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a one-year retrospective cohort study

Chen Liu'", Wencan Zhang”, Chongyi Wangz, Bingtao Hu?, Kaibin Wangz, Yunze Fengz, Le Li%,
Wanlong Xu'" and Haipeng Si"”

Abstract

Background We aim to compare and assess the surgical parameters and follow-up information of one-hole split
endoscopic discectomy (OSE) and microendoscopic discectomy (MED) in the treatment of LDH.

Methods This study included 154 patients with degenerative lumbar disk disease. Sixty-eight patients underwent
OSE and 86 patients MED. The VAS score for lower back and lower limb radiation pain, ODI score, modified MacNab
score, estimated blood loss (EBL), length of the incision, amount of C-reactive protein, and recurrence and complica-
tion rates were examined as indicators for clinical outcomes and adverse events.

Results After surgery, the VAS and ODI scores in the two groups significantly decreased. On the third day after sur-
gery, the VAS and ODI scores of the OSE group were significantly better than those of the MED group. The VAS

and ODI scores preoperatively and at 1 month, 3 months, 6 months, and 12 months following the procedure did
not substantially vary between the two groups. There was less EBL and a shorter incision with OSE than with MED.
There was no significant difference in the rate of complications between the two groups.

Conclusion Compared with MED, OSE is a new alternative option for LDH that can achieve similar and satisfactory
clinical outcomes. Furthermore, OSE has many advantages, including less EBL and a smaller incision. Further clinical
studies are needed to confirm the effectiveness of OSE.

Keywords One-hole split endoscopic discectomy (OSE), Microendoscopic discectomy (MED), Lumbar disk herniation
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Introduction

Lumbar disk herniation (LDH) is a common degen-
erative disease [1]. Since it was first introduced in the
1930s, open discectomy has continued to be the accepted
method for treating LDH despite its disadvantages [2].
Currently, traditional open discectomy is being replaced
with minimally invasive spine surgeries [3]. To enhance
the clinical results and reduce the incidences of sequela
and operation-induced trauma, minimally invasive sur-
gery is used [4, 5]. Microendoscopic discectomy (MED)
is one of the most popular minimally invasive spinal sur-
geries that has been used for the treatment of LDH [6,
7]. The advantages of this endoscopic surgery, such as
its minimal trauma, rapid recovery, and straightforward
procedure, have led to its widespread use in recent years
[2, 8].

One-hole split endoscopy (OSE) is a new endoscopic
surgery technique first proposed and applied by Profes-
sor Tengyue Zhu in 2019 [9, 10]. OSE technology has
both working and observation channels, but both are
located in the same incision, and each channel can move
freely. It separates the single channel of the percutaneous
transforaminal endoscopy discectomy(PTED), and inte-
grates the two channels of the unilateral endoscopic tech-
nology into one channel. Its advantage is that the surgical
working channel is not confined. Therefore, OSE not only
has the convenience of PTED but also has the wide field
of vision of unilateral biportal endoscopy (UBE) (Fig. 1).

Compared with open discectomy, OSE requires an
intervertebral approach, which has been mastered by
most spinal surgeons. Thus, OSE has a shorter learning
curve for spinal surgeons planning to learn minimally
invasive surgery. At present, OSE technology has been
used by spinal surgeons to treat LDH in China. How-
ever, there is no systematic introduction or evaluation of
its clinical efficacy for the treatment of LDH. Moreover,
there is no clinical research comparing OSE with MED.
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The aim of the current retrospective cohort study is to
evaluate the therapeutic effect of OSE and compare its
efficacy with MED.

This is the first report evaluating the clinical outcomes
of OSE for treating LDH. The current research has a posi-
tive impact on the promotion and application of OSE,
which is a new minimally invasive and alternative treat-
ment option for LDH.

Methods

Patient selection

This study compared the differences in clinical outcomes
between OSE and MED during the 1-year follow-up after
surgery, including life quality modification, pain control,
and patient satisfaction. This was a retrospective con-
trol study that was conducted at Qilu Hospital of Shan-
dong University. Between May 2019 and July 2022, we
recruited 154 patients who underwent surgery for LDH;
68 consecutive patients underwent OSE by three sur-
geons, while 86 consecutive patients underwent MED by
two surgeons.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) symptoms of
sciatica related to LDH, (2) symptoms lasting more than
3 months and ineffective conservative treatment, and (3)
symptom-related magnetic resonance (MR) or CT imag-
ing data.

The exclusion criteria were as follows: (1) a history
of lumbar surgery, (2) segmental instability (defined
as>3 mm translation or>5° angulation), (3) comor-
bid tumorous or infectious conditions, (4) Meyerding
grade II or higher spondylolisthesis, and (5) a protruded
intervertebral disk with severe calcification that was dif-
ficult to remove by endoscopic surgery.

Fig. 1 Intraoperative imaging of OSE technology
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Ethics and outcome assessment

The institutional review board of Qilu Hospital of Shan-
dong University approved this study (KYLL-202309-31),
and all patients submitted written informed consent
forms. Data were gathered from the preoperative stage
through the first year following surgery. The visual analog
scale (VAS) score, modified MacNab score, and Oswestry
Disability Index (ODI) score were assessed at 3-day,
1-month, 3-month, 6-month, and 12-month postop-
erative follow-ups used to measure pain severity, patient
satisfaction, and improvement of dysfunction. To assess
organ damage three days following surgery, the C-reac-
tive protein (CRP) level was measured. EBL is calculated
based on the formula proposed by Gross [11]. The num-
ber of days a patient is hospitalized after surgery (includ-
ing the day of surgery) is used to determine the length of
hospital stay. The formula suggested by Gross was used
to determine the EBL. All minimally invasive surgical
patients are routinely inserted with a drainage tube and
urinary tube after surgery. On the second day after sur-
gery, the drainage tube and urinary tube were removed
under normal circumstances, and the X-ray, CT, and MRI
were rechecked. When there are no abnormalities in the
imaging results, the patient was encouraged to walk with
wearing a waist circumference when the pain was toler-
able. On the third day after surgery, patients can be dis-
charged. After discharge, patients were advised to wear a
waist circumference during physical activity. All patients
were orally administered non steroidal anti-inflammatory
drugs for 2 weeks after surgery. All patients were fol-
lowed up at 1, 3, 6, and 12 months after surgery.

Surgical techniques

OSE

The patient is lying prone on an arched cushion, which
allows the opening of the vertebral lamina and the
extending of the ligamentum flavum. The surgeon deter-
mines the surgical segment through intraoperative fluor-
oscopy and performs the surgical procedure by standing
on the patient’s right side. A skin incision approximately
1.5 cm long was made at the intersection of the inner
edge of the pedicle and the intervertebral space, and
the endoscope and surgical instruments were inserted
through the incision. To create a working space, radi-
ofrequency ablation was used to endoscopically cauter-
ize the soft tissue. Then, the spine layer junction of the
target intervertebral region was located, and partial lami-
notomy was performed using an electric drill to remove
the lower edge of the upper vertebral plate and the inner
edge of the articular process. The ligamentum flavum
was removed with a Kerrison punch and radiofrequency
probe, and then the annulus of the bulging intervertebral
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disk was dissected and exposed. Overgrown epidural
arteries were carefully coagulated prior to discectomy
to reduce the risk of hemorrhage. Kerrison punches and
nucleus pulposus forceps were used to remove the burst
fragments. Finally, nerve root decompression and dura
mater pulsation were verified, a drain was placed, and the
surgical wound was closed.

MED

Patients were positioned prone for surgical operations
once general anesthesia was administered. C-arm fluor-
oscopy was used to confirm the target intervertebral
space, and a Steinmann pin was inserted into the verte-
bral lamina at the surgical level. Next, an incision approx-
imately 2 ¢cm long was created at the Steinmann pin,
and a series of dilators was used to expand the incision.
Finally, a flexible table-mounted arm was used to secure
a tubular retractor over the final dilator. In the working
channel, a rigid endoscope with a 30° lens was inserted.
A visual assistance system was used to perform the
discectomy.

Statistical analysis

SPSS version 26.0 software was used for statistical anal-
ysis. The independent samples ¢ test, chi-square tests,
and Mann—-Whitney U tests were used for intergroup
comparisons; the paired ¢ test was used for intragroup
comparisons. Comparisons with values of P<0.05 were
considered statistically significant.

Results

Perioperative demographic parameters

One hundred fifty-four patients met the inclusion cri-
teria, and neither the preoperative demographics nor
the clinical features of the OSE (68 cases) and MED (86
cases) groups differed significantly (P>0.05). The average
age of the queue is 42.3 years old, with female patients
accounting for 48.1% of the total. The most common
types of intervertebral disk herniation are paracentral,
with L4/5 and L5/S1 being the most common surgical
levels. (Table 1). Typical case: A 34-year-old male under-
went with OSE; VAS-back score was 4 points before sur-
gery and 2 points, one point, and one point immediately
after surgery, 1 months, and 3 months. VAS-leg score was
6 points before surgery and 2 points, one point, and one
point immediately after surgery, 1 months, and 3 months
(Fig. 2).

Clinical outcome

The clinical outcome measurements are shown in
Table 2. The surgical time was 72.6+11.9 min in the
OSE group and 75.6+15.7 min in the MED group,
with no statistically significant difference (P=0.203).
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Table 1 Baseline demographic information of patients (OSE vs.

MED)
Item OSE(n=68) MED (n=86) Pvalue
Age (years) 41.6+10.7 429+109 0492
Gender (male/female) 38/30 42/44 0.385
BMI (kg/m?) 221429 225435 0.905
Disease duration (months) 11.8+23 11.2+25 0.106
Type of disk herniation
Central 7(10.3%) 11(12.7%)
Paracentral 55 (80.9%) 69 (80.2%) 0.776
Far lateral 6 (8.8%) 6 (7.0%)
Surgical segment
L.3/4 or higher 5(7.4%) 11 (12.8%)
L4/5 41 (60.3%) 44 (51.2%) 0469
L5/S1 22 (32.4%) 31 (36.0%)
VAS score
Back 58+12 6.0+19 0.219
Leg 7.0+08 6.9+09 0.922
ODl score 66.3+14.6 67.7+12.2 0.539

Continuous data were presented as mean with standard deviation. Categorical
variables were presented as numbers with frequencies. BMI body mass index.
VAS visual analog scale, ODI Oswestry Disability Index. OSE one-hole split
endoscopy, MED microendoscopic discectomy

The estimated blood loss in the OSE group was
42.9+12.2 mL, significantly lower than 56.1+14.1 in
the MED group (P<0.001); The hospitalization time
was 3.0+£0.9 days and 3.1+ 1.1 days, respectively, with
no statistically significant difference (P=0.763); The
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incision length in the OSE group was 1.5+0.3 cm,
significantly lower than the MED group’s 2.0+0.5
(P<0.001).

Pain and life quality modification

There was no significant difference in preoperative VAS
scores for the back and legs between the two groups.
On the third day after surgery, there were significant
differences in VAS back pain scores (2.4+1.0 in the
OSE group and 3.5+1.3 in the MED group; P<0.001)
and VAS leg pain scores (2.0+0.9 in the OSE group
and 2.4+ 1.0 in the MED group; P=0.015). At 1 month,
3 months, 6 months, and 12 months after surgery, there
was no statistically significant difference in VAS scores
between the two groups (P>0.05) (Table 3; Fig. 3).

The ODI score is shown in Table 4, and the trend of
follow-up time is shown in Fig. 4. There was no sig-
nificant difference in preoperative ODI scores between
the OSE group (70.5 + 11.3 points) and the MED group
(68.3 £12.8 points; P=0.571). The OSE group showed a
significant improvement in ODI scores 3 days after sur-
gery (23.4+7.8 vs.26.8+9.1, P=0.012), and there was
no significant difference at other follow-up time points.
According to the MacNab standard, the satisfaction
rates of the patients in the MED and OSE groups were
88.4% and 91.2%, respectively. There was no statistically
significant difference in patient satisfaction between
the two groups (P=0.571; Table 5).

o Bong:

Fig. 2 A, B Preoperative sagittal and axial magnetic resonance images in a 34-year-old male patient complaining of left radicular leg pain, showing

s

L5-S1 disk herniation on the left side. C, D Surgical incision surface localization. E Establishing work channels. F Radiofrequency ablation exposed
the lower edge of vertebral lamina and the inner edge of lower articular process. G, H Postoperative sagittal and axial magnetic resonance images
made one day after surgery. I, J Kirschner wire anchoring positioning. K: Abrasive drill to thin the upper edge of the vertebral plate. L Removing

the herniated intervertebral disk
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Table 2 Clinical outcome measurements (OSE vs. MED) Table 4 ODI score (OSE vs. MED)
Parameter OSE (n=68) MED (n=86) P value Time point OSE (n=68) MED (n=86) P value
Operation time (min) 726+119 756+157 0.203 Preoperative 705+11.3 683+128 0.571
Estimated blood loss (ml) 1825+52.5 27041676 <0.001* 3 days PO 234+78 26.8+9.1 0.012*
Hospital stay (days) 30+09 31+1.1 0.763 1 month PO 17.7+70 183+6.1 0.564
Incision length (cm) 15+03 20+05 <0.001* 3 months PO 142+63 156+54 0.065
CRP (mg/dl) 24+08 27+1.1 0.09 6 months PO 90+57 10.0+£6.3 0.326

1 year PO 45+3.2 54+33 0.102

*Indicates significant difference. CRP amount of C-reactive protein at 48 h after
surgery, OSE one-hole split endoscopy, MED microendoscopic discectomy

Postoperative complications

There were 5 cases (7.4%) of complications in the
OSE group, and 13 cases (15.1%) in the MED group,
with no significant difference (P=0.136). The residual
and recurrence rates were similar between the two
groups (2.9% and 3.5%, respectively, P=1.00), with
the incidence of transient dysesthesia (2.9% and 5.8%,
P=0.465) and wound complications (1.5% and 3.5%,
P=0.630). There was no significant difference in the
above parameters. (Table 6).

Table 3 VAS pain scores (back and leg) (OSE vs MED)

PO postoperative; *indicates significant difference. OSE one-hole split
endoscopy, MED microendoscopic discectomy

Discussion

The aim of the present study was to retrospectively com-
pare MED and OSE for LDH. To the best of our knowl-
edge, no previous studies have compared OSE with
MED. MED is regarded as one of the standard minimally
invasive treatment options and is routinely performed
to treat LDH. Therefore, MED was used as a reference
to evaluate the efficiency and safety of OSE. Our results
demonstrated that compared with MED, OSE is a new
alternative treatment option for LDH that can achieve

Groups Preoperative 3 days PO 1 month PO 3 month PO 6 month PO 1year PO
OSE (back) 58+12 24+10 1.6£0.7 15+08 1.0£08 06+05
MED (back) 6.0+09 35+13 1.7£10 16+09 1.1+08 0806
Pvalue 0219 <0.001* 0.586 0.785 0.677 0.069

OSE (leg) 70+0.8 20+09 1.3£1.1 12+09 09+0.8 05106
MED (leg) 69+09 24£10 14+09 13+06 1.0+0.8 0.7+£0.6
Pvalue 0.922 0.015* 0.206 0.176 0.485 0.058

PO postoperative; *indicates significant difference. VAS visual analog scale, ODI Oswestry Disability Index. OSE one-hole split endoscopy, MED microendoscopic

discectomy
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Fig. 3 VAS score with follow-up time points (back and leg). *indicates significant difference. Significant differences were detected on the VAS back
pain score on day 3 postoperatively (2.4+ 1.0 scores in the OSE group, and 3.5+ 1.3 scores in the MED group; P<0.001) and VAS leg pain score
(2.0+0.9 scores in the OSE group, and 2.4+ 1.0 scores in the MED group; P=0.015)
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Fig. 4 ODI score with follow-up time points. *indicates significant
difference. Significantly better ODI scores were detected at 3 days
postoperatively in the PTED group (23.4+7.8 vs. 26.8+9.1, P=0.012)

similar and satisfactory clinical outcomes. Furthermore,
OSE has many advantages, including less EBL and a
smaller incision.

With the development of endoscopic technology, endo-
scopic lumbar discectomy has become popular, and the
technology has been continuously improved [12, 13].
In recent years, the representative endoscopic tech-
niques mainly include MED, PTED and UBE, which have
achieved satisfactory clinical results [14, 15]. However,
the common feature of all surgical methods is that the
light source and instruments must be operated through
fixed channels, which restricts surgeons from choosing a
wider surgical field of vision to some extent. Spinal sur-
geons expect that endoscopy has a wide field of vision
and freedom of movement, similar to open surgery, to
improve efficiency and reduce trauma and complications.
Various endoscopic procedures have advantages and dis-
advantages [16—21]. MED is similar to open operation
in that air medium is used, but blood stains often cause
blurred vision. MED and PTED require special instru-
ments in the operation. PTED is performed in a narrow
channel, which increases the risk of nerve injury. In the
working channel of PTED, the surgical instruments can
be moved freely in all directions, and surgeons can accu-
rately point to the target area. UBE has a wide field of
vision. However, due to biportal working channels and
limitations in device implantation, UBE causes more tis-
sue damage. In addition, multiple entrances and the lack

Table 5 Modified MacNab criteria (OSE vs. MED)
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Table 6 Postoperative complications (OSE vs MED)

Parameter OSE (n=68) MED (n=86) PValue
Dural tear 0 2 0.504
Transient dysesthesia 2 5 0465
Poor wound healing 1 3 0.630
Residue or recurrence 2 3 1.000
Total 5 13 0.136
Reoperation 2 4 0.694

" Indicates significant difference. OSE one-hole split endoscopy, MED
microendoscopic discectomy

of a closed joint space make exchanging and colocating
instruments more technically challenging.

Based on the desirability of no fixed channel, one-hole
split scope (OSE) not only allows free instrument move-
ment as PTED but also has a wide field of vision as UBE.
It allows random switching between water and air media
[22, 23]. An incision of approximately 1.5 cm can ensure
sufficient water pressure, with the shortest surgical path
to the operation area and clear vision.

In the present study, the VAS and ODI scores of the
two groups were both significantly improved when com-
pared with those before surgery. At the 3-day follow-up,
the improvements in the postoperative back and leg VAS
scores and ODI score in the OSE group were significantly
better than those in the MED group. These factors can be
used to explain this. First, in the MED group, prolonged
tubular retraction may cause denervation and ischemia
of the paraspinal muscle, thereby leading to muscular
atrophy and discomfort after the operation [24]. Second,
unlike MED, OSE is performed with continuous irriga-
tion of saltwater, which has certain benefits. For instance,
it has been suggested that saline irrigation might lessen
the release of inflammatory mediators that lead to post-
operative back discomfort [25, 26].

The EBL of the OSE group was significantly lower than
that of the MED group. We believe that sufficient water
pressure can compress small blood vessels, and low-
temperature physiological saline can also constrict small
blood vessels [7, 27]. In addition, the tubular retractor
used in MED can only be placed outside the spinal canal,

Groups Cases Excellent Good Fair Poor Rate
(excellent
and good)

OSE 68 38 (55.9%) 24 (35.3%) 5(7.4%) 1(1.5%) 62 (91.2%)

MED 86 45 (52.3%) 31 (36.0%) 7 (8.1%) 3(3.5%) 76 (88.4%)

x° value 0.193 0.009 0.033 0321

P value 0.660 0.923 0.856 0.630 0571
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which cannot effectively control hemorrhage in the spi-
nal canal [8, 28]. The operation duration of the MED
group was longer, but there was no significant difference
between the two groups. In the air medium, severe bleed-
ing seriously affects the recognition of the visual field
under the microscope and increases the probability of
complications such as nerve damage, thereby reducing
work efficiency and increasing surgical time [29, 30].

In terms of the incidence of complications, two patients
in the MED group exhibited dural tears. One of the
patients recovered and was left the hospital after lying
in bed and receiving conservative treatment. Another
patient had sustained wound nonunion due to cerebro-
spinal fluid leakage and finally underwent secondary
surgery. We believe that the perfusion pressure of saline
solution can establish a space between the dura mater
and the ligamentum flavum, thus facilitating the bit-
ing off of the ligamentum flavum without damaging the
dura mater [26]. There were 5 patients with residue or
recurrence, 3 in the MED group and 2 in the OSE group,
and there was no significant difference between the two
groups. We consider that because the tubular retractor
is placed outside the spinal canal in MED, incomplete
removal of the nucleus pulposus is caused by limited
vision. Transitional dysesthesia is more prevalent in the
MED group, likely as a result of nerve root traversal and
dural sac retraction [25, 31, 32]; additionally, the likeli-
hood of wound problems is greater because of the wider
incision needed for the MED approach.

This study had several limitations. First, there were no
radiologic results, such as lumbar spine stability or neigh-
boring segment deterioration. Second, a retrospective
design was used in the study. Prospective, multicenter
trials with larger sample sizes are needed in the future to
compare the long-term clinical results of OSE with those
of other endoscopic surgeries.

Conclusion

Compared with MED, OSE is a new alternative treatment
option for LDH that can achieve similar and satisfactory
clinical outcomes. Furthermore, OSE has many advan-
tages, including less EBL and a smaller incision. Further
clinical studies are needed to confirm the effectiveness of
OSE.

Acknowledgements

This research thanks the Shandong Province Natural Science Founda-

tion (No.ZR2023MH285) and China Postdoctoral Science Foundation (No.
2019M652397) and for funding. We thank Key Laboratory of Qingdao in
Medicine and Engineering for consultation and instrument availability that
supported this work.

Author contributions
Wanlong Xu and Haipeng Si envisioned and proposed research ideas and
methods. Chen Liu and Wencan Zhang have written the main manuscript

Page 7 of 8

text. Yunze Feng and Le Li have prepared Figures (1-4). Chongyi Wang, Bingtao
Hu and Kaibin Wang have been prepared Table(1-6).

Declarations

Competing interests
The authors declare no competing interests.

Author details

'Department of Orthopedics, Qilu Hospital, Cheeloo College of Medicine,
Shandong University, Jinan 250012, Shandong, People’s Republic of China.
’Department of Orthopedics, Qilu Hospital (Qingdao), Shandong University,
Qingdao 266035, Shandong, People’s Republic of China.

Received: 27 October 2023 Accepted: 20 January 2024
Published online: 06 February 2024

References

1. Geere JH, Swamy GN, Hunter PR, et al. Incidence and risk factors for
five-year recurrent disc herniation after primary single-level lumbar
discectomy. Bone Joint J. 2023;105-b:315-22.

2. Masuda S, Fukasawa T, Takeuchi M, et al. Reoperation rates of
microendoscopic discectomy compared with conventional open
lumbar discectomy: a large-database study. Clin Orthop Relat Res.
2023;481:145-54.

3. Theyse LFH. CORR Insights®: reoperation rates of microendoscopic
discectomy compared with conventional open lumbar discectomy: a
large-database study. Clin Orthop Relat Res. 2023;481:155-6.

4. Chen Z,Zhang L, Dong J, et al. Percutaneous transforaminal endo-
scopic discectomy versus microendoscopic discectomy for lumbar
disk herniation: five-year results of a randomized controlled trial. Spine.
2023;48:79-88.

5. Gadjradj PS, Rubinstein SM, Peul WC, et al. Full endoscopic versus open
discectomy for sciatica: randomised controlled non-inferiority trial. BMJ.
2022;376:065846.

6. Casal-Moro R, Castro-Menéndez M, Herndndez-Blanco M, et al. Long-term
outcome after microendoscopic diskectomy for lumbar disk hernia-
tion: a prospective clinical study with a 5-year follow-up. Neurosurgery.
2011;68:1568-75; discussion 75.

7. TuZ LiYW,Wang B, et al. Clinical outcome of full-endoscopic interlami-
nar discectomy for single-level lumbar disc herniation: a minimum of
5-year follow-up. Pain Physician. 2017;20:E425-30.

8. RenC, QinR, LiY, et al. Microendoscopic discectomy combined with
annular suture versus percutaneous transforaminal endoscopic discec-
tomy for lumbar disc herniation: a prospective observational study. Pain
Physician. 2020;23:E713-21.

9. ZhangY, Feng B, Ning H, et al. One-hole split endoscope technique for
migrated lumbar disc herniation: a single-centre, retrospective study of a
novel technique. J Orthop Surg Res. 2023;18:483.

10. Zhang, Feng B, Hu P, et al. One-hole split endoscopy technique versus
unilateral biportal endoscopy technique for L5-S1 lumbar disk hernia-
tion: analysis of clinical and radiologic outcomes. J Orthop Surg Res.
2023;18:668.

11. Gross JB. Estimating allowable blood loss: corrected for dilution. Anesthe-
siology. 1983;58:277-80.

12. Kim CW, Phillips F. The history of endoscopic posterior lumbar surgery. Int
J Spine Surg. 2021;15:56-10.

13.  Akbary K, Kim JS. Recent technical advancements of endoscopic spine
surgery with disparate or disruptive technologies and patents. World
Neurosurg. 2021;145:693-701.

14. Hussain |, Apuzzo MLJ, Wang MY. Foundations in spinal endoscopy. World
Neurosurg. 2022;160:125-31.

15. Simpson AK, Lightsey HMt, Xiong GX, et al. Spinal endoscopy: evidence,
techniques, global trends, and future projections. Spine J. 2022;22:64-74.

16. Hussain I, Hofstetter CP, Wang MY. Innovations in spinal endoscopy. World
Neurosurg. 2022;160:138-48.



Liu et al. Journal of Orthopaedic Surgery and Research (2024) 19:123

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

Chung AS, McKnight B, Wang JC. Scientific view on endoscopic spine sur-
gery: can spinal endoscopy become a mainstream surgical tool? World
Neurosurg. 2021;145:708-11.

Qin R, WuT, Liu H, et al. Minimally invasive versus traditional open trans-
foraminal lumbar interbody fusion for the treatment of low-grade degen-
erative spondylolisthesis: a retrospective study. Sci Rep. 2020;10:21851.
Kanala RR, Yerragunta T, Yerramneni VK, et al. Minimally invasive trans-
foraminal lumbar interbody fusion: Technical tips, learning curve, short-
term clinical outcome, and brief review. J Craniovertebr Junction Spine.
2021;12:387-92.

Schnake KJ. TPLIF (decompression and TLIF) in degenerative spondylolis-
thesis L4/5. Eur Spine J. 2016;25(Suppl 2):272-3.

Wu AM, Chen CH, Shen ZH, et al. The outcomes of minimally invasive
versus open posterior approach spinal fusion in treatment of lumbar
spondylolisthesis: the current evidence from prospective comparative
studies. Biomed Res Int. 2017;2017:8423638.

Tieber F, Lewandrowski K-U. Technology advancements in spinal endos-
copy for staged management of painful spine conditions. J Spine Surg.
2020;6:519-28.

Lewandrowski KU, Soriano-Sanchez JA, Zhang X, et al. Surgeon training
and clinical implementation of spinal endoscopy in routine practice:
results of a global survey. J Spine Surg. 2020,6:5237-48.

Taylor H, McGregor AH, Medhi-Zadeh S, et al. The impact of self-retaining
retractors on the paraspinal muscles during posterior spinal surgery.
Spine (Phila Pa 1976). 2002;27:2758-62.

Lee CW, Yoon KJ, Jun JH. Percutaneous endoscopic laminotomy with fla-
vectomy by uniportal, unilateral approach for the lumbar canal or lateral
recess stenosis. World Neurosurg. 2018;113:2129-37.

LiH, Jiang C, Mu X, et al. Comparison of MED and PELD in the treatment
of adolescent lumbar disc herniation: a 5-year retrospective follow-up.
World Neurosurg. 2018;112:e255-60.

Li M, Yang H, Yang Q. Full-endoscopic technique discectomy versus
microendoscopic discectomy for the surgical treatment of lumbar disc
herniation. Pain Physician. 2015;18:359-63.

Chen Z, Zhang L, Dong J, et al. Percutaneous transforaminal endoscopic
discectomy compared with microendoscopic discectomy for lumbar disc
herniation: 1-year results of an ongoing randomized controlled trial. J
Neurosurg Spine. 2018;28:300-10.

Yu P, Zan P, Zhang X, et al. Comparison of percutaneous transforaminal
endoscopic discectomy and microendoscopic discectomy for the surgi-
cal management of symptomatic lumbar disc herniation: a multicenter
retrospective cohort study with a minimum of 2 years'follow-up. Pain
Physician. 2021;24:E117-25.

Merter A, Karaeminogullari O, Shibayama M. Comparison of radiation
exposure among 3 different endoscopic diskectomy techniques for
lumbar disk herniation. World Neurosurg. 2020;139:e572-9.

Thomé C, Zevgaridis D, Leheta O, et al. Outcome after less-invasive
decompression of lumbar spinal stenosis: a randomized comparison of
unilateral laminotomy, bilateral laminotomy, and laminectomy. J Neuro-
surg Spine. 2005;3:129-41.

Komp M, Hahn P, Oezdemir S, et al. Bilateral spinal decompression of
lumbar central stenosis with the full-endoscopic interlaminar versus
microsurgical laminotomy technique: a prospective, randomized, con-
trolled study. Pain Physician. 2015;18:61-70.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8



	Comparison of one-hole split endoscopic discectomy and microendoscopic discectomy in the treatment of lumbar disk herniation: a one-year retrospective cohort study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Patient selection
	Inclusion and exclusion criteria
	Ethics and outcome assessment
	Surgical techniques
	OSE
	MED

	Statistical analysis

	Results
	Perioperative demographic parameters
	Clinical outcome
	Pain and life quality modification
	Postoperative complications

	Discussion
	Conclusion
	Acknowledgements
	References


