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Purpose: The number of patients with lumbar spinal stenosis (LSS) with degenerative lumbar scoliosis (DLS) is gradually increasing 
as the population ages. The purpose of this study was to evaluate the clinical outcomes of 10-mm endoscopic minimally invasive 
interlaminar decompression for LSS with DLS and simple LSS.
Material and Methods: The clinical data of 175 consecutive elderly patients with LSS were retrospectively analyzed. They were 
divided into LSS group and LSS with DLS group based on whether they were accompanied by DLS. Patient demographics, 
perioperative indicators, and clinical outcomes were recorded. Lumbar spine stability was assessed by imaging data. Meanwhile, 
visual analog scale (VAS) scores, Oswestry Disability Index (ODI) scores, and the modified Macnab criteria were used to assess 
clinical outcomes.
Results: There were 129 patients in the LSS group and 46 patients in the LSS with DLS group. Both groups had similar VAS and ODI 
scores preoperatively, and both were significantly lower postoperatively (P < 0.05). However, patients combined with DLS showed 
higher VAS scores for low back pain at 3 months and 1 year postoperatively (P < 0.05). In addition, postoperative LL and PI-LL were 
significantly improved in both groups (P < 0.05). However, patients in LSS with DLS group showed higher PT, PI and PI-LL before 
and after surgery. According to the modified Macnab criteria, the excellent and good rates were 92.25% and 89.13% in the LSS group 
and LSS with DLS group at the last follow-up, respectively.
Conclusion: 10-mm endoscopic minimally invasive interlaminar decompression for LSS with or without DLS has shown satisfactory 
clinical outcomes. However, patients with DLS may have higher residual low back pain after surgery.
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Introduction
Degenerative lumbar scoliosis (DLS) is defined as a spinal deformity with a Cobb angle greater than 10° in the coronal 
plane that develops after skeletal maturation.1 This condition is characterized by mild lateral bending, loss of lumbar 
anterior convexity and multilevel instability.2 The etiology of DLS is complex and closely related to disc degeneration.3–5 

The prevalence of DLS varies between 13% to 68% and increases with age.6 As a degenerative spine disease, DLS is 
often accompanied by the degeneration of intervertebral discs, ligaments, and facet joints. Therefore, the coexistence of 
lumbar scoliosis and lumbar spinal stenosis (LSS) is common in the elderly population.2 These patients often suffer from 
low back pain, radiculopathy and neurogenic claudication.7 This reduces the mobility and quality of life of patients to 
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a great extent. As the population ages, the proportion of elderly will further increase, which poses a challenge to the 
management of DLS.

Conservative treatments such as medications, physical therapy, functional exercises, and epidural steroid injections 
are typically recommended as primary treatments for LSS.8,9 However, surgery may be necessary if conservative 
treatment fails to produce the desired results. For LSS patients with DLS, surgery can be complicated due to the 
potential impact of spinal deformity. While fixed fusion surgery can correct spinal imbalances and improve postoperative 
outcomes for DLS patients,10,11 it also has a high complication rate and mortality in a large elderly population.12 

Decompression alone is considered to be a less invasive procedure that can significantly reduce the complication rate in 
patients with DLS.13 However, it is still unclear whether decompression without correction of the deformity will worsen 
its progression. The new 10-mm endoscope enables efficient decompression of spinal stenosis using specialized surgical 
instruments such as laminectomy rongeurs. This approach involves a small incision of approximately 10 mm, reducing 
bone destruction and protecting the paravertebral muscles, and further preserving spinal stability.14 This study reports the 
clinical outcomes of 10-mm endoscopic minimally invasive interlaminar decompression in the treatment of elderly LSS 
with or without DLS, with the aim of providing a reference for clinical practice.

Materials and Methods
Participants
This study was approved by our institutional review board, and all patients provided written consent. Between 
September 2019 and March 2022, a total of 175 elderly patients with LSS who underwent this procedure were 
consecutively enrolled (Figure 1). According to whether accompanied by DLS or not, they were divided into LSS 
group and LSS with DLS group. The procedures were all performed by the same surgeon. The inclusion criteria were as 
follows: (1) intermittent claudication or unilateral lower extremity radicular pain; (2) imaging manifestations consistent 
with symptoms; (3) LSS with or without DLS; (4) single-level lumbar spinal stenosis requiring treatment; and (5) 
ineffective conservative treatment for more than three months. The exclusion criteria were as follows: (1) age<60 years; 
(2) low back pain more severe than leg pain; (3) Cobb angle greater than 30° in the coronal plane; (4) patients with 
isthmic spondylolisthesis or dynamic X-ray showing motion greater than 3 mm; (5) pathological conditions such as 

Figure 1 Flowchart of patient eligibility screening.
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tumor, trauma, and infection; and (6) lost to follow-up. Preoperative demographic characteristics, perioperative condi-
tions, and clinical outcomes were recorded.

Surgical Procedure
Clarification of the Level of Responsibility
The level of responsibility is determined based on the patient’s physical examination and imaging findings. For patients 
with severe degeneration that makes it difficult to determine the responsible segment, a diagnostic nerve root block was 
performed prior to surgery. Using the G-arm as a guide, 1 mL of 2% lidocaine was injected transforaminally around the 
suspected nerve. If more than half of the pain in the lower extremity was relieved, the segment was considered 
responsible.

Surgical Procedure
The patient was placed in the prone position, and the procedure was completed under local infiltration anesthesia 
(Figure 2). The responsible segment was located using the G-arm X-ray machine, and the operative area was routinely 
disinfected. A surgical incision about 1 cm was made at the level of the responsible intervertebral space in line with the 
lateral edge of the vertebral body. The soft tissue dilators were used to dilate the vertebral plate space step by step, 
followed by placement of the working channel. A 10-mm endoscope (Spinendos GmbH, München, Germany) was then 
inserted. If necessary, the intervertebral space was enlarged by removing part of the bone using a burr and a laminectomy 
rongeur. The sublaminar ligamentum flavum was removed to expose the epidural space and the nerve root canal. After 
probing and releasing the nerve root and peridural sac adhesions, 3 ~ 5 mL of 2% lidocaine was injected into the epidural 
space. Shortly after induction of local anesthesia, the nerve root was gently pushed medially. Decompression of the spinal 
canal was then performed. When the endoscopic observation of the nerve root and dural sac compression was released, 
the procedure could be concluded.

Measures
Evaluation of Imaging Parameters
The coronal Cobb angle was selected to evaluate coronal balance. Lumbar lordosis (LL), pelvic incidence (PI), pelvic tilt 
(PT), sacral slope (SS), and pelvic incidence-lumbar lordosis (PI-LL) were selected to measure the sagittal balance of the 
spinopelvic in patients with DLS.

Evaluation of Clinical Efficacy
Visual analog scale (VAS) and Oswestry Disability Index (ODI) were used to evaluate clinical outcomes before 
operation, 1 week after operation, 3 months after operation, and 12 months after operation. Furthermore, surgical 
satisfaction was assessed using the modified Macnab criteria at final follow-up.

Figure 2 (A) Intraoperative anterior-posterior image. (B) Intraoperative lateral image. (C) Endoscope burr in use. (D) Removed compression-causing tissue.
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Statistical Assessments
The statistical calculations were performed using the SPSS 26 program (IBM, Armonk, USA). The results are presented 
as mean and standard deviation (SD) values. The demographics, radiological values, and clinical outcomes of the two 
groups were analyzed by Student’s t test or Mann–Whitney U-test. The significance level was defined as p < 0.05.

Results
Preoperative Demographic Characteristics and Outcomes
Preoperative demographic characteristics are shown in Table 1. A total of 175 patients participated in this study. There 
were 129 patients in the LSS group with a mean age of 69.89±7.29 years. The LSS with DLS group had 46 patients with 
a mean age of 71.43±7.89 years. There were no statistical differences in age, gender, body mass index (BMI), disease 
duration, and surgical segment between the two groups.

Perioperative Indicators and Complications
As Table 2, there was no significant difference between the two groups in terms of operative time, postoperative hospital 
days and major complication rates (P > 0.05).

Clinical Results
The improvement of patients’ clinical symptoms was assessed using the VAS score and ODI score (Figure 3). There was 
no significant difference in the preoperative VAS scores for low back pain between the two groups, and both groups 
improved significantly after surgery (P < 0.05). However, the LSS with DLS group exhibited higher low back pain VAS 
scores at 3 months and 1 year postoperatively. Both groups had similar improvements in VAS leg pain scores and ODI 

Table 1 Demographic Characteristics of the Two Groups

Items LSS LSS with DLS p value

Number of patients 129 46
Age (years) 69.89±7.29 71.43±7.89 0.250

Sex 0.068

Male 65 16
Female 64 30

BMI 24.43±3.06 23.97±3.13 0.383

Disease duration (m) 18.53±16.99 19.72±16.95 0.626
Level 0.202

L1/2 1 0

L2/3 3 1
L3/4 7 7

L4/5 93 33

L5/S1 24 5

Table 2 Perioperative Indicators and Complications of the Two Groups

Outcome Measure LSS LSS with DLS p value

Operation time (min) 43.53±8.04 45.43±9.06 0.138

Length of postoperative stay (d) 3(2, 3) 3(2, 4) 0.255
Major Complication 8(6.2%) 4(8.7%) 0.517

Revision surgery 2 1

Transient dysesthesia 5 2
Intraoperative dura tear 1 1

Infection 0 0
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scores after surgery, with no statistically significant differences between the groups (P > 0.05). According to the modified 
MacNab criteria, the excellent and good rates at the final follow-up were 92.25% and 89.13% in the LSS group and the 
LSS with DLS group, respectively, with no statistically significant differences.

Changes in radiographic parameters are presented in Table 3. Patients with simple LSS exhibited a loss of LL and 
imbalance of the spinopelvic region before the operation. However, their LL and PI-LL improved significantly postoperatively 
compared to preoperative values. Patients with DLS had similar changes in imaging parameters as those with simple LSS. 
However, DLS patients showed significantly higher PT, PI, and PI-LL before and after surgery, with statistically significant 
differences between the groups. Moreover, the coronal Cobb angles of DLS patients were 17.2±4.9° and 18.0±4.4° 
preoperatively and at 1 year postoperatively, respectively, with no statistically significant difference (P>0.05).

As in Figure 4, the 10-mm endoscopic technique achieves adequate decompression at the level of responsibility.

Figure 3 Clinical outcomes of patients in both groups at different follow-up time points. (A) VAS-back pain score (☆: P < 0.05). (B) VAS-leg pain score. (C) Oswestry 
Disability Index. (D) the Modified Macnab criteria.

Table 3 Comparison of Imaging Parameters Between the Two Groups of Patients

Items LSS P-value LSS with DLS P-value

Preoperative Final Follow Up VS Pre-Op Preoperative Final Follow Up VS Pre-Op

LL 35.8±11.7 39.0±8.4 <0.001 36.3±13.3 40.3±8.6 0.014

SS 30.2±10.1 31.0±8.8 0.249 32.1±11.5 35.6±8.3 0.004

PT 15.2±8.2 14.6±7.6 0.170 19.3±10.4* 18.5±9.1* 0.204
PI 45.4±9.8 45.6±8.8 0.829 51.4±11.4* 53.0±11.0* 0.261

PI-LL 13.8±7.7 10.4±7.1 <0.001 19.4±11.1* 14.4±8.6* 0.001

Cobb angle (°) NA NA NA 17.2±4.9 18.0±4.4 0.100

Note: *Significantly different from the LSS group (P < 0.05). 
Abbreviations: LL, Lumbar lordosis; SS, Sacral slope; PT, Pelvic tilt; PI, Pelvic incidence; PI-LL, Pelvic incidence-lumbar lordosis.
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Discussion
The ideal surgical approach for patients with DLS remains an intriguing topic. In this study, we observed the clinical 
outcomes of LSS with and without DLS. Both groups benefited from the 10-mm endoscopic procedure and showed 
responsive improvement in sagittal imbalance. However, patients with combined DLS may experience higher post-
operative low back pain compared to those with simple LSS.

LSS is a very common degenerative disease of the spine, that affects millions of people worldwide.15 It is the fastest- 
growing disease in the United States among older adults who undergo lumbar spine surgery.16 As the population ages, 
more and more LSS patients are diagnosed with concomitant DLS.17,18 However, the management of DLS remains 
variable due to the lack of a clear evidence-based treatment approach. Surgical management of DLS includes decom-
pression alone, short-segment fusion, and long-segment fusion, but there is conflicting evidence and wide variation in 
practice between them.1,19–21 Studies have shown that patients with DLS have similar imaging findings compared to 
those with simple LSS, including ligamentum flavum hypertrophy, bulging discs, and facet joint degeneration.22 Since 
LSS and DLS mainly affect an elderly population with poor surgical tolerance, less invasive decompression alone is an 
indispensable surgical option for elderly patients with DLS. Minimally invasive endoscopic decompression has been 
effectively used in elderly patients with LSS.23,24 But it has been less reported in the treatment of DLS. In the study, we 
used a 10-mm endoscope, which had a larger operating space and was more efficient in decompression operations. The 
advantages of local anesthesia and minimally invasive efficiency are particularly important for elderly patients with poor 
physical condition. Therefore, we believe that the application of this technique is appropriate for patients with DLS who 
require surgical intervention.

For patients with severe DLS, correcting the deformity may be crucial. However, for elderly patients with mild 
scoliosis and without significant back pain, the primary treatment goal should be alleviating the clinical symptoms caused 
by stenosis. In this study, the preoperative Cobb angle in DLS patients was 17.2 ± 4.9°. One year after surgery, the mean 
Cobb angle was 18.0±4.4°, which was not statistically significant compared to the preoperative period. The cobb angles 
of DLS patients in this group were maintained, which may benefit from the advantage of 10-mm endoscopic surgery. 
Because the function of the paravertebral muscles in the back has decreased in elderly patients with DLS.25 Compared to 
open surgery, endoscopic decompression is known to reduce the disruption of the back muscles. In addition, we have 
learned that the intervertebral disc can withstand up to 67% of the shear load, while the facet joints provide a maximum 
of approximately 49% stability during axial rotation.26 The interlaminar approach provides better protection of the disc 

Figure 4 Imaging images of an 83-year-old DLS patient with L4/5 as the responsible segment. (A and B) X-rays showing degenerative deformity of the patient’s lumbar spine. 
(C and E) Preoperative lumbar MRI (Magnetic Resonance Imaging) showed severe spinal stenosis. (D and F) Axial CT (Computed Tomography) images of the lumbar spine 
show adequate decompression.
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and the facet joints compared to the posterolateral approach. Therefore, we recommend preserving these stability- 
maintaining structures in patients with DLS to avoid further disruption of the stabilizing structures.

Spinopelvic sagittal balance is another critical consideration following lumbar decompression surgery. Previous 
studies have shown that spinopelvic sagittal alignment plays a significant role in pain and functional decline in adult 
spinal deformities.27 Several radiological parameters, including LL, PI, PT, SS, and PI-LL, are essential to assess 
spinopelvic sagittal balance in patients with DLS. In particular, LL, PI, and PI-LL have been found to be closely 
associated with postoperative quality of life in patients with DLS.28–30 The elderly patients in this study had varying 
degrees of LL loss and PI-LL mismatch and were also faced with the challenges of advanced age and low surgical 
tolerance. Compared to the simple LSS group, DLS patients showed greater PI-LL both preoperatively and post-
operatively. Fixed fusion surgery is more effective at correcting sagittal imbalance, but is also more risky, particularly 
for elderly patients with low surgical tolerance. In a previous study, nonfusion decompression surgery improved sagittal 
alignment in patients with spinal stenosis.31 The results of our study supported this idea. Both groups of patients 
demonstrated improved LL and PI-LL after surgery. However, DLS patients were more likely to have residual low back 
pain postoperatively, possibly due to a higher postoperative PI-LL. A study by Ogon I32 demonstrated that PI-LL was 
a significant predictor of low back pain in patients with LSS, while Gao A et al33 reported that DLS patients with PI- 
LL>20° had significantly higher dysfunction caused by low back pain than those with PI-LL<20°. In this study, 
postoperative PI-LL was significantly higher in patients with DLS than in those with simple LSS, which may account 
for the higher residual postoperative low back pain in DLS patients. It is important to clarify that although both groups 
achieved promising clinical outcomes at final follow-up, there is no evidence that minimally invasive endoscopic 
decompression is indicated for all types of DLS. In cases of severe scoliosis deformity, fixed fusion may still be 
necessary.

The current study still has some limitations. Firstly, the retrospective design may lead to potential selection bias, and 
the small sample size may reduce the rigor of our results. Secondly, the learning curve for endoscopic surgery is high, 
especially for elderly patients with spinal deformities. Finally, the short observation period of this study also requires 
long-term follow-up.

Conclusion
With an aging population, surgeons need to consider both surgical risks and healthcare costs. Compared with simple LSS, 
patients with DLS have achieved promising clinical outcomes. Therefore, 10-mm endoscopic interlaminar decompres-
sion under local anesthesia may be considered an effective alternative option for the treatment of patients combined with 
mild DLS.

Abbreviations
LSS, Lumbar spinal stenosis; DLS, Degenerative lumbar scoliosis; LL, Lumbar lordosis; PI, Pelvic incidence; PT, Pelvic 
tilt; SS, Sacral slope; PI-LL, Pelvic incidence-lumbar lordosis; VAS, Visual analog scale; ODI, Oswestry disability index.
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