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Clinical outcomes of fenestration 
discectomy and iLESSYS‑Delta 
interlaminar endoscopic 
system for treatment of LDH: 
a single‑center retrospective cohort 
study
Xuetao Zhu 1,3, Yixiang Zhao 2,3, Kaiwen Liu 1,3, Yuanqiang Zhang 1* & Lei Cheng 1*

To compare the clinical efficacy of interlaminar endoscopic surgical system delta (iLESSYS‑Delta) 
discectomy with that of classical fenestration discectomy for treating lumbar disc herniation. 
Patients who underwent iLESSYS‑Delta or fenestration discectomy were enrolled in this study. 
Baseline information and clinical indicators were collected. The baseline data were matched using 
propensity score matching. Fifty‑two patients were in each group. In the iLESSYS‑Delta cohort, the 
volume of intraoperative bleeding was 18.17 ± 4.20 ml, the length of postoperative hospital stay was 
4.16 ± 2.29 days, and the length of postoperative off‑bed activity was 1.58 ± 0.88 days. In contrast, 
in the fenestration group, the volume of intraoperative bleeding was 32.50 ± 17.13 ml, the length 
of postoperative hospital stay was 6.66 ± 2.44 days, and the length of postoperative off‑bed activity 
was 3.18 ± 1.28 days. The difference between the two groups was statistically significant (P < 0.05). 
The operation time was 88.90 ± 19.14 min in the iLESSYS‑Delta group and 67.63 ± 19.32 min in the 
fenestration group, and the difference between the two groups was statistically significant (P < 0.05). 
Regarding the pain visual analogue scale scores at 24, 48, and 72 h after surgery, patients in the 
iLESSYS‑Delta group had less pain than did those in the fenestration group (P < 0.05). The Oswestry 
disability indices of postoperative patients in both groups significantly improved at 3 months after 
surgery and at the last follow‑up (P < 0.05); however, there was no statistically significant difference 
in the postoperative ODI scores between the two surgery groups (P > 0.05). The two groups showed 
no significant differences in clinical effects, postoperative recurrence rates, or perioperative 
complications. iLESSYS‑Delta can cause less intraoperative bleeding and faster recovery than 
fenestration discectomy.
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Lumbar disc herniation (LDH) is one of the leading causes of lower back and leg pain. Recent studies have shown 
that LDH often begins with intervertebral disc  degeneration1. The increasing prevalence of LDH has become a 
serious public health problem. It severely impacts patients’ life and work and burdens  society2.

Discectomy is commonly performed to treat LDH if conservative treatment  fails3. Conventional open 
fenestration discectomy often requires paraspinal muscle stripping and bone resection. Destruction of the dorsal 
structure of the spinal column leads to complications such as chronic back pain and spinal  instability4–6. In recent 
years, enhanced recovery after surgery (ERAS) or fast-track surgery (FTS), which aims to reduce patients’ stress 
response and the incidence of complications, has played a positive role in patient  recovery7,8. Minimally invasive 
surgeries cause less trauma, a lower stress response, and fewer complications than open  surgeries9. As a minimally 
invasive surgery, percutaneous endoscopic lumbar discectomy is widely used to treat LDH, and its efficacy is 
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 promising10,11. The interlaminar endoscopic surgical system delta (iLESSYS-Delta), developed by Joimax, is 
an endoscopic system that achieves fenestration similar to that of conventional surgery through a minimally 
invasive method. Moreover, this approach has the advantages of requiring a large surgical exploratory area and 
adequate decompression compared with other endoscopic  methods12,13. Owing to the larger working channel 
(6 mm in diameter), better resection of the bony structure and soft tissues can be performed, which makes this 
approach suitable for a wide range of indications in contrast to other endoscopic spinal surgery  systems14. As a 
minimal surgical system was initially invented to treat lumbar spinal stenosis, studies on its application in the 
treatment of LDH are rare. A retrospective study published in 2021 suggested that the use of the iLESSYS-Delta 
could achieve good outcomes in treating extruded herniation of the lumbar  disc15. However, further studies are 
needed to determine whether the iLESSYS-Delta has advantages over traditional open fenestration techniques 
for the treatment of LDH.

This study aimed to compare the clinical effects of iLESSYS-Delta and open fenestration discectomy for the 
treatment of LDH.

Materials and methods
Study design and PICO points
Study design: This was a retrospective study.

Patient: A total of 201 patients were included in this study.
Intervention: Patients who underwent discectomy with iLESSYS-Delta at the Qilu Hospital of Shandong 

University between January 2019 and March 2021 were included.
Comparison: Patients who underwent discectomy with open fenestration at the Qilu Hospital of Shandong 

University between January 2019 and March 2021 were included.
Outcome: Hospitalization cost, operative time, postoperative hospital stay (days), intraoperative bleeding 

(ml), postoperative activity time, VAS scale, ODI scale.

Inclusion and exclusion criteria
The inclusion criteria were as follows: (1) had classic symptoms or signs caused by compression of the nerve root, 
such as low back pain and radicular pain in the leg, and (2) Imaging on CT and MRI demonstrated a herniated or 
prolapsed disc with signs of significant compression of the dural sac and nerve roots. (3) Conservative treatment 
for more than 3 months without symptomatic relief or recurrence. (4) Age ≥ 18 years, sign the informed consent 
and accept regular follow-up.

The exclusion criteria were as follows: (1) did not match the clinical symptoms according to radiography; 
(2) had spondylolisthesis, spinal instability, lumbar infection, or malignant tumour; (3) were unable to undergo 
surgery for a dire medical situation; (4) had a mental illness; (5) had previous lumbar surgery; (6) had internal 
fixation or interbody fusion; (7) had discectomy involving both the iLESSYS-Delta and fenestration; and (8) had 
incomplete medical records.

All eligible patients met surgical indications and underwent L4/5 or L5/S1 discectomy under iLESSYS-Delta 
or open fenestration. All patients were treated and managed by the same team. This study was approved by the 
ethics committee of Qilu Hospital. Informed consent was obtained from all participants.

Surgical technique
iLESSYS‑delta approach
After general anaesthesia, the patient was placed in a prone position, and the abdomen was removed. The C-arm 
was used to locate the desired level. A guide needle was inserted at the medial inferior edge of the upper lamina 
with fluoroscopic assistance. A 1 cm long longitudinal skin incision was made at the guide needle. Sequential 
dilators were used to expand the surrounding tissue until it reached the bony structure. The dilators were again 
observed via fluoroscopy at the desired level. The working channel was placed along the dilators, and the dilators 
were withdrawn. The irrigation systems were connected. Soft tissues were removed using bipolar radiofrequency. 
To expose the nerve root and thecal sac, the partial articular joint, edge of the lamina, and adequate ligamentum 
flavum were removed using an endo-Kerrison punch. A retractor was used to protect and pull nerve roots 
medially. The herniated intervertebral disc and partial degenerative nucleus pulposus were removed. Complete 
decompression was determined based on the mobility of the nerve roots. Careful haemostasis was achieved, and 
the incision was sutured, disinfected, and bandaged.

Open Fenestration approach
This procedure was performed under general anaesthesia with tracheal incubation. The patient was placed in the 
prone position, and the abdomen was suspended. A posterior medial incision was made after disinfection and 
spreading of the towels. The unilateral paraspinal muscle was removed to expose the cephalic and caudal lamina, 
ligamentum flavum, and zygapophyseal joints. The supraspinous and interspinous ligaments were protected 
carefully. Fluoroscopy was performed to confirm the desired level. Fenestration was performed by partially 
resecting the lamina and inferior articular process; the window size was approximately 1.2 cm × 1.5 cm. The 
ligamentum flavum was then cut using a #15 knife. After nerve exposure, the nerve root was pulled medially by a 
nerve stripper to reveal the intervertebral disc. The annulus fibrosus was cut using a #15 knife, and the herniated 
or extruded nucleus pulposus was removed using nucleus pulposus forceps. To ensure complete decompression 
of the nerve root, mobility and tension had to be checked. After proper haemostasis and rinsing, the incision 
was sutured layer by layer.
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Data collection
A hospital information system was used to collect data regarding the inclusion and exclusion criteria. Follow-up 
data were collected via telephone or via communication software at the outpatient clinic.

Patient demographic characteristics, including name, sex, age, hospital admission number, contact method, 
body mass index (BMI), personal history (smoking history and alcohol history), medical history (diabetes, 
hypertension, and heart disease), surgical segment (L4/5 or L5/S1), Pfirrmann grade, and occurrence of endplate 
degeneration, were obtained.

To compare these two surgical methods, hospitalization cost (RMB), surgical data including operative time 
(time from incision to closure), postoperative hospital stay (days), intraoperative bleeding (ml), postoperative 
activity time, and patient-reported outcomes (PROs), were collected. Postoperative pain was assessed using the 
pain visual analogue scale (VAS), and the following cut-off points were used in this study: mild pain (1–3), mod-
erate pain (4–6), and severe pain (≥ 7). VAS scores were evaluated at 24, 48, and 72 h. The Oswestry Disability 
Index (ODI) at three months and one year after surgery was used to assess functional outcomes. The recurrence 
criteria included the same or adjacent segment, pain relief for at least six months, first-time recurrence, and 
consistency of the radiographic and clinical examinations.

Propensity score matching (PSM)
Propensity score matching (PSM) refers to the reduction of variability in baseline clinical data between patients 
in the two surgical groups by screening the delta-scope surgery group and the open-window surgery group so 
that the screened study subjects are comparable in terms of baseline clinical data. PSM was conducted with the 
R package Matchit (v4.3.2).

Statistical analysis
The dataset was separated into two groups: the iLESSYS-Delta group (patients who underwent discectomy 
by the iLESSYS Delta) and the fenestration group (patients who underwent discectomy by open fenestration 
discectomy). Propensity score matching (PSM) was used to reduce the influence of confounders and the differ-
ence between the iLESSYS-Delta and fenestration  groups16,17. The R package Matchit was utilized to perform 
PSM using 1:1 nearest neighbour matching, and the calliper value was 0.02. After PSM, 52 of 102 patients in the 
iLESSYS-Delta cohort were matched with 52 of 99 patients in the fenestration cohort based on their propensity 
score. Quantile‒quantile (Q–Q) plots, histograms showing the density of the propensity score distribution, and 
a Jittered plot were generated to show the wellness of the PSM.

Categorical variables are represented by the frequency and percentage. Continuous variables are represented 
by the mean and standard deviation when the distribution was normal, and they are represented by the median 
and interquartile range. For categorical variables, the chi-square test was used if the expectation was greater than 
or equal to 5 and the total number was no less than 40. Fisher’s exact test was used when the expected value was 
less than 5. Continuous variables conforming to a normal distribution were tested using an independent sample 
t test, and nonnormally distributed data were tested using a nonparametric test. The data from the iLESSYS-
Delta and fenestration groups, including sex, age, BMI, personal history (history of smoking, history of alcohol 
consumption), medical history (heart disease, diabetes, hypertension), surgical segment, presence of endplate 
degeneration, Pfirrmann grading, presence of combined lumbosacral migrating spine, VAS score, ODI score, 
operative time, intraoperative bleeding, and postoperative activity time, were statistically analysed to evaluate 
improvements in the baseline data, postoperative symptoms, and function of the patients. P < 0.05 was considered 
to indicate a statistically significant difference. The remaining statistical analyses were conducted using IBM 
SPSS V21.0 (IBM Corporation).

Ethics approval and consent to participate
This research protocol was approved by the Institutional Review Board of Qilu Hospital of Shandong University 
and The First Affiliated Hospital of Jinan University (KYLL-2021(KS)-614). The clinical procedures adhered to 
the principles of the declaration of Helsinki. Informed consent was obtained from all individual participants 
included in the study. This study confirming that all experiments were performed in accordance with relevant 
guidelines and regulations.

Results
We excluded the following patients from the selection process. Finally, 201 patients were enrolled in this study, 
with 102 and 99 patients in the iLESSYS-Delta and fenestration groups, respectively.

Because the baseline data before matching were significantly different (Table 1), propensity score matching 
was performed to minimize selection bias. A quantile‒quantile (Q–Q) plot, a histogram showing the density of 
the propensity score distribution, and a Jittered plot (Fig. 1) showed that the balance of baseline data between 
the two groups was significantly improved. There was no statistically significant difference between the baseline 
values of the two matched groups (Table 2).

A comparison of the postoperative clinical indicators revealed that patients in the iLESSYS-Delta group had 
less intraoperative bleeding, shorter hospital stays, and shorter postoperative off-bed activity times but longer 
operation times (P < 0.05). (Table 3).

Detailed hospitalization costs for the iLESSYS-Delta and Fenestration groups are summarized below. Total 
costs were significantly higher in the Fenestration group than in the iLESSYS-Delta group. Mainly, the cost of 
surgery, drugs and nursing care were lower in group iLESSYS-Delta compared to group Fenestration. However, 
the cost of anesthesia for iLESSYS-Delta was higher than that of group Fenestration, probably due to the fact that 
the duration of surgery for iLESSYS-Delta was longer than that for Fenestration (Table 4).
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The postoperative outcomes in the iLESSYS-Delta and fenestration groups were compared (Table 4). Within 
24 h after surgery, 29 patients in the iLESSYS-Delta group experienced mild pain, and 22 patients had moderate 
pain. In the fenestration group, five patients had mild pain, and 32 patients had moderate pain. The difference 
in the VAS score 24 h after surgery was statistically significant (P < 0.001). Within 48 h after surgery, 41 patients 
in the iLESSYS-Delta group had no pain, 10 had mild pain, and 1 had moderate pain. In the fenestration group, 
25 patients had no pain, 26 had mild pain, and one had moderate pain. The VAS scores of the iLESSYS-Delta 
group and fenestration group were significantly different at 48 h after surgery (P = 0.01). Within 72 h after surgery, 
51 patients in the iLESSYS-Delta group experienced pain relief, and one patient experienced mild pain. In the 
fenestration group, 46 patients were painless, and six had mild pain. The difference in the VAS scores between 
the two groups at 72 h postsurgery was statistically significant (P < 0.001).

The preoperative ODI of the iLESSYS-Delta group was 25.23 ± 5.90, whereas that of the fenestration group 
was 26.00 ± 5.73. Moreover, there was no statistically significant difference between the two groups (P = 0.247). 
Regarding the short-term efficacy of surgery, within three months after surgery, the ODI of the iLESSYS-Delta 
group was 1.58 ± 1.69. The ODI of the fenestration group was 2.23 ± 2.72, and the difference between the two 
surgical groups was not statistically significant (P = 0.351). The last follow-up time was one year after surgery, 
and the ODI was 2.04 ± 4.98 in the iLESSYS-Delta group. In the fenestration group, the ODI was 3.17 ± 6.75, and 
the difference between the two groups was not statistically significant (P = 0.704) (Table 5).

Four postoperative complications were assessed and analysed. Deep vein thrombosis was observed in the 
iLESSYS-Delta and fenestration groups. Incision infection and exudates were found only in the fenestration 
group. One patient in the iLESSYS-Delta group showed symptoms related to nerve damage that were not observed 
in the fenestration group (Table 6).

According to the criteria for recurrence, four patients in the iLESSYS-Delta group relapsed, and eight in the 
fenestration group relapsed. The difference between the two groups was not statistically significant (P = 0.360) 
(Table 7 for details).

Table 1.  Comparison of baseline data before PSM. LSTV lumbosacral transitional vertebra.

Variables iLESSYS-delta (n = 102) Fenestration (n = 99) P value

Gender (F) 30 (14.93%) 50 (24.88%) 0.0036

History of smoking  (none) 66 (32.84%) 85 (42.29%) 0.0000

History of alcohol consumption  (none) 85 (42.29%) 97 (48.26%) 0.0001

History of heart disease  (none) 101 (50.25%) 97 (48.26%) 0.9800

Diabetes  (none) 95 (47.50%) 92 (46.00%) 0.9700

Hypertension  (none) 92 (45.77%) 90 (44.78%) 1.0000

Age

 < 45 years old 68 (33.83%) 37 (18.41%)

0.0000 45–60 years old 32 (15.92%) 44 (21.89%)

 > 60 years old 2 (1.00%) 18 (8.96%)

BMI

 < 18.5 28 (13.93%) 35 (17.41%)

0.1800
 18.5–24 36 (17.91%) 37 (18.41%)

 24–27.9 32 (15.92%) 26 (12.94%)

 ≥ 28 6 (2.99%) 1 (0.50%)

Surgical segments

 L4/5 17 (8.46%) 57 (28.36%)
0.0000

 L5/S1 85 (42.29%) 42 (20.90%)

LSTV

 No 93 (46.27%) 95 (47.26%)
0.2800

 Yes 9 (4. 48%) 4 (1.99%)

Pfirrmann rating

 I–II 8 (3. 98%) 9 (4.48%)

0.0500
 III 58 (28.86%) 37 (18.41%)

 IV 30 (14.93%) 42 (20.90%)

 V 6 (2.99%) 11 (5.47%)

Endplate denaturation

 No 88 (43.78%) 85 (42.29%)
1.0000

 Yes 14 (6.97%) 14 (6.97%)
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Discussion
Lumbar disc herniation (LDH) is a common degenerative spinal disorder. Conservative treatment is effective 
and feasible for most patients with LDH. Surgery should be considered if conservative treatment  fails18,19. 
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  validity20. However, with the 
occurrence and development of ERAS, minimally invasive spine surgery is increasingly being favoured by spine 
surgeons because of the advantages of less surgical damage and faster recovery after  surgery21. Percutaneous 
endoscopic discectomy is more minimally invasive than open fenestration. The iLESSYS-Delta has advantages 
over other endoscopic systems. To investigate the optimal procedure for treating LDH, we compared the efficacy 
of fenestration discectomy with that of iLESSYS-Delta discectomy.

The ODI is an important indicator for evaluating the outcome of lumbar spinal surgery. In this study, we 
evaluated the efficacy of the two surgical modalities in short-term (3 months postoperatively) and the long-term 
(1 year postoperatively), respectively. This study showed that both iLESSYS-Delta and fenestration discectomies 
achieved similar improvements. Compared to fenestration discectomy, the iLESSYS-Delta discectomy did not 
increase the recurrence rate (P = 0.36). These results suggest that iLESSYS-Delta discectomy is a reliable surgical 
procedure for treating LDH. However, longer-term efficacy data, recurrence rates, and complications of the two 
surgical procedures will be the focus of our next study.

Compared to other endoscopic systems, the iLESSYS-Delta has a larger working channel (1 cm in diam-
eter), which supports the use of a larger Kerrison punch, grinding drill, and nucleus pulposus forceps for better 
decompression. Moreover, this system allows for a wide oscillating range, wide 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, fissures in the annulus fibrosus can be 
detected, and a further reduction in the risk of recurrence can be achieved. Therefore, iLESSYS-Delta discectomy 
can achieve better decompression of the nerve root than can other endoscopic methods and has an effect similar 
to that of fenestration.

It has been suggested that mechanical compression of nerve roots without inflammatory stimuli cannot 
cause pain but leads to changes in sensation and muscle strength only in the area innervated by the nerve  root22. 
Mechanical compression can cause ischaemia of the nerve root, leading to a local inflammatory response. Several 
studies have shown elevated expression of inflammatory factors in degenerated intervertebral discs, indicating 
that the inflammatory response is involved in  IDD23. Various inflammatory cytokines are known to be involved 

Fig. 1.  Propensity score matching. (A) Q‒Q plot comparing the probability distributions of the two surgical 
groups with regard to covariates. The results show that although the matched point is not precisely on the 
y = x-line, it significantly improves compared to that before matching. (B) Histogram showing the distribution 
density of the propensity scores before and after matching the two surgical groups. The propensity scores of 
the prematch treatment group were significantly greater than those of the control group. After matching, the 
density distributions of the two groups became similar. (C) Jittered plot showing the matched and nonmatched 
observations. The distribution of the propensity scores was similar between the matched groups.
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in the development of disc degeneration. Elevated TNF-α expression has been found in the disc and peripheral 
blood serum of patients with intervertebral disc  degeneration24. IL-1β and IL-6 in the interleukin family can 
contribute to disc degeneration by causing an imbalance in the metabolism of the extracellular matrix of the 
nucleus pulposus, which in turn disrupts homeostasis of the intramedullary environment, leading to nucleus 
pulposus  degeneration25. During endoscopic discectomy, in addition to removing degenerated herniated nucleus 

Table 2.  Comparison of baseline data after PSM. LSTV lumbosacral transitional vertebra.

Variables iLESSYS-delta (N = 52) Fenestration (N = 52) P value

Gender (F) 25 (24.04%) 25 (24.04%) 1.0000

History of smoking  (none) 45 (43.27%) 44 (42.31%) 1.0000

History of alcohol consumption  (none) 50 (48.08%) 51 (49.04%) 1.0000

History of heart disease  (none) 52 (50.00%) 51 (49.04%) 1.0000

Diabetes  (none) 48 (46.60%) 49 (47.57%) 1.0000

Hypertension  (none) 48 (46.15%) 49 (47.12%) 1.0000

Age

 < 45 years old 29 (27.88%) 28 (26.92%)

0.9800 45–60 years old 21 (20.19%) 22 (21.15%)

 > 60 years old 2 (1.92%) 2 (1.92%)

BMI

 < 18.5 20 (19.23%) 20 (19.23%)

0.5100
 18.5–24 18 (17.31%) 14 (13.46%)

 24–27.9 13 (12.50%) 18 (17.31%)

 ≥ 28 1 (0.96%) 0 (0.0e+0%)

Surgical segments

 L4/5 14 (13.46%) 13 (12.50%)
1.0000

 L5/S1 38 (36.54%) 39 (37.50%)

LSTV

 No 47 (45.19%) 48 (46.15%)
1.0000

 Yes 5 (4.81%) 4 (3.85%)

Pfirrmann rating

 I–II 3 (2.88%) 3 (2.88%)

0.3500
 III 28 (26.92%) 21 (20.19%)

 IV 19 (18.27%) 22 (21.15%)

 V 2 (1.92%) 6 (5.77%)

Endplate denaturation

 No 45 (43.27%) 41 (39.42%)
0.4400

 Yes 11 (10.58%)

Table 3.  Comparison of postoperative clinical indicators.

iLESSYS-delta (N = 52) Fenestration (N = 52) P value

Operation time (min) 88.90 ± 19.14 67.63 ± 19.32  < 0.0001

Intraoperative bleeding (ml) 18.17 ± 4.20 32.50 ± 17.13  < 0.0001

Postoperative hospital stay (days) 2.75 ± 1.250 4.85 ± 1.775  < 0.0001

postoperative off-bed activity time (days) 1.73 ± 0.93 3.40 ± 1.24  < 0.0001

Table 4.  Comparison of hospitalization cost (RMB) between iLESSYS-delta and Fenestration groups.

iLESSYS-delta (N = 52) Fenestration (N = 52) P value

Surgery 7632.12 ± 159.47 8959.81 ± 727.53 0.001

Anesthesia 1831.93 ± 72.23 1777.81 ± 65.30 0.001

Drugs 1887.65 ± 126.92 2582.82 ± 195.62 0.001

Nursing 217.02 ± 50.636 267.12 ± 42.11 0.001

Total 26,787.40 ± 1245.577 29,493.60 ± 1090.048 0.001
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pulposus tissue, local inflammatory factors can be flushed and diluted by continuous saline irrigation during 
the procedure, thereby reducing the local inflammatory response and the probability of postoperative back and 
leg pain.

In addition, the iLESSYS-Delta discectomy has several advantages over fenestration discectomy. First, 
compared with fenestration, iLESSYS-Delta was associated with less bleeding, earlier postoperative off-beding, 
and shorter postoperative hospital stays. Second, regarding postoperative pain, the iLESSYS-Delta group 
experienced less pain at all postoperative time points than did the fenestration group. This may be due to the 
smaller incision (1 cm) and lesser resection of the paravertebral muscles. In addition, endoscopic discectomy 
causes less damage to the bony structure, muscles, and ligament complexes; less trauma to the patient; and less 
bleeding, resulting in less postoperative pain and less postoperative stress, allowing for faster postoperative 
recovery. Moreover, bipolar radiofrequency allows precise haemostasis of the perineural tissue, resulting in 
less intraoperative bleeding. Our study showed that the total cost of Fenestration was RMB 3,767 higher than 
iLESSYS-Delta. Further analysis showed that the Fenestration group had higher surgical and drug costs and 
nursing costs than the iLESSYS-Delta group, respectively. These outcomes could be logically predicted by more 
structural damage during surgery and longer hospitalization in the Fenestration group. However, the lack of 
consistency in cost outcomes between studies makes it difficult to compare cost data between this study and 
previous studies.

In this study, 8 patients developed complications. Two patients (one with deep vein thrombosis and one with 
short-term postoperative nerve injury) were included in the iLESSYS-Delta group, and six patients were included 
in the fenestration group (two with deep vein thrombosis, one with postoperative incisional infection, and three 
with incisional oozing). Fisher’s exact test showed no significant difference between the two groups (P > 0.05), 
which may be related to the limited number of patients in the study.

Patients with thrombosis were considered as a result of prolonged postoperative bed rest and low bed mobility 
in the main patient. This suggests the importance of perioperative education. Short-term postoperative nerve 
injury was considered to be caused by the inflammatory reaction of the nerve root due to long-term compression 
of the herniated nerve root, as well as the pulling of the nerve root in order to completely remove the herniated 

Table 5.  Postoperative VAS and ODI scores.

iLESSYS-delta (N = 52) Fenestration (N = 52) P value

VAS 24 h after surgery

 Mild pain 29(27.88%) 5(4.81%)
0.0000

 Moderate pain 22(21.15%) 32(30.77%)

VAS 48 h after surgery

 Painless 41(39.42%) 25(24.04%)

0.01 Mild pain 10(9.62%) 26(25.00%)

 Moderate pain 1(0.96%) 1(0.96%)

VAS 72 h after the surgery

 Painless 51(49.04%) 46(44.23%)
0.0000

 Mild pain 1(0.96%) 6(5.77%)

Preoperative ODI values 25.23 ± 5.90 26.00 ± 5.73 0.3510

ODI value at 3 months postoperatively 1.58 ± 1.69 2.23 ± 2.72 0.2470

ODI value at the last follow-up 2.04 ± 4.98 3.17 ± 6.75 0.7040

Table 6.  Postoperative complications.

iLESSYS-delta (N = 52) Fenestration (N = 52) P value

Deep vein thrombosis 1 (1.9%) 2 (3.8%) 1.0000

Incision infection 0 1 (1.9%) 1.0000

Incision exudate 0 3 (5.8%) 0.243

Nerve damage 1 (1.9%) 0 1.0000

Table 7.  Comparison of postoperative recurrence.

iLESSYS-delta (N = 52) Fenestration (N = 52) P value

Recurrence

 No 48 (46.15%) 44 (42. 31%)
0.360

 Yes 4 (3.85%) 8 (7.69%)
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nucleus pulposus during the operation. After postoperative treatment with nerve nutrition, edema elimination 
and analgesia, the patient’s pain improved and muscle strength recovered. Incisional infection and incisional 
oozing were considered to be related to the patient’s obesity and early and excessive postoperative activity.

Although the iLESSYS-Delta discectomy has many advantages over fenestration discectomy, it has several 
limitations. For example, as a minimally invasive procedure, the extent of visualization is still limited compared 
with that of traditional open surgery. Moreover, the mean operation time was greater than that of fenestration 
discectomy because of the smaller incision size and limited operating space. In addition to the above reasons, 
additional surgical steps required for iLESSYS-Delta discectomy such as cannula installation and device connec-
tion also contribute to the longer surgery time. Furthermore, more time is needed to correctly identify anatomical 
structures, and surgeons need to be familiar with the instruments, which increases the operative time. As well as 
the need for the operator to operate without tactile sensation, the understanding of three-dimensional anatomy 
through two-dimensional imaging underneath, and the training cycle for manual dexterity. These are the reasons 
for the longer learning curve of minimally invasive surgery. Although the procedure had a positive effect on 
reducing hospital stays and returning to work, good training is still needed for beginners.

By comparing the two procedures in different aspects, the study revealed that the iLESSYS-Delta discec-
tomy could be an optional alternative to fenestration discectomy. This study has several limitations. This was a 
retrospective study, and the level of evidence in evidence-based medicine was not high enough. In addition, a 
larger sample and a multicentre project are needed for further validation before conclusions can be drawn that 
are consistent with a wide range of populations. Propensity score matching inevitably causes the loss of cases 
during the matching process, and the effect of these samples should not be ignored. In the future, we will recruit 
larger sample sizes through multicenter studies to further validate the effectiveness of our work with external 
data. As well as, in the future, we will be able to better select appropriate surgical procedures for our patients 
through research.

Conclusion
In summary, our study revealed no significant differences in clinical effects, postoperative recurrence rates, or 
perioperative complications between the iLESSYS-Delta and fenestration groups. However, the iLESSYS-Delta 
discectomy causes less intraoperative bleeding but has a longer operation time. A minimally invasive approach 
results in less pain, faster recovery, and a shorter postoperative hospital stay. Therefore, upon achieving profi-
ciency in the learning process, iLESSYS-Delta discectomy can be regarded as a secure substitute for fenestra-
tion surgery. This study provides a new theoretical basis for choosing an appropriate surgical approach for the 
treatment of LDH.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on 
reasonable request.
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