isoflurane anesthesia (3– 
4% induction, 2% maintenance). Longitudinal incisions of 3–4 cm were made 0.5 cm to the left of the spine at the L4-S2 
levels, exposing the skin on the rats’ backs. Paravertebral muscles were separated along the spine, fully exposing the 
vertebrae. The L6 transverse process was then removed, and the L5 spinal nerve was exposed and ligated using 6–0 
sutures.
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Surgical Procedures for the N-SNL Group
Preoperative preparation included a U-shaped titanium clip (diameter 6 mm, length 3–4 mm) along with a matching 
titanium clamp (FQC-1, Linya Medical Instruments Co, Ltd, Nanchang, Jiangxi, China) (Figures 1A–D), in addition to 
other commonly used surgical instruments. Under isoflurane anesthesia, experimental animals were positioned in the 
right lateral decubitus. An oblique incision was made between the upper margin of the L4 spinous process and the upper 
margin of the S1 spinous process, by starting at the left anterolateral 0.5 cm above the L4 spinous process and extending 
to the left hip tubercle. The incision was then extended horizontally to the left of the upper margin of the S1 spinous 
process, with a length of approximately 2.5 cm (Figure 1E). After incising the skin and subcutaneous tissues, the external 
oblique abdominal muscle, internal oblique abdominal muscle, and transverse abdominal muscle were sequentially 
incised to expose the peritoneum and lumbar square muscles (Figure 1F). To expose the surgical field, the peritoneum 
was ventrally pulled while minimizing peritoneal damage using gauze or cotton balls.

The iliopsoas was located inward along the quadratus lumborum, and the two muscles were separated along the spine 
by a gap (Figure 1G). A spreader was used to prop open the two muscles, revealing the L3 spinal nerve. On the medial 
side of the L3 spinal nerve, the L4 spinal nerve was identified, followed by the visualization the L5 spinal nerve along the 
L4 spinal nerve to the caudal end (Figure 1H). Nerve damage and excessive pulling of the L4 spinal nerve should be 
avoided throughout the entire procedure.

Figure 1 Construction of a new L5 spinal nerve ligation model by oblique lateral approach. (A–D) Homemade U-shaped titanium wire clip and matching titanium clamp. (E) 
Location and size of the surgical opening. (F) Peritoneum and quadratus lumborum. : Quadratus lumborum; : extraperitoneal adipose tissue. (G) The muscle space between 
the quadratus lumborum and the iliopsoas. : Quadratus lumborum; White dotted line: intermuscular space. (H) Diagram illustrating the positional connections of L3, L4, and L5 
spinal nerves, and ligation of the L5 spinal nerve using titanium clips. : L3 spinal nerve; : L4 spinal nerve; : L5 spinal nerve and titanium clamp ligation location.
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The self-made sterile U-shaped titanium clip was then installed onto the matching titanium clamp and tightly ligated 
the L5 spinal nerve (Figure 1H). Upon confirmation of nerve ligation, the muscle layer and skin were sutured, the skin 
was sterilized again, and the modeling procedure was completed. Rats were provided unrestricted access to food and 
water post-surgery.

Considerations while using this modeling method include: i. Accurate identification of the gap between the lumbar 
square muscle and the iliopsoas muscle; ii. Precise determination of the anatomical positions of the L3, L4, and L5 spinal 
nerves to avoid misidentification and misligation; and iii. Minimization of excessive stretching of L4 during the search 
for and ligation of L5 nerves.

Surgical Procedures of the Sham Group
The surgical procedures were identical to those outlined for the N-SNL group, except that the L5 spinal nerves were not 
ligated.

Observation Indicators
Detailed records of operation duration were kept for all three groups of rats during modeling, with the total length of time 
calculated as the duration from the beginning of anesthesia to the end of anesthesia. Intraoperative bleeding was 
estimated using gelatin sponges, and the difference in weight of the sponges before and after the operation indicated 
intraoperative bleeding in the rats. At 14 days postoperatively, following completion of behavioral tests, the number of 
deaths in each group of rats was recorded.

Observation of General Behaviors
The mental health, hair luster, and weight changes of the rats were documented before and after surgery. Wounds were 
examined for damage, infection, or suppuration post-surgery, among other factors. Postural responses were observed and 
documented, such as everting of the left rear paws, spontaneous foot lifting/shaking/licking, and other behaviors.

Behavioral Testing
Behavioral tests were tested in a double-blind manner by two researchers with the same training and testing criteria. The 
researchers did not know how the rats were grouped before the test. The average of the two researchers’ results was 
recorded as the pain threshold. Behavioral tests were performed at consistent times to minimize the influence of the rats’ 
biological clock phenomenon on the experimental results. The positive reaction was paw withdrawal and foot lifting in rats.

50% Paw Withdrawal Mechanical Threshold (PWT)
Rats were acclimated to the test area for at least three days before measurements. Von-Frey filaments of varying (0.6 g, 
1.0 g, 1.4 g, 2.0 g, 4.0 g, 6.0 g, 8.0 g, 10.0 g, and 15.0 g) were selected for vertical stimulation of the lateral plantar 
aspect. Measurements were taken one day prior to surgery and at 4, 7, 10, and 14 days post-surgery. First, 4.0 g of fibrils 
were selected, and then the 50% PWT threshold was calculated for rats according to the “up-down” method.18

Percentage of Paw Withdrawal After 6.0 g Mechanical Stimulation
Using only the 6.0 g von Frey filaments, the fraction of paw withdrawal in response to increased mechanical stimulation 
was measured. Three groups of rats were evaluated in turn, with five measurements (5-minute intervals) on each side. 
Lastly, the five-fold paw withdrawal reaction rate was calculated, which is the proportion of paw withdrawal produced by 
rats in response to 6.0 g of mechanical stimulation.

Cold Allodynia Threshold
To assess foot sensitivity to cold, foot responses to acetone were measured. Pre-cooled acetone (100 μL) was applied to 
the plantar surface of the foot while the rat was at quiet. The time of positive response (lifting/shaking/licking, etc) was 
recorded for 30 seconds. Each paw was tested three times (5-minute intervals), and the average of the three measure
ments was recorded as the response time on that side.
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Iba-1 Immunohistochemical Staining
Retrieval and Embedding: Rat intumescentia lumbalis were retrieved under anesthesia on the 15th postoperative day. The 
intumescentia lumbalis was divided into two parts along the L5 spinal nerve root: the head end and the tail end. Either the 
head end or the tail end was randomly selected for subsequent experiments. The selected tissue blocks were fixed in 4% 
paraformaldehyde for 48 hours, dehydrated in 70% ethanol, and stored in fresh 70% ethanol solution for 24 hours. 
Standard paraffin dehydration and embedding were performed.

Sections of 10 μm thickness were cut using a paraffin microtome (YGQ-3126D, Yaguang Medical Electronic 
Technology Co, Ltd, China).

Iba-1 immunohistochemical staining: After conventional paraffin dehydration, immunostaining was conducted using 
a commercial kit (E-IR-R217, Elabscience, Wuhan, Hubei, China). Briefly, sections were washed with PBS, treated with 
0.4% Triton X-100 for 25 minutes, and subjected to antigen retrieval in citrate antigen repair solution (pH = 6.4) in 
a microwave oven over medium heat for 15 minutes. Subsequently, 3% H2O2 was incubated for 10 minutes. The sections 
were then blocked with 10% goat serum for 30 minutes, followed by incubation with rabbit anti-mouse Iba-1 (1:300, 
Proteintech, Wuhan, Hubei, China) overnight at 4°C. After washing with PBS, the sections were incubated with the 
secondary antibody for 30 minutes at 37°C. DAB was used for color development for 30–90 seconds. The sections were 
rinsed with tap water, counterstained with hematoxylin for 2.5 minutes, dehydrated, cleared, and sealed with neutral 
resin. PBS was used as the primary antibody in the negative control.

Stereological Measurement
Sections were observed and measured in a blinded manner. The sections were renumbered prior to measurement to 
ensure that the group and side of the section were unknown to the observer at the time of measurement. A professional 
stereology set (NewCAST, Visiopharm, Denmark) equipped with an Olympus BX51 (Olympus, Japan) light microscope 
was used for examination and photography. Sections stained with Iba-1 (3 sections in each group) were delineated under 
the × 4 objective lens, followed by examination under the × 20 lens. Each field of view was overlaid with 4 rectangular 
test frames (area: 14,400.00 μm2) and 9 measuring points (area: 40,673.66 μm2). Test fields were systematically sampled 
(spaced 0.5 mm apart) using a motorized stage, and the number of microglia within the frames was counted. The 
numerical density of microglia (NA, number per acreages) in the spinal dorsal horn thus could be calculated with the total 
microglia number counted and the total acreages of the test frames used.19

Enzyme-Linked Immunosorbent Assay (ELISA) Assay
The testers were blinded to the specific grouping of specimens in the experiment.

IL-1β and TNF-α protein: The L5 left side of the spinal cord was dissected and stored at −80°C. Tissues were 
homogenized in 200 μL ice-cold RIPA buffer and centrifuged at 5000 g at 4°C for 5 minutes. Supernatants were collected 
and stored at −20°C or −80°C for future assay. IL-1β and TNF-α levels were determined using ELISA kits (ER1094 and 
ER1393, FineTest, Wuhan, Hubei, China) according to the manufacturer’s instructions.

C-reactive protein (CRP): Blood was drawn from the tail veins of the three groups of rats 1 day, 3 days, and 5 
days after surgery, and centrifuged at 2000 rpm for 10 minutes. The supernatants were collected and CRP levels 
were determined using an ELISA kit (JM-01488M2, Jingmei, Jiangsu, China) according to the manufacturer’s 
instructions.

Statistical Analysis
Data are presented as mean ± SEM and were analyzed using SPSS 25.0 software. Normality was assessed using the 
Shapiro–Wilk test. Paired t-tests or Wilcoxon signed rank tests were used to compare the surgical side and non-surgical 
side within the same group. One-way analysis of variance or Kruskal–Wallis tests were used for within-group 
comparisons of CRP levels on different days and among multiple groups, followed by SNK or pairwise test methods 
for pairwise comparisons. Significance was set at p < 0.05.
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Results
Operation Data
Compared with the Sham group, the operative time respectively increased by 33% and 92% in the N-SNL and T-SNL groups 
(p < 0.05), and increased by 44% in the T-SNL group compared with the N-SNL group (p < 0.05). Intraoperative bleeding 
significantly increased by 152% and 578% in the N-SNL and T-SNL groups compared with the Sham group (p < 0.05), and 
increased by 169% in the T-SNL group compared with the N-SNL group (p < 0.05). Within 14 days postoperatively, one rat in 
the N-SNL group was died, two rats in the T-SNL group were died, and no rats in the Sham group was died (Table 1).

General Behavioral Changes of Rats
There were no significant differences in weight among the groups. There were no differences before and after surgery 
postures of rats in the Sham group, and there was no spontaneous discomfort in the left hind paw. However, in the 
N-SNL and T-SNL groups, post-surgery, the toes of left hind paws were held together and left hind paws were everted. 
Additionally, spontaneous lifting/shaking/licking of the left hind paws were observed, with the rats avoiding weight- 
bearing on that side by maintaining an abducted forward position (Figure 2). During exploration, the rats exhibited 
a skewed center of gravity to the right.

Postoperative PWT Values of Rats
On the operated side, the PWT values in the N-SNL and T-SNL groups was significantly decreased than in the Sham 
group (p < 0.05), with no significant differences between the N-SNL and T-SNL groups (p > 0.05, Figure 3A). The PWT 
values on the non-surgical side did not differ significantly among the three groups (p > 0.05, Figure 3B). Compared with 
the non-operated side, there was no significant change in the PWT values on the operated side in the sham-operated 
group (p > 0.05); however, the PWT values were significantly decreased on the operated side in the N-SNL and T-SNL 
groups (p < 0.05, Figure 3A and B).

Percentage of Paw Withdrawal After 6.0 g Mechanical Stimulation
On the operated side, the percentages of postoperative paw withdrawal in the N-SNL and T-SNL groups were 
significantly increased than in the Sham group (p < 0.05), with no significant differences between the N-SNL and 

Table 1 General Observational Indicators (x � SEM)

Sham Group N-SNL Group T-SNL Group

Number of animals 8 14 14
Operating time (min) 12 ± 1 16 ± 1* 23 ± 1*#

Intraoperative bleeding (mg) 50 ± 5 126 ± 5* 339 ± 7*#

Number of deaths None 1 2

Notes: *p < 0.05 vs contralateral to the Sham group; #p < 0.05 vs contralateral to the N-SNL group.

Figure 2 Photographs showing foot deformities in three groups of rats. : Toes were held together.
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T-SNL groups (p > 0.05, Figure 3C). Differences in non-surgical side ratios among the three groups were not significant 
(p > 0.05, Figure 3D). However, the percentages were significantly increased on the operated side in the N-SNL and 
T-SNL groups, compared with the non-operated side (p < 0.05, Figure 3C and D).

Cold Allodynia Threshold
On the operated side, Cold allodynia thresholds in the N-SNL and T-SNL groups were significantly decreased than in the 
Sham group (p < 0.05), with no significant differences between the N-SNL and T-SNL groups (p > 0.05, Figure 3E). 

Figure 3 The mechanical pain threshold and cold allodynia threshold responses of the three groups of rats were evaluated. (A and B) Comparison of paw withdrawal 
threshold between the operative and non-operative sides in the three groups. (C and D) Comparison of the percentage of 6.0 g paw withdrawal between the operative and 
non-operative sides in the three groups. (E and F) Comparison of cold paw withdrawal latency between the operative and non-operative sides in the three groups. *p < 0.05 
vs contralateral to the injury of the same group; #p <0.05 vs ipsilateral to the injury of Sham group.
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Cold allodynia threshold on the non-surgical side did not differ significantly among the three groups (p > 0.05, 
Figure 3F). Compared with the non-operated side, there were no significant change in cold allodynia threshold on the 
operated side in the sham-operated group (p > 0.05); however, cold allodynia thresholds were significantly decreased on 
the operated side in the N-SNL and T-SNL (p < 0.05, Figure 3E and F).

The Number of Microglia in L5 Spinal Dorsal Horns
By immunohistochemical staining (Figure 4A and B), the number of microglia increased by 98% on the operated side in 
the N-SNL group and 82% in the T-SNL group compared to the Sham group (p < 0.05). The difference in microglial 
counts between the N-SNL and T-SNL groups was not statistically significant (p > 0.05). Similarly, no significant 
differences were observed between the groups on the non-surgical side (p > 0.05). Compared with the nonsurgical side, 
the number of microglia on the surgical side in the Sham group increased by up to 20%, but the difference was not 
statistically significant (p > 0.05), whereas the number of microglia on the surgical side in the N-SNL and T-SNL groups 
increased by 109% and 114%, respectively (p < 0.05, Figure 4C).

Postoperative Serum IL-1β and TNF-α Levels
The IL-1β and TNF-α levels in the N-SNL and T-SNL groups were significantly increased than in the Sham group (p < 0.05). 
However, there were no significant differences between the N-SNL and T-SNL groups (p > 0.05, Figure 5A and B).

Figure 4 Changes in microglia numbers in the spinal dorsal horn. Immunostaining was conducted using the microglial marker Iba-1 antibody in the entire spinal dorsal horn 
((A) magnification ×100, scale bar: 500 μm) and a portion of the dorsal horn ((B) magnification ×400, scale bar: 100 μm). (C) Bar graph of positive number changes of Iba-1 
in the spinal dorsal horn among the three groups. *p < 0.05 vs contralateral to the injury of the same group; #p <0.05 vs ipsilateral to the injury of Sham group.
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Postoperative Serum CRP Levels
Serum CRP levels did not show substantial differences among the three groups of rats on postoperative days 1, 3, and 5 
(p > 0.05). However, on postoperative day 5, serum CRP levels in the three groups of rats were significantly decreased 
than on postoperative days 1 and 3 (p < 0.05, Figure 5C).

Discussion
The treatment of neuropathic pain is a common clinical challenge. In this study, we established a new minimally invasive 
SNL model by oblique lateral approach followed by titanium clip ligation. Our Results showed that both the new oblique 
lateral approach and the traditional posterior approach SNL model induced pain-related behavioral changes in rats, such 
as the production of spontaneous pain, the decrease of mechanical pain threshold and cold allodynia threshold; and the 
increase in the number of microglia in the spinal dorsal horn and the expression of inflammatory factors in the spinal 
cord, which suggests that the construction of the rat model of N-SNL-induced NP was successful. Meanwhile, we 
demonstrated that the new minimally invasive SNL model has the advantages of shortening surgical time, reducing 
intraoperative bleeding and decreasing postoperative animal mortality. Therefore, based on the above results, we believe 
that we have successfully constructed a minimally invasive SNL model that is easier to operate and has less local 
damage, which can be used for NP mechanism research and drug screening.

The traditional SNL model, developed by Kim et al in 1992, has been valuable in studying neuropathic pain (NP) 
formation and development.4,20 However, its posterior approach involves complex operations and causes significant 
tissue damage, limiting its widespread application.5,6 In this study, the researchers explored an oblique lateral approach, 
commonly used in clinical lumbar fusion.11–13 The oblique lumbar interbody fusion avoids the richly innervated 
paraspinous region, avoids damaging spinal paraspinal muscles, interspinous ligaments, small joints, better restoration 
of intervertebral height compared with the traditional posterior lumbar interbody, thereby reducing surgical trauma and 
accelerating postoperative recovery.21–23 The maximal incision is only 2.5 cm, reducing vascular and nerve injury. To 
address concerns about additional tissue damage and inconsistent ligation strength associated with silk ligation, titanium 
clips were used as a novel ligation material. Titanium is biocompatible and less likely to elicit adverse tissue reactions, 
making it suitable for biomedical applications. The use of titanium clips simplifies the ligation procedure and allows for 
adjustable clamping sites.24,25 In summary, our results suggest that the oblique approach followed by titanium clamp 
ligation can effectively reduce surgical complexity and tissue damage, and significantly reduce operative time, intrao
perative blood loss, and the number of death in rats. It is worth emphasizing that the oblique lateral approach can also be 
used to construct other NP models, such as the chronic compression dorsal root ganglion (CCD) model.26 Compared with 
the posterior approach, the oblique lateral approach is more favorable for exposing the intervertebral foramen and 
inserting the L-shaped steel rod into the intervertebral foramen to compress the dorsal root ganglion.

Spontaneous pain, hyperpathia and allodynia were the primary features of neuropathic pain (NP), with pain-related 
behavioral tests serving as indirect evidence for assessing pain severity and progression.27,28 Studies have found that rats 

Figure 5 Changes in the protein expression of IL-1β and TNF-α in the left L5 spinal cord and the C-reactive protein in the serum. (A) Changes in IL-1β protein expression. 
(B) Changes in TNF-α protein expression. *p < 0.05 vs ipsilateral to the injury of Sham group. (C) Changes in C-reactive protein expression. #p < 0.05 Postoperative Day 3 
vs Postoperative Day 1. +p < 0.05 Postoperative Day 5 vs Postoperative Day 3.
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in NP models such as (CCI), SNL and spared nerve injury (SNI) show significant spontaneous pain behaviors such as 
spontaneous foot licking and lifting as well as significant decreases in the thresholds of mechanical pain and cold 
allodynia.6,29,30 In this study, these changes in spontaneous pain behaviors as well as decreased mechanical and cold pain 
sensitivity thresholds in the hind foot of the ligated side of the rats were also observed in the new SNL rat model, and 
there were no significant differences in the results when compared with those of the T-SNL model. These results indicate 
the successful establishment of a new SNL model in rats. They also suggest that the core part of SNL models is exposure 
and ligation of spinal nerves, and that tissue damage during surgical access is not the main cause of NP.

Furthermore, we assessed changes in the number of microglia in the spinal dorsal horn, the expression of IL-1β and TNF- 
α inflammatory factors in the spinal cord, and the level of CRP expression in the serum of the three groups of rats after 
surgery. Microglia, intrinsic immune cells of the central nervous system, are activated in the spinal dorsal horn following 
peripheral nerve injury.14,31 Activated microglia can release a variety of injurious inflammatory mediators such as IL-1β and 
TNF-α. IL-1β and TNF-α are pro-inflammatory cytokines that play an important role in NP regulation, and the amounts of 
both IL-1β and TNF-α in the spinal cord were significantly increased in peripheral NP models such as SNL, CCI and Spinal 
nerve transection (SNT).15,16,32 These two proinflammatory factors may be involved in NP formation through different 
mechanisms, such as IL-1β possibly by enhancing NMDA receptor expression in spinal dorsal horn neurons, and TNF-α 
possibly by activating the intracellular p38 MAPK signaling pathway; or through similar mechanisms such as facilitating 
further release of other inflammatory mediators.33 Our results showed a significant increase in the number of microglia and 
expression of IL-1β and TNF-α pro-inflammatory factors in the spinal cord of rats in both the N-SNL and T-SNL groups on 
the operated side, with no statistically significant differences between the two groups. This indicates that spinal nerve 
ligation-induced local inflammatory responses significantly contribute to NP. Systemic CRP levels are an important criterion 
for determining whether a systemic inflammatory response has occurred.34 Our results suggested that systemic inflammatory 
responses may not be involved in NP development. There are also some shortcomings in this study: i. Because the traditional 
SNL model can induce depression, and we did not perform depression-related behavioral tests such as the water maze et al; 
ii. Our study only lasted until postoperative day 14, and the extent of ectopic pain in the new model over a longer modeling 
time and the associated inflammatory mechanisms still need to be further investigated.

Since their development, animal models have undergone improvements to ensure alignment with clinical symptoms. For 
instance, to improve CCI models, various materials such as silicone tubing, PE tubing, and silk thread have been utilized, 
alongside adjustments in ligature strength, such as ligature 4 passes and ligature 3 passes.35 To mitigate significant muscular 
injury induced by SNL model creation, paravertebral muscle retraction has been employed to laterally retract the muscles.9,10 

Different models also elicit varying levels of NP, thereby opening up new avenues for research into NP-related biological 
pathways. The selection of appropriate animal models based on research objectives, coupled with ongoing exploration of simpler 
and more user-friendly animal models, is imperative for investigating NP pathophysiology and identifying novel treatment 
targets.

Conclusion
In Conclusion, we have introduced a novel rat model of spinal nerve ligation constructed through an oblique lateral 
approach following by titanium clip ligation. This new SNL model effectively induced significant pain-related behaviors 
and spinal cord inflammatory responses, while also demonstrating short operative times, minimal intraoperative bleeding, 
and low postoperative animal mortality. We anticipate that this model can be used to study the mechanisms underlying 
the pathological processes associated with the development of neuropathic pain. The study also has clinical implications 
as the model can be used as a drug screening tool to facilitate the development of therapeutic measures for NP.
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