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Purpose: To compare the application effect of interlaminar technique (ILT) and transforaminal technique (TFT) spinal endoscopies in 
lumbar spinal stenosis (LSS) treatment.
Material and Methods: The data of 46 patients aged 65 years or older diagnosed with LSS between January 2019 and March 2021 
were retrospectively reviewed in this study. They underwent ILT (21 patients) or TFT (25 patients) spinal endoscopy surgery, and 
outcomes were analyzed utilizing the visual analog scale (VAS), Oswestry disability index (ODI), and Japanese orthopedic association 
(JOA) scale. Lumbar stability was also evaluated using the change in dynamic position X-ray of the spine. We also built three- 
dimensional (3D) finite element of ILT and TFT spine models and compared them with the stability of the intact spine.
Results: The ILT group had a longer operation time than the TFT group, and patients in ILT and TFT groups had comparable VAS 
scores for back pain. However, the TFT group had higher VAS scores for leg pain than the ILT group 3, 6 and 12 months 
postoperatively. The JOA and ODI scores of the 2 groups improved after surgery, and there were statistical differences between the 
2 groups at 6 and 12 months follow-up, which proved that functional recovery was better in ILT group. The pre- and postoperative 
change in dynamic position X-ray of the spine proved that ILT and TFT would not destroy the spine’s stability. 3D finite element 
lumbar spine model analysis also demonstrated this point.
Conclusion: Both ILT and TFT can provide good clinical outcomes; compared with TFT, the ILT approach provided more thorough 
decompression and was more suitable for treating LSS.
Keywords: lumbar spinal stenosis, interlaminar technique, transforaminal technique, spinal endoscopy

Introduction
Lumbar spinal stenosis (LSS) is a common disease leading to low back and leg pain, especially in elderly patients. The 
combination of hernia of intervertebral discs, facet hyperplasia, and hypertrophy of ligamentum flavum can cause lumbar 
spinal canal stenosis and compress the nerves and blood vessels, directly leading to neurogenic claudication and neural 
symptoms.1,2 When conservative treatment fails, surgical treatment should be considered.

The traditional surgical methods include decompression and fusion. Although sufficient decompression and stability 
can be achieved, muscle and bone structure damage cannot be ignored. Meanwhile, many older people have chronic 
diseases and poor tolerance to surgery and general anesthesia;3,4 moreover, osteoporosis in the elderly can cause a risk of 
internal fixation loosening.5 Therefore, open surgery is not always suitable for the elderly.

Now, spinal endoscopy is in a period of rapid development, its indication range is constantly expanding, currently, 
many degenerative diseases of the lumbar spine can be done under endoscopy, even including spinal instability and the 
management of tumors and infection.6 Secondly, the number of approaches continues to grow, cervical, thoracic, lumbar, 
interlaminar, and transforaminal approaches are now feasible, and there will be more approaches in the future.6
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Now, it has been gradually applied to LSS treatment.7,8 While providing effective decompression, the spinal endoscope is 
less traumatic and costly.9 It can be done under local anesthesia,10,11 effectively decreasing postoperative complications and 
making it more suitable for the elderly. However, current evidence is still limited, spinal endoscopic techniques still require 
long-term, extensive follow-up and evaluation with scientific methods to confirm their efficacy, risks and advantages.6

The interlaminar technique (ILT) and transforaminal technique (TFT) are 2 main endoscopic approaches, in order to 
explore the application effect, we retrospectively analysed the application of ILT and TFT in treating LSS.

Materials and Methods
Patients and Methods
From January 2019 to March 2021, the data of 46 patients with single segment LSS who underwent ILT (21 patients) or 
TFT (25 patients) spinal endoscopy were collected and retrospectively reviewed.

The inclusion criteria were: 1. neurogenic claudication and/or radicular pain; 2. LSS confirmed by imaging findings 
[Figures 1A-D and 2A-D]; 3. failure of conservative treatment for at least 3 months; and 4. age of 65 years or older.

The exclusion criteria were: 1. previous history of spinal surgery; 2. segmental instability on dynamic radiographs; 
and 3. low back pain being the main symptom.

The demographic and clinical data of the study patients are shown in Table 1. There was no significant difference in 
age, sex, and comorbidities between the 2 groups (Table 1).

Surgical Procedure
ILT endoscopic approach: the patient took a prone position, and the entry point was above the corresponding lamina 
space and 2–3 cm from the midline horizontally [Figure 3A]. Then, 15–20 mL of 0.25% lidocaine was injected layer-by- 
layer into the lumbar facet joint and ligamentum flavum. A transverse incision, approximately 15 mm long, was made, 
the working channel was placed, and the 10-mm large channel endoscope (Spinendos GmbH, München, Germany) was 

Figure 1 Pre-and postoperative imaging data of a patient in the interlaminar technique group. (A–D) The imaging data shows obvious stenosis of the L4-5 spinal canal. The 
red box in subfigure B indicates the site of lumbar stenosis. (E) Under endoscopic visualization, the ligamentum flavum is cut open. Asterisk shows the ligamentum flavum. 
(F and G) The working channel (X) is rotated, and the nerve root (#) is pushed gently away from the channel, then the herniated discs (black arrow) could be exposed for 
removal. (H) Postoperative cross-sectional CT shows a significant enlargement of the spinal canal.
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placed. The translaminar space was enlarged by removing part of the facet joint, and the thickened ligamentum flavum 
[Figure 1E] and hyperplastic facet joint were resected carefully. The resection range did not exceed the outer edge of the 
nerve root and the attachment point of ligamentum flavum [Figure 3B]; after the epidural space was exposed, 3–5 mL of 
1% lidocaine was injected into the epidural space. Soon after the anesthesia took effect, the working channel was rotated, 
and the nerve root was pushed gently away from the channel to avoid nerve damage [Figure 1F]. Then, the herniated 
discs could be exposed for removal [Figure 1G].

TFT endoscopic approach: The posture and anesthesia method were the same as ILT, but the entry point was 8–12 cm 
from the midline [Figure 3C]. Generally, part of the ventral elements on the superior articular process needed to be 
removed to place the working channel [Figure 2E]. Still, the grinding ratio of the superior articular process was limited to 

Figure 2 Pre-and postoperative imaging data of a patient in the transforaminal technique group. (A–D) The imaging data shows obvious stenosis of the L4-5 spinal canal. 
The red box in subfigure B indicates the site of lumbar stenosis. (E) Part of the ventral elements on the superior articular process is removed. Asterisk shows the superior 
articular process. (F and G) The working channel (X) is well established, after the herniated discs are removed, the ventral side of the nerve root (#) is fully decompressed. 
A black arrow shows the posterior longitudinal ligament. (H) Postoperative cross-sectional CT shows the spinal canal decompression range is limited.

Table 1 Demographics and Comorbidities of Study Patients

ILT TFT P-value

Number of patients (male:female gender) 21 (14:7) 25 (15:10) 0.641

Mean age, years (SD) 72.14 (5.22) 70.12 (3.76) 0.134

Hypertension 9 8 0.447

Diabetes 6 8 0.801

Osteoporosis 7 9 0.850

Blood loss, mL (SD) 17.19 (3.70) 15.40 (3.57) 0.103

Duration of surgery, minutes (SD) 90.48 (17.17) 80.8 (12.56) 0.033

Duration of hospitalization, days (SD) 7.19 (1.08) 6.60 (1.19) 0.087

Abbreviation: SD, standard deviation.
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less than 25% [Figure 3D]. When the working channel was well established, the endoscope (Spinendos GmbH, 
München, Germany) can be inserted [Figure 2F], and the protruding lumbar intervertebral disc that compressed the 
nerve was removed step by step, the ventral side of the nerve root was fully decompressed [Figure 2G].

The 2 methods were compared using the visual analog scale (VAS), Oswestry Disability Index (ODI), and Japanese 
Orthopedic Association scores (JOA) to evaluate the clinical outcomes. The therapeutic effects were recorded preopera-
tively and 1 week, 1 month, 3 months, 6 months, and 12 months postoperatively.

Lumbar segmental instability was an abnormal motion to physiologic loads, which was greater than the normal range 
of motion.12,13 Despite limitations, dynamic analysis in flexion-extension remains the most common standard reference 
for the diagnosis of structural lumbar segment instability,14,15 and we selected a commonly used definition in this study: 
change in angulation greater than 10° or translation greater than 4 mm on the dynamic position X-ray of the spine was 
considered segmental instability [Figure 4A-D].16,17 We also used the three-dimensional finite element method to 
establish the ILT, TFT, and intact lumbar spine models and compared the von Mises stress, shear stress, and total 
deformation of different groups.

Statistical Analysis
Another researcher, who was blinded to group allocation, made an independent collection and assessment of data.

Figure 3 The entry point and osteotomy range of interlaminar and transforaminal techniques. (A) The entry point of interlaminar technique was above the corresponding 
lamina space and 2–3 cm from the midline. (B) The range of translaminar space in interlaminar technique did not exceed the outer edge of the nerve root and the 
attachment point of ligamentum flavum. The yellow box indicates the extent of facet joint and ligamentum flavum resection in ILT. (C) The entry point of transforaminal 
technique was 8–12 cm from the midline. (D) The grinding ratio of the superior articular process was limited to less than 25%. The yellow box indicates the range of removal 
of upper articular process in TFT.
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The categorical variables were compared using the chi-square test and the independent continuous variables were 
compared using the t-test; p<0.05 was considered significant. The statistical analyses were performed using IBM SPSS 
(version 23.0, IBM Corp.).

Results
Preoperative Demographic Characteristics and Outcome
The preoperative demographic characteristics and outcomes are shown in Table 1. Twenty-nine men and 17 women were 
included in this study, the average age was 72.14 and 70.12 years in the ILT and TFT groups, respectively. Analysis 
showed that there were no significant differences in terms of gender, age and co-morbidities of hypertension, diabetes, 
and osteoporosis, and these diseases were not conducive to open surgery. The ILT group had a significant longer 
operation time (p<0.05) than the TFT group, and the mean value of blood loss and duration of hospitalization in ILT 
group were also higher, but they had no statistical differences (p>0.05). During the follow-up periods, there were no 
reoperations and no surgery-related complications, such as dural tears, nerve root injuries, or wound infections in the 2 
groups.

Clinical Results
We used the VAS scores to describe the degree of back and leg pain quantitatively. As shown in Figure 5A and B and 
Table 2, there was no difference in back and leg pain levels in ILT and TFT groups preoperatively; the postoperative 
scores of back pain in the 2 groups decreased, and there was no significant difference in the VAS back pain scores over 
time (p>0.05) [Figure 5A]. In terms of relief of leg pain symptoms, at the initial stage, there was no significant difference 
(p>0.05), but the score of the TFT group was higher than that of the ILT group at 3, 6 and 12 months (p<0.05), which 
proved ILT can more effectively relieve limb symptoms [Figure 5B].

We also used the ODI and JOA scores to evaluate the recovery of lower limb function and patients’ quality of life 
[Figure 5C and D; Table 3]. The ODI and JOA scores of the 2 groups improved after surgery, and from 3 months 
onwards, functional recovery was better in the ILT group than in the TFT group. There were statistical differences 
between them at 6 and 12 months (p<0.05) [Figure 5C and D]. This result was consistent with the result of postoperative 
leg pain scores.

Stability of the Lumbar Spine
In this study, the change in angulation and translation distance on the dynamic position X-ray of the spine were recorded 
to estimate the spine’s stability [Figure 6A and B]. After the surgery, the change in angulation was still less than 10°, and 
the translation distance was still within 4 mm in both groups, so the surgical segment remained stable after the operation.

At each time point of this study, there were no statistical differences between the 2 groups (p>0.05), which 
demonstrated no difference in the effect of the 2 endoscopic modalities on spine’s stability. Low back pain is the main 

Figure 4 The changes in angulation (A and B) and translation distance (C and D) on the lateral flexion and extension were used to reflect the spine’s stability.
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symptom of lumbar instability,18 and this symptom in the 2 groups was continuously relieved after surgery. This also 
suggested that there was no lumbar instability.

The 3D finite element modeling analysis showed that in 3 different test items, the outcomes of the 3 groups were 
similar, with no statistical difference (p>0.05) [Figure 6C and D]. Thus, the overall impact on the stability of the lumbar 
spine was very small for both endoscopic modalities.

Table 2 VAS of the 2 Groups

ILT TFT P-value

VAS back of each 

group

Pre-op 6.48±1.21 6.32±1.11 0.650

1 week-post op 4.14±0.73 3.92±0.76 0.318

1 month-post op 3.00±0.71 2.92±0.57 0.673

3 month-post op 2.33±0.86 2.48±0.71 0.530

6 month-post op 1.81±0.60 2.04±0.61 0.206

12 month-post op 1.29±0.78 1.56±0.65 0.201

VAS leg of each 
group

Pre-op 7.62±0.86 7.60 ±0.91 0.943

1 week-post op 4.10±0.62 3.80±0.71 0.144

1 month-post op 3.38±0.59 3.20±0.58 0.300

3 month-post op 2.43±0.68 2.92±0.91 0.047

6 month-post op 1.95±0.67 2.52±0.96 0.024

12 month-post op 1.52±0.81 2.00±0.58 0.031

Notes: Values are mean ± SD; SD, standard deviation.

Figure 5 Effects of clinical outcomes over time. (A and B) The VAS scores of back and leg pain in different groups. (C and D) The ODI and JOA scores in different groups. 
*p < 0.05.
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Discussion
Through the imaging data, we found that LSS is very common in older people, but many people have no symptoms; only 
when the imaging examination is consistent with the clinical manifestations can it have diagnostic significance. The 

Table 3 ODI and JOA of the 2 Groups

ILT TFT P-value

ODI of each 
group

Pre-op 39.80±2.89 41.16±2.21 0.080

1 week-post op 21.71±3.18 21.40±1.71 0.687

1 month-post op 19.57±1.28 19.64±1.19 0.852

3 month-post op 16.19±1.50 17.08±2.31 0.137

6 month-post op 12.95±1.02 14.04±1.10 0.001

12 month-post op 10.71±1.97 11.72±1.10 0.047

JOA of each 

group

Pre-op 6.62 ±1.63 6.08 ±1.29 0.216

1 week-post op 14.86±2.48 14.64±1.70 0.727

1 month-post op 16.43±1.03 17.04±1.14 0.064

3 month-post op 20.38±1.20 19.76±1.16 0.083

6 month-post op 22.90±1.22 21.72±2.17 0.025

12 month-post op 24.14±1.74 23.16±1.40 0.040

Notes: Values are mean ± SD; SD, standard deviation.

Figure 6 Effects of lumbar stability over time and 3-D finite element analysis. (A) The change in angulation of the spine in different groups. (B) The translation distance of 
the spine in different groups. (C) Establishment of ILT and TFT lumbar spine models. (D) 3-D finite element analysis results of spine models.
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choice of surgical treatment for LSS should be based on the cause, scope, and degree of LSS, and the treatment effect 
depends on precise and adequate decompression rather than the choice of minimally invasive or open surgery.

Compared with open surgery, endoscopic surgery has some obvious advantages, such as local anesthesia,10 

minimal invasion,19,20 less blood loss, and lower cost.21 Before endoscopic spinal surgery, careful analysis of imaging 
data must be undertaken to determine the range and degree of decompression. In this study, in order to avoid the 
influence of multi segment lumbar spinal stenosis, We selected single segment lumbar spinal stenosis as the research 
object.

According to different surgical approaches, lumbar spinal endoscopy can be divided into ILT and TFT. It has 
been previously reported that ILT can effectively decompress LSS caused by disc fragments, ligamentum flavum 
hypertrophy, facet hyperplasia and osteophytes,22,23 The area of the dural tube can be increased up to 408.0% by 
ILT (range: 211–774%),21 while TFT mainly relieves the compression caused by disc herniation.21 Many studies 
have examined the clinical effectiveness of ILT and TFT for lumbar disc herniation, with mixed findings,24 but 
few studies focused on the clinical efficacy of ILT and TFT for LSS. In this study, most cases were accompanied 
by facet joint hyperplasia and ligamentum flavum hypertrophy, and there were few cases of lumbar stenosis caused 
by simple disc herniation. The postoperative CT imaging showed that ILT could effectively remove the hyper-
trophic ligamentum flavum, osteophyte, and protruding lumbar intervertebral disc, and the canal was fully 
decompressed [Figure 1H]. However, TFT had a limited decompression range [Figure 2H], which may be why 
ILT was superior to TFT in relieving symptoms and functional recovery of legs after operation in this study.

But, the operation process of ILT was more complicated, the thickened ligamentum flavum and hyperplastic facet 
joint need to be carefully removed, and before the nerve root was pushed by working channel, another epidural injection 
of lidocaine was required. In TFT surgery, once the working channel was established, the endoscope was inserted, and the 
protruding lumbar intervertebral disc can be removed directly. So the operation time of ILT was longer.

Many are worried that the destruction of the spinal posterior column during endoscopic spinal surgery may cause spinal 
instability, especially ILT, which requires the removal of the ligamentum flavum, and part of the facet joint. TFT requires the 
removal of part of the ventral side of the superior articular process, which has relatively less impact on the spine’s stability. In 
this study, the range of translaminar space in ILT did not exceed the outer edge of the nerve root and the attachment point of 
ligamentum flavum. In TFT, the grinding ratio of the superior articular process was less than 25%, and there was no lumbar 
instability in both groups after the operation. We also built ILT and TFT lumbar spine models and found that lumbar spinal 
endoscopic procedures would not cause lumbar instability as long as they are properly performed.

Limitations
The present study has some limitations, with a relatively small number of observed cases and a short follow-up period, 
and the surgical effect is also affected by the operation of the surgeon, so, the study is not generalizable and need further 
improvement.

Conclusion
For patients with spinal stenosis, spinal endoscopy makes the surgical procedure minimally invasive and endoscopic, 
which has the advantages of less trauma, less bleeding, and faster recovery, without affecting spinal stability, for the 
elderly, spinal endoscopy surgery is a more suitable option. Compared with the TFT approach, the ILT approach provided 
more thorough spinal canal decompression, which is suitable for patients with disc herniation accompanied by hyper-
trophy of ligamentum flavum and facet joint hyperplasia. For patients with spinal canal stenosis mainly caused by disc 
herniation, TFT surgery can be selected.

Abbreviations
LSS, Lumbar spinal stenosis; ILT, interlaminar technique; TFT, transforaminal technique; VAS, visual analog scale; ODI, 
Oswestry disability index; JOA, Japanese orthopedic association; 3D, three-dimensional; CT, computed tomography.
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