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Abstract
Background: Percutaneous endoscopic interlaminar discectomy (PEID) had been successfully used in the
treatment of lumbar disc herniation. However, few reports have focused on the treatment of senile lumbar
disc herniation (SLDH) in patients aged over 60 years via PEID.

Methods: We included 42 patients with SLDH from January 2019 to June 2020 in this retrospective study.
The patients were divided into the PEID group (n = 19) and the open lumbar microdiscectomy (OLM)
group (n = 23) according to the type of surgical procedure they underwent. Basic clinical information,
surgical information, and clinical effects were compared between the two groups.

Results: The estimated blood loss, bed-rest time, and hospital stay in the PEID group were less than those
in the OLM group (P < 0.05 each) but the surgery time in the PEID group was longer than that in the OLM
group (P < 0.05). The visual analgesia scores for back pain (VAS-BP), visual analgesia scores radiating to
the lower legs (VAS-LL), and Oswestry disability index (ODI) scores of the two groups were signi�cantly
decreased after surgery compared to the baseline scores (P < 0.05). The VAS-BP at the 1st week and 3rd

month post-operation and the ODI at the 12th month and 24th month in the PEID group were lower than
those in the OLM group (P < 0.05 each).

Conclusion: Both PEID and OLM are safe and e�cacious methods of treating SLDH. Compared with
OLM, PEID has more advantages in reducing surgical trauma and decreasing postoperative low back
pain in the early postoperative period. The long-term clinical results of both techniques seem to be
effective without any of them being superior to the other in elderly patients.

Introduction
With the development of the economy and society, aging has become an irreversible trend of
globalization in the 21st century. According to the World Health Organization, the number and proportion
of people aged over 60 years are increasing rapidly. In 2019, the number of people over 60 years
worldwide was one billion, and this number will reach 1.4 billion by 2030 and 2.1 billion by 2050 [1].
Treatment for patients with senile lumbar disc herniation (SLDH) aged over 60 years is often more
complex than that in young and middle-aged patients. SLDH is commonly associated with complex
medical diseases such as hypertension, diabetes, and pulmonary dysfunction. Therefore, patients with
SLDH exhibit poor tolerance to anesthesia and major surgery. Prolonged postoperative bedridden states
also increase the risk of complications such as pulmonary infections and thrombosis [2, 3]. Furthermore,
open surgery can also increase the risk of postoperative incision infection, low back pain, and medical
complications [4].

In 1978, Williams described open lumbar microdiscectomy (OLM) [5]. Because of the limited paraspinal
muscle dissection involved, the range of laminectomy and facet joint resection achieved, and the fact
that it circumvents discectomy and fusion, OLM is still considered one of the classic and reliable
treatments for lumbar disc herniation [6]. All of these bene�ts also effectively reduce surgical trauma,
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postoperative scar formation around nerve roots, and lumbar instability. Therefore, OLM has been widely
adopted by clinicians [7–9].

Percutaneous endoscopic lumbar discectomy (PELD), including percutaneous endoscopic interlaminar
discectomy (PEID) and percutaneous endoscopic transforaminal discectomy (PETD), has become one of
the most rapidly-developed mini-invasive surgical procedures because it is associated with minimal injury
to spinal structures and rapid postoperative recovery [10]. Compared with OLM, PELD is associated with
less damage to soft tissues and bony structures, and patients can recover more quickly after surgery [11–
14]. Kim et al. compared the clinical e�cacies of PELD and open lumbar discectomy [OLD] in the
treatment of lumbar disc herniation through a meta-analysis and found that more studies were needed to
compare the e�cacies of these two surgical approaches [15]. With advancements in related pieces of
technology, PELD has successfully overcome technical limitations such as, �fth lumbar vertebral to �rst
sacral vertebra (L5–S1) segments, the dissociation of portions of the nucleus pulposus, and spinal canal
stenosis at the early stages of lumbar disc herniation [13, 16–18].

A study by Kim et al. [19] demonstrated that the re-operation rate of PELD was not higher than that of
OLM when the patients were below 57 years and that PELD for older patients should be performed after
careful consideration. However, another study by Zhu et al. [20] reported that percutaneous
transforaminal endoscopic diskectomy had shown satisfactory clinical effectiveness in both elderly and
younger patients. Lumbar degeneration and radiographic lumbar spinal stenosis are common conditions
in elderly patients. Therefore, the treatment of SLDH using PELD via the interlaminar approach has
remained a challenge. Also, it is not entirely clear whether PEID is more effective than OLM in treating
SLDH. In the present study, data from 42 patients with SLDH treated via either PELD or OLM were
retrospectively analyzed to explore the safety and e�cacy of PELD in the treatment of SLDH.

Methods
Inclusion criteria, and exclusion criteria

We collected clinical data for a series of patients with SLDH who underwent either PEID or OLM from
January 2019 to June 2020. We included the following categories of patients: 1) those aged at least 60
years (≥ 60 years); 2) those diagnosed with single-segment soft lumbar disc herniation (LDH) of L4–L5
or L5–S1; 3) those who exhibited signi�cant clinical symptoms and signs, such as: radiating pain,
radiating numbness or tingling, weakened muscles, decreased extensor/�exor muscle strength, an
attenuated Achilles tendon re�ex, and a positive (30°) angle in the straight-leg-raise test and the muscle
strength test; 4) all patients received conservative treatment for at least 6 weeks, underwent either PEID or
OLM and were followed up for more than 24 months. We excluded the following categories of patients: 1)
those aged below 60 years (< 60 years); 2) those who had previously undergone lumbar surgery; 3) those
with spinal infections, intraspinal tumors, severe lumbar scoliosis, or spinal deformities; 4) those with
symptomatic lumbar spinal stenosis, such as neurogenic intermittent claudication; 5) those who were
diagnosed with lumbar instability and required fusion surgery; 6) Those whose symptoms and signs of
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nerve injury were not relieved after conservative treatment or whose symptoms and signs of nerve injury
continued to worsen during conservative treatment.

Surgical methods

The surgical techniques for PEID and OLM used in the present study were consistent with those
previously reported in the literature [5, 13, 18]. During PEID [18], the patient was placed in a prone position
on a carbon-�ber operating table with slightly elevated hips, with the hip and knee joints �exed to increase
the space between the lamina and the foramen. In brief, under general anesthesia, the C-arm was used to
determine the lesion’s segment. A working channel for percutaneous full endoscopy was implanted into
the medial side of the inferior articular process at the junction of the upper and lower laminae through the
posterior median approach under the guidance of the C-arm. The inclined plane of the working channel
was oriented toward the side of the ligamentum �avum as shown in Figs. 1A and 1B. With the assistance
of endoscopy, the proliferative osteophytes were removed using bone rongeurs and a grinding drill to
expand the lamina space appropriately. The ligamentum �avum was cut off using a pair of scissors and
the nerve root was separated and protected by the nerve stripper. The working channel was then rotated
and gently inserted into the epidural cavity. Clear exposure and removal of the herniated/extruded
nucleus pulposus were then performed(Figures 2G and 2H). The spinal canal and lateral recess were
explored carefully. An Ellman bipolar radiofrequency electrode was used for annulus �broplasty.

OLM was performed using a technique similar to a previously published one [5, 13]. In brief, under general
anesthesia, the patient was placed in a prone position on a carbon-�ber operating table. The lesion
segment was located by the C-arm, and a 3-cm incision was made at the posterior median lesion. The
paraspinal muscles were stripped to expose the facet joints and the adjacent upper and lower laminae of
the diseased segment. A bone window (2 cm in length × 1 cm in width) was made using a bone-nibbling
rongeur at the disc herniation location shown by preoperative imaging. The facet joints were carefully
protected when opening the bone window. The ligamentum �avum was excised carefully, and the nerve
root was separated and protected by the nerve stripper. The herniated or free fragments of the nucleus
pulposus were exposed clearly and removed carefully. The nerve root was loosened and uncompressed.
After con�rming the absence of active bleeding, a drainage tube was placed and the incision was closed
layer by layer.

Postoperative management and follow-up evaluations

Training of leg lifting was performed while the patient remained in bed after surgery and was allowed to
get out of bed with the protection of lumbar support belts according to the clinical situation. All the
patients were followed up in the 1st week, 3rd month, 12th month, and 24th month after surgery. VAS
scores were used to evaluate the low back pain and leg radiation pain. The ODI scores (ODI% = (the
actual score/(number of answered questions) ⋅ 5) ⋅ 100%, 0–100%) (26) and the MacNab scale (21) were
used to evaluate the clinical e�cacy of the patients.

Statistical Analysis
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SPSS 23.0 (IBM Corp., Armonk, NY, USA) was used to analyze the data. The independent-samples t-test
was used to compare the e�cacies of the surgical techniques used in the two groups. The one-way
analysis of variance (ANOVA) was used to perform comparisons between different periods in the same
group. When the results showed a difference, Fisher’s protected LSD tests were used for pairwise
comparisons. The chi-square test or Wilcoxon’s rank-sum test was used to compare
Continuous/quantitative data. Paired t-tests were used for comparing preoperative and postoperative
parameters. The threshold for statistical signi�cance was set to a two-tailed P-value of < 0.05.

Results
Sociodemographic characteristics of the study participants

According to the inclusion and exclusion criteria, 42 patients with SLDH, including 25 men and 17 women
aged 71.9 ± 8.2 years (range: 60–89 years), were included in this study. The 42 patients were divided into
the following two groups: (1) the PEID group (n = 19 cases) in which patients underwent PEID; and (2) the
OLM group (n = 23) in which patients underwent OLM.

The general characteristics of the patients included the following: age (PEID: 67.5 ± 7.5 years; OLM: 70.4 
± 8.5 years), sex (M/F, PEID: 9/10; OLM: 16/7), disease durations (PEID: 15.9 ± 10.3 weeks; 20.4 ± 15.5
weeks), follow-up durations (PEID: I30.4 ± 3.9 months; 28.4 ± 3.7 months), surgical segments (L4–L5/L5–
S1, PEID: 12/7; OLM: 9/14), preoperative medical diseases (Yes/No, PEID: 13/6; PLM: 15/8), preoperative
VAS-BP and VAS-LL scores (PEID: 3.3 ± 1.0/5.0 ± 1.3; OLM: 3.7 ± 1.3/5.1 ± 1.5), and ODI scores (PEID:
65.2 ± 12.9; OLM: 60.4 ± 11.3). There were no signi�cant differences in any of the above parameters
between the two groups (P > 0.05; Table 1 and Table 2).
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Table 1
Basic clinical information of the two groups

  PEID

(n = 19)

OLM

(n = 23)

t/χ2 P

Age (years)

Mean ± Standard Deviation

67.5 ± 7.5 70.4 ± 8.5 -1.179 0.245

Gender     2.128 0.145

Male 9 16    

Female 10 7    

Disease duration (weeks)

Mean ± Standard Deviation

15.9 ± 10.3 20.4 ± 15.5 -1.092 0.281

Follow-up period(mouths)

Mean ± Standard Deviation

39.4 ± 3.9 28.4 ± 3.7 1.712 0.095

Surgical level     2.403 0.121

L4–L5 12 9    

L5–S1 7 14    

Internal Medical diseases     0.048 0.826

Yes 13 15    

No 6 8    

The χ2 test was used to compare the sex, surgical level, and comorbidities;

The independent-samples t-test was used to compare the age, disease duration, and follow-up period;
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Table 2
The clinical effects comparison of the two group

  PEID

(n = 19)

OLM

(n = 23)

PEID versus OLM

t/Z (P)

VAS-BP

Mean ± Standard Deviation

     

Before surgery 3.3 ± 1.0 3.7 ± 1.3 t=-1.045; P = 0.302

1st week 1.6 ± 0.9*** 2.3 ± 1.0*** t=-2.349; P = 0.024

3rd month 1.1 ± 0.8***& 1.7 ± 0.8***& t=-2.688; P = 0.010

12th month 0.9 ± 0.7***&& 1.1 ± 0.6***&&&# t=-0.992; P = 0.327

24th month 0.7 ± 0.5***&& 0.7 ± 0.6***&&&### t = 0.523; P = 0.604

VAS-LL

Mean ± Standard Deviation

     

Before surgery 5.0 ± 1.3 5.1 ± 1.5 t=-0.325; P = 0.747

1st week 1.7 ± 1.3*** 1.3 ± 1.1*** t = 1.110; P = 0.274

3rd month 1.3 ± 0.9*** 1.0 ± 0.9*** t = 0.761; P = 0.451

12th month 1.0 ± 0.8***& 0.8 ± 0.7*** t = 0.703; P = 0.486

24th month 0.7 ± 0.6***&& 0.7 ± 0.5***& t = 0.194; P = 0.847

ODI (%) (Mean ± Standard Deviation)      

Before surgery 65.2 ± 12.9 60.4 ± 11.3 t = 1.276; P = 0.209

12th month 20.2 ± 3.3*** 23.4 ± 5.7*** t=-2.146; P = 0.038

24th month 19.6 ± 3.1*** 22.3 ± 4.6*** t=-2.175; P = 0.036

MacNab level

24 months post-operation

     

successful results

(Excellent/Good)

17(89.5%)

(11/6)

19(82.6%)

(12/7)

Z=-.625; P = 0.532

unsuccessful results

(Fail/Poor)

2(10.5%)

(2/0)

4(17.4%)

(3/1)
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  PEID

(n = 19)

OLM

(n = 23)

PEID versus OLM

t/Z (P)

The independent-samples t-test was used to compare the VAS and ODI scores between the two
groups; One-way analysis of variance (ANOVA)was used perform comparisons between different
periods in the same group; When the results showed a difference, Fisher’s protected LSD tests were
used for pairwise comparisons. Wilcoxon’s rank-sum test was used to compare the MacNab level.

*** P < 0.001, compared with before surgery; & P < 0.05, && P < 0.01, &&& P < 0.001 compared with 1st
week postoperation; # P < 0.05, ### P < 0.001 compared with 3rd month postoperation;

VAS-BP: Visual analgesic score for back pain; VAS-LL: Visual analgesic score radiating to the lower
leg;

ODI: Oswestry Disability Index; ODI%= [the actual score/(number of answered questions) X 5] X 100%,
0–100%.

Surgery and complications

Surgical operations were completed successfully for all the patients in the two groups. The mean surgery
time of the PEID group was 45.3 ± 18.1 min, which was longer than the 33.9 ± 11.3 min of the OLM group
(P < 0.05). However, the estimated blood loss (27.4 ± 18.0 ml), postoperative bed time (2.9 ± 2.6 days), and
duration of hospitalization (4.1 ± 2.5 days) in the PEID group were all less than the corresponding
parameters (43.9 ± 15.1 ml, 4.4 ± 1.3 days, and 5.8 ± 1.9 days, respectively) in the OLM group (Table 3).

Table 3
Comparison of surgery dates

  PEID (n = 19)

Mean ± Standard
Deviation

OLM (n = 23)

Mean ± Standard
Deviation

t P

Surgery time
(minutes)

45.3 ± 18.1 33.9 ± 11.3 2.487 0.017

Blood loss (mL) 27.4 ± 18.0 43.9 ± 15.1 -3.238 0.002

Bed-rest time (days) 2.9 ± 2.6 4.4 ± 1.3 -2.450 0.019

Hospital stays (days) 4.1 ± 2.5 5.8 ± 1.9 -2.583 0.014

Independent t-test was used to compare between the 2 groups.

Dural tearing and cerebrospinal �uid leakage were identi�ed in two patients in the PEID group. A transient
nerve-root irritation was found in three patients in the PEID group. These three patients presented with
transient nerve-root irritation that manifested as numbness or tingling in the body parts served by the
affected nerves after surgery. However, the symptoms of numbness or tingling disappeared after the
administration of mecobalamin (0.5 mg po tid, for three months) and celecoxib (200 mg po qd, for one
week), and there were no neurological sequelae. However, each of the instances was no longer present at
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the follow-up appointments and there were no neurological sequelae. No incision-induced infections or
intervertebral space infections were found in either of the two groups.

Clinical outcomes

Patients in both groups were followed up for more than 24 months. The VAS-BP and VAS-LL scores in the
PEID group and OLM group before surgery decreased in the PEID group and OLM group postoperatively
and further decreased at the follow-up appointment (P < 0.05). The ODI scores also decreased from the
preoperative period to the 12th month and 24th month in the PEID group and OLM group. The VAS-BP
and ODI scores of the two groups differed signi�cantly during the different postoperative periods. VAS-BP
scores in the 1st week and 3rd month after surgery and ODI scores at the 12th month and 24th month
appointment in the PEID group were lower than those in the OLM group (P < 0.05). However, there were no
signi�cant differences in VAS-BP scores at the 12th month and 24th month, VAS-LL scores at
postoperative periods, MacNab levels at 24 months after surgery (P > 0.05; Table 2).

Preoperative imaging examinations revealed the degeneration and osteophyte formation of the lumbar
region and disc herniation or prolapse (Figs. 2A-2F Figs. 3A–3F). Postoperative imaging examinations
revealed that the herniated or free-fragment nucleus pulposus had been completely removed and that
nerve root decompression was su�cient (Figs. 2I and 3G-3I). During follow-up, none of the patients had a
re-recurrence of disc herniation or required additional surgery.

Discussion
Patients with SLDH commonly present with muscle atrophy, especially of the erector spinae and
iliocostalis lumborum muscles. The injury and lipogenesis of the paraspinal muscles after open lumbar
surgery are the primary causes of long-term low back pain [22–24]. With PELD, the surgeon can perform a
discectomy via a channel that measures 0.7–12 mm in diameter, which can effectively reduce muscle
injury and the incidence of postoperative low back pain [25, 26]. Comparisons of surgery durations,
postoperative VAS scores, ODI scores, and hospitalization periods between PELD and OLM patients have
yielded inconsistent results across previous studies. Through a meta-analysis, Manyoung Kim [15] found
that VAS scores of the lower back and leg, ODI scores, surgery durations, and hospitalization periods of
patients who underwent PELD were all better than those of patients who underwent OLM, whereas there
were no differences in the MacNab grading, complication rates, recurrence rates, or repeat surgery rates
between the patients who underwent the two procedures. However, another meta-analysis showed that
when the parameters of patients who underwent OLM were compared with those of patients who
underwent PELD, those who underwent the latter procedure had shorter surgery durations and hospital
stays; however, there were no signi�cant differences in postoperative VAS scores, ODI scores, surgical
complications, or reoperation rates between the two groups [27]. In the present study, VAS-BP scores, VAS-
LL scores, and ODI scores in both groups were signi�cantly improved after surgery (P < 0.05). The VAS-BP
scores at the 1st week and 3rd month after surgery and the ODI scores at the 12th month’s and 24th
month’s appointment in the PEID group were lower than those in the OLM group (P < 0.05); however, there
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were no differences in the VAS-LL score at the postoperative appointment, the VAS-BP score at the 12th
month and 24th month, or in the MacNab level at the 24th month after surgery (P > 0.05). We believe that
the lower VAS-BP scores at 1st week and 3rd month, and the ODI scores at the 12th month and 24th
month appointment in the PEID group may be related to the fact that the patients included in this study
were elderly patients. Compared with PELD, OLM has a wider range of paravertebral muscle dissection,
laminectomy, and facet arthrotomy. A previous study reports that 23% of patients required conservative
treatment for moderate back pain, and 9% of patients underwent fusion surgery at the primary
discectomy site for severe back pain [28]. Another study reported that 70% of the patients experienced
back pain during the 4–17-year follow-up period [29]. Elderly patients exhibit muscle atrophy and spinal
degeneration. Therefore, OLM surgery should aggravate the back muscle injury, which affects the
patient’s low back pain and lower back function, and show higher VAS-BP scores and ODI scores in the
OLM group than in the PEID group. Our results demonstrate that both PEID and OLM exhibit good clinical
e�cacy in the treatment of SLDH and that PELD may play a role in reducing postoperative low back pain.

According to previous studies, PELD has advantages in terms of inducing minimal surgical trauma and
minimal intraoperative bleeding and being associated with short surgery durations and fast postoperative
recovery [30–32]. In the present study, the estimated intraoperative blood loss, postoperative bed stay,
and duration of hospitalization of patients in the PEID treatment group were all less than those of
patients in the OLM group (P < 0.05), which is similar to the �ndings of previous studies [27]. Previous
studies have shown that PELD is associated with less paraspinal muscle damage and more bony
structure preservation than OLM [12, 33]. In the present study, patients could get out of bed with the
protection of lumbar support belts according to the clinical situation after surgery in the PEID and OLM
groups. All the above reasons could lead to the shortening of postoperative bed stays and hospitalization
durations; however, it also con�rmed that PEID was characterized by less intraoperative trauma and
faster postoperative recovery than OLM. The above factors could also be the reasons why the PEID group
had lower VAS-BP scores at the 1st week and 3rd month after surgery and lower ODI scores at the 12th
month’s and 24th month’s appointments than the OLM group. In our study, the mean surgery duration in
the PEID group was higher than that in the OLM group. The reasons for this �nding may be as follows:
�rst, SLDH is often accompanied by the degeneration and hyperplasia of facet joints, both of which make
PEID harder in SLDH than in younger patients with lumbar disc herniations. Second, before this study, our
team had performed 111 PEIDs, and most of the patients involved were young patients with lumbar disc
herniation and without lumbar spinal stenosis. The surgeon did not have much experience when it comes
to PEID for senile patients. In contrast, OLM is a classical technique. Prior to this study, OLM had been
used to treat more than four hundred patients with disc herniation, including young and elderly patients.
The surgeon was already skillful at performing this procedure at the early stage of the present study. The
surgeon was able to quickly �nish a discectomy even with the presence of severe spinal degeneration.
The results all con�rm that the surgeon’s pro�ciency in PEID for SLDH could be further improved.

Nerve injury, dural tearing, and cerebrospinal �uid leakage were severe complications of PELD [34]. Li et
al. showed that intraoperative nerve injury may be related to the compression of nerve roots by surgical
instruments during the separation of adhesions or the stimulation of nerve roots during hemostasis with
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a radiofrequency knife head [35]. The elderly patients had lumbar degeneration, which leads to
osteophytic hyperplasia, which, in turn, leads to stenosis of the foramina and spinal canal. All three
patients had nerve root injury during the implantation of the working channel into a narrow spinal canal.
The elderly patients always suffered severe lumbar degeneration and had a thickened ligamentum
�avum and adhesions to the dura, all of which resulted in dura injury in two patients during the
separation of the ligamentum �avum and dura and also in postoperative cerebrospinal �uid leakage. All
the complications had been successfully treated with oral mecobalamin and celecoxib, and there were no
neurological sequelae. The incidence of complications in PELD is approximately 4.0–12.5% in the
literature [13, 36]. In the present study, 19 patients with SLDH were treated via PEID, and two (10.5%) of
them incurred dural injuries and experienced cerebrospinal �uid leakage during surgery while three
(15.8%) of them experienced transient nerve-root irritation. The complication rate in the present study was
higher than that reported in previous studies, and we believe that this discrepancy is mainly related to
spinal degeneration in elderly patients and the paucity of surgical experience at the early stage.

With a combination of our review of the literature and our personal experiences, we can suggest
measures to reduce the incidence of complications of PEID. (1) Detailed X-ray, CT, and MRI examinations
to understand the location of the disc herniation preoperatively; (2) repeated simulation of the
implantation position and the angle of percutaneous endoscopy with the help of images before surgery;
(3) careful manipulations during the operation and the �exible use of grinding under the endoscope to
remove the degenerative hyperplasia of osteophytes; (4) gentle insertion of the working channel into the
lamina space and remembering to avoid excessive force while inserting the channel into the lamina
space; and (5) careful removal of the disc after clearly identifying the target nerve and disc, and the
avoidance of the blind removal of the disc.

PEID and OLM have the advantages of inducing less trauma, enabling rapid postoperative recovery, and
yielding satisfactory clinical results in the treatment of SLDH. However, surgical pointer manipulations
should be strictly controlled. Lumbar degeneration and radiographic lumbar spinal canal stenosis are
common conditions in elderly patients that render PELD di�cult and result in signi�cantly long learning
curves for surgeons, especially beginners [27, 37]. OLM enables extensive decompression of the narrow
spinal canal visually; however, at the same time, it increases the risk of postoperative lumbar instability
and persistent low back pain [8, 9, 38]. Therefore, we recommend that PEID or OLM be used for the
treatment of SLDH.

Limitations

Our present study had some limitations. First, it was a retrospective study and not a prospective study
that could provide a higher level of clinical evidence for the comparison of two surgical approaches in
SLDH. Second, it had a small sample size.

Conclusion
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The application of PEID in the treatment of ELDH achieved satisfactory clinical e�cacy. PEID and OLM
are both safe and e�cacious methods of treating ELDH. PEID has more advantages in reducing surgical
trauma, and there was no signi�cant difference in the recurrence rates between the two methods. The
long-term clinical results of both techniques seem satisfactory without any of them being superior to the
other in elderly patients. PEID is an effective technique for the treatment of ELDH.
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ODI
Oswestry disability index

Declarations
Acknowledgements

The manuscript submitted does not contain information about medical device(s) / drug(s)

Author Contributions

Ye-Hui Liao, Chao Tang, Ru-Pei Ye collected the data, analyzed the data, and wrote the manuscript. Dejun
Zhong, Fei Ma, Qiang Tang were involved in the design and data management of the study. Dejun Zhong,
Gaoju Wang, and Qing Wang performed all surgical procedures. Dejun Zhong critically reviewed and
edited the manuscript.

Data Availability Statement

The original contributions presented in the study are included in the article materials, and further inquiries
can be directed to the corresponding author.

Ethics statement



Page 13/19

This study was approved by the ethics committee of Southwest Medical University, which approved the
study and procedures of data collection. All procedures in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national research committee and with
the 1964 Declaration of Helsinki and its amendments, or comparable ethical standards. Prior to
enrolment in the study, participants provided their signed informed consent after receiving written and
oral information.

Funding

The study was supported by a grant from Southwest Medical University (2019ZQN053)

Consent for publication

All participants provided their written consent to publish their data and accompanying images.

Disclosure of Competing Interests

The authors declare that they have no competing interests.

References
1. Organization WH. https://www.who.int/news-room/fact-sheets/detail/ ageing-and-health. [2021-10-

4].

2. Joseph JR, Smith BW, La Marca F, Park P. Comparison of complication rates of minimally invasive
transforaminal lumbar interbody fusion and lateral lumbar interbody fusion: a systematic review of
the literature. Neurosurg Focus.2015; 39(4):E4.

3. Lee WC, Park JY, Kim KH, Kuh SU, Chin DK, Kim KS, Cho YE. Minimally Invasive Transforaminal
Lumbar Interbody Fusion in Multilevel: Comparison with Conventional Transforaminal Interbody
Fusion. World Neurosurg.2016; 85:236–243.

4. Claus CF, Lytle E, Tong D, Bahoura M, Garmo L, Yoon E, Jasinski J, Kaufmann A, Richards B, Soo TM.
Elderly as a Predictor for Perioperative Complications in Patients Undergoing Multilevel Minimally
Invasive Transforaminal Lumbar Interbody Fusion: A Regression Modeling Study. Spine (Phila Pa
1976).2020; 45(11):735–740.

5. Williams RW. Microlumbar discectomy: a conservative surgical approach to the virgin herniated
lumbar disc. Spine (Phila Pa 1976).1978; 3(2):175–182.

�. Apostolides PJ, Jacobowitz R, Sonntag VK. Lumbar discectomy microdiscectomy: "the gold
standard". Clin Neurosurg.1996; 43:228–238.

7. Davis RA. A long-term outcome analysis of 984 surgically treated herniated lumbar discs. J
Neurosurg.1994; 80(3):415–421.

�. Casal-Moro R, Castro-Menéndez M, Hernández-Blanco M, Bravo-Ricoy JA, Jorge-Barreiro FJ. Long-
term outcome after microendoscopic diskectomy for lumbar disk herniation: a prospective clinical



Page 14/19

study with a 5-year follow-up. Neurosurgery.2011; 68(6):1568–1575; discussion 1575.

9. Wenger M, Mariani L, Kalbarczyk A, Gröger U. Long-term outcome of 104 patients after lumbar
sequestrectomy according to Williams. Neurosurgery.2001; 49(2):329–334; discussion 334 – 325.

10. Choi G, Lee SH, Raiturker PP, Lee S, Chae YS. Percutaneous endoscopic interlaminar discectomy for
intracanalicular disc herniations at L5-S1 using a rigid working channel endoscope.
Neurosurgery.2006; 58(1 Suppl):ONS59-68; discussion ONS59-68.

11. Gibson JN, Cowie JG, Iprenburg M. Transforaminal endoscopic spinal surgery: the future 'gold
standard' for discectomy? - A review. Surgeon.2012; 10(5):290–296.

12. Ahn Y, Lee SH, Park WM, Lee HY, Shin SW, Kang HY. Percutaneous endoscopic lumbar discectomy for
recurrent disc herniation: surgical technique, outcome, and prognostic factors of 43 consecutive
cases. Spine (Phila Pa 1976).2004; 29(16):E326-332.

13. Lee DY, Shim CS, Ahn Y, Choi YG, Kim HJ, Lee SH. Comparison of percutaneous endoscopic lumbar
discectomy and open lumbar microdiscectomy for recurrent disc herniation. J Korean Neurosurg
Soc.2009; 46(6):515–521.

14. Ruetten S, Komp M, Merk H, Godolias G. Full-endoscopic interlaminar and transforaminal lumbar
discectomy versus conventional microsurgical technique: a prospective, randomized, controlled
study. Spine (Phila Pa 1976).2008; 33(9):931–939.

15. Kim M, Lee S, Kim HS, Park S, Shim SY, Lim DJ. A Comparison of Percutaneous Endoscopic Lumbar
Discectomy and Open Lumbar Microdiscectomy for Lumbar Disc Herniation in the Korean: A Meta-
Analysis. Biomed Res Int.2018; 2018:9073460.

1�. Li ZZ, Ma SY, Cao Z, Zhao HL. Percutaneous Isthmus Foraminoplasty and Full-Endoscopic Lumbar
Discectomy for Very Highly Upmigrated Lumbar Disc Herniation: Technique Notes and 2 Years
Follow-Up. World Neurosurg.2020; 141:e9-e17.

17. Li XF, Jin LY, Lv ZD, Su XJ, Wang K, Song XX, Shen HX. Endoscopic Ventral Decompression for Spinal
Stenosis with Degenerative Spondylolisthesis by Partially Removing Posterosuperior Margin
Underneath the Slipping Vertebral Body: Technical Note and Outcome Evaluation. World
Neurosurg.2019; 126:e517-e525.

1�. Guan Y, Huang T, An G, Wan R, Wei T, Shi X, Liu J, Liu K, Wang Y. Percutaneous Endoscopic
Interlaminar Lumbar Discectomy with Local Anesthesia for L5-S1 Disc Herniation: A Feasibility
Study. Pain Physician.2019; 22(6):E649-e654.

19. Kim CH, Chung CK, Choi Y, Shin S, Kim MJ, Lee J, Park BJ. The Selection of Open or Percutaneous
Endoscopic Lumbar Discectomy According to an Age Cut-off Point: Nationwide Cohort Study. Spine
(Phila Pa 1976).2015; 40(19):E1063-1070.

20. Zhong-Sheng Z, Rui F, Yan-Long K, Hai-Jun X, Ya-Dong Z, Feng X. Percutaneous Transforaminal
Endoscopic Diskectomy for Lumbar Disk Herniation: Young (Age < 60 years) versus Older (Age ≥ 60
years) Patients. J Neurol Surg A Cent Eur Neurosurg.2021.

21. Macnab I. Negative disc exploration. An analysis of the causes of nerve-root involvement in sixty-
eight patients. J Bone Joint Surg Am.1971; 53(5):891–903.



Page 15/19

22. Guan F, Bao R, Zhu L, Guan G, Chi Z, Gu J, Yu Z. Risk Factors of Postoperative Low Back Pain for
Low-Grade Degenerative Spondylolisthesis: An At Least 2-Year Follow-Up Retrospective Study. World
Neurosurg.2017; 107:789–794.

23. Jermy JE, Copley PC, Poon MTC, Demetriades AK. Does pre-operative multi�dus morphology on MRI
predict clinical outcomes in adults following surgical treatment for degenerative lumbar spine
disease? A systematic review. Eur Spine J.2020; 29(6):1318–1327.

24. Gu J, Guan F, Zhu L, Guan G, Chi Z, Wang H, Yu Z. Risk Factors of Postoperative Low Back Pain for
Lumbar Spine Disease. World Neurosurg.2016; 94:248–254.

25. Jasper GP, Francisco GM, Telfeian AE. Endoscopic transforaminal discectomy for an extruded
lumbar disc herniation. Pain Physician.2013; 16(1):E31-35.

2�. Kim CH, Chung CK, Jahng TA, Yang HJ, Son YJ. Surgical outcome of percutaneous endoscopic
interlaminar lumbar diskectomy for recurrent disk herniation after open diskectomy. J Spinal Disord
Tech.2012; 25(5):E125-133.

27. Ruan W, Feng F, Liu Z, Xie J, Cai L, Ping A. Comparison of percutaneous endoscopic lumbar
discectomy versus open lumbar microdiscectomy for lumbar disc herniation: A meta-analysis. Int J
Surg.2016; 31:86–92.

2�. Parker SL, Xu R, McGirt MJ, Witham TF, Long DM, Bydon A. Long-term back pain after a single-level
discectomy for radiculopathy: incidence and health care cost analysis. J Neurosurg Spine.2010;
12(2):178–182.

29. Dvorak J, Gauchat MH, Valach L. The outcome of surgery for lumbar disc herniation. I. A 4–17 years'
follow-up with emphasis on somatic aspects. Spine (Phila Pa 1976).1988; 13(12):1418–1422.

30. He S, Sun Z, Wang Y, Ma D, Tan W, Lai J. Combining YESS and TESSYS techniques during
percutaneous transforaminal endoscopic discectomy for multilevel lumbar disc herniation. Medicine
(Baltimore).2018; 97(28):e11240.

31. Xin G, Shi-Sheng H, Hai-Long Z. Morphometric analysis of the YESS and TESSYS techniques of
percutaneous transforaminal endoscopic lumbar discectomy. Clin Anat.2013; 26(6):728–734.

32. Jarebi M, Awaf A, Lefranc M, Peltier J. A matched comparison of outcomes between percutaneous
endoscopic lumbar discectomy and open lumbar microdiscectomy for the treatment of lumbar disc
herniation: a 2-year retrospective cohort study. Spine J.2021; 21(1):114–121.

33. Choi KC, Kim JS, Park CK. Percutaneous Endoscopic Lumbar Discectomy as an Alternative to Open
Lumbar Microdiscectomy for Large Lumbar Disc Herniation. Pain Physician.2016; 19(2):E291-300.

34. Zhao XB, Ma HJ, Geng B, Zhou HG, Xia YY. Percutaneous Endoscopic Unilateral Laminotomy and
Bilateral Decompression for Lumbar Spinal Stenosis. Orthop Surg.2021; 13(2):641–650.

35. Li D-y, Yang J-c, Hai Y. Percutaneous endoscopic decompression for lumbar spinal stenosis in the
elderly. Orthopedic Journal of China.2019; 27(15):1360–1364.

3�. Ahn SS, Kim SH, Kim DW, Lee BH. Comparison of Outcomes of Percutaneous Endoscopic Lumbar
Discectomy and Open Lumbar Microdiscectomy for Young Adults: A Retrospective Matched Cohort
Study. World Neurosurg.2016; 86:250–258.



Page 16/19

37. Wang H, Huang B, Li C, Zhang Z, Wang J, Zheng W, Zhou Y. Learning curve for percutaneous
endoscopic lumbar discectomy depending on the surgeon's training level of minimally invasive spine
surgery. Clin Neurol Neurosurg.2013; 115(10):1987–1991.

3�. Thongtrangan I, Le H, Park J, Kim DH. Minimally invasive spinal surgery: a historical perspective.
Neurosurg Focus.2004; 16(1):E13.

Figures

Figure 1

Working channel position under C-arm guidance. a–b: Working channel positions in PEID.
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Figure 2

A 64-year-old woman with severe sciatica for four months was diagnosed with L5–S1 disc herniation and
underwent PEID. a–b: Preoperative radiography revealing degeneration and osteophyte formation in the
lumbar region. c–f: Preoperative computed tomography (CT) and magnetic resonance imaging (MRI)
showing the L5–S1 disc herniation on the left side. g: An intraoperative image showing the complete
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decompression of the nerve. h: The nucleus pulposus was removed intraoperatively. i: MRI scans at the
one-year follow-up appointment showing satisfactory decompression.

Figure 3

A 79-year-old man who complained of low back pain and left-leg radiated pain for six months was
diagnosed with L4–L5 disc herniation. a–b: A preoperative X-ray image showing lumbar degeneration
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and L4–L5 intervertebral space stenosis. c–d: A preoperative CT image showing L4–L5 disc herniation
on the left side and severe spinal canal stenosis. e–f: Preoperative MRI scan showing an L4–L5 disc
prolapse on the left side and severe compression of the nerve and dural tissue. g–h: One week after
surgery, CT revealed that the disc was completely removed and that the nerve was decompressed. i:
Three-dimensional CT reconstruction showing the decompression range of the L4–L5 window.


