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AIM: To explore the relevant clinical and radiological risk factors for reoperation in patients with lumbar degenerative diseases, and to
inform preoperative risk stratification.
METHODS: This was a single-center retrospective cohort study. A total of 653 patients with lumbar degenerative diseases who underwent
initial surgical treatment at Nanchang Hongdu Hospital of Traditional Chinese Medicine Affiliated to Jiangxi University of Chinese
Medicine between June 2018 and June 2022 were included. All patients completed a 36-month follow-up. Demographic characteristics,
comorbidities, perioperative parameters, and preoperative imaging parameters were collected, including the degree of intervertebral disc
degeneration (Pfirrmann classification), the degree of paraspinal muscle fat infiltration (Goutallier classification), facet joint effusion
distribution, and facet joint angles. Patients were divided into a reoperation group (n = 41) and a non-reoperation group (n = 612) based
on whether they underwent reoperation for complications related to the index surgical segment during the follow-up period. Univariate
and multivariable logistic regression analyses were performed to identify independent factors associated with postoperative reoperation,
and their discriminative ability was evaluated using receiver operating characteristic (ROC) curves.
RESULTS: The reoperation rate within 36 months postoperatively was 6.28% (41/653). Final multivariable logistic regression analysis
showed that age (Odds Ratio [OR] = 1.11, 95% Confidence Interval [CI] 1.06~1.15, p < 0.001), preoperative visual analog scale (VAS)
score (OR = 1.82, 95% CI 1.48~2.23, p < 0.001), and Pfirrmann grade 5 (OR = 3.52, 95% CI 1.51~8.21, p = 0.004) were independent
risk factors for reoperation. Compared with patients with bilateral effusion or synovial cysts, patients with unilateral effusion had a
significantly lower risk of reoperation (OR = 0.03, 95% CI 0.00~0.23, p < 0.001). The area under the ROC curve for the combination of
these factors was 0.89 (0.84–0.94), with a sensitivity of 78.0% and a specificity of 86.0%.
CONCLUSIONS: Age, preoperative pain level, intervertebral disc degeneration grade, and facet joint effusion status (bilateral effusion
or synovial cyst vs. unilateral effusion) may be closely related to the risk of reoperation after lumbar degenerative disease surgery.
Patients with these characteristics should be thoroughly evaluated preoperatively to inform the development of individualized treatment
strategies.
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Introduction

With the accelerating pace of population aging, the preva-
lence of lumbar degenerative diseases (LDD) has continued
to rise globally [1]. These diseases mainly include patho-
logical conditions such as lumbar disc degeneration, lum-
bar spondylolisthesis, lumbar spinal stenosis and degen-
erative scoliosis, and are often manifested as chronic low
back pain, radiating pain in the lower extremities, numb-
ness, intermittent claudication and varying degrees of func-
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tional limitation, which significantly affect the quality of
life of patients [2]. Although these conditions are often cat-
egorized as distinct clinical entities, they share a common
pathological foundation rooted in progressive intervertebral
disc degeneration and facet joint arthrosis. From a biome-
chanical perspective, disc height loss and annular incom-
petence initiate a cascade of structural alterations that may
lead to disc herniation, segmental instability, or ligamen-
tous hypertrophy, ultimately resulting in central or lateral
recess stenosis. It is well recognized that these degenera-
tive processes frequently coexist within the same patient,
and the affected spinal motion segment may exhibit over-
lapping features of multiple pathological conditions. This
shared degenerative pathway provides a rationale for evalu-
ating preoperative risk factors for reoperation across a com-
bined cohort of LDD, while acknowledging that the rela-
tive influence of specific predictors may differ across diag-
nostic subgroups. For patients with an inadequate response
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to conservative treatment, persistent symptoms or signifi-
cant neurological impairment, surgical intervention is gen-
erally considered an effective treatment option. In recent
years, with continuous advances in spinal surgical tech-
nology, perioperative management, and medical resources,
the number of patients undergoing surgical treatment has
gradually increased, and various surgical procedures, such
as decompression, discectomy and vertebral fusion, have
been widely used in the clinical treatment of LDD [3].
Meanwhile, minimally invasive spinal techniques, partic-
ularly endoscopic decompression, have been increasingly
applied for degenerative lumbar spinal stenosis because of
their potential advantages in reducing paraspinal muscle
injury, intraoperative blood loss, and hospitalization dura-
tion while achieving comparable neurological decompres-
sion outcomes [4]. Recent systematic reviews and clinical
studies have demonstrated that full-endoscopic decompres-
sion can provide clinical outcomes comparable to micro-
scopic decompression, with lower perioperative morbidity
in selected patients with lumbar spinal stenosis [5,6]. How-
ever, despite these advances, postoperative symptom re-
currence and subsequent reoperation remain important con-
cerns, particularly considering the progressive nature of de-
generative spinal pathology and the potential for residual or
recurrent stenosis.
However, as the number of patients choosing surgical treat-
ment increases, postoperative complications and reopera-
tion have gradually attracted attention. Reoperation refers
to the surgical intervention performed after the initial spinal
surgery for various reasons, such as persistent or recurrent
nerve compression, fusion failure, adjacent segment degen-
eration, infection, and persistent pain [7]. Compared with
the initial surgery, reoperation is usually more complex,
more invasive, and has a higher risk of perioperative com-
plications, as well as higher medical costs and worse clin-
ical outcomes. Therefore, identifying the relevant factors
affecting the occurrence of reoperation is of great signifi-
cance for optimizing patient selection, improving preoper-
ative assessment, and developing individualized treatment
strategies.
Previous studies have explored risk factors for reoperation
after spinal surgery from multiple perspectives, including
patient demographics, comorbidities, lifestyle, and the ini-
tial surgical procedure [7,8]. However, current research
conclusions are not entirely consistent, and significant dif-
ferences remain across studies. Furthermore, most stud-
ies lack systematic assessments of specific imaging char-
acteristics and surgical details, which limits the explana-
tory power of the results. With the development of medical
imaging technology, imaging examinations play an increas-
ingly important role in the diagnosis and treatment decision-
making for spinal diseases. Quantitative analysis of pre-
operative imaging parameters may help to more accurately
assess the patient’s pathological characteristics and poten-
tial risks. However, current research on the relationship

between preoperative imaging parameters and the risk of
reoperation is still limited, and relevant evidence is insuffi-
cient. Against this background, this study aims to retrospec-
tively analyze a cohort of patients with LDD consecutively
admitted to a teaching hospital, incorporating preoperative
clinical characteristics and imaging measurements to assess
their associations with the risk of reoperation and to identify
factors relevant to preoperative risk assessment. By iden-
tifying potential high-risk factors, this study may provide
a more objective basis for preoperative clinical decision-
making, thereby optimizing patient management strategies
and reducing the risk of reoperation.

Methods
Study Design and Patients
This study is a single-center retrospective cohort study.
The study participants were patients with LDD who un-
derwent surgical treatment at Nanchang Hongdu Hospital
of Traditional Chinese Medicine Affiliated to Jiangxi Uni-
versity of Chinese Medicine between June 2018 and June
2022. All clinical data were obtained from the hospital's
electronic medical record system, and imaging data were
retrieved from the picture archiving and communication
system (PACS). The study protocol followed the Decla-
ration of Helsinki and was approved by the Ethics Com-
mittee of Nanchang Hongdu Hospital of Traditional Chi-
nese Medicine Affiliated to Jiangxi University of Chinese
Medicine (ethics approval number: KYKS-2026043). As
this is a retrospective study, only previously anonymized
medical records were extracted, so written informed con-
sent from patients was waived. Inclusion criteria were:
(1) age ≥18 years; (2) undergoing primary lumbar surgery
for LDD (including lumbar disc herniation, lumbar spinal
stenosis, degenerative spondylolisthesis, or degenerative
scoliosis); and (3) having complete preoperative clinical
baseline data and imaging examination data. Exclusion cri-
teria were: (1) patients with non-degenerative diseases such
as spinal infection, primary or metastatic spinal tumors, or
acute spinal trauma; (2) patients with missing key preop-
erative imaging data or severely incomplete clinical data;
(3) patients lost to follow-up or with a follow-up period
of less than 36 months after surgery. Based on the above
criteria, a total of 756 patients with LDD underwent surgi-
cal treatment at Nanchang Hongdu Hospital of Traditional
Chinese Medicine Affiliated to Jiangxi University of Chi-
nese Medicine between June 2018 and June 2022. After
screening according to the exclusion criteria, 653 patients
were ultimately included in the analysis. All included pa-
tients completed the 36-month follow-up and had complete
follow-up records. The primary outcome measure was de-
fined as patients who underwent lumbar surgery again dur-
ing the follow-up period due to complications related to the
index surgical segment, including recurrence, instability, or
restenosis in the same segment. Reoperation events were
identified through review of the hospital electronic medical
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record system, outpatient follow-up records, and telephone
interview records. For patients who reported undergoing re-
operation at an outside institution, operative notes and dis-
charge summaries were requested to confirm the indication
and procedure. The indications for reoperation were adju-
dicated by two spine surgeons based on a review of clini-
cal records and imaging studies. Reoperations for adjacent
segment disease, wound infection, fusion-related compli-
cations (such as hardware failure or nonunion), or persis-
tent pain without objective radiographic abnormalities were
not included in the primary outcome definition. Based on
whether the above endpoint events occurred during the 36-
month follow-up period, the included patients were divided
into a reoperation group and a non-reoperation group.

Data Collection

This study retrospectively extracted clinical data from all
included patients through the hospital’s electronic medical
record system, image archiving and communication system
and surgical database. General demographic information,
such as age, sex, smoking history and body mass index of
patients, was collected, and the type of lumbar degenera-
tive disease (lumbar disc herniation, lumbar spinal stenosis,
degenerative spondylolisthesis, or degenerative scoliosis)
was recorded based on the primary surgical indication. The
underlying disease status (cardiovascular disease, diabetes,
digestive disease, lung disease and osteoporosis) was also
recorded. Osteoporosis was diagnosed based on the World
Health Organization’s recommended criteria, with a bone
mineral density T-score ≤−2.5 as the diagnostic threshold
[9]. In addition, the duration of symptoms and baseline
pain intensity were recorded, with the latter assessed us-
ing the visual analog scale (VAS). The VAS uses a straight
line about 10 cm long, with “0” and “10” marked at the
two ends. “0” represents no pain and “10” represents the
most severe pain that is unbearable. Patients marked the
corresponding positions on the line according to their own
pain level, and the physician measured the distance from
the starting point to the marked point as the score [10]. Pe-
rioperative data included operation time, estimated intra-
operative blood loss, surgical strategy (fusion/non-fusion),
surgical technique (minimally invasive/open), surgical ap-
proach (anterior, posterior, or others). The “others” cate-
gory included approaches that could not be clearly classi-
fied as purely anterior or posterior, such as combined or
lateral approaches.
The imaging parameters were measured based on the pa-
tient’s routine preoperative imaging examination. The eval-
uation indicators included the degree of intervertebral disc
degeneration (Pfirrmann grade), the degree of paraspinal
muscle fat infiltration (Goutallier grade), and the morpho-
logical characteristics of the facet joints (facet joint angles).
Paraspinal muscle fat infiltration was assessed on axial T2-
weightedMRI images at the index level. Themultifidus and
erector spinae muscles were evaluated bilaterally, and fatty

infiltration was graded according to the Goutallier classi-
fication: grade 0, normal muscle without fat; grade 1, few
fatty streaks within the muscle; grade 2, less fat than muscle
within the muscle; grade 3, equal amounts of fat and mus-
cle within the muscle; and grade 4, more fat than muscle
within the muscle. The degree of intervertebral disc degen-
eration was evaluated using the Pfirrmann grading system,
and Grade 3–4 and Grade 5 were classified separately for
subsequent analysis [11]. Facet joint effusion was inter-
preted on axial T2-weighted magnetic resonance imaging
(MRI) images. A joint capsule high-signal thickness >2mm
was used as the positive standard, and joint effusion was
divided into three groups according to its distribution: no
effusion, unilateral effusion, and bilateral effusion or syn-
ovial cyst [12]. Facet joint angles were measured on axial
computed tomography (CT) or MRI images. The line con-
necting the posterior margins of the vertebral bodies was
used as the reference line. The angle between the bilateral
facet joint surfaces and the reference line was measured,
and the mean of both sides was taken as the facet joint angle
value of that segment [13]. The facet joint angles were cat-
egorized according to their deviation from the normal val-
ues for the corresponding lumbar levels into three groups:
≤10°, >10° to ≤20°, and >20°. The normal reference val-
ues were derived from previously published data on asymp-
tomatic individuals [10], and the deviation was calculated
as the absolute difference between the measured angle and
the segment-specific normal value. All imaging parameters
were assessed at the operated segment. For patients who un-
derwent single-level surgery, the index level was defined
as the surgically treated segment. For those who under-
went multi-level surgery, the index level was defined as the
segment corresponding to the primary symptomatic level or
the main decompression/fusion level as documented in the
operative record. All measurements were performed inde-
pendently by two spinal surgeons who were blinded to the
patient’s follow-up outcomes, and any discrepancies were
resolved by consensus.

Statistical Analysis

All statistical analyses were performed using SPSS 24.0
(IBM Corp., Armonk, NY, USA) and R 4.2.2 (R Foun-
dation for Statistical Computing, Vienna, Austria). First,
the normality of continuous variables was assessed using
the Shapiro–Wilk test to determine data distribution. Vari-
ables conforming to a normal distribution were expressed
as the mean ± standard deviation, and differences between
groups were compared using the independent samples t-
test; variables not conforming to a normal distribution were
expressed as the median and interquartile range [M (Q1,
Q3)], and the Mann–Whitney U test was used. Categorical
variables were expressed as number of cases and percent-
ages, and the χ2 test, continuity-corrected χ2 test, or Fisher’s
exact test was applied as appropriate. Interobserver reli-
ability for imaging measurements was assessed using the
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intraclass correlation coefficient (ICC) for the continuous
variable (facet joint angle) and weighted kappa (κ) for cat-
egorical variables (Pfirrmann grade, Goutallier grade, and
facet joint effusion). Facet joint effusion was treated as an
ordinal variable, with the categories ordered as no effusion,
unilateral effusion, and bilateral effusion or synovial cyst,
reflecting the increasing extent of facet joint involvement.
Weighted kappa was used to account for the degree of dis-
agreement between observers, with greater weight assigned
to disagreements between adjacent categories than to dis-
agreements between the most distant categories. To ex-
plore the factors associated with reoperation after surgery
in patients with LDD, univariate logistic regression anal-
ysis was first performed. Variables with p < 0.05 in the
univariate analysis were subsequently included in a multi-
variable logistic regression model, and backward stepwise
regression was used to identify independent factors associ-
ated with postoperative reoperation. Before including vari-
ables in multivariable regression, multicollinearity was as-
sessed for continuous and binary variables using the vari-
ance inflation factor (VIF). For categorical variables with
more than two levels, the generalized variance inflation fac-
tor (GVIF) was used, and its adjusted value was calculated.
A VIF/GVIF <5 was used as the criterion for excluding se-
vere collinearity among candidate variables. Results were
reported as Odds Ratios (ORs) and 95% Confidence Inter-
vals (95% CIs). This study further used receiver operat-
ing characteristic (ROC) curves to assess the discriminative
power of the above combination of independent factors for
postoperative reoperation, and the area under the curve was
calculated.

Results
Comparison of Clinical Data of Study Participants

This study included 653 patients who underwent surgery for
LDD, with 612 in the non-reoperation group and 41 in the
reoperation group, resulting in a reoperation rate of 6.28%.
The interobserver reliability was excellent for all imaging
parameters. The ICC for facet joint angle measurement was
0.92. The weighted kappa values were 0.88 for Pfirrmann
grading, 0.85 for Goutallier classification, and 0.91 for facet
joint effusion assessment. Baseline clinical data analysis
showed statistically significant differences between the re-
operation group and the non-reoperation group in age, pre-
operative VAS pain score, Pfirrmann grade, and facet joint
effusion (all p < 0.05).
Other variables, including type of degenerative disease,
body mass index, symptom duration, operation time, intra-
operative blood loss, surgical strategy, surgical technique,
surgical approach, gender, smoking history, cardiovascular
disease, diabetes, digestive system disease, lung disease,
osteoporosis, Goutallier classification, and facet joint an-
gles, showed no statistically significant differences between
the two groups (all p > 0.05; Table 1).

Results of Univariate Logistic Regression Analysis

With postoperative reoperation as the dependent variable,
baseline variables were included in the univariate logistic
regression analysis. The results showed that age, preoper-
ative VAS score, Pfirrmann grade 5 (compared with grades
3–4), lumbar spinal stenosis (compared with degenerative
scoliosis), Goutallier grade 3–4 (compared with grades 0–
1), and unilateral facet joint effusion (compared with bi-
lateral effusion or synovial cysts) were significantly asso-
ciated with the risk of postoperative reoperation (all p <
0.05). Degenerative spondylolisthesis (p = 0.062), lumbar
disc herniation (p = 0.070), Goutallier grade 2 (p = 0.107),
and absence of facet joint effusion (p = 0.286) were not
significantly associated with reoperation in the respective
comparisons. Specifically, patients with Pfirrmann grade 5
had a significantly higher risk of reoperation than those with
grades 3–4. Regarding facet joint effusion, patients with
unilateral effusion had a significantly lower risk of reopera-
tion compared with those with bilateral effusion or synovial
cysts. The remaining variables, including sex, body mass
index, smoking history, comorbidities, osteoporosis, sur-
gical strategy, surgical technique, surgical approach, facet
joint angle, duration of symptoms, operative time, and in-
traoperative blood loss, showed no statistically significant
association with the risk of reoperation (all p > 0.05; Table
2).

Multivariable Logistic Regression Analysis

Variables with p < 0.05 in the univariate analysis were in-
cluded in a multivariable logistic regression model, and in-
dependent factors associatedwith postoperative reoperation
were screened using backward stepwise regression. The
results of the multicollinearity assessment showed that the
adjusted variance inflation factor (VIF) or generalized vari-
ance inflation factor for each variable was less than 5, indi-
cating no significant multicollinearity among the included
variables. The results showed that age, preoperative VAS
score, Pfirrmann grade 5, and facet joint effusion were in-
dependent factors associatedwith postoperative reoperation
for postoperative reoperation (all p < 0.05). After adjust-
ing for other factors, increased age was significantly as-
sociated with increased reoperation risk; higher preopera-
tive VAS scores were associated with greater reoperation
risk; patients with Pfirrmann grade 5 had a significantly in-
creased reoperation risk compared to those with grades 3–
4; regarding facet joint effusion, the reoperation risk was
significantly lower in patients with unilateral effusion com-
pared to those with bilateral effusion or synovial cysts (Ta-
ble 3).

Discriminative Ability of Combined Independent Factors
for Postoperative Reoperation Risk

A receiver operating characteristic (ROC) curve was used
to assess the discriminative ability of the combination of
independent factors for postoperative reoperation. The re-
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Table 1. Comparison of baseline clinical data between the two groups of patients.
Variables Non-reoperation group (n = 612) Reoperation group (n = 41) Statistic p

Age (years) 53.22 (44.65, 60.74) 62.27 (54.19, 69.25) Z = –4.67 <0.001
BMI (kg/m2) 24.45 (21.94, 26.18) 24.23 (20.96, 26.34) Z = –0.40 0.687
Duration of symptoms (years) 8.16 (5.16, 11.67) 7.72 (5.90, 10.35) Z = –0.73 0.464
Operation time (min) 67.00 (50.00, 122.25) 61.00 (47.00, 80.00) Z = –1.38 0.167
Blood loss (mL) 103.50 (53.48, 156.40) 110.50 (60.00, 133.90) Z = –0.05 0.964
VAS 4.70 (3.44, 6.36) 7.00 (4.79, 8.19) Z = –5.17 <0.001
Type of degenerative disease, n (%) — 0.178
Degenerative scoliosis 12 (1.96) 3 (7.32)
Degenerative spondylolisthesis 101 (16.50) 6 (14.63)
Lumbar disc herniation 251 (41.01) 18 (43.90)
Lumbar spinal stenosis 248 (40.52) 14 (34.15)

Surgical strategy, n (%) χ2 = 0.02 0.895
Fusion surgery 170 (27.78) 11 (26.83)
Non-fusion surgery 442 (72.22) 30 (73.17)

Surgical technique, n (%) χ2 = 1.77 0.184
Minimally invasive 450 (73.53) 34 (82.93)
Open surgery 162 (26.47) 7 (17.07)

Surgical approach, n (%) χ2 = 0.23 0.890
Anterior approach 116 (18.95) 9 (21.95)
Others 14 (2.29) 1 (2.44)
Posterior approach 482 (78.76) 31 (75.61)

Gender, n (%) χ2 = 1.44 0.229
Female 400 (65.36) 23 (56.10)
Male 212 (34.64) 18 (43.90)

Smoking history, n (%) χ2 = 0.09 0.765
No 404 (66.01) 28 (68.29)
Yes 208 (33.99) 13 (31.71)

Cardiovascular disease, n (%) χ2 = 0.71 0.398
No 272 (44.44) 21 (51.22)
Yes 340 (55.56) 20 (48.78)

Diabetes, n (%) χ2 = 1.36 0.243
No 492 (80.39) 36 (87.80)
Yes 120 (19.61) 5 (12.20)

Digestive system diseases, n (%) χ2 = 1.41 0.236
No 520 (84.97) 32 (78.05)
Yes 92 (15.03) 9 (21.95)

Lung diseases, n (%) χ2 = 1.41 0.235
No 578 (94.44) 41 (100.00)
Yes 34 (5.56) 0 (0.00)

Osteoporosis, n (%) χ2 = 0.06 0.814
No 516 (84.31) 34 (82.93)
Yes 96 (15.69) 7 (17.07)

Pfirrmann, n (%) χ2 = 8.59 0.003
Grade 3–4 278 (45.42) 9 (21.95)
Grade 5 334 (54.58) 32 (78.05)

Goutallier, n (%) χ2 = 4.43 0.109
Grade 0–1 38 (6.21) 6 (14.63)
Grade 2 166 (27.12) 11 (26.83)
Grade 3–4 408 (66.67) 24 (58.54)

Effusion, n (%) χ2 = 21.85 <0.001
Bilateral effusion or synovial cysts 364 (59.48) 36 (87.80)
No 22 (3.59) 4 (9.76)



2086 Ann. Ital. Chir., 97, 11, 2026

Zhiqiang Tao, et al.

Table 1. Continued.
Variables Non-reoperation group (n = 612) Reoperation group (n = 41) Statistic p

Unilateral 226 (36.93) 1 (2.44)
Facet angulation, n (%) — 0.698
>10 to ≤20 difference from normal 70 (11.44) 3 (7.32)
>20 difference from normal 4 (0.65) 0 (0.00)
≤10 difference from normal 538 (87.91) 38 (92.68)

BMI, body mass index; VAS, visual analog scale; “—” indicates that Fisher’s exact test was used.

sults showed an area under the curve (AUC) of 0.89 (0.84–
0.94), indicating good discriminative power. When the
Youden index reached its maximum value, the sensitivity
was 78.0%, the specificity was 86.0%, and the cutoff value
was 0.11 (Fig. 1).

Fig. 1. ROC curves for discriminating postoperative reoper-
ation using combinations of independent factors. AUC, area
under the curve; ROC, receiver operating characteristic.

Discussion
While surgical treatment for LDD can effectively relieve
symptoms, some patients still require reoperation for vari-
ous reasons. This study retrospectively analyzed the clin-
ical and imaging data of 653 patients and found that age,
preoperative pain intensity, intervertebral disc degenera-
tion grade, and facet joint effusion were associated with the
risk of reoperation. These factors are all routinely obtain-
able preoperative indicators, suggesting that comprehen-
sive evaluation before surgical decision-making may have
practical clinical value.
Age is one of the factors associated with reoperation, and
the underlyingmechanismmay be understood in the context
of the natural course of spinal degeneration. With increas-

ing age, the proteoglycan content of the intervertebral disc
gradually decreases, along with its hydrophilicity, leading
to water loss in the nucleus pulposus and reduced elasticity
of the annulus fibrosus [2]. The decrease in intervertebral
disc height and the weakening of load-bearing capacity re-
sult in a significant increase in the load on the posterior facet
joints, followed by degenerative remodeling [14]. These
cascading structural changes together weaken the stability
of the spinal motion segment. At the same time, age-related
declines in bone quality and soft tissue repair capacity may
further complicate postoperative recovery in older patients
[14]. In this study, the median age of patients in the re-
operation group was significantly higher than in the non-
reoperation group, and this trend remained independent in
the multivariable analysis. It is worth noting that age it-
self is not a contraindication to surgery, but rather suggests
that for elderly patients, the surgical benefits and long-term
reintervention risks should be more carefully weighed be-
fore surgery. The study by Noh et al. [15] also showed that
age is an important risk factor for reoperation after lumbar
spine surgery, which is consistent with the findings of the
present study.

Preoperative pain severity also showed a stable association
with reoperation risk in this study. Patients with higher
VAS scores may have severe nerve root compression or
a wider range of degenerative lesions, and may already
have advanced degenerative changes at the time of initial
surgery. Although simple decompression can temporarily
relieve neural compression, if the structural basis causing
the pain is not completely corrected, or if there is poten-
tial instability in adjacent segments, the probability of long-
term symptom recurrence may increase. Therefore, preop-
erative pain assessment is not only a quantification of symp-
tom severity, but also an indirect indicator of disease bur-
den. Imaging parameters provided an important objective
assessment dimension for this study. In this study, the pro-
portion of Pfirrmann grade 5 in the reoperation group was
significantly higher than in the non-reoperation group, and
multivariable analysis showed that high-grade degeneration
was an independent risk factor for reoperation. Severely de-
generated intervertebral discs have lost their normal biome-
chanical buffering function, and stress distribution in the
affected and adjacent segments may become further imbal-
anced after surgery, thereby promoting the progression of
degeneration [16,17]. This finding suggests that patients
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Table 2. Univariate logistic regression analysis of factors associated with postoperative reoperation.
Variables β S.E Z p OR (95% CI)

Surgical strategy
Fusion surgery 1.00 (Reference)
Non-fusion surgery 0.05 0.36 0.13 0.896 1.05 (0.51 ~ 2.14)

Type of degenerative disease, n (%)
Degenerative scoliosis 1.00 (Reference)
Degenerative spondylolisthesis –1.44 0.77 –1.87 0.062 0.24 (0.05 ~ 1.08)
Lumbar disc herniation –1.25 0.69 –1.81 0.070 0.29 (0.07 ~ 1.11)
Lumbar spinal stenosis –1.49 0.70 –2.12 0.034 0.23 (0.06 ~ 0.89)

Surgical technique
Minimally invasive 1.00 (Reference)
Open surgery –0.56 0.42 –1.31 0.189 0.57 (0.25 ~ 1.32)

Surgical approach
Anterior approach 1.00 (Reference)
Others –0.08 1.09 –0.08 0.940 0.92 (0.11 ~ 7.82)
Posterior approach –0.19 0.39 –0.48 0.633 0.83 (0.38 ~ 1.79)

Gender
Female 1.00 (Reference)
Male 0.39 0.33 1.20 0.232 1.48 (0.78 ~ 2.80)

Smoking history
No 1.00 (Reference)
Yes –0.10 0.35 –0.30 0.765 0.90 (0.46 ~ 1.78)

Cardiovascular disease
No 1.00 (Reference)
Yes –0.27 0.32 –0.84 0.400 0.76 (0.40 ~ 1.43)

Diabetes
No 1.00 (Reference)
Yes –0.56 0.49 –1.15 0.248 0.57 (0.22 ~ 1.48)

Digestive system diseases
No 1.00 (Reference)
Yes 0.46 0.39 1.18 0.239 1.59 (0.73 ~ 3.44)

Lung diseases
No 1.00 (Reference)
Yes –14.92 678.48 –0.02 0.982 0.00 (0.00 ~ Inf)

Osteoporosis
No 1.00 (Reference)
Yes 0.10 0.43 0.24 0.814 1.11 (0.48 ~ 2.57)

Pfirrmann
Grade 3–4 1.00 (Reference)
Grade 5 1.08 0.39 2.81 0.005 2.96 (1.39 ~ 6.31)

Goutallier
Grade 0–1 1.00 (Reference)
Grade 2 –0.87 0.54 –1.61 0.107 0.42 (0.15 ~ 1.21)
Grade 3–4 –0.99 0.49 –2.03 0.043 0.37 (0.14 ~ 0.97)

Effusion
Bilateral effusion or synovial cysts 1.00 (Reference)
No 0.61 0.57 1.07 0.286 1.84 (0.60 ~ 5.63)
Unilateral –3.11 1.02 –3.05 0.002 0.04 (0.01 ~ 0.33)

Facet angulation
10 to ≤20 difference from normal 1.00 (Reference)
>20 difference from normal –12.42 727.70 –0.02 0.986 0.00 (0.00 ~ Inf)
≤10 difference from normal 0.50 0.61 0.81 0.415 1.65 (0.50 ~ 5.48)

Age 0.07 0.02 4.77 <0.001 1.08 (1.04 ~ 1.11)
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Table 2. Continued.
Variables β S.E Z p OR (95% CI)

BMI –0.01 0.05 –0.29 0.773 0.99 (0.89 ~ 1.09)
Duration of symptoms –0.02 0.04 –0.58 0.564 0.98 (0.90 ~ 1.06)
Surgical duration –0.00 0.00 –1.55 0.121 1.00 (0.99 ~ 1.00)
Blood loss –0.00 0.00 –0.21 0.836 1.00 (1.00 ~ 1.00)
VAS 0.49 0.09 5.28 <0.001 1.64 (1.36 ~ 1.96)

OR, Odds Ratio; CI, Confidence Interval; S.E, Standard Error.

Table 3. Multivariable logistic regression analysis of factors associated with postoperative reoperation.
Variables β S.E Z p VIF/GVIF OR (95% CI)

Pfirrmann 1.008
Grade 3–4 1.00 (Reference)
Grade 5 1.26 0.43 2.91 0.004 3.52 (1.51 ~ 8.21)

Effusion 1.018
Bilateral effusion or synovial cysts 1.00 (Reference)
No 0.51 0.66 0.77 0.441 1.67 (0.45 ~ 6.13)
Unilateral –3.50 1.05 –3.35 <0.001 0.03 (0.00 ~ 0.23)

Age 0.10 0.02 4.92 <0.001 1.005 1.11 (1.06 ~ 1.15)
VAS 0.60 0.11 5.63 <0.001 1.001 1.82 (1.48 ~ 2.23)

OR, Odds Ratio; CI, Confidence Interval; VIF, ariance inflation factor; GVIF, generalized variance in-
flation factor.

with significant loss of intervertebral disc height or severe
signal reduction on preoperative imaging should be alert
to the possibility of postoperative symptom recurrence or
new structural problems. Tang’s team [18] also reported
that higher preoperative Pfirrmann grades were associated
with a higher reoperation rate in patients undergoing percu-
taneous endoscopic lumbar discectomy.
Facet joint effusion has received increasing attention in re-
cent years as an imaging marker of segmental instability
[19]. This study found that the distribution of facet joint
effusion was significantly associated with the risk of reop-
eration after surgery. Compared with unilateral effusion,
patients with bilateral effusion or synovial cysts had a sig-
nificantly higher risk of reoperation. From a biomechanical
perspective, bilateral effusion or cyst formation usually in-
dicates more severe facet joint capsule laxity and more sig-
nificant segmental mobility abnormalities, whereas unilat-
eral effusion may reflect a localized inflammatory response
or early degenerative changes, with a relatively limited de-
gree of instability [20,21]. However, themarkedly low odds
ratio for unilateral effusion should be interpreted with cau-
tion, as only one patient in the reoperation group had uni-
lateral effusion. This small number of events may render
the effect estimate unstable, and the protective association
of unilateral effusion requires validation in larger cohorts.
The study by Dimitriou et al. [22] suggested that facet
joint effusion is associated with poor treatment outcomes
after lumbar spine surgery. This result also reminds clini-
cians to pay attention to the distribution characteristics of
facet joint effusion when reading images, which may help
to more accurately identify unstable segments. These find-

ings, taken together, suggest that preoperative imaging fea-
tures may be integrated with clinical characteristics to in-
form surgical planning for LDD. Recent evidence has high-
lighted that in patients with complex degenerative spinal
stenosis, specific imaging markers such as advanced disc
degeneration and facet joint effusionmay help identify indi-
viduals at elevated risk for adverse postoperative outcomes
[23]. Incorporating these imaging parameters into preoper-
ative risk stratification, together with patient age and symp-
tom severity, could assist surgeons in determining the op-
timal surgical strategy, including the extent of decompres-
sion, the need for fusion, and the intensity of postoperative
surveillance. Such an individualized approach, informed
by both clinical and radiological risk profiles, may con-
tribute to reducing reoperation rates and improving long-
term outcomes in this population. In this study, some clin-
ical factors such as gender, body mass index and comor-
bidities did not show statistical differences between the two
groups. This may be related to the baseline characteristics
of this patient group and also suggests that, for the specific
outcome of postoperative reoperation for lumbar degenera-
tive disease, the degree of structural degeneration reflected
by imaging may provide additional information for assess-
ing the risk of reoperation when considered alongside de-
mographic and clinical factors. Surgical parameters such
as fusion status and surgical technique (minimally invasive
vs. open) were not significantly associated with the risk of
reoperation in this study. This does not mean that the afore-
mentioned factors lack clinical value, but rather that greater
weight should be given to objective indicators that directly
reflect the extent of spinal degeneration during comprehen-
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sive evaluation. The probability threshold derived from the
ROC analysis may serve as a reference for identifying pa-
tients at elevated risk of reoperation in the current cohort.
For patients with a predicted probability above this thresh-
old, closer postoperative surveillance could be considered
to facilitate early detection of recurrent symptoms or struc-
tural deterioration. However, this threshold should not be
interpreted as a rigid criterion for clinical decision-making,
as it was derived from a single-center retrospective cohort
without external validation.

This study has several limitations. TheAUC reported in this
study was derived from the same dataset used for model de-
velopment without internal validation such as bootstrapping
or cross-validation, and may therefore overestimate the dis-
criminative performance when applied to external popula-
tions. However, the primary aim of this study was to iden-
tify risk factors rather than to develop a clinical prediction
tool, and the AUC was reported to provide a descriptive
summary of the combined discriminative ability of the iden-
tified factors. The single-center retrospective design makes
it difficult to eliminate selection bias, while the limited sam-
ple size and small number of events in some subgroups may
affect the stability of effect estimates. Although the interob-
server reliability for imaging measurements was excellent
in this study, all assessments were performed by two sur-
geons from the same institution, which may reflect shared
training and interpretation habits. Future studies involv-
ing independent readers from multiple centers would fur-
ther strengthen the generalizability of these imaging-based
predictors. Although all patients completed the 36-month
follow-up, some reoperations performed at outside institu-
tions may not have been fully captured if patients did not
report them during follow-up contacts or if relevant records
could not be obtained. Future multicenter prospective co-
hort studies incorporatingmore comprehensive biomechan-
ical parameters and postoperative rehabilitation informa-
tion may help further elucidate the mechanisms underlying
reoperation.

Conclusions

In conclusion, the results of this study suggest that age, pre-
operative pain intensity, disc degeneration grade, and facet
joint effusion may be significantly associated with the risk
of reoperation after lumbar degenerative disease. Patients
with these characteristics may warrant more attention dur-
ing preoperative evaluation and postoperative follow-up.
Given the exploratory nature of this single-center analysis,
the generalizability of these findings remains to be estab-
lished in larger, multicenter cohorts.
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