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Purpose: Highly migrated lumbar disc herniation (HM-LDH) presents a significant challenge for surgeons. This study aimed to assess
the safety and clinical outcomes of large-channel interlaminar endoscopic discectomy for HM-LDH and compare it to open
fenestration discectomy.

Patients and Methods: Patients who underwent large-channel interlaminar endoscopic discectomy (group A) or open fenestration
discectomy (group B) for HM-LDH between January 2021 and December 2023 were included. Radiological and clinical outcomes
were evaluated over at least one year. Operation time, intraoperative blood loss, postoperative drainage, postoperative hospital stay,
patient-reported outcomes and complications were compared between groups, independent sample #-tests and Fisher’s exact prob-
ability test were performed for two groups.

Results: One hundred and thirty-six patients were retrospectively included in this study, with 84 in group A and 52 in group B,
respectively. Although similar operative time was observed in group A and group B, group A was detected with significantly less
intraoperative blood loss (17.6 £ 6.0 mL vs 101.7 £ 62.0 mL, P = 0.003) and shorter postoperative hospital stay (2.4 £ 0.6 days vs 5.2
+ 2.2 days, P < 0.001). Additionally, postoperative drainage was required in group B (35.9 + 26.4 mL), but none in group A. Follow-up
durations averaged 22.8 + 4.9 months for group A and 20.2 + 4.2 months for group B. Both groups achieved a significant improvement
in VAS, ODI and EQ-5D scores without significant differences. No case experienced neurological deficits and reoperation after surgery
in either group. The overall percentage of patients with good to excellent results according to modified MacNab criteria of group A was
95.2%, versus 92.3% of group B.

Conclusion: For the treatment of HM-LDH, large-channel interlaminar endoscopic discectomy is an effective and safe treatment.
Keywords: spine endoscopy, open fenestration discectomy, highly migrated disc herniation, clinical effectiveness

Introduction
Low back pain and leg pain are the leading causes of disability worldwide, with lumbar disc herniation (LDH) being one
of the most common underlying causes.'*> Migrated LDH represents a distinct subset of LDH, characterized with an
upward or downward migration of the nucleus pulposus caused by complete rupture of the annulus fibrosus.> When the
nucleus pulposus extends beyond the height of the posterior disc margin, it is classified as highly migrated lumbar disc
herniation (HM-LDH).* Due to the nucleus pulposus breaking through the annulus fibrosus or the posterior longitudinal
ligament into the spinal canal, this type of LDH typically presents with severe clinical symptoms, in which, conservative
treatment usually fails and surgical intervention is commonly recommended.’

Conventional open fenestration discectomy used to be a standard procedure in treating LDH.® For the treatment of
HM-LDH, open fenestration discectomy typically requires dissecting of paraspinal muscles and removing substantial part

of lamina either superiorly or inferiorly, which can lead to long-term complications such as chronic back pain and spinal
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instability.”® Additionally, open fenestration discectomy still has disadvantages of unclear vision, residual fragments,
considerable blood loss, and the need of drainage.'®

In recent years, percutaneous endoscopic lumbar discectomy (PELD) has been widely used to treat LDH."' Generally,
it can be divided into two approaches: transforaminal endoscopic lumbar discectomy (TELD) and interlaminar endo-
scopic lumbar discectomy (IELD).'> When employing TELD for the treatment of HM-LDH, extensive resection of the
facet joints and pedicles is often required to achieve complete exposure due to the obstruction of the pedicles, facet joints,
and ligaments of the intervertebral foramen.'>~'> Nonetheless, residual fragments, incomplete decompression, and even
the need for reoperation do occur occasionally after TELD treatment.'®

Since Ruetten et al'’ first proposed a minimally invasive approach via interlaminar window in treating LDH, IELD
has experienced significant development and wide application, especially in L5/S1 segment. However, for HM-LDH,
particularly at the L4/5 segment where the interlaminar space is relatively narrow, complete removal of the migrated disc
may be rather challenging. Kim et al* reported an 88.2% success rate (15/17) for IELD in a series of cases with HM-LDH
and two patients with failed L4/5 IELD had to receive a second IELD procedure through the L5/S1 interlaminar window.

Large-channel interlaminar endoscopic discectomy, a IELD technique performed under a large channel, can achieve
a similar decompression effect to conventional surgery.'®'” Due to its larger working channel, it can provide a larger
surgical exploration area and ensure sufficient decompression.”’ Additionally, it provides a wider range of swing,
a broader field of view, and a more comprehensive exploration, facilitating the detection of residual migrated nucleus
pulposus tissue, which makes this approach suitable for a wide range of indications in contrast to other endoscopic spinal
surgery systems.”' > Several studies reported that large-channel interlaminar endoscopic discectomy for treating LDH
can achieve clinical outcomes similar to open fenestration discectomy,%’25 but no studies have compared the effective-
ness of these two procedures in treating HM-LDH.

Evaluating the clinical outcomes of minimally invasive techniques in challenging cases such as HM-LDH is an
important contribution to surgical practice, as a result of which, this study aimed to investigate the effectiveness and
safety of large-channel interlaminar endoscopic discectomy in treating HM-LDH. Additionally, we intended to illustrate
the minimum-one-year radiological and clinical outcomes of large-channel interlaminar endoscopic discectomy in
treating HM-LDH in comparison with open fenestration discectomy. It was hypothesized that large-channel interlaminar
endoscopic discectomy might take the advantages of less trauma and shorter hospital stay.

Methods

Study Design and Patient Population

The study was approved by our Institutional Ethics Review Board (Ethical number: 2025-0289-01). As shown in
Figure 1, we reviewed a series of patients with HM-LDH who had undergone single-level L4/5 or L5/S1 large-channel
interlaminar endoscopic discectomy or open fenestration discectomy between January 2021 and December 2023 in our
center. To minimize clinical outcome variability due to surgical experience and professional skills, all surgeries were
performed by a single surgeon (XS) who had at least ten years’ experience in spine surgery and at least two years of
experience in PELD surgery.

Patients included in this study had to meet the following criteria: (1) MRI confirming L4/5 or L5/S1 single-segment
HM-LDH, (2) unilateral radiating pain and numbness in the lower limb, and (3) had received conservative measures for
more than 12 weeks but failed. Exclusion criteria were as follows: (1) history of lumbar surgery, (2) concomitant
developmental spinal stenosis, instability, scoliosis, or inflammation of lumbar spine, and (3) inability to tolerate surgery
due to other severe diseases. Written informed consent was obtained from each patient.

Enrolled patients who had undergone large-channel interlaminar endoscopic discectomy were assigned to group A,
while those had undergone open fenestration discectomy were assigned to group B.

Assessment of HM-LDH

According to Ahn’s classification system,”® disc migration was classified into seven zones based on the direction and
extent of migration observed on preoperative MRI imaging: very high-grade upward; high-grade upward; low-grade
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Figure | Study flow diagram showing the inclusion and exclusion of patients.
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upward; disc level; low-grade downward; high-grade downward and very high-grade downward (Figure 2). The high-
grade migration was characterized by the extent of migration beyond 3 mm below the inferior margin of the upper
pedicle (high-grade upward) or below the middle of the lower pedicle (high-grade downward). Very high-grade migration
was defined as a migration that beyond the inferior margin of the upper pedicle (very high-grade upward) or the inferior
margin of the lower pedicle (very high-grade downward) (Figure 3).

Very high
Very high

Figure 2 Schematic diagram illustrating migrated lumbar disc herniation, categorized into seven zones based on the direction and degree of migration.

Figure 3 Preoperative MRI of HM-LDH. (A) High-grade upward migration; (B) Very high-grade upward migration; (C) High-grade downward migration; (D) Very high-
grade downward migration. The white arrow indicates the direction of the migrated herniated disc.
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Surgical Techniques

Each surgery was performed under general anesthesia. All patient was placed in the prone position on an arch-shaped
operating table, and the lumbar region was maintained in an appropriate flexed position to widen the interlaminar
window. The skin entry point and the lesion segments were confirmed with the assistance of anterior-posterior
fluoroscopy. After regular disinfection and draping, we performed the following two types of surgeries.

Large-Channel Interlaminar Endoscopic Discectomy

The selection of the entry point is not at the traditional position directly facing the intervertebral space. Instead, the location of
the migrated disc determines whether the puncture site is chosen to be on the cranial or the caudal side of the lateral margin of
the interlaminar window. Once the entry point is determined, an 18-gauge spinal needle was carefully inserted into the target
position. Subsequently, a 1.2-cm skin incision was made around the needle, followed by the sequential insertion of dilators
until they reached the level of the ligamentum flavum. A working cannula was then introduced, and the final position was
checked on the anteroposterior (AP) and lateral fluoroscopic images. The large channel-endoscope (iILESSY S-Delta, Joimax,
Germany) was placed through the cannula, and the ligamentum flavum was exposed by dissecting the surrounding soft tissues.
Throughout the procedure, a bipolar radiofrequency electrode (DTF-40, Elliquence, America) was employed for hemostasis.
Under the endoscope, the upper and lower margins of the lamina, as well as the interlaminar window, were clearly visible.
Based on the location of the migrated disc, either the cephalic or caudolateral portion of the lamina was meticulously removed
using an endoscopic high-speed burr or a laminar rongeur. To improve the visibility of the spinal canal, a tiny section of the
medial facet joint could be resected, with careful attention to preserving the stability of the facet joint and the integrity of the
pars. Once the exposure was adequate, a portion of the ligamentum flavum was carefully dissected to reveal the dural sac and
the nerve root. By adjusting the angle of the endoscope, the shoulder and axilla of the nerve root were thoroughly explored,
ensuring that the compressed nerve root and the intervertebral disc were fully visible. With gentle retraction of the nerve root,
the herniated disc fragment was identified and subsequently removed using forceps. Following this, an assessment of the distal
end of the migrated disc was conducted to detect any residual disc tissue. The endpoint for endoscopic decompression was
established by confirming the unobstructed movement of the exposed nerve root and the strong pulsation of the dural sac.
Once this endpoint was verified, the surgical procedure was successfully concluded. Finally, the working cannula was
carefully removed, and the incision was closed after hemostasis, with no need for drainage (Figure 4).

Open Fenestration Discectomy

A 4-cm longitudinal median skin incision was made and dissection was performed to fully expose the superior and inferior
lamina and zygapophyseal joint of the target segment. By using Kerrison rongeur, lamina was partially removed to fully
expose herniated disc and nerve roots. After herniated intervertebral disc tissues were exposed, migrated nucleus pulposus
and residual diseased tissues in intervertebral disc were removed. Confirming that the dura sac and nerve root was completely
decompressed, a drainage tube were introduced and the incision was sutured layer by layer to conclude the surgery.

Postoperative Management

Standard postoperative treatment was administered, including medication measures to alleviate pain and reduce swelling. After
24 hours of bed rest, patients in group A were encouraged to sit and walk while wearing a lumbar brace. In group B, drainage tube
was routinely removed no later than 24 hours after surgery. All patients were advised to avoid excessive lifting, bending, and
twisting for one month, and also to incorporate moderate lumbar and back muscle exercises into their daily routine activities.
Quality of life (QOL) scores at 3, 6, and 12 months postoperatively were recorded to evaluate clinical efficacy, MRI examinations
were conducted on postoperative 3 months and 12 months to assess the decompression effectiveness and identify the condition of
the intervertebral discs at the surgical segment.

Clinical Data and QOL Measures

The hospital information system was used to collect clinical records. Follow-up data were collected via telephone
interview or via electronic questionnaire at the outpatient clinic. Patient demographic characteristics, including baseline
data, smoking history and comorbidities (diabetes and hypertension) were obtained.
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Figure 4 A 49-year-old female with very high-grade downward migration underwent large-channel interlaminar endoscopic discectomy. (A and B) The preoperative MRI
showed that the migrated intervertebral disc from the L4-L5 disc level to the L5 lower end plate. (C-G) Properly placed the large-channel endoscopy under the C-arm
fluoroscope and perform endoscopic discectomy during surgery. (H) Under endoscopic visualization, thorough decompression was achieved. (I) The nucleus pulposus
removed during surgery. (J and K) The MRI taken 15 months after the surgery showed no recurrence of disc herniation or migration.

Clinical records including level of migrated LDH (L4/5 or L5/S1), side of disc herniation (left or right), condition of
disc migration (direction and degree), duration of disease, operation time, follow-up duration, intraoperative blood loss,
postoperative drainage and postoperative hospital stay were collected. Visual Analog Scale (VAS) for pain on the back,
buttock and legs, the Oswestry Disability Index (ODI) and the European Quality of Life-5 Dimensions (EQ-5D) were
used to assess QOL of patients preoperatively and postoperatively. The modified MacNab criteria were used at 12 months
postoperatively to assess patients’ satisfaction on the surgery.

Statistical Analysis

All data were analyzed using SPSS Statistics (SPSS Inc., Chicago, IL, USA). The Kolmogorov—Smirnov test was used to
determine whether the variables followed a normal distribution. The continuous variables (age, BMI, duration of disease,
follow-up time, clinical records, VAS, ODI, EQ-5D) were in accordance with approximate normal distribution and
presented as mean + standard deviation (x+ SDs). Categorical variables (gender, smoking status, comorbidities, level of
migrated LDH, side of disc herniation, direction of migration, degree of migrated LDH and modified MacNab were
expressed as number (percentages). With regards to comparisons between group A and group B, independent sample
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t-test was used for continuous variables, and chi-square test or Fisher’s exact probability test was used to examine
categorical ones. Histograms and line charts were generated through Prism 9 software (GraphPad Software, San Diego,
California, USA). When p value < 0.05, it was considered statistically significant.

Results

Patient Demographic Data

This study finally enrolled a total of 136 patients (89 males and 47 females), with 84 in group A and 52 in group
B respectively. As shown in Table 1, there were 37 patients with high-grade migration and 47 patients with very high-
grade migration in group A while 29 with high-grade migration and 23 patients with very high-grade migration in group
B. No statistically significant differences were observed between the two groups in terms of age, gender, BMI, smoking
status, comorbidities, level of migrated LDH, side of disc herniation, direction of disc migration, degree of migrated
LDH and follow-up time (P > 0.05).

Surgical Results and Radiological Results

The surgeries of both groups were successfully completed. As shown in Table 2, the intraoperative blood loss was
significantly less in group A than in group B (17.6 £ 6.0 mL vs 101.7 = 62.0 mL, P = 0.003). The postoperative hospital
stay was also significantly shorter in group A compared to group B (2.4 + 0.6 days vs 5.2 = 2.3 days, P < 0.001). The
surgery time for group A was slightly shorter, but there was no significant difference. (P = 0.074). Patients in group
B averagely had a drainage of 35.9 + 26.4 mL, while none in group A needed a drainage tube. Except for one case of
delayed wound healing in Group B, other patients” wounds healed by primary intention. All patients in group A achieved
primary healing of surgical wounds.

Table | Demographic Data in 136 Patients with Highly Migrated Lumbar Disc Herniation

Variables Endoscopy (n=84) | Fenestration (n=52) | t or ? value | P value
Age (years) 419+ 113 385+ 119 1.737 0.085
Gender (%) 0.475 0.491
Male 55 (65.5) 34 (65.4)
Female 29 (34.5) 18 (34.6)
BMI (kg/m2) 24.1 £32 247 + 39 -0.777 0.439
Smoking status, n (%) 0.129 0.719
Non/Ex-smoker 59 (70.2) 35 (67.3)
Current smoker 25 (29.8) 17 (32.7)
Comorbidities, n (%)
Diabetes 8 (9.5) 6 (11.5) 0.141 0.707
Hypertension I (13.1) 5(9.6) 0.375 0.540
Level of migrated LDH, n (%) 0.298 0.585
L4/5 30 (35.7) 21 (40.4)
L5/S1 54 (64.3) 31 (59.6)
Side of disc herniation, n (%) 0.354 0.552
Left 48 (57.1) 27 (51.9)
Right 36 (42.9) 25 (48.1)
Direction of disc migration, n (%) 0.020 0.886
Upward 17 (20.2) 10 (19.2)
Downward 67 (79.8) 42 (80.8)
Degree of migrated LDH, n (%) 1.767 0.184
High 37 (44.0) 29 (55.8)
Very high 47 (56.0) 23 (44.2)
Duration of disease (months) 48 25 68 +29 —1.199 0.235
Duration of follow-up (months) 228 £ 4.9 202 £ 4.2 —-1.781 0.078

Abbreviations: BMI, body mass index; LDH, lumbar disc herniation.
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Table 2 Surgical Data of the 136 Patients with Highly Migrated Lumbar Disc Herniation

Variables Endoscopy (n=51) | Fenestration (n=52) | t value | P value
Operation time (min) 80.8 + 26.4 90.0 + 29.4 —1.800 | 0.074
Intraoperative blood loss (mL) 17.6 £ 6.0 101.7 + 62.0 —-3.4l16 | 0.003
Postoperative drainage (mL) 0 359 + 264 —5.302 | <0.001
Postoperative hospital stay (day) | 2.4 + 0.6 52+22 —8.605 | <0.001

Table 3 Complications of the 136 Patients with Highly Migrated Lumbar Disc Herniation

Variables Endoscopy (n=84) | Fenestration (n=52) | »? value | P value
Complications during surgery, n (%)
Dural tear 0 (0) 0 (0) 0.000 1.000
Facet injury I (1.2) 2 (3.8) 0.180 0.672
Remnant disc I (1.2) 0 (0) 0.000 1.000
Neurologic deterioration 0 (0) 0 (0) 0.000 1.000
Complications during follow-up, n (%)
Symptomatic hematoma 0 (0) 0 (0) 0.000 1.000
Surgical site infection 0 (0) 0 (0) 0.000 1.000
Reoperation 0 (0) 0 (0) 0.000 1.000
Neurologic deterioration 0 (0) 0 (0) 0.000 1.000
Complication rate, n (%) 2 (2.3) 2 (3.8) 0.000 1.000

Notes: Remnant disc refers to a state in which all of the existing discs have not been removed on postoperative MRI.

As shown in Table 3, complications such as dural tear, neurologic deterioration, symptomatic hematoma and surgical site
infection were not observed. During the surgery, one case in group A experienced facet injury, while two cases in group
B experienced facet injury. All of them received conservative treatment. No recurrence of herniation or migration was
observed in group A and B. No significant difference in the complication rates was observed between two groups (P = 1.000).

Clinical Results

As shown in Figure 5, the postoperative VAS and ODI scores significantly decreased compared with the preoperative
scores (P < 0.05). The symptoms continued to improve at different time points after surgery in both groups. The mean
VAS (back), VAS (buttock) and VAS (leg) scores in group A improved from 5.5 + 3.0, 5.3 £ 3.3 and 7.10 £ 2.8
preoperatively to 2.2 + 1.7, 1.6 + 0.6 and 1.6 £ 0.6 at 3 months postoperatively, which further improved to 1.5 + 0.7, 1.1
+ 0.6 and 1.1 £ 0.4 at the final follow-up, respectively. The mean ODI scores improved from 53.3 + 24.1% preoperatively
to 13.4 = 2.7% at 3 months postoperatively, which further improved to 7.7 = 2.4% at the final follow-up. The mean VAS
(back), VAS (buttock), VAS (leg) scores and mean ODI scores in group A were comparative with group B. According to
the modified MacNab criteria, the rate of excellent or good outcomes in group A was 95.2%, versus 92.3% in group B. At
the final follow-up, the EQ-5D scores in both groups demonstrated significant increases, but no statistically significant
differences were observed between the groups. Moreover, we found that there were no significant differences in clinical
outcomes between patients with high-grade migration and those with very high-grade migration in either group.

Discussion
The present study was the first to investigate the safety and effectiveness of large-channel interlaminar endoscopic
discectomy in treating patients with HM-LDH. In our study, open fenestration discectomy was used as a reference. Our
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results revealed that large-channel interlaminar endoscopic discectomy for the treatment of HM-LDH can achieve clinical
effectiveness comparable to that of open fenestration discectomy with less blood loss and shorter hospital stay.

HM-LDH is a rather more severe type of LDH which often requires surgical treatment.” Open fenestration
discectomy is the classical surgical procedure for LDH and is widely accepted by spine surgeons because of its
simplicity, low osteotomy rate, low impact on spinal stability, and validity,?” but it presents many technical challenges
in the management of HM-LDH.”” In this study, we introduced the large-channel interlaminar endoscopic discectomy to
manage HM-LDH. Compared to traditional spine endoscopy, the large-channel endoscopy has a larger working channel
(1 cm in diameter), which supports the use of a larger Kerrison punch, grinding drill, and nucleus pulposus forceps for
better decompression.”’ Moreover, this endoscopy allows for a wider oscillating range, wider field of view, and more
thorough exploration, allowing for the detection of residual prolapsed nucleus pulposus tissue. Under clear illumination,
continuous saline irrigation, and a visual field magnification system, migrated nucleus pulposus can be detected, thereby
reducing the risk of residual nucleus pulposus.”' > In our study, group A had relatively shorter operation time. Moreover,
no cases required reoperation during the follow-up. Therefore, large-channel endoscopy can serve as an alternative option
for the treatment of HM-LDH.

As shown in our study, for HM-LDH, large-channel interlaminar endoscopic discectomy has several advantages.
First, compared with group B, group A was associated with less intraoperative blood loss (17.6 = 6.0mL vs 101.7 £
62.0mL, P<0.001). This finding was consistent with the report by Fei et al.”® This may be due to the smaller incision
(1.2cm) and lesser dissection of the paravertebral muscles. Moreover, bipolar radiofrequency allows precise haemostasis
of the perineural tissue, resulting in less intraoperative blood loss.** Second, patients in group A had a shorter post-
operative hospital stay than group B (2.4 + 0.6 days vs 5.2 = 2.2 days, P<0.001), which was similar to the results reported
by Sheng et al*’ and Yang et al.*° This may be attributed to the minimal damage to the bony structures, muscles, and
ligamentous complex caused by endoscopic discectomy, as well as the absence of drainage, all of which contribute to
a faster postoperative recovery.”’ Third, group A did not increase the incidence of complications (2.3% vs 3.8%, P =
1.000), which was similar to the 5% reported by Oertel.*> This was due to the clear endoscopic vision, precise
decompression, and shorter operative time, reducing the possibility of accidental injury to vital tissues. Notably,
endoscopic surgery can still achieve clinical efficacy comparable to open fenestration discectomy while possessing the
aforementioned advantages.

Large-channel endoscopy is relatively wide and mainly used for the lower lumbar spine, since the spinal canal at the
L4/5 and L5/S1 segments is relatively spacious, which allows the accommodation of such endoscopes. But it also carries
the risk of injury to the facet joint or the pars, particularly during removal of migrated nucleus pulposus at the L4/5 level.
In our study, group A remained a risk of facet joint injury (1.2% vs 3.8%, P = 0.672). Excessive bony resection or drilling
to widen the narrow interlaminar window may inadvertently violate the medial facet capsule or articular surface.
Additionally, excessive lateral inclination during fragment retrieval can lead to unintended abrasion or fracture of the
facet joint. Therefore, when performing laminectomy under the endoscope, attention should be paid to protecting the pars
and excessive oscillation should be avoided to prevent damage to the facet joint. Fortunately, none of the patients
experienced pain due to facet joint injury after conservative treatment and lumbar and back muscle exercises. Moreover,
the mean operation time was slightly shorter than that of open fenestration discectomy because of the small incision size,
limited operating space and additional surgical steps required for endoscopic discectomy such as cannula installation and
device connection. More time is needed to correctly identify anatomical structures, and surgeons need to be familiar with
the instruments.”* As well as the need for the surgeon to operate without tactile sensation, the understanding of three-
dimensional anatomy through two-dimensional imaging underneath, and the training cycle for manual dexterity, which
caused the steeper learning curve.** A research report™ states that the learning curve for IELD stabilizes after 50 cases.
This has important implications for clinical practice, as the surgeon’s experience not only significantly affects the
learning curve but also impacts the outcomes of these surgeries. Our study involved a surgeon with over 500 cases of
endoscopic surgical experience, and the results demonstrate that proficiency in performing large-channel endoscopic
discectomy can yield favorable clinical outcomes. However, it is important to acknowledge that novice surgeons may
require more time to achieve consistent results with this technique, which may affect the success rate in real-world
clinical settings.
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This study has several limitations. First, it was a non-randomized retrospective study, and it was inevitable that there
will be biases in the selection and collection of cases. Therefore, prospective randomized controlled trials need to be
carried out to further verify our findings. Second, all the operations were performed by the same experienced surgeon,
which may limit the generalizability of the results. In the future, multi-center studies involving surgeons with different
levels of skills are needed to determine the clinical outcomes of these two techniques. Third, this study only enrolled
patients with over-one-year follow-up, a long-term follow-up study is needed to further verify the results.

Conclusion

For the treatment of HM-LDH, large-channel interlaminar endoscopic discectomy can not only lessen blood loss, shorten
postoperative hospital stay, but also achieve similar clinical outcome to open fenestration discectomy. Therefore, it is an
effective and safe treatment for HM-LDH.
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