
Background: Percutaneous endoscopic lumbar discectomy (PELD) has become a mature and 
mainstream minimally invasive surgical technique for treating lumbar disc herniation (LDH). 
During PELD, various spinal structures, such as ligamentum flavum, dural sac, nerve root, posterior 
longitudinal ligament, annulus fibrosus, and endplate, were exposed, removed, and decompressed. 
When we used different endoscopic instruments to touch, remove, and excise different spinal 
structures, the patient will experience varying degrees of low back pain (LBP). To the best of our 
knowledge, the differences of the LBP have not been investigated in detail.

Objectives: To evaluate the spinal structures pain variability during PELD.

Study Design: A retrospective study.

Setting: All data were collected from Shandong Provincial Hospital Affiliated to Shandong First 
Medical University.

Methods: From February 2017 to May 2021, 1,100 patients with LDH underwent PELD surgery. 
During the operation, the Visual Analog Scale (VAS) was used to assess the pain intensity of each 
patient, generated by physical stimuli of different endoscopic instruments (i.e., nucleus pulposus 
forceps, punch forceps, and radiofrequency bipolar coagulator) in different tissue (i.e., posterior 
longitudinal ligament, nerve root /dural sac, endplate, and ligamentum flavum). Data were 
analyzed by analysis of variance with Bonferroni post hoc tests.

Results: As for the VAS for LBP among different spinal tissues, the degree of LBP was reduced in 
each group in the following order (decreasing from most severe to mildest): posterior longitudinal 
ligament, nerve root/dural sac, endplate, ligamentum flavum, annulus fibrosus (P < 0.01). As for 
the VAS for LBP caused by different endoscopic instruments, we found the most intense LBP 
always caused by nucleus pulposus forceps, next by punch forceps, then by radiofrequency bipolar 
coagulator (P < 0.01).

Limitations: The retrospective nature of data collection and the educational discrepancies 
among the trial population may affect data collection to some extent.

Conclusions: During PELD, varied LBP will generate when different spinal tissues are manipulated 
by different endoscopic instruments, the most severe LBP always came from the posterior 
longitudinal ligament and nerve root /dural sac. Moreover, compared to incision and thermal 
stimulus, traction could provoke more severe LBP.
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LLumbar disc herniation (LDH) is a localized 
displacement of intervertebral disc beyond the 
normal perimeter of the disc space (1,2) (Fig. 1A-

D). It has become a serious social problem, which poses 
a large burden on society and the health care system 
(3). Percutaneous endoscopic lumbar discectomy (PELD) 
has become a mature and mainstream minimally 
invasive surgical technique for treating LDH (4,5) (Fig. 
1E). Compared to traditional lumbar discectomy, PELD 
has several unique advantages, such as less tissue and 
muscle dissection, reduced blood loss, reduced hospital 
stay, early functional recovery, and better cosmesis 
(6,7).

In our previous study (8), we have identified the 
patients that experienced different levels of low back 
pain (LBP) and leg pain when the different tissues were 
exposed or removed during PELD surgery. During the 
past 2 decades, various endoscopic instruments were 
invented along with the development of endoscopic 
techniques (9-11). We have noticed that even if the 
same kind of soft tissue was removed, using different 
instruments to operate can lead to different degrees of 
LBP. To the best of our knowledge, no such study has 
yet been conducted. 

Methods

Patients
A total of 1,100 patients with LDH that experienced 

PELD surgery between February 2017 and May 2021. All 
operations are undertaken by the same surgeon. Every 
enrolled patient signed an informed consent form ap-
proved by the ethics committee of our institution.

Inclusion Criteria: Patients with single-level symp-
tomatic LDH who received conservative therapy for ≥ 3 
months with no remission of the symptoms.

Exclusion Criteria: Patients undergoing multiple 
levels of discectomy, patients who had a history of 
spinal surgery, patients with lumbar spinal stenosis, 
infection, spine fractures, or spinal tumors were also 
excluded.

Data Collection
All patients were familiarized with testing pro-

cedures before PELD surgery, one spinal surgeon ex-
plained the questionnaire and the Visual Analog Scale 
(VAS) scores to enrolled patients.

During the surgery, one surgeon A performed PELD 
for all enrolled patients. When tissues, such as ligamen-
tum flavum, dural sac, nerve root, posterior longitudi-

Fig. 1. A-D: Computed tomography (CT) image and magnetic resonance (MR) imaging showed L5-S1 disc herniation. E: 
Schematic diagram of  percutaneous endoscopic lumbar discectomy (PELD). 
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nal ligament (ventral and dorsal), annulus fibrosus, and 
endplate, were exposed, removed, and decompressed 
by different instruments (i.e., nucleus pulposus forceps, 
punch forceps, and radiofrequency bipolar coagulator), 
the LBPs were clinically assessed with the VAS scores, 
respectively, the scores were recorded by another sur-
geon B (Table 1). To prevent dural sac injury and nerve 
root injury, the use of nucleus pulposus forceps and 
punch forceps to manipulate dural sac and nerve roots 
was prohibited.

Statistical Analysis
Statistical analysis was performed using SPSS (Ver-

sion 21.0; IBM Corporation, Armonk, NY, United States). 
Analysis of variance and Bonferroni post hoc test were 
used to investigate the pain differences among differ-
ent tissue using the same instruments and pain differ-
ences among different instruments operating on the 
same tissue. All data are presented as the means and 
standard deviations. The statistical significance thresh-
old was P < 0.05.

Surgical Technique
Detailed surgical technique route has been re-

ported in several previous studies (6,10). 
Step 1: �The patients were placed in a prone position un-

der local infiltration anesthesia. The symptom-
atic disc was localized using C-arm fluoroscopy. 
The location of the skin incision was marked. 
Steps for local infiltration anesthesia: 0.5% li-
docaine in 10 mL, 0.25% ropivacaine in 4 mL, 
and 0.9% normal saline in 16 mL were mixed 
and administered to prevent related pain. 
The mixed narcotic drug 15 mL to 20 mL was 
injected layer-by-layer into the skin, subcutane-
ous tissue, fasciae, muscle, and lumbar facet 
joint. The mixed narcotic drug would be added 
intraoperatively, if necessary.

Step 2: �Then the percutaneous posterior-lateral ap-
proach was conducted under orthogonal radio-
logic control in 2 planes and the patients were 
awake for the entire procedure. Epidural anes-
thesia was administered followed by entering 
the disc space and injecting a radio-opaque dye 
(Telebrix, Guerbet, Aulnay-sous-Bois, France). 
The annulus was then penetrated and discog-
raphy was done with an indigo carmine (Indigo  
Carmine, indigotindisulfonate sodium injec-
tion) and normal saline mix. A guidewire was 
inserted into the cannula, and a stab incision 

was made on the skin to pass sequential serial 
dilators ending with an obturator that entered 
intradiscally. A multichannel endoscope was 
then inserted (YESS, Richard Wolf GmbH, Knit-
tlingen, Germany).

Step 3: �The decompression was then performed under 
visual control and gravity-controlled liquid 
flow. The discectomy was performed first by 
releasing the intraannular disc attachments to 
the sequestered disc. The herniated fragment 
was then removed within the spinal canal with 
nucleus pulposus forceps slowly while gradually 
retrieving the working channel and endoscope. 
Punch forceps was used to incise tough spinal 
ligaments. A Holmium-YAG side-firing laser 
(Lumenis Inc, San Jose, CA, United States) was 
used to vaporize disc fragments that were not 
removed by the forceps, and a radiofrequency 
bipolar coagulator (DTF-40, Trigger-Flex® Bipolar 
System, Elliquence LLC, New York, United States) 
was used to coagulate bleeding vessels (Fig. 2). 

Results

A total of 1,100 patients (620 men and 480 wom-
en) received PELD treatment during the study period. 
There was a wide age range of patients (41.3 ± 12.9 
years old), age ranges from 13 to 63 years old. The seg-
ments, disc location, disc size, and migration of LDH 
among 1,100 patients were recorded in Table 2.

Table 1.  Low back pain questionnaire in PELD.
Date:
Name:                   Gender:                  Age:
Segment:                 Side:                    OP Method:
Herniation: ①Central       ②Paracentral     ③Foraminal       
④Extreme Lateral

Abbreviations: PELD, percutaneous endoscopic lumbar discectomy; 
OP, operative; VAS-B, visual analog scale of the back; N/A, not appli-
cable; PLL, posterior longitudinal ligaments.

Tissues

Nucleus 
Pulposus
Forceps

Punch 
Forceps

Radiofrequency 
Bipolar C

VAS-B VAS-B VAS-B

Ligamentum 
Flavum 

Dural Sac /
Nerve Root N/A N/A

PLL (Ventral)

PLL (Dorsal)

Fiber Annulus

Endplate
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As for the VAS for LBP among different spinal tis-
sues, we found that the most severe LBP always came 
from the posterior longitudinal ligament. The degree 
of LBP was reduced in each group in the following or-
der (decreasing from most severe to mildest): posterior 
longitudinal ligament, nerve root/dural sac, endplate, 
ligamentum flavum, annulus fibrosus (P < 0.001) (Fig. 
3). The detailed results are shown in Table 3 and Fig. 4.

As for the VAS for LBP caused by different endo-
scopic instruments, we found the most intense LBP 
always caused by nucleus pulposus forceps, next by 
punch forceps, then by radiofrequency bipolar coagu-
lator (P < 0.001). The detailed results are shown in Table 
3 and Fig. 5.

Discussion

PELD has been used to treat LDH for more than 
20 years. This surgical procedure is a current mainstream 
minimally invasive approach for treating LDH, which is 
simple and safe, and produces satisfactory results (4,5). It 
is well known that the manipulation on spinal structures 
during PELD could provoke LBP (12-15). Our previous 
study (8) had confirmed the patients experienced differ-
ent levels of LBP when the different tissues were exposed 
or removed during PELD surgery. The purpose of this pa-
per is follow-up research based on our previous study (8), 

we further explored whether the different properties of 
the stimulus lead to different degrees of LBP.

In this present study, we found that when we used 
different instruments to touch, remove, and excise 
different spinal structures, the most severe back pain 
always came from the posterior longitudinal ligament, 
with VAS scores of 3-4. The degree of LBP pain was 
reduced in each group in the following order (decreas-
ing from most severe to mildest): posterior longitudinal 
ligament, nerve root /dural sac, endplate, ligamentum 
flavum, and annulus fibrosus (Table 3). 

LBP under endoscope may originate from many spi-
nal structures, for which neuroanatomically feature the 
structural basis for pain perception (14,16-18). Previous 
studies (19-21) based on immunohistochemical staining 
have demonstrated the posterior longitudinal ligament 
has substantial innervation by sensory nerve fibers and 
has a structural basis for pain perception in the normal 
disc. Substantial innervation by nociceptive sensory 
nerve fibers could also be detectable in the facet joint 
and the outer third of the annulus fibrosus, whereas do 
not exist in endplate and ligamentum flavum (14,20-
22). Weisskopf et al (13) found the proliferation of 
nociceptive sensory nerves in the degenerate endplate 
region, along with the proliferation of vascularity. Oth-
ers (16,23) held opposing views, they suggested that 

Fig. 2. Various endoscopic instruments commonly used in PELD.
PELD, percutaneous endoscopic lumbar discectomy. 
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the presence of endplate cartilage defects is the source 
of LBP. Moreover, sensory and autonomic fibers were 
found at the interior of the annulus fibrosus, as well 
as at the inner nucleus pulposus (24-26). Persistent disc 
inflammation may contribute to the regeneration of 
sensory nerve fibers in these spinal structures.

In addition, we found that when manipulating the 
ventral and dorsal aspects of the posterior longitudi-
nal ligament, there were significant differences in LBP 
between the 2. We performed immunohistochemical 
staining on the ventral and dorsal sides of the posterior 
longitudinal ligament, respectively. Although immuno-
histochemical staining is performed in only 6 cases, we 
found that the density of nociceptive nerves containing 
sensory neuropeptide substance P on the dorsal side 
of the posterior longitudinal ligament is higher than 
that on the ventral side of the posterior longitudinal 
ligament. Immunohistochemistry staining of substance 
P in the posterior longitudinal ligament is shown in 
Fig. 6. This finding has not been reported elsewhere. 

Table 2. Demographic and clinical characteristics of  the patients 
whom got PELD.

Parameters Number

Gender
Men 620

Women 480

Age(y)

<20 34

20-30 228

30-40 383

40-50 303

>50 152

Segments

L1-L2 13

L2-L3 48

L3-L4 167

L4-L5 485

L5-S1 387

Disc Location

Central 347

Paracentral 316

Foraminal 296

Extreme Lateral 141

Disc Size
>50% Canal Compromise 664

<50% Canal Compromise 436

Migration 

Up-migrated 407

Down-migrated 255

Low-grade 301

High-grade 137

Abbreviation: PELD, Percutaneous endoscopic lumbar discectomy.

Fig. 3. Concise schematic diagram of  tissues seen 
under endoscope in PELD surgery. 1. Facet Joint. 
2. Ligamentum Flavum. 3. Dural Sac. 4. Posterior 
Longitudinal Ligament (Ventral). 5. Posterior 
Longitudinal Ligament (Dorsal). 6. Nucleus Pulposus. 
7. Fiber Annulus. 8. Endplate.
PELD, percutaneous endoscopic lumbar discectomy. 

Table 3. Pain variability among different spinal tissues and different instruments in PELD.

Nucleus Pulposus
Forceps

Punch Forceps
Radiofrequency 

Bipolar Coagulator
P value

PLL (Dorsal) 4.6 ± 0.7 3.9 ± 1.0 3.4 ± 1.1 <0.001*

PLL (Ventral) 2.8 ± 0.9 2.3 ± 1.0 2.0 ± 1.1 <0.001*

Dural Sac/Nerve Root N/A N/A 3.8 ± 0.9 N/A

Endplate 1.8 ± 0.6 1.0 ± 0.9 0.9 ± 0.7 <0.001*

Ligamentum Flavum 1.4 ± 0.5 0.6 ± 0.7 0.6 ± 0.5 <0.001*

Fiber Annulus 1.4 ± 0.7 1.0 ± 0.9 0.9 ± 0.8 <0.001*

P value <0.001* <0.001* <0.001*

The significance of the difference was judged by confidence levels of * P < 0.05.
Abbreviations: PELD, Percutaneous endoscopic lumbar discectomy; PLL, posterior longitudinal ligaments.
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Fig. 4. There were statistically significant Visual Analog Scale (VAS) differences among different spinal tissues. A: 
Differences in low back pain (LBP) caused by nucleus pulposus forceps. B: Differences in LBP caused by punch forceps. C: 
Differences in LBP caused by radiofrequency bipolar coagulator. *,P < 0.05 (compared with the dorsal aspect of  the posterior 
longitudinal ligaments [PLL] );
#, P < 0.05 (compared with the ventral aspect of the PLL).
&, P < 0.05 (compared with endplate).
￥, P < 0.05 (compared with ligamentum flavum).
@P < 0.05 (compared with fiber annulus). The significance of the difference was judged by confidence levels of P < 0.05.

Fig. 5. A-E: There were statistically significant VAS differences among different endoscopic instruments in same spinal 
structures. VAS, visual analog scale.
*, P < 0.05 (compared with nucleus pulposus forceps). 
#, P < 0.05 (compared with punch forceps).
The significance of the difference was judged by confidence levels of P < 0.05.
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Substance P is a potent neuropeptide that participates 
in the sensory, and especially nociceptive, transmission 
of neural impulses (17,20,27, 28). 

As for the pain difference of the same tissue to dif-
ferent stimuli, we chose 3 representative commonly used 
endoscopic instruments to perform different stimuli.

Nucleus pulposus forceps (Fig. 4A) provides a 
pulling force to remove the herniated fragment, 
punch forceps (Fig. 4B) provide a cutting force to 
incise tough ligament, while a radiofrequency bipo-
lar coagulator (Fig. 4C) provides to coagulate bleed-
ing vessels as well as ablate residual soft tissue. We 
found that traction causes more severe LBP, relative 
to incision and thermal stimulus. Previous studies 
(14,23,28) have demonstrated some of the sinuverte-
bral nerve terminals act as mechanoreceptors, some 
as pressoreceptors, and some as thermal receptors. 

The data obtained in this study provides a data basis 
for studying the distribution of these receptors in the 
spinal structures.

This study is of great clinical significance. First and 
foremost, patients can be informed of the predicted 
pain before surgery, which can reduce patients’ panic, 
anxiety, and other negative emotions, and improve sur-
gical fluency. Second, surgeons can preliminarily judge 
the nature of the tissues according to the patient’s 
intraoperative VAS scores to reduce nerve injury, dural 
sac tear, and other surgical complications. Third, those 
results can guide spinal surgeons to use appropriate 
endoscopic instruments to treat different spinal tissues, 
which could avoid extra LBP during PELD surgery. Fi-
nally, the present research provides a large amount of 
valuable clinical data on LBP.

Although there are many significant results in this 

Fig. 6. The density of  nociceptive nerves containing sensory neuropeptide substance P on the dorsal side of  the posterior 
longitudinal ligament is higher than that on the ventral side of  the posterior longitudinal ligament.
Red arrows indicate the representative substance P-positive area in posterior longitudinal ligament.
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