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AIM: To compare the clinical, functional, and radiological outcomes of two nucleus pulposus management strategies, limited discectomy
and aggressive discectomy, during percutaneous endoscopic lumbar discectomy (PELD), and to investigate the association between the
extent of disc removal, postoperative Modic changes, and functional recovery.
METHODS: A total of 200 patients with lumbar disc herniation who underwent transforaminal PELD between January 2023 and January
2025 were retrospectively enrolled. Patients were classified into an aggressive discectomy group (n = 88) and a limited discectomy
group (n = 112) according to the intraoperative nucleus pulposus removal strategy. Propensity score matching (PSM) at a 1:1 ratio was
performed to balance baseline characteristics between the two groups, resulting in 72 matched pairs for analysis. The primary outcome
was the incidence of Modic changes at 1 year postoperatively. Secondary outcomes included recurrence, reoperation, complications,
modified MacNab outcomes, and recovery of neurological function, pain, lumbar function, and quality of life.
RESULTS: A total of 144 patients were included after PSM. Compared with the limited discectomy group, the aggressive discectomy
group exhibited a significantly higher incidence of Modic changes at 1 year postoperatively (37.50% vs. 22.22%, p = 0.045). No
significant differences were observed between the two groups in the 1-year recurrence rate, reoperation rate, complication rate, or the
proportion of patients achieving excellent or good modified MacNab outcomes (all p > 0.05). At 1 month postoperatively, the aggressive
discectomy group had higher low-back pain visual analogue scale (VAS) and Oswestry Disability Index (ODI) scores than the limited
discectomy group (Holm-adjusted p= 0.012 and p< 0.001, respectively), whereas no significant between-group differenceswere observed
at 6 or 12 months (all Holm-adjusted p > 0.05). Repeated-measures analysis showed significant group-by-time interactions for low-back
pain VAS and ODI scores (pinteraction = 0.036 and 0.004, respectively), whereas the trajectories of the other functional outcomes were
comparable between the groups (all pinteraction > 0.05).
CONCLUSIONS: Among patients undergoing PELD for lumbar disc herniation, aggressive discectomy was associated with a higher
incidence of Modic changes at 12 months, whereas no significant between-group difference in recurrence was observed. The association
between aggressive discectomy and long-term recurrence requires further investigation.

Keywords: lumbar disc herniation; percutaneous endoscopic lumbar discectomy; aggressive discectomy; limited discectomy; Modic
changes

Introduction
Lumbar disc herniation (LDH) is a common degenerative
disorder causing low back and leg pain. For patients who
fail to respond to conservative treatment or present with
progressive neurological deficits, surgical decompression
remains an important therapeutic intervention [1,2]. In
recent years, percutaneous endoscopic lumbar discectomy
(PELD) has gradually become a mainstream minimally in-
vasive surgical technique for the treatment of LDH because
it enables precise, targeted decompression under direct vi-
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sualization while maximizing preservation of the integrity
of the posterior ligamentous complex and osseous struc-
tures [3,4]. Contemporary concepts of minimally inva-
sive spine surgery emphasize that, in addition to achiev-
ing adequate neural decompression, damage to normal tis-
sues should be minimized whenever possible to maintain
the long-term biomechanical stability of the spinal motion
segment [5].

Despite the increasing maturity of PELD techniques, the
optimal extent of nucleus pulposus removal remains a sub-
ject of considerable debate. Currently, two principal strate-
gies are adopted in clinical practice: limited discectomy and
aggressive discectomy. The former involves removal of
only the herniated, extruded, or sequestrated disc material
directly compressing the neural structures, without addi-
tional intradiscal intervention, thereby maximizing preser-
vation of the residual disc architecture and annular integrity
[6]. However, concerns persist regarding a potentially in-
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creased risk of postoperative recurrence. In contrast, ag-
gressive discectomy involves further exploration of the in-
tervertebral disc space and removal of loose or degenerated
nucleus pulposus tissue following adequate neural decom-
pression, with the aim of reducing the risk of recurrent disc
herniation arising from residual disc material [7]. Never-
theless, whether excessive tissue removal is associated with
adjacent segment degeneration and differences in long-term
functional recovery remains inconclusive [8,9]. Therefore,
determining the optimal balance between sufficient decom-
pression and structural preservation to improve long-term
clinical and radiological outcomes remains a critical issue
in PELD surgery.
Previous comparisons of different discectomy strategies
have mainly been conducted in conventional open or mi-
croscopic discectomy, with study endpoints largely focus-
ing on short-term symptom relief, perioperative outcomes,
and recurrence risk, whereas postoperative structural ra-
diological changes have received relatively limited atten-
tion [10,11]. Modic changes are signal abnormalities of the
vertebral endplates and adjacent bone marrow on magnetic
resonance imaging (MRI) and are associated with endplate
injury, abnormal mechanical loading, and local inflamma-
tory responses. They have also been associated with disc
degeneration, chronic low-back pain, and functional im-
pairment [12,13]. Within the relatively consistent mini-
mally invasive setting of PELD, evidence remains limited
regarding whether different extents of nucleus pulposus re-
moval are associated with postoperativeModic changes and
functional recovery. Clarifying the radiological and clini-
cal differences between limited and aggressive discectomy
is therefore clinically relevant to balancing adequate neu-
ral decompression against preservation of the disc–endplate
complex.
Accordingly, the present study used propensity score
matching to balance measured baseline characteristics and
compared the radiological and clinical outcomes of limited
and aggressive discectomy during PELD. Modic changes
at 12 months postoperatively were evaluated as the primary
outcome, together with recurrence, reoperation, complica-
tions, and longitudinal functional recovery. Compared with
previous studies that mainly focused on symptom improve-
ment or recurrence, the present study combined postop-
erative radiological changes with functional outcomes as-
sessed at multiple follow-up time points to further clarify
the associations between the extent of disc removal and
structural and functional outcomes.

Methods
Study Population
This was a single-center retrospective cohort study. Con-
secutive patients with LDH who underwent transforami-
nal PELD at the Lishui People’s Hospital between January
2023 and January 2025 were enrolled. All patients were
followed until March 2026. A total of 200 eligible pa-

tients were ultimately included in the analysis. The study
was approved by the Ethics Committee of The First Affili-
ated Hospital of Lishui University, Lishui People’s Hospi-
tal (approval No. 2026-06-08). All patient information was
de-identified before data analysis, and no personally iden-
tifiable information was included in the analytical dataset;
given the retrospective nature of the study, the Ethics Com-
mittee of The First Affiliated Hospital of Lishui University,
Lishui People’s Hospital waived the requirement for written
informed consent.
The inclusion criteria were as follows: (1) age ≥18 years;
(2) clinical manifestations consistent with lumbar radicu-
lopathy and MRI-confirmed single-level lumbar disc her-
niation (L3/4, L4/5, or L5/S1); (3) undergoing PELD af-
ter failure of at least 6 weeks of standardized conservative
treatment; (4) surgery performed using a transforaminal ap-
proach; and (5) availability of complete clinical, radiologi-
cal, and follow-up data with a minimum follow-up duration
of 12 months.
The exclusion criteria were as follows: (1) previous lumbar
spine surgery; (2) multilevel lumbar disc herniation requir-
ing simultaneous surgical treatment; (3) concomitant spinal
disorders that could substantially affect clinical outcomes,
including spinal stenosis, lumbar spondylolisthesis of Mey-
erding grade I or higher, scoliosis with a Cobb angle >10°,
spinal infection, or spinal tumor; (4) severe systemic dis-
eases or neurological/psychiatric disorders that could inter-
fere with postoperative functional assessment; and (5) in-
ability to accurately determine the extent of disc removal
or missing key clinical data.

Surgical Technique

All patients underwent transforaminal PELD performed by
the same experienced spine surgery team. Patients were
placed in the prone position with appropriate abdominal
support to reduce intra-abdominal pressure. The procedure
was performed under local infiltration anesthesia combined
with intravenous sedation. Intraoperatively, 0.5% lidocaine
was administered layer by layer for local infiltration anes-
thesia, and an additional approximately 10 mL of 0.5% li-
docaine was injected around the target foramen to ensure
adequate analgesia.
Under fluoroscopic guidance using a C-arm system, the tar-
get level was identified. The puncture trajectory was in-
dividualized according to patient body habitus and the af-
fected segment. The entry point was typically located ap-
proximately 8–14 cm lateral to the spinous process. An 18-
gauge puncture needle was advanced through the interver-
tebral foramen into the target area. After satisfactory posi-
tioning was confirmed, a guidewire was inserted, followed
by a skin incision of approximately 6–8 mm. Soft tissues
were sequentially dilated to establish the working channel.
According to foraminal anatomy and intraoperative expo-
sure requirements, partial ventral osteoplasty of the superior
articular process was performed using trephines or a high-
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speed burr to enlarge the working space. Subsequently, a
working cannula and endoscopic system were introduced.
Under continuous saline irrigation, soft and adipose tissues
were removed to fully expose the affected nerve root, du-
ral sac, and herniated disc material. Herniated nucleus pul-
posus tissue compressing the nerve root was gradually re-
moved using pituitary forceps, and decompression was as-
sessed by probing along the nerve root. The procedure was
considered complete when the affected nerve root was ade-
quately decompressed, regained free mobility, and showed
no persistent mechanical compression under endoscopic vi-
sualization. After satisfactory hemostasis was confirmed,
the working cannula was removed, and the incision was
closed.
Patients were classified according to the actual discectomy
strategy performed, as confirmed by the operative records.
The same predefined operational classification criteria were
applied to all patients, with the key decision rule being
whether further intradiscal exploration and proactive re-
moval of residual non-compressive disc material were per-
formed after adequate neural decompression. Patients in
whom neither further intradiscal exploration nor proactive
removal of residual non-compressive disc material was per-
formed after adequate removal of the responsible herniated
fragment and neural decompression were classified into the
limited discectomy group. Patients in whom the surgeon
further entered the disc space through the annular defect
and actively explored and removed loose, degenerated, or
mobile residual nucleus pulposus tissue were classified into
the aggressive discectomy group. Patients whose actual dis-
cectomy strategy could not be clearly determined from the
operative records were excluded from the analysis.
In the limited discectomy group, neural decompression was
the sole surgical objective. Only the herniated, extruded, or
sequestrated disc fragments directly compressing the nerve
root were removed. Limited exploration through the ex-
isting annular defect was permitted; however, routine en-
largement of the intradiscal working area was avoided, and
neither central nucleus pulposus curettage nor proactive re-
moval of residual non-compressive disc material was per-
formed. The procedure was terminated once adequate de-
compression of the affected nerve root had been achieved,
thereby maximizing preservation of disc structure and an-
nular integrity.
In the aggressive discectomy group, after removal of the re-
sponsible herniated disc fragments and completion of neu-
ral decompression, the surgeon further entered the disc
space through the annular defect. Loose, degenerated, or
mobile nucleus pulposus tissue was explored and removed
under direct visualization. When necessary, the extent of
intradiscal debridement wasmoderately expanded to reduce
the risk of recurrent herniation caused by residual disc ma-
terial. The procedure was completed after confirming the
absence of obvious mobile disc fragments within the disc
space and adequate decompression of the nerve root.

Data Collection and Outcome Assessment
Data Collection
All clinical data were retrospectively collected from the
hospital electronic medical record system, picture archiv-
ing and communication system (PACS), and follow-up
database. The collected data included demographic charac-
teristics, comorbidities, preoperative imaging findings, pe-
rioperative information, and postoperative follow-up data.

MRI Protocol and Radiological Assessment
All patients underwent lumbar magnetic resonance imaging
(MRI) using a 1.5-T United Imaging MRI scanner (U 586,
United Imaging Healthcare, Shanghai, China) with a dedi-
cated spine coil in the supine position. The routine imag-
ing protocol included sagittal T1-weighted imaging (T1WI;
repetition time [TR]/echo time [TE], 390/8.38 ms; slice
thickness, 4 mm; field of view [FOV], 300 mm), sagittal
T2-weighted imaging (T2WI; TR/TE, 2849/114 ms; slice
thickness, 4 mm; FOV, 300 mm), and axial T2WI (TR/TE,
2200/107 ms; slice thickness, 4 mm; FOV, 240 mm). For
radiological assessment, the preoperativeMRI examination
performed closest to the date of surgery and the follow-up
MRI examination obtained 12 months postoperatively were
used. Intervertebral disc degeneration was assessed on pre-
operative MRI using the five-grade Pfirrmann classifica-
tion system and categorized as grades I–II, III, and IV–V
for analysis. Disc herniation morphology was classified on
preoperative MRI as protrusion, extrusion, or sequestration
according to the established lumbar disc nomenclature cri-
teria, based on the morphology of displaced disc material
and its continuity with the parent disc.
AllMRI examinations were anonymized and independently
reviewed by two spine surgeons experienced in spinal imag-
ing assessment. Both assessors were blinded to the sur-
gical strategy and clinical outcome data. Modic changes
involving the vertebral endplates and adjacent bone mar-
row at the operated level were primarily assessed on sagit-
tal T1WI and T2WI images. The two assessors completed
their evaluations independently, and interobserver agree-
ment was assessed using Cohen’s κ coefficient. Any dis-
agreements were resolved by consensus after completion of
the reliability assessment.

Primary Outcome
The primary radiological outcome was the presence of
Modic changes at the operated level at 12 months postoper-
atively. Preoperative Modic status at the operated level was
also assessed in all patients and classified as absent, type I,
type II, or type III. According to the Modic classification
system, type I changes were characterized by hypointense
signals on T1WI and hyperintense signals on T2WI; type II
changes by hyperintense signals on both T1WI and T2WI;
and type III changes by hypointense signals on both T1WI
and T2WI [14].
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Secondary Outcomes
Secondary outcomes included postoperative recurrence, re-
operation, complications, and clinical functional recovery.
(1) Postoperative recurrence was defined as the reappear-
ance of radicular symptoms corresponding to the operated
level after initial symptom relief, with recurrent disc her-
niation at the same level confirmed by MRI [15]. (2) Re-
operation was defined as repeat surgery at the same level
during follow-up due to symptom recurrence or surgery-
related complications. (3) Complications included tran-
sient sensory disturbance, infection, dural injury, epidural
hematoma, and other surgery-related adverse events. (4)
Clinical functional outcomes included pain intensity, neu-
rological function, lumbar function, and quality of life. (5)
Pain intensity was assessed using the visual analogue scale
(VAS), including low-back pain VAS and leg pain VAS,
which were used to evaluate pain severity in the lower
back and affected lower extremity, respectively [16]. (6)
Motor function was assessed using the Medical Research
Council (MRC) grading system [17]. Sensory function was
evaluated through clinical examination of light-touch and
pinprick sensation in the affected lower-limb dermatomes,
with normal sensory function defined as the absence of de-
tectable sensory deficits. (7) Lumbar function was eval-
uated using the Oswestry Disability Index (ODI) [18]. (8)
Quality of life was assessed using the EuroQol 5-Dimension
(EQ-5D) questionnaire [19]. These outcomes were as-
sessed preoperatively and at 1, 6, and 12 months postop-
eratively.
In addition, overall clinical outcomes were evaluated at the
final follow-up according to the modified MacNab criteria
[20]. Outcomes were classified as excellent, good, fair, or
poor. An excellent outcome was defined as complete symp-
tom resolution with a return to normal work and daily activ-
ities; a good outcome indicated marked symptom improve-
ment without limitation in daily activities; a fair outcome
was defined as partial symptom improvement with persis-
tent functional limitation; and a poor outcome indicated no
improvement or worsening of symptoms compared with the
preoperative condition. Excellent and good outcomes were
collectively defined as favorable clinical outcomes, and the
modified MacNab success rate was calculated accordingly.

Statistical Analysis
All statistical analyses were performed using R software
(version 4.4.1; R Foundation for Statistical Computing,
Vienna, Austria). Baseline continuous variables are pre-
sented as mean ± standard deviation or median (interquar-
tile range), as appropriate. Between-group comparisons
of continuous variables were performed using Welch’s
independent-samples t-test or the Mann–Whitney U test,
as appropriate. Categorical variables are presented as fre-
quencies (percentages) and were compared using Pearson’s
chi-square test without continuity correction or Fisher’s ex-
act test, as appropriate. Propensity score matching (PSM)

was performed to reduce selection bias and confounding.
Propensity scores were estimated using logistic regression
incorporating age, sex, body mass index (BMI), herniation
level, herniation type, degree of disc degeneration, and pre-
operative neurological status. One-to-one nearest-neighbor
matchingwithout replacement was performedwith a caliper
width of 0.1. Covariate balance was assessed using stan-
dardized mean differences (SMDs), with an SMD <0.20
indicating acceptable balance. Following PSM, outcome
analyses were conducted at the group level in the matched
cohort, consistent with the use of matching as a preprocess-
ing approach for subsequent outcome analysis [21]. In the
propensity score–matched cohort, univariable logistic re-
gression was used to estimate the overall association be-
tween surgical strategy and postoperative Modic changes,
with the results reported as odds ratios (ORs) and 95%
confidence intervals (CIs). Exploratory subgroup analyses
were then performed to assess whether patient character-
istics modified this association. Logistic regression mod-
els were used to estimate ORs and 95% CIs within each
subgroup, and interaction terms were used to assess effect
modification. Longitudinal functional outcomes were ana-
lyzed using generalized estimating equation (GEE) models
including group, time, and group-by-time interaction terms.
Continuous longitudinal outcomes are presented as mean
± standard error. A binomial distribution with a logit link
function was used for binary outcomes, whereas a Gaussian
distribution with an identity link function was used for con-
tinuous outcomes. An exchangeable working correlation
structure was specified to account for within-patient cor-
relations across repeated measurements. Post hoc between-
group comparisons were performed at each time point, with
the Holm method used to adjust for multiple comparisons
within each outcome. All tests were two-sided, and p < 0.05
was considered statistically significant.

Results
Baseline Characteristics
A total of 200 eligible patients with LDH were included
in the study, comprising 88 patients in the aggressive dis-
cectomy group and 112 patients in the limited discectomy
group. After 1:1 PSM, 72 matched pairs were successfully
generated and included in the subsequent analyses (Table
1).
Before matching, the two groups were generally compara-
ble with respect to demographic characteristics and most
baseline clinical variables. Significant differences were ob-
served only in the distribution of herniation levels (p =
0.042) and herniation types (p = 0.028) between the groups.
After PSM, baseline characteristics were well balanced,
with all covariates demonstrating SMDs <0.20. In addition,
no statistically significant differences were observed in any
baseline variables between the two groups (all p > 0.05).



5 Ann. Ital. Chir., 2026

Wei Gan, et al.

Table 1. Comparison of baseline characteristics between the two groups before and after propensity score matching.
Variables Aggressive

discectomy group
(n = 88)

Limited
discectomy group

(n = 112)

SMD p
value

Aggressive
discectomy group

(n = 72)

Limited
discectomy group

(n = 72)

SMD p
value

Age (years) 53.00 [39.75, 61.25] 51.00 [40.00,
65.25]

0.055 0.768 51.08 ± 14.59 50.15 ± 14.31 0.064 0.700

Gender, n (%) 0.112 0.431 0.168 0.319
Male 45 (51.14) 51 (45.54) 37 (51.39) 31 (43.06)
Female 43 (48.86) 61 (54.46) 35 (48.61) 41 (56.94)

Herniation level, n (%) 0.372 0.042 0.131 0.734
L3/4 17 (19.32) 17 (15.18) 13 (18.06) 13 (18.06)
L4/5 63 (71.59) 70 (62.50) 52 (72.22) 49 (68.06)
L5/S1 8 (9.09) 25 (22.32) 7 (9.72) 10 (13.89)

Herniation type, n (%) 0.392 0.028 0.191 0.520
Protrusion 33 (37.50) 29 (25.89) 24 (33.33) 28 (38.89)
Extrusion 44 (50.00) 53 (47.32) 38 (52.78) 38 (52.78)
Sequestration 11 (12.50) 30 (26.79) 10 (13.89) 6 (8.33)

Herniation side, n (%) 0.085 0.837 0.065 0.928
Left 40 (45.45) 49 (43.75) 31 (43.06) 30 (41.67)
Right 41 (46.59) 56 (50.00) 34 (47.22) 36 (50.00)
Central 7 (7.95) 7 (6.25) 7 (9.72) 6 (8.33)

Disc degeneration grade,
n (%)

0.036 0.969 0.059 0.940

Grade I–II 30 (34.09) 40 (35.71) 26 (36.11) 24 (33.33)
Grade III 31 (35.23) 38 (33.93) 28 (38.89) 29 (40.28)
Grade IV–V 27 (30.68) 34 (30.36) 18 (25.00) 19 (26.39)

Preoperative Modic
changes, n (%)

0.026 0.854 0.077 0.643

Yes 15 (17.05) 18 (16.07) 12 (16.67) 10 (13.89)
No 73 (82.95) 94 (83.93) 60 (83.33) 62 (86.11)

BMI (kg/m2) 24.90 ± 2.44 24.95 ± 2.41 0.023 0.874 24.82 ± 2.41 24.85 ± 2.30 0.011 0.947
Hypertension, n (%) 27 (30.68) 40 (35.71) 0.107 0.454 21 (29.17) 23 (31.94) 0.060 0.717
Diabetes mellitus, n (%) 14 (15.91) 12 (10.71) 0.153 0.278 10 (13.89) 7 (9.72) 0.129 0.438
Smoking, n (%) 13 (14.77) 15 (13.39) 0.040 0.780 11 (15.28) 9 (12.50) 0.080 0.630
Preoperative MRC grade,
n (%)

0.267 0.468 0.181 0.879

Grade 0 3 (3.41) 4 (3.57) 3 (4.17) 2 (2.78)
Grade 1 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
Grade 2 5 (5.68) 4 (3.57) 4 (5.56) 4 (5.56)
Grade 3 13 (14.77) 11 (9.82) 11 (15.28) 9 (12.50)
Grade 4 20 (22.73) 37 (33.04) 15 (20.83) 20 (27.78)
Grade 5 47 (53.41) 56 (50.00) 39 (54.17) 37 (51.39)

Preoperative low-back
pain VAS

6.00 [5.00, 6.00] 6.00 [5.00, 7.00] 0.015 0.769 6.00 [5.00, 6.00] 6.00 [5.00, 6.00] 0.027 0.930

Preoperative leg pain
VAS

7.00 [6.00, 7.00] 6.00 [6.00, 7.00] 0.186 0.121 6.50 [6.00, 7.00] 6.00 [6.00, 7.00] 0.116 0.365

Preoperative ODI 61.99 ± 8.50 63.19 ± 8.30 0.143 0.318 61.48 ± 8.05 63.01 ± 8.48 0.185 0.269

Abbreviations: BMI, body mass index; MRC, Medical Research Council; ODI, Oswestry Disability Index; VAS, visual analogue scale.

Comparison of Postoperative Clinical and Radiological
Outcomes

Interobserver agreement in the assessment of Modic
changes was high (Cohen’s κ = 0.86, 95% CI: 0.78–0.94).
As shown in Table 2, the incidence of Modic changes at

1 year postoperatively was significantly higher in the ag-
gressive discectomy group than in the limited discectomy
group (37.50% vs. 22.22%, p = 0.045). In the propen-
sity score–matched cohort, univariable logistic regression
further showed that aggressive discectomy was associated
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Table 2. Comparison of postoperative clinical and radiological outcomes between the two groups.

Variables
Aggressive discectomy group

(n = 72)
Limited discectomy group

(n = 72)
p value

Modic changes at 1 year, n (%) 27 (37.50) 16 (22.22) 0.045
Reoperation within 1 year, n (%) 0 (0.00) 0 (0.00) 1.000
Recurrence within 1 year, n (%) 8 (11.11) 7 (9.72) 0.785
Favorable modified MacNab outcome, n (%) 64 (88.89) 66 (91.67) 0.574
Complications, n (%) 3 (4.17) 1 (1.39) 0.620

Table 3. Subgroup analysis of the association between surgical strategy and postoperative modic changes according to baseline
characteristics.

Variables Aggressive discectomy Limited discectomy
OR

(95% CI)
p value p for interaction

Age 0.941
<50 years 10/30 7/35 2.00 (0.65–6.15) 0.227
≥50 years 17/42 9/37 2.12 (0.80–5.59) 0.131

BMI 0.777
<25 kg/m2 14/39 8/41 2.31 (0.84–6.36) 0.105
≥25 kg/m2 13/33 8/31 1.87 (0.64–5.42) 0.250

Herniation level 0.183
L3/4 or L5/S1 5/20 6/23 0.94 (0.24–3.74) 0.935
L4/5 22/52 10/49 2.86 (1.18–6.94) 0.020

Disc degeneration 0.487
I–III 14/54 8/53 1.97 (0.75–5.18) 0.170
IV–V 13/18 8/19 3.58 (0.90–14.15) 0.070

Herniation type 0.589
Extrusion/sequestration 18/48 11/44 1.80 (0.73–4.42) 0.200
Protrusion 9/24 5/28 2.76 (0.77–9.85) 0.118

Note: Values in the aggressive and limited discectomy columns are presented as the number of patients with postoperative
Modic changes/total number of patients within the corresponding subgroup. All subgroup denominators were derived from
the propensity score–matched cohort. Abbreviation: OR, odds ratio.

with higher odds of postoperative Modic changes than lim-
ited discectomy (OR = 2.10, 95% CI: 1.01–4.37; p = 0.047;
Supplementary Table 1). However, no significant differ-
ences were observed between the two groups in terms of the
1-year recurrence rate, reoperation rate, or overall compli-
cation rate (all p > 0.05). At the final follow-up, satisfac-
tory clinical outcomes were achieved in both groups, with
no statistically significant differences in the distribution of
modified MacNab grades or in the proportion of patients
achieving favorable outcomes between the two groups (all
p > 0.05; Supplementary Table 2).

Exploratory Subgroup Analysis

To explore whether baseline characteristics potentially
modified the association between surgical strategy and
postoperative Modic changes, exploratory subgroup analy-
ses were performed according to age, BMI, herniation level,
degree of disc degeneration, and herniation type (Table 3).
A nominally significant association was observed only in
patients with L4/5 disc herniation; however, none of the in-
teraction tests reached statistical significance (all p for in-
teraction > 0.05).

Postoperative Functional Recovery and Quality-of-Life
Changes
Functional outcomes at each follow-up time point and the
corresponding statistical comparisons are presented in Ta-
ble 4, and their longitudinal trajectories are shown in Fig.
1. At 1 month postoperatively, the aggressive discectomy
group had higher low-back pain VAS scores than the lim-
ited discectomy group (Holm-adjusted p = 0.012). The ODI
scores were also higher in the aggressive discectomy group
(Holm-adjusted p < 0.001). No significant between-group
differences in these outcomes were observed at 6 or 12
months postoperatively. Significant group-by-time interac-
tions were observed for low-back pain VAS and ODI scores
(pinteraction = 0.036 and 0.004, respectively). No significant
group-by-time interactions were observed for normal sen-
sory function, MRC grade 5 muscle strength, leg pain VAS,
or EQ-5D scores (all pinteraction > 0.05).

Discussion
The present study compared the clinical and radiological
outcomes of two nucleus pulposus management strategies,
limited discectomy and aggressive discectomy, in a PSM
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Table 4. Longitudinal functional outcomes and holm-adjusted post hoc comparisons in the propensity score-matched cohort.
Outcome Time point Aggressive discectomy

group (n = 72)
Limited discectomy
group (n = 72)

p value p for
interaction

Holm-adjusted p
value

Normal sensory
function, n (%)

Preoperative 33 (45.83) 39 (54.17) 0.317 0.798 1.000
1 month
postoperatively

50 (69.44) 54 (75.00) 0.457 1.000

6 months
postoperatively

61 (84.72) 63 (87.50) 0.630 1.000

12 months
postoperatively

67 (93.06) 70 (97.22) 0.441 1.000

MRC grade 5 muscle
strength, n (%)

Preoperative 39 (54.17) 37 (51.39) 0.738 0.965 1.000
1 month
postoperatively

52 (72.22) 52 (72.22) 1.000 1.000

6 months
postoperatively

57 (79.17) 57 (79.17) 1.000 1.000

12 months
postoperatively

63 (87.50) 62 (86.11) 0.806 1.000

Low-back pain VAS,
mean ± SE

Preoperative 5.83 ± 0.13 5.81 ± 0.12 0.871 0.036 1.000
1 month
postoperatively

2.49 ± 0.11 2.00 ± 0.12 0.003 0.012

6 months
postoperatively

0.42 ± 0.08 0.50 ± 0.08 0.451 1.000

12 months
postoperatively

0.39 ± 0.07 0.46 ± 0.07 0.484 1.000

Leg pain VAS, mean
± SE

Preoperative 6.47 ± 0.13 6.35 ± 0.12 0.483 0.921 1.000
1 month
postoperatively

5.24 ± 0.13 5.11 ± 0.13 0.500 1.000

6 months
postoperatively

2.89 ± 0.11 2.88 ± 0.12 0.931 1.000

12 months
postoperatively

2.06 ± 0.10 2.04 ± 0.10 0.919 1.000

ODI, mean ± SE

Preoperative 61.48 ± 0.95 63.01 ± 1.00 0.264 0.004 0.792
1 month
postoperatively

30.23 ± 0.60 26.77 ± 0.55 <0.001 <0.001

6 months
postoperatively

23.21 ± 0.53 22.63 ± 0.57 0.454 0.909

12 months
postoperatively

11.30 ± 1.08 11.26 ± 1.44 0.983 0.983

EQ-5D, mean ± SE

Preoperative 0.53 ± 0.03 0.52 ± 0.03 0.801 0.902 1.000
1 month
postoperatively

0.82 ± 0.03 0.83 ± 0.02 0.749 1.000

6 months
postoperatively

0.91 ± 0.02 0.91 ± 0.01 0.991 1.000

12 months
postoperatively

0.95 ± 0.01 0.97 ± 0.01 0.352 1.000

Abbreviation: EQ-5D, EuroQol 5-Dimension.

cohort of patients undergoing PELD. The results demon-
strated that the incidence of Modic changes at 1 year post-
operatively was higher in the aggressive discectomy group
than in the limited discectomy group, whereas no signifi-
cant differences were observed between the two groups in
terms of modified MacNab outcomes, complication rates,

reoperation rates, or 1-year recurrence rates. In addition,
the limited discectomy group showed better low-back pain
relief and functional recovery only at 1 month postopera-
tively, and this advantage did not persist during subsequent
follow-up. These findings suggest that different discectomy
strategiesmay exhibit distinct characteristics with respect to
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Fig. 1. Changes in neurological function, pain, and quality of life at different follow-up time points between the two groups.
Note: (A) Normal sensory proportion of patients with normal sensory function; (B) proportion of patients with MRC grade 5 muscle
strength; (C) visual analogue scale (VAS) score for low-back pain; (D) VAS score for leg pain; (E) Oswestry Disability Index (ODI)
score; (F) EuroQol 5-Dimension (EQ-5D) score. Data in panels A and B are presented as proportions (%), whereas data in panels C,
D, E, and F are presented as means ± standard errors. Error bars represent standard errors. p values for interaction were calculated
using the generalized estimating equation (GEE) to evaluate differences in recovery trends between the two groups. Asterisks indicate
Holm-adjusted between-group comparisons at specific time points: *p < 0.05 and *** represent p < 0.001. Abbreviation: MRC, Medical
Research Council.

postoperative radiological changes and short-term clinical
recovery, while overall clinical outcomes at 1 year remain
comparable.
The most notable finding of this study was that the pro-
portion of patients with Modic changes at 1 year postop-
eratively was significantly higher in the aggressive discec-
tomy group, whereas no statistically significant difference
was observed in the 1-year recurrence rate between the
two groups. Although direct evidence comparing the rela-
tionship between different discectomy strategies andModic
changes remains limited, previous research has suggested
that the extent of disc removal may be associated with the
development of postoperative Modic changes [6]. Further-
more, previous radiological and biomechanical studies have
indicated that more extensive disc tissue removal may be
associated with progression of disc degeneration, reduction
in disc height, and alterations in segmental biomechanical
loading, thereby potentially affecting postoperative struc-
tural integrity [22,23].
This phenomenon may be closely related to alterations in
the biomechanical and biological environment of the inter-
vertebral disc and vertebral endplate. On the one hand, ag-

gressive discectomy removes not only the herniated nucleus
pulposus but also additional residual disc tissue, which may
reduce intradiscal pressure and redistribute segmental load-
ing. Consequently, the vertebral endplate may be subjected
to greater mechanical stress, increasing the risk of endplate
microdamage and bone marrow remodeling [24]. On the
other hand, substantial loss of nucleus pulposus tissue may
impair nutrient exchange between the intervertebral disc
and vertebral endplate, promote extracellular matrix degra-
dation and local inflammatory responses, and subsequently
induce signal alterations in the endplate and adjacent verte-
bral bonemarrow, ultimately manifesting asModic changes
[25]. Previous basic science and imaging evidence have
likewise demonstrated that endplate injury, abnormal me-
chanical loading, and chronic inflammatory responses are
important pathological mechanisms underlying the devel-
opment of Modic changes [26].
Additionally, the present study did not demonstrate a sig-
nificant reduction in the 1-year recurrence rate with aggres-
sive discectomy. This finding is consistent with a previ-
ous meta-analysis, which similarly reported no significant
difference in the risk of postoperative recurrence between
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limited and aggressive discectomy strategies [8]. Taken to-
gether, these findings suggest that further expansion of the
extent of nucleus pulposus removal after adequate neural
decompression does not appear to provide a clear advan-
tage in preventing recurrence, while being associated with
a higher incidence of postoperative Modic changes. There-
fore, for patients undergoing PELD, the choice of discec-
tomy strategy should place greater emphasis on achieving
an optimal balance between adequate neural decompression
and preservation of the disc–endplate complex, rather than
simply pursuing more extensive tissue removal.
The present study also observed that the aggressive dis-
cectomy group exhibited higher low-back pain VAS and
ODI scores only at 1 month postoperatively, whereas pain
and functional outcomes gradually converged during sub-
sequent follow-up. In contrast to the relatively substantial
reduction in low-back pain, leg pain VAS scores showed
more modest improvement at 1 month postoperatively in
both groups. This difference may reflect distinct recovery
patterns of axial and radicular pain, as residual nerve root
irritation or pre-existing neural injury may persist after ad-
equate decompression. However, these potential explana-
tions were not directly evaluated in the present study and
should therefore be interpreted cautiously. No significant
between-group difference in leg pain VAS scores was ob-
served at this time point. These findings suggest that dif-
ferent discectomy strategies may influence early postoper-
ative recovery, although such effects do not appear to per-
sist during mid- to long-term follow-up. A previous ran-
domized controlled trial and its 2-year follow-up compar-
ing sequestrectomy with conventional discectomy reported
limited differences in long-term pain relief and functional
improvement between the two procedures [27,28]. How-
ever, as these studies involved different surgical techniques
and discectomy strategies, their findingsmay not be directly
generalizable to limited versus aggressive discectomy dur-
ing transforaminal PELD. Therefore, short-term postopera-
tive symptom changes may primarily reflect transient char-
acteristics of the perioperative recovery process rather than
the long-term clinical value of different discectomy strate-
gies. For patients undergoing PELD, the extent of nucleus
pulposus removal should be evaluated in conjunction with
long-term functional and radiological outcomes.
Several limitations of this study should be acknowledged.
First, this was a single-center retrospective cohort study.
Although PSM was applied to balance major baseline char-
acteristics, residual confounding could not be completely
eliminated. Although propensity score matching was used
to improve baseline comparability, the primary outcome
analysis did not explicitly account for within-pair depen-
dence, which may have affected variance estimation and
statistical inference. Several important variables potentially
associated with both surgical strategy selection and postop-
erative outcomes, including intraoperative annular injury,
operative duration, endplate injury, and the actual extent of

nucleus pulposus removal, were not objectively quantified
or incorporated into the analysis and may therefore have
influenced the results. Second, the follow-up duration was
limited to 1 year, which may have been insufficient to fully
capture long-term recurrent lumbar disc herniation. More-
over, only a small number of recurrence events occurred
during the study period, limiting the statistical power to de-
tect a potentially modest difference in recurrence risk be-
tween the two surgical strategies. Therefore, the absence
of a statistically significant between-group difference in 1-
year recurrence should not be interpreted as evidence of
equivalent long-term recurrence risk. Third, the classifica-
tion of limited and aggressive discectomy was based on the
actual intraoperative discectomy strategy, as confirmed by
the operative records. Although standardized operational
criteria were applied, objective quantitative measures of the
actual volume or weight of disc material removed were un-
available; therefore, some degree of procedural variability
and classification bias may have remained. Although pre-
operative Modic status was recorded, the primary analysis
assessed the presence of Modic changes at 1 year postop-
eratively rather than specifically evaluating new-onset or
progressive Modic changes. Therefore, the findings should
not be interpreted as evidence of an increased risk of de-
veloping new Modic changes. Finally, the present study
focused primarily on clinical and conventional radiologi-
cal outcomes and did not incorporate quantitative endplate
imaging parameters, biomechanical assessments, or inflam-
matory biomarkers to explore the underlying mechanisms.
Therefore, the causal relationship and biological mecha-
nisms linking aggressive discectomy to Modic changes re-
main to be clarified in future basic science and prospective
clinical studies.
Overall, the present findings indicate that more extensive
nucleus pulposus removal was not associated with a de-
tectable reduction in recurrence during the 1-year follow-
up, whereas a higher incidence of postoperative Modic
changes was observed in the aggressive discectomy group.
Given the retrospective design, relatively short follow-up
period, and limited number of recurrence events, these find-
ings require further validation in larger prospective studies
with longer follow-up.

Conclusions
This study demonstrated that, among patients with LDH
undergoing PELD, aggressive discectomy was associated
with a higher proportion of patients with Modic changes
at 1 year postoperatively compared with limited discec-
tomy. However, no significant differences were observed
between the two groups in terms of the 1-year recur-
rence rate, reoperation rate, or overall clinical outcomes.
Repeated-measures analysis showed different trajectories
of low-back pain VAS and ODI scores between the groups,
whereas overall functional recovery at 1 year was compa-
rable. These findings suggest that, in the setting of ade-
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quate neural decompression, the extent of nucleus pulposus
removal may be associated with postoperative radiologi-
cal changes and early functional recovery. Future large-
scale, multicenter prospective studies are warranted to fur-
ther clarify the relationship between the extent of disc re-
moval and long-term clinical and radiological outcomes.

Availability of Data and Materials
The data analyzed are available from the corresponding au-
thor upon reasonable request.

Author Contributions
Conception and design: KZ, PQ. Administrative support:
KZ, WG. Provision of study materials: PQ, WG. Collec-
tion and assembly of data: KZ. Data analysis and interpre-
tation: KZ, PQ,WG.Manuscript writing: KZ, PQ,WG. All
authors have been involved in revising the manuscript criti-
cally for important intellectual content. All authors gave fi-
nal approval of the version to be published. All authors have
participated sufficiently in the work to take public respon-
sibility for appropriate portions of the content and agreed to
be accountable for all aspects of the work in ensuring that
questions related to its accuracy or integrity.

Ethics Approval and Consent to Participate
This study was carried out in strict accordance with the eth-
ical guidelines of the Declaration of Helsinki. The study
was approved by the Ethics Committee of The First Affili-
ated Hospital of Lishui University, Lishui People’s Hospi-
tal (approval No. 2026-06-08). All patient information was
de-identified before data analysis, and no personally iden-
tifiable information was included in the analytical dataset;
given the retrospective nature of the study, the Ethics Com-
mittee of The First Affiliated Hospital of Lishui University,
Lishui People’s Hospital waived the requirement for written
informed consent.

Acknowledgment
Not applicable.

Funding
This research received no external funding.

Conflict of Interest
The authors declare no conflict of interest.

Supplementary Material
Supplementary material associated with this article can be
found, in the online version, at https://doi.org/10.62713/ai
c.4866.

References
[1] Heider FC, Siepe CJ. Lumbar disc herniation. Orthopadie (Heidel-

berg, Germany). 2025; 54: 3–17.

[2] Kreiner DS, Hwang SW, Easa JE, Resnick DK, Baisden JL, Bess
S, et al. An evidence-based clinical guideline for the diagnosis and
treatment of lumbar disc herniation with radiculopathy. The Spine
Journal: Official Journal of the North American Spine Society. 2014;
14: 180–191. https://doi.org/10.1016/j.spinee.2013.08.003

[3] Ruetten S, Komp M, Merk H, Godolias G. Full-endoscopic in-
terlaminar and transforaminal lumbar discectomy versus conven-
tional microsurgical technique: a prospective, randomized, con-
trolled study. Spine. 2008; 33: 931–939. https://doi.org/10.1097/BR
S.0b013e31816c8af7

[4] Barber SM, Huang M. Full Endoscopic Transforaminal Thoracic
Discectomy Operative Technique. Journal of Visualized Experi-
ments: JoVE. 2024. https://doi.org/10.3791/65951

[5] Pojskic M, Bisson E, Oertel J, Takami T, Zygourakis C, Costa F.
Lumbar disc herniation: Epidemiology, clinical and radiologic di-
agnosis WFNS spine committee recommendations. World Neuro-
surgery: X. 2024; 22: 100279. https://doi.org/10.1016/j.wnsx.2024.
100279

[6] Reheman S, Meng X, Abudurexiti T, Haibier A, Sheng W. Lim-
ited discectomy versus aggressive discectomy by spinal endoscopy
with the transforaminal approach for lumbar disc herniation: a ret-
rospective study. BMC Musculoskeletal Disorders. 2024; 25: 416.
https://doi.org/10.1186/s12891-024-07498-8

[7] O’CONNELL JEA. Protrusions of the lumbar intervertebral discs, a
clinical review based on five hundred cases treated by excision of the
protrusion. The Journal of Bone and Joint Surgery. British Volume.
1951; 33-B: 8–30. https://doi.org/10.1302/0301-620X.33B1.8

[8] Ran J, Hu Y, Zheng Z, Zhu T, Zheng H, Jing Y, et al. Comparison of
discectomy versus sequestrectomy in lumbar disc herniation: ameta-
analysis of comparative studies. PloS One. 2015; 10: e0121816. ht
tps://doi.org/10.1371/journal.pone.0121816

[9] McGirt MJ, Ambrossi GLG, Datoo G, Sciubba DM, Witham TF,
Wolinsky JP, et al. Recurrent disc herniation and long-term back
pain after primary lumbar discectomy: review of outcomes reported
for limited versus aggressive disc removal. Neurosurgery. 2009; 64:
338–345. https://doi.org/10.1227/01.NEU.0000337574.58662.E2

[10] Shi R, Wang F, Hong X, Wang YT, Bao JP, Liu L, et al. Com-
parison of percutaneous endoscopic lumbar discectomy versus mi-
croendoscopic discectomy for the treatment of lumbar disc hernia-
tion: a meta-analysis. International Orthopaedics. 2019; 43: 923–
937. https://doi.org/10.1007/s00264-018-4253-8

[11] Jiang HW, Chen CD, Zhan BS, Wang YL, Tang P, Jiang XS. Unilat-
eral biportal endoscopic discectomy versus percutaneous endoscopic
lumbar discectomy in the treatment of lumbar disc herniation: a
retrospective study. Journal of Orthopaedic Surgery and Research.
2022; 17: 30. https://doi.org/10.1186/s13018-022-02929-5

[12] Jensen RK, Leboeuf-YdeC,WedderkoppN, Sorensen JS, Jensen TS,
Manniche C. Is the development of Modic changes associated with
clinical symptoms? A 14-month cohort study with MRI. European
Spine Journal: Official Publication of the European Spine Society,
the European Spinal Deformity Society, and the European Section
of the Cervical Spine Research Society. 2012; 21: 2271–2279. https:
//doi.org/10.1007/s00586-012-2309-9

[13] Mok FPS, Samartzis D, Karppinen J, Fong DYT, Luk KDK, Cheung
KMC. Modic changes of the lumbar spine: prevalence, risk factors,
and association with disc degeneration and low back pain in a large-
scale population-based cohort. The Spine Journal: Official Journal
of the North American Spine Society. 2016; 16: 32–41. https://doi.
org/10.1016/j.spinee.2015.09.060

[14] Kjaer P, Korsholm L, Bendix T, Sorensen JS, Leboeuf-Yde C.Modic
changes and their associations with clinical findings. European Spine
Journal: Official Publication of the European Spine Society, the
European Spinal Deformity Society, and the European Section of
the Cervical Spine Research Society. 2006; 15: 1312–1319. https:
//doi.org/10.1007/s00586-006-0185-x

https://doi.org/10.62713/aic.4866
https://doi.org/10.62713/aic.4866
https://doi.org/10.1016/j.spinee.2013.08.003
https://doi.org/10.1097/BRS.0b013e31816c8af7
https://doi.org/10.1097/BRS.0b013e31816c8af7
https://doi.org/10.3791/65951
https://doi.org/10.1016/j.wnsx.2024.100279
https://doi.org/10.1016/j.wnsx.2024.100279
https://doi.org/10.1186/s12891-024-07498-8
https://doi.org/10.1302/0301-620X.33B1.8
https://doi.org/10.1371/journal.pone.0121816
https://doi.org/10.1371/journal.pone.0121816
https://doi.org/10.1227/01.NEU.0000337574.58662.E2
https://doi.org/10.1007/s00264-018-4253-8
https://doi.org/10.1186/s13018-022-02929-5
https://doi.org/10.1007/s00586-012-2309-9
https://doi.org/10.1007/s00586-012-2309-9
https://doi.org/10.1016/j.spinee.2015.09.060
https://doi.org/10.1016/j.spinee.2015.09.060
https://doi.org/10.1007/s00586-006-0185-x
https://doi.org/10.1007/s00586-006-0185-x


11 Ann. Ital. Chir., 2026

Wei Gan, et al.

[15] Yao Y, Liu H, Zhang H, Wang H, Zhang C, Zhang Z, et al. Risk
Factors for Recurrent Herniation After Percutaneous Endoscopic
Lumbar Discectomy. World Neurosurgery. 2017; 100: 1–6. https:
//doi.org/10.1016/j.wneu.2016.12.089

[16] Chiarotto A, Maxwell LJ, Ostelo RW, Boers M, Tugwell P, Terwee
CB. Measurement Properties of Visual Analogue Scale, Numeric
Rating Scale, and Pain Severity Subscale of the Brief Pain Inven-
tory in Patients With Low Back Pain: A Systematic Review. The
Journal of Pain. 2019; 20: 245–263. https://doi.org/10.1016/j.jpain.
2018.07.009

[17] Vanhoutte EK, Faber CG, van Nes SI, Jacobs BC, van Doorn PA, van
Koningsveld R, et al. Modifying theMedical Research Council grad-
ing system through Rasch analyses. Brain: a Journal of Neurology.
2012; 135: 1639–1649. https://doi.org/10.1093/brain/awr318

[18] Ruiz FK, Bohl DD, Webb ML, Russo GS, Grauer JN. Oswestry Dis-
ability Index is a better indicator of lumbar motion than the Visual
Analogue Scale. The Spine Journal: Official Journal of the North
American Spine Society. 2014; 14: 1860–1865. https://doi.org/10.
1016/j.spinee.2013.10.027

[19] Rabin R, de Charro F. EQ-5D: a measure of health status from the
EuroQol Group. Annals of Medicine. 2001; 33: 337–343. https://do
i.org/10.3109/07853890109002087

[20] Jing Z, Li L, Song J. Percutaneous transforaminal endoscopic dis-
cectomy versus microendoscopic discectomy for upper lumbar disc
herniation: a retrospective comparative study. American Journal of
Translational Research. 2021; 13: 3111–3119.

[21] Stuart EA. Matching methods for causal inference: A review and a
look forward. Statistical Science. 2010; 25: 1–21. https://doi.org/10.
1214/09-STS313

[22] Carragee EJ, Han MY, Suen PW, Kim D. Clinical outcomes after
lumbar discectomy for sciatica: the effects of fragment type and an-
ular competence. The Journal of Bone and Joint Surgery. American
Volume. 2003; 85: 102–108.

[23] McGirt MJ, Eustacchio S, Varga P, Vilendecic M, Trummer M,

Gorensek M, et al. A prospective cohort study of close interval
computed tomography and magnetic resonance imaging after pri-
mary lumbar discectomy: factors associated with recurrent disc her-
niation and disc height loss. Spine. 2009; 34: 2044–2051. https:
//doi.org/10.1097/BRS.0b013e3181b34a9a

[24] Dudli S, Fields AJ, Samartzis D, Karppinen J, Lotz JC. Pathobiology
of Modic changes. European Spine Journal: Official Publication of
the European Spine Society, the European Spinal Deformity Society,
and the European Section of the Cervical Spine Research Society.
2016; 25: 3723–3734. https://doi.org/10.1007/s00586-016-4459-7

[25] Rajasekaran S, Ramachandran K, K S SVA, Kanna RM, Shetty AP.
From Modic to Disc Endplate Bone Marrow Complex - The Natu-
ral Course and Clinical Implication of Vertebral Endplate Changes.
Global Spine Journal. 2025; 15: 196–209. https://doi.org/10.1177/
21925682241271440

[26] Zhu W, Yang Z, Zhou S, Zhang J, Xu Z, Xiong W, et al. Modic
changes: From potential molecular mechanisms to future research
directions (Review). Molecular Medicine Reports. 2025; 31: 90.
https://doi.org/10.3892/mmr.2025.13455

[27] Thomé C, Barth M, Scharf J, Schmiedek P. Outcome after lumbar
sequestrectomy compared with microdiscectomy: a prospective ran-
domized study. Journal of Neurosurgery. Spine. 2005; 2: 271–278.
https://doi.org/10.3171/spi.2005.2.3.0271

[28] Barth M, Diepers M, Weiss C, Thomé C. Two-year outcome af-
ter lumbar microdiscectomy versus microscopic sequestrectomy:
part 2: radiographic evaluation and correlation with clinical out-
come. Spine. 2008; 33: 273–279. https://doi.org/10.1097/BRS.0b
013e31816201a6

© 2026 The Author(s).

https://doi.org/10.1016/j.wneu.2016.12.089
https://doi.org/10.1016/j.wneu.2016.12.089
https://doi.org/10.1016/j.jpain.2018.07.009
https://doi.org/10.1016/j.jpain.2018.07.009
https://doi.org/10.1093/brain/awr318
https://doi.org/10.1016/j.spinee.2013.10.027
https://doi.org/10.1016/j.spinee.2013.10.027
https://doi.org/10.3109/07853890109002087
https://doi.org/10.3109/07853890109002087
https://doi.org/10.1214/09-STS313
https://doi.org/10.1214/09-STS313
https://doi.org/10.1097/BRS.0b013e3181b34a9a
https://doi.org/10.1097/BRS.0b013e3181b34a9a
https://doi.org/10.1007/s00586-016-4459-7
https://doi.org/10.1177/21925682241271440
https://doi.org/10.1177/21925682241271440
https://doi.org/10.3892/mmr.2025.13455
https://doi.org/10.3171/spi.2005.2.3.0271
https://doi.org/10.1097/BRS.0b013e31816201a6
https://doi.org/10.1097/BRS.0b013e31816201a6
https://creativecommons.org/licenses/by/4.0/

	Introduction
	Methods
	Study Population
	Surgical Technique
	Data Collection and Outcome Assessment
	Data Collection
	MRI Protocol and Radiological Assessment
	Primary Outcome
	Secondary Outcomes

	Statistical Analysis

	Results
	Baseline Characteristics
	Comparison of Postoperative Clinical and Radiological Outcomes
	Exploratory Subgroup Analysis
	Postoperative Functional Recovery and Quality-of-Life Changes

	Discussion
	Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Supplementary Material
	References

