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Purpose: Percutaneous transforaminal endoscopic decompression (PTED) is widely used for treating lumbar spinal stenosis (LSS),
yet predictors of reoperation remain unclear. This study aimed to explore the association between spinopelvic alignment and the
reoperation following PTED.

Patients and Methods: A 1:2 matched case-control study was conducted, involving patients who underwent single-level PTED for
LSS at our institution from May 2014 to August 2022. Cases comprised patients requiring reoperation after initial PTED, while
controls were those without reoperation during the follow-up. Measured radiological parameters included pelvic tilt (PT), pelvic
incidence (PI), sacral slope (SS), lumbar lordosis (LL), mismatch between pelvic incidence and lumbar lordosis (PI-LL), disc height
(DH), Pfirrmann classification, and Modic changes (MCs). Univariate and multivariate logistic regression analyses were performed to
identify predictors. Receiver operating characteristic (ROC) curves were generated to determine cut-off points.

Results: 76 cases and 152 controls were selected from 1967 enrolled patients. Both groups had an average age of 61 years, a male-to-
female ratio of 43:33, and a mean BMI of 25.95 kg/m2. No significant differences in baseline characteristics were found between
groups. Multivariate analysis identified PT (OR = 1.061, P = 0.007), PI-LL (OR = 1.057, P =0.021), and DH (OR = 1.194, P = 0.015)
as independent risk factors for the reoperation. ROC analysis revealed PI-LL with an area under the curve (AUC) of 0.662 at a cut-off
of 12.95° (95% CI = 0.582-0.741), PT with an AUC of 0.685 at a cut-off of 21.98° (95% CI = 0.606—0.763), and DH with an AUC of
0.602 at a cut-off of 8.22° (95% CI = 0.521-0.683).

Conclusion: PI-LL > 12.95°, PT > 21.98°, and DH > 8.22° are independent risk factors for reoperation following PTED.
Keywords: spinal stenosis, decompression, endoscopy, lordosis, lumbosacral region, case-control studies

Introduction

Lumbar spinal stenosis (LSS) is a leading cause of spinal operations in individuals over 65." It is characterized by the
narrowing of the spinal canal due to degenerative changes, including osteophyte formation, disc bulging, hypertrophic
facet joints, and thickening of the ligamentum flavum. These changes often result in the compression of neurovascular
structures, leading to symptoms such as neurogenic claudication and radiculopathy.” The management of LSS begins
with conservative measures such as activity modification, physical therapy, and oral medications (eg, nonsteroidal anti-
inflammatory drugs [NSAIDs]).® In cases refractory to conservative therapies, open laminectomy has long been the
standard surgical intervention. While generally efficacious, it can result in spinal instability and chronic pain by
damaging the posterior midline structures.* As a minimally invasive alternative, percutaneous transforaminal endoscopic
decompression (PTED) integrates percutaneous endoscopic lumbar discectomy with foraminoplasty. By partially resect-
ing the superior articular process (SAP), PTED enables access to deeper regions of the spinal canal, facilitating further
decompression while preserving the posterior structures.’
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PTED offers several advantages over open procedures, such as reduced operating time, fewer complications, less blood
loss, and shorter hospitalization.*” It can be performed under local anesthesia, yielding satisfactory outcomes for elderly
patients who are at risk under general anesthesia.®” However, the limited visibility and restricted working space can diminish
the effectiveness of PTED in achieving decompression. Despite these advantages, studies report PTED reoperation rates
ranging from 4.4% to 8.3%, raising concerns about patient suffering, increased risk of complications, and higher healthcare
costs.'®'? Therefore, identifying the risk factors for reoperation after PTED is essential for enhancing patient outcomes.

Spinopelvic alignment describes the anatomical relationship between the spine and pelvis, measured by indicators
including pelvic incidence (PI), pelvic tilt (PT), sacral slope (SS), lumbar lordosis (LL), and the difference between PI and
LL (PI-LL). These spinopelvic parameters have been utilized to predict the need for subsequent fusion and the risk of adjacent-
segment disease following open decompression procedures.'*'* They have also shown predictive value for clinical outcomes
following minimally invasive decompression procedures.'® Given the established correlation between spinopelvic parameters
and the outcomes of other decompression operations, we hypothesized that reoperation after PTED is associated with
spinopelvic malalignment.

While recent studies have found several risk factors for reoperation following PTED, including disc degeneration,

facet joint deterioration, and muscle atrophy,'®!’

the influence of spinopelvic alignment on the reoperation remains
unexplored. Elucidating this relationship could deepen our understanding of PTED failures, refine preoperative planning,
reduce the risk of reoperation, and guide rehabilitation protocols. Therefore, we conducted this 1:2 matched case-control

study to investigate the association between spinopelvic alignment and reoperation following PTED.

Methods

Subjects

Patients with LSS (ICD-10: M48.06) who underwent single-level PTED at our hospital from May 2014 to August 2022 were
retrospectively reviewed. The inclusion criteria were: (1) definitive LSS diagnosis confirmed through physical examination,
clinical symptoms, and MRI/CT imaging; (2) both diagnostic evaluation and surgical procedures were performed by the same
senior orthopedic surgeon; (3) age >18 years with independent ambulatory capacity; and (4) documented failure of
conservative treatment for at least three months.

Patients were excluded based on the following criteria: (1) history of spinal surgery; (2) concomitant spinal conditions such
as infections, fractures, tumors, or spondylolisthesis; (3) a Cobb angle greater than ten degrees; (4) follow-up duration of less
than two years; (5) incomplete clinical or radiological data; (6) severe osteoporosis (T-score < —2.5) or history of fragility
fractures; (7) metabolic bone diseases such as Paget’s disease or hyperparathyroidism; and (8) neurological disorders affecting
spinal stability, including Parkinson’s disease, cerebral palsy, or multiple sclerosis. This study adhered to the Declaration of
Helsinki and obtained approval from the ethics committee of our institution.

Grouping and Matching

This 1:2 retrospective matched case-control study was conducted at our hospital from July 2024 to October 2024.
Patients who underwent PTED were divided into two groups based on their need for reoperation. Cases comprised
patients who received reoperation after at least one month of pain-free interval following the initial PTED. Subsequent
interventions included an additional PTED, unilateral biportal endoscopy (UBE), and posterior lumbar interbody fusion
(PLIF). All following reoperations were performed at the same disc level as the first surgery. Control patients, who did
not require reoperation during the follow-up, were matched to the cases based on surgical level, gender, body mass index
(BMI) classification, and age (within a five-year range). Follow-up for all participants was conducted through telephone
consultations or outpatient visits.

Data Collection and Assessment

The demographic information of all patients, including gender, age, height, weight, and surgical level, was collected from the
electronic medical records of our hospital. The measured radiological parameters included PT, PI, SS, LL, disc height (DH),
Pfirrmann grading, and Modic changes (MCs). These parameters were obtained on the lumbar MRIs and lateral standing X-rays
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with the inclusion of the femoral heads, using DICOM (version 3.1) viewer software (Neusoft PACS/RIS). All pre-operative
radiological examinations were conducted within three weeks before the initial PTED. An experienced surgeon repeated each
measurement twice with a one-week interval. The average of the two measurements was used for analysis. The intra-rater
reliability of radiological measurements was excellent, with intraclass correlation coefficients (ICC) above 0.9 for all variables.

The radiological parameters assessed in our study are illustrated in Figure 1. PI is a morphological parameter that
remains unchanged throughout adulthood. It is defined as the angle between a line perpendicular to the midpoint of the
sacral plate and a line connecting this point to the femoral head axis. PT represents the pelvic rotation around the femoral
heads, defined as the angle between a vertical line and a line drawn from the midpoint of the sacral plate to the femoral
head axis. When the two femoral heads do not overlap on lateral radiographs, the axis is determined by the midpoint of
a line connecting the centers of the two femoral heads. SS describes the orientation of the sacral plate relative to
a horizontal line and is measured as the angle between the upper S1 endplate and this horizontal line. PT and SS
reciprocally adapt, as illustrated by the equation: PI = PT + SS. LL is defined as the angle from the upper endplate of L1
to the lower endplate of S1. The PI-LL was calculated as the absolute difference between PI and LL, reflecting the
alignment between lumbar curvature and the pelvis in maintaining spinopelvic balance. DH was determined by averaging
the anterior and posterior heights of the disc at the surgical segment. MCs were categorized into three types based on
variations in signal intensity observed in T1- and T2-weighted MRI images of the bony endplate beneath the cartilagi-
nous endplate and adjacent bone marrow.'® Pfirrmann grading was classified into five levels by assessing the nucleus
structure, distinction between nucleus and annulus, signal intensity of the nucleus, and disc height.'”

Surgical Procedures

PTED was performed under local anesthesia (8—10 mL of 0.5% lidocaine) with the patient in the prone position on the
operating table. The entry point was marked 10—14 cm lateral to the spinal midline at the index intervertebral level.
Guided by fluoroscopy, an 18-gauge puncture needle was inserted at approximately a 40-degree angle in the craniocaudal
direction towards the SAP. After injecting 15-20 mL of 0.5% lidocaine into the intervertebral foramen for anesthetic

Figure | Description of measured parameters. (A) Pl is defined as the angle between a line perpendicular to the midpoint of the sacral plate and a line connecting this point
to the femoral head axis. SS is the angle between the upper S| endplate and a horizontal line. PT is the angle between a vertical line and a line extending from the midpoint of
the sacral plate to the femoral head axis. (B) LL is measured as the angle from the upper endplate of L| to the lower endplate of SI. DH is calculated by averaging the
anterior and posterior heights of the disc at the surgical segment.
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infiltration, the surgical pathway was then gradually established through serial hollow cannulas, ultimately accommodat-
ing an 8 mm working cannula. Through this portal, foraminoplasty was executed using a grinding drill or different burrs.

Following successful foraminoplasty, the endoscope and working cannula were introduced. Under fluoroscopic
guidance, the cannula’s tip was confirmed at the posterior rim of the upper endplate of the distal vertebra in the lateral
view and close to the medial pedicular line in the anteroposterior view. Decompression commenced under continuous
irrigation via a pressure-regulated pump system delivering 0.9% normal saline. Pathological tissues including hyper-
trophic ligamentum flavum, ventral SAP, osteophytes, perineural fat, and degenerated disc tissue were removed as
necessary to expose the traversing nerve root and dural sac. Hemostasis and annular modulation were achieved using
a radiofrequency probe. Adequate decompression was confirmed by nerve root pulsations synchronous with heart rate,
restored vascularity, and anatomic nerve root repositioning. The surgical field was inspected by rotating the cannula 360°
to ensure no residual fragments or bleeding, followed by closure of the surgical wounds.

Statistical Analysis

The sample size was calculated based on the PI values reported by Pan et al.?* Using a two-sided o of 0.05, power of
0.90, and a 1:2 group ratio, PASS software (version 21.0.3; NCSS, LLC) estimated a minimum requirement of 60 case
and 120 control participants.

SPSS statistical software (version 27.0; IBM Corp, USA) was used for data analysis. A P-value of <0.05 was deemed
statistically significant. Baseline characteristics and clinical data were compared using Student’s #-test, Mann—Whitney
U-test, and Fisher’s exact test. Odds ratios (ORs) for PTED reoperation and their corresponding 95% confidence intervals
(CIs) were calculated using univariate logistic regression. Variables that were either statistically significant in the
univariate regression or considered potentially relevant were included in the multivariate logistic regression.
Statistically significant indicators from the multivariate regression were further assessed using receiver operating
characteristic (ROC) analysis to determine cut-off points and their corresponding sensitivity and specificity.

Results
A total of 1967 patients diagnosed with LSS who underwent PTED at our hospital were retrospectively reviewed. Of
these, 76 patients (3.9%) required reoperation. The interval between the first and second operations ranged from 31 days
to 1906 days, with a median of 304 days. Among the reoperation cases, the surgical level was L4-L5 in 67 patients and
L5-S1 in nine. Reoperations after PTED included 43 additional PTED, 24 PLIF, and nine UBE. For comparison, 152
patients were randomly selected as controls from the remaining 1891 patients, matched to the reoperation cases by
surgical level, gender, BMI, and age.
Clinical characteristics are shown in Table 1. No significant differences were detected between the case and control groups
in gender (P =1.000), age (P =0.971), BMI (P = 0.967), surgical level (P = 1.000), stenosis type (P = 0.597), or comorbidities.
Radiological parameters were compared between patients with and without reoperation after PTED (Table 2). All
patients had disc degeneration with at least a Pfirrmann grade of three, with grade four being the most prevalent in both

Table | Clinical Characteristics Between Case and Control
Group
Case (n=76) Control (n=152) P
Gender (M:F) 43:33 86:66 1.000
Age (yr) 61.11 £157 | 61.03 % I5.1 0.971
BMI (kg/m?) 25.95 (3.80) 25.95 (3.70) 0.967
Comorbidities, n(%)
Hypertension 36 (47.4%) 68 (44.7%) 0.778
Diabetes 21 (27.6%) 44 (28.9%) 0.877
Heart disease 18 (23.7%) 29 (19.1%) 0.488
(Continued)

1354  hees Journal of Pain Research 2025:18



Ge et al

Table | (Continued).

Case (n=76) | Control (n=152) P

Surgical level, n(%) 1.000

L4-L5 67 (88.2%) 134 (88.2%)

L5-SI 9 (11.8%) 18 (11.8%)
Stenosis type, n(%) 0.597

Central 11 (14.5%) 16 (10.5%)

Lateral recess 28 (36.8%) 57 (37.5%)

Foraminal 24 (31.6%) 43 (28.3%)

Mixed 13 (17.1%) 36 (23.7%)

Notes: Continuous data are expressed as mean * standard deviation or median

(interquartile range).

Abbreviation: BMI, body mass index.

Table 2 Measured Parameters Between Case and Control Group

Case Control P

Pl (deg) 50.96 £ 9.30 | 49.16 £ 9.08 0.163
PT (deg) 19.01 £7.73 | 14.60 = 12.96 | <0.001*
SS (deg) 30.97 £ 887 | 3433823 0.005*
LL (deg) 4081 + 12,63 | 43.73 £ 1098 | 0.074
PI-LL (deg) 13.3 (11.7) 7.5 (7.9) <0.001*
DH, cm 8.12 £ 225 750 £2.17 0.046*
Pfirrmann classification, n(%) 0.553

| 0 0

Il 0 0

1] 8 (10.5%) 7 (4.6%)

v 62 (81.6%) 139 (91.4%)

\ 6 (7.9%) 6 (3.9%)
Modic changes, n(%) 0.239

None 45 (59.2%) 102 (67.1%)

| 2 (2.6%) 1 (0.7%)

I 27 (35.5%) 41 (27.0%)

1] 2 (2.6%) 8 (5.3%)

Note: *Statistically significant at P < 0.05.
Abbreviations: Pl, pelvic incidence; PT, pelvic tilt; SS, sacral slope; LL, lumbar lordosis;
PI-LL, difference between Pl and LL; DH, disc height.

the case and control groups (81.6% vs 91.4%). Most patients in both groups did not show MCs (59.2% vs 67.1%), and
type I MC was the most common among those identified (35.5% vs 27.0%). No statistical differences were found in
Pfirrmann grades, MCs, PI, or LL. However, the case group exhibited higher PT (P < 0.001), lower SS (P = 0.005),
greater PI-LL mismatch (P < 0.001), and larger DH (P = 0.046) compared to the control group.

Table 3 presents the results of univariate and multivariate logistic regression analyses. Crude ORs for all variables in
Table 2 were calculated using univariate regression. The multivariate regression included PI, PT, PI-LL, DH, MCs, and
Pfirrmann grades. SS was excluded from the model due to its linear relationship with PT, and because PT showed greater
statistical significance than SS in univariate regression (P < 0.001 vs P = 0.006). As a result, PT (OR = 1.061, 95% CI =
1.016-1.108, P = 0.007), PI-LL (OR = 1.057, 95% CI = 1.008-1.108, P = 0.021), and DH (OR = 1.194, 95% CI =
1.035-1.377, P = 0.015) were identified as independent risk factors for reoperation after PTED.

A cut-off point for these independent risk factors was further explored through ROC analysis (Figure 2). The area
under the curve (AUC) of the ROC analysis for PI-LL was 0.662 (95% CI = 0.582-0.741), with a sensitivity of 51.3%
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Table 3 Univariate and Multivariate Logistic Regression Analyses of the Association Between PTED
Reoperation and Radiological Parameters

Variables Univariate Multivariate
Crude OR | 95% CI P Adjusted OR | 95% CI P

Pl (deg) 1.022 0.991-1.053 0.163
PT (deg) 1.083 1.044—1.125 <0.001* | 1.061 1.016-1.108 | 0.007*
SS (deg) 0.954 0.922-0.987 | 0.006*
LL (deg) 0.978 0.955-1.002 | 0.075
PI-LL (deg) 1.088 1.045—1.134 <0.001* | 1.057 1.008-1.108 | 0.021*
DH, cm 1.139 1.001-1.296 | 0.049* 1.194 1.035-1.377 | 0.015*
Pfirrmann classification, n(%)

n 1.000

v 0.390 0.136-1.124 | 0.081

\ 0.875 0.191-3.999 | 0.863
Modic changes, n(%)

None 1.000

| 4533 0.401-51.285 | 0.222

I 1.493 0.820-2.718 | 0.190

n 0.567 0.116-2.775 0.483

Note: *Statistically significant at P < 0.05.

Abbreviations: Pl, pelvic incidence; PT, pelvic tilt; SS, sacral slope; LL, lumbar lordosis; PI-LL, mismatch between Pl and LL; DH, disc
height; OR, odds ratio; Cl, confidence interval.

and a specificity of 81.6% when PI-LL was 12.95°. The ROC-AUC for PT was 0.685 (95% CI = 0.606-0.763), with
a sensitivity of 48.7% and a specificity of 86.8% when PT was 21.98°. The ROC-AUC for DH was 0.602 (95% CI =
0.521-0.683), with a sensitivity of 59.2% and a specificity of 65.8% when DH was 8.22°.

Discussion

This study is the first to explore the association between spinopelvic alignment and reoperation following PTED. Our

results indicate that PI-LL > 12.95°, PT > 21.98°, and DH > 8.22 are independent risk factors for the reoperation.
Given the low incidence of reoperation after PTED and the variation in spinopelvic parameters by age, gender, and

BMI,?'** we adopted a matched case-control design to minimize confounders. In our study, reoperations predominantly

occurred at the L4-L5 level (88.2%), with a few at L5-S1 (11.8%). This aligns with our expectations, as the L4-L5 segment is

located in a transitional zone between the rigid sacrum and the more mobile lumbar spine, making it more susceptible to

biomechanical stress and degeneration. MCs are associated with disc degeneration, infection, and inflammation."® When disc

(A) ROC curve of PI-LL (B) ROC curve of PT ©) ROC curve of DH
100~ 100~ 100~
80 80 80-
2 2 2
2 _ 2 | & _
i AUC=0.662 S " AUC=0.685 b <" AUC=0.602
40 —_— 40+ P — 40 A —
8 Cut-off=12.95 & ‘ Cut-off=2198 3 Cut-off=8.22
20- 2045 20-
0+ T T T T 1 0 T T T T 1 0 T T T T 1
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
100% - Specificity% 100% - Specificity% 100% - Specificity%

Figure 2 ROC-AUC of reoperation after PTED. (A) AUC for PI-LL = 0.662 (95% CI = 0.582-0.741), with a cut-off of 12.95°. (B) AUC for PT = 0.685 (95% Cl =
0.606-0.763), with a cut-off of 21.98°. (C) AUC for DH = 0.602 (95% CI = 0.521-0.683), with a cut-off of 8.22°.
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degeneration leads to endplate fissures, the nucleus may trigger inflammatory responses and secondary changes within the
vertebra. However, no significant difference in MCs has been observed between patients with LSS and healthy individuals,*!
nor in our study between LSS patients with or without reoperation after PTED. These findings suggest that MCs may not play
a significant role in the pathophysiological process of LSS.

The mean PI of 49.8°0bserved in our study is lower than previously reported.?** This difference may be attributed to
the varied racial backgrounds of participants across studies. It also suggests a tendency for individuals with lower PI to
develop LSS, as they have a reduced capacity to compensate for sagittal imbalance through pelvic retroversion.”> Our
study also revealed a higher mean PT (16.6° vs 11.5°) and a lower mean LL (42.8° vs 55.4°) compared to the normative
values reported by Hasegawa et al.** These results are consistent with those of Zarate-Kalfopulos et al, suggesting that
LSS patients typically exhibit a retroverted pelvis and flattened lumbar lordosis.*

The compensatory mechanisms in LSS have been well illustrated by Buckland et al through a comparison of patients with
LSS and those with adult spinal deformity (ASD).?” In the early stage of LSS, patients tend to decompress neural elements
through anterior truncal inclination, as flexion significantly increases the dimensions of the spinal canal and foramen.*® To
maintain an upright posture while achieving neural decompression, pelvic shift is initially recruited for compensation,
followed by pelvic retroversion (increased PT) and further flattening of LL (decreased LL). In elderly patients, paraspinal
muscle degeneration may also contribute to this process, given its role in initiating pelvic retroversion and the progression
from a compensated to a decompensated stage.29 As LSS progresses, the mismatch between PT and LL increases to
malalignment, and a “permissive” deformity for positional decompression gradually becomes structural >

In terms of PTED, it remains uncertain to what extent spinopelvic malalignment requires consideration of fusion or
more invasive decompression procedures rather than solely focal treatment. Schwab et al proposed that a PI-LL < 10°
and a PT < 20° signify harmonious alignment.>® They also suggested that a PT > 22° and a PI-LL > 11° can predict
disability (Oswestry Disability Index > 40) in patients with ASD.>* In our study, we arrived at similar conclusions,
finding that a PI-LL > 12.95° and a PT > 21.98° have predictive value for reoperation following PTED.

While we have clarified the association between spinopelvic malalignment and reoperation following PTED, the under-
lying mechanisms are yet to be understood. Lu et al have observed that inadequate decompression is the primary reason for
repeat operations following percutaneous endoscopic procedures, consistent with our clinical observations.>' We hypothesize
that spinopelvic malalignment in patients with LSS contributes to two main issues that result in inadequate decompression and
thus necessitate reoperation: First, as Trenchfield et al suggested, severe central lumbar stenosis is associated with lower LL,
lower SS, and higher PI-LL.>*> When spinopelvic malalignment is present, the severity of stenosis may exceed the decom-
pression capability of PTED, leading to inadequate decompression. Second, excessive biomechanical stresses from spino-
pelvic malalignment could promote the re-narrowing of the space initially expanded by PTED.

The potential biomechanical mechanisms are outlined as follows: Theoretically, the spinal column is subjected to forward
forces (gravity, abdominal pressure) and forces from posterior spine muscles, collectively referred to as contact force (CF).
When the lumbar spine is hypolordotic, the CF is primarily exerted on the anterior column, distributing forces perpendicularly
to the discs and thereby increasing disc pressure.”” Bassani et al have validated this using a musculoskeletal model,
demonstrating that changes in global sagittal alignment, lumbar typology, and sacral inclination can significantly affect
intervertebral loads and muscle activation.”® Even after PTED, these forces may continue to promote disc degeneration,
ligamentum flavum hypertrophy, and facet joint deterioration.>* Additionally, potential instability from SAP removal, coupled
with post-operative scar formation, further compounds these issues, exacerbating re-stenosis following the procedure.

PTED does not address spinopelvic malalignment, and damaging the facet joints during the procedure can compromise
segmental stability. Therefore, assessing spinopelvic alignment pre-operatively is crucial to prevent the revision. Although
previous studies have observed increased LL and decreased PI-LL after decompression procedures without fusion,*>¢ this
likely occurs because patients no longer need to maintain a forward-bending posture for decompression. Yokoyama et al also
demonstrated that those improvements in PI-LL and LL tended to deteriorate within five years.® Recently, Asghar et al have
performed short-segment fusions using 3D-printed personalized interbody fusion cages, which may serve as a complement to
correcting spinopelvic malalignment.®” After fusion with personalized cages, the PI-LL mismatch was restored in nearly half
of the patients (44.2%), showing a significantly higher restoration rate than with traditional stock implants.
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Besides spinopelvic parameters, we also identified a DH value of > 8.22 mm as a risk factor for reoperation following
PTED. Similarly, Li et al reported that LSS patients typically exhibit higher DH, and their initial DH at L4-L5 was assessed to
be taller before the onset of LSS.?! Note that most patients in our study manifested advanced disc degeneration with
a Pfirrmann grade of four or five. We hypothesize that if a high DH remains in the presence of severe disc degeneration
with a Pfirrmann grade of four or more, it may lead to increased sagittal mobility and reduced spinal stability, thereby
facilitating re-stenosis after PTED.>®* Conversely, while a loss of DH indicates disc degeneration, it also increases the
stability between vertebrae.

The limitations of this study are as follows: (1) This retrospective study relies on data extracted from electronic medical
records in our hospital. Detailed reasons for reoperations, such as nerve entrapment by bone fragments, nerve injuries, or lumbar
instability, were not fully recorded. Consequently, some reoperations may be unrelated to spinopelvic alignment. (2) Although we
conducted a thorough investigation into reoperations by reviewing patient records and follow-up interviews, some patients who
experienced recurrence may have opted for non-surgical treatments or undergone subsequent operations at other hospitals. This
may underestimate our reported reoperation rates. (3) The median interval between the initial PTED and reoperation in this study
was 304 days, with an interquartile range of 841.25 days. While patients in the control group were followed for a minimum of two
years, this duration may not have been adequate to capture all reoperations, potentially biasing the data. (4) Due to the limited
number of cases, this study included all types of spinal stenosis without conducting a stratified analysis. Spinopelvic malalignment
may affect different types of stenosis to varying degrees, requiring distinct cut-off points for clinical significance. (5) As this is
aretrospective study, intraoperative factors (eg, nerve root tension and real-time fluoroscopy adjustments) were not systematically
recorded. This limited our capacity to analyze how dynamic surgical decisions might affect outcomes, potentially obscuring the
relationship between spinopelvic alignment and the likelihood of reoperation. (6) The single-center design of this study may
restrict the external validity of our results.

Conclusion
PI-LL > 12.95°, PT > 21.98°, and DH > 8.22° are independent risk factors for reoperation following PTED. Assessing
spinopelvic alignment before performing PTED is crucial to reduce the risk of revision surgery.

Abbreviations

PTED, percutaneous transforaminal endoscopic decompression; LSS, lumbar spinal stenosis; ASD, adult spinal deformity; PI,
pelvic incidence; PT, pelvic tilt; SS, sacral slope; LL, lumbar lordosis; PI-LL, the difference between PI and LL; DH, disc
height; SAP, superior articular process; UBE, unilateral biportal endoscopy; PLIF, posterior lumbar interbody fusion; BMI,
body mass index; MCs, Modic changes; ORs, Odds ratios; Cls, confidence intervals; ROC, receiver operating characteristic;
AUC, area under the curve; NSAIDs, nonsteroidal anti-inflammatory drugs; ICC, intraclass correlation coefficient.
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