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A multidimensional in-depth analysis of postoperative pain after PLIF in patients with degenerative lumbar spine disease
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Purpose: To comprehensively investigate multifactorial influences on postoperative pain in patients with degenerative lumbar spine disease undergoing posterior lumbar interbody fusion (PLIF), thereby guiding targeted rehabilitation.

Patients and methods: We reviewed 316 patients (age >40) who underwent PLIF from January 2022 to May 2024. Based on postoperative Numeric Rating Scale (NRS) scores and pain duration, they were divided into a non-pain group (210 cases) and a pain group (106 cases). We assessed paraspinal muscle indices (PMI, MMI), Self-Rating Anxiety Scale (SAS), postoperative exercise duration, surgical segments, drainage removal time, and mannitol usage. Univariate and multivariate logistic regression analyses were conducted.

Results: No significant differences were found in age, BMI, education, surgical duration, drainage time, disease duration, time to first ambulation, or mannitol usage (P > 0.05). However, gender, SAS scores, surgical segments, drainage volume at removal, PMI, MMI, average standing time in the first 2 weeks, and duration of straight-leg raise exercises differed significantly (P < 0.05). Multivariate analysis identified surgical segment (P = 0.008), drainage volume at removal (P = 0.008), MMI (P < 0.001), average standing time (P = 0.010), and straight-leg raise exercise duration (P = 0.012) as independent risk factors.

Conclusion: Paraspinal muscle health and early postoperative exercise are crucial factors influencing PLIF-related postoperative pain. Tailored rehabilitation, enhanced muscle function, and optimized early exercise may reduce postoperative pain and improve outcomes.
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1 Introduction

With the accelerated pace of global population aging, the incidence of degenerative lumbar spine diseases continues to rise among middle-aged and elderly populations. These pathologies, including lumbar disc herniation, spinal stenosis, intervertebral disc degeneration, segmental instability, and degenerative scoliosis, frequently manifest as low back pain, radiating leg pain, intermittent claudication, and nerve root irritation, thereby exerting a substantial adverse impact on patients' quality of life and daily functioning (1, 2). For patients who do not achieve satisfactory relief with conservative management, surgical intervention has become a pivotal approach to alleviating pain and restoring function. Among various surgical techniques, posterior lumbar interbody fusion (PLIF), a classical and effective procedure, is widely employed in the treatment of degenerative lumbar spine disorders (3, 4). By removing the affected intervertebral disc via a posterior approach and placing an interbody cage supported by pedicle screw fixation, PLIF restores lumbar stability and physiological alignment, creating favorable conditions for eventual intervertebral fusion and adequate neural decompression. A substantial body of evidence has confirmed that PLIF can significantly improve neurological symptoms, mitigate pain, and restore functional status over mid- to long-term follow-up (5, 6).

Despite these favorable longer-term outcomes, a considerable proportion of patients experience pronounced postoperative pain during the early postoperative period. This early postoperative pain not only impedes the patient's early rehabilitation, activity level, and quality of life but may also delay functional exercise and psychological recovery, consequently intensifying anxiety, fear, patient dissatisfaction, and the consumption of healthcare resources. Inadequate postoperative pain control can lead to negative emotions, compromise patient–physician communication, and impede effective care and evaluation of outcomes (7). Previous studies have suggested that the mechanisms underlying postoperative pain are multifactorial, encompassing surgical invasiveness, anesthetic and analgesic strategies, the degree of nerve compression, and individual patient characteristics [e.g., age, sex, body mass index (BMI), comorbidities] (8–10). Nonetheless, these factors alone often fail to sufficiently explain the complexity and multifaceted nature of postoperative pain.

In recent years, growing attention has been directed toward the role of paraspinal muscle structure and function in influencing postoperative pain and the rehabilitation process (11). The paraspinal musculature, especially the multifidus and psoas major muscles, plays a crucial role in maintaining spinal stability, distributing mechanical loads, and controlling spinal motion. Alterations in muscle quality, the extent of fatty infiltration, and functional decline may all affect patients' pain perception and recovery trajectory (12, 13). Previous studies have linked diminished multifidus muscle quality with low back pain, muscle fatigue, and compromised spinal stability (14, 15). Moreover, the posterior surgical approach and soft tissue dissection in PLIF may further aggravate paraspinal muscle injury, thereby contributing to postoperative pain and delayed functional recovery. Quantitative assessment of paraspinal muscle indices via MRI, such as the Psoas Muscle Index (PMI) and Multifidus Muscle Index (MMI), offers an objective evaluation of muscle status and may provide a novel perspective for predicting postoperative pain. Although the measurement of cross-sectional areas or fat infiltration of the multifidus and psoas muscles has been proposed as an indicator of muscle health and a potential target for postoperative rehabilitation strategies, evidence directly substantiating the association between these paraspinal muscle parameters (e.g., PMI, MMI) and early postoperative pain remains limited (16). A comprehensive investigation is warranted to clarify the extent to which these muscle-related factors contribute to short-term pain outcomes.

Beyond local biological factors, psychological determinants of postoperative pain have also garnered increasing attention. Perioperative anxiety, fear, and other negative emotions may amplify subjective pain perception through neuroendocrine and cognitive pathways. The Self-Rating Anxiety Scale (SAS) is commonly employed to quantify patients' anxiety levels, and higher anxiety scores have been correlated with increased postoperative pain intensity. Additionally, postoperative rehabilitation practices, including early mobilization and appropriate functional exercise, are critical for reducing pain, enhancing metabolic circulation, and minimizing local inflammatory accumulation. Nonetheless, disparities in rehabilitation intensity and timing may trigger local stress and discomfort, thereby negating potential benefits.

In summary, early postoperative pain after PLIF represents a complex phenomenon resulting from the interplay of surgical variables (such as the number of fused segments and volume of drainage), paraspinal muscle parameters (PMI, MMI), psychological factors (SAS anxiety scores), and behavioral aspects (postoperative exercise duration, timing of drain removal, medication regimens). While previous studies have frequently focused on isolated factors, our investigation adopts a more holistic approach. By incorporating univariate and multivariate logistic regression analyses to integrate surgical parameters, muscle indices, psychological status, and rehabilitation timelines, we aim to elucidate the multifactorial mechanisms underlying short-term postoperative pain following PLIF. We anticipate that these findings will enrich clinical decision-making and inform individualized perioperative interventions, ultimately improving patient satisfaction, facilitating early rehabilitation, and offering new insights into enhancing the quality of life for patients with degenerative lumbar spine disease.



2 Methods


2.1 Research design

This study is a retrospective case-control analysis, approved by the relevant ethics committee. The study population comprised 316 patients who underwent posterior lumbar interbody fusion (PLIF) for degenerative lumbar spine disease at our institution between January 2022 and May 2024. All patients were followed up for 3 months postoperatively through daily telephone calls or completion of questionnaires to assess postoperative pain and associated factors. Inclusion criteria: (1) patients aged over 40 years, diagnosed with degenerative lumbar spine disease (such as lumbar disc herniation, lumbar spinal stenosis, etc.) based on lumbar spine MRI, (2) patients who underwent PLIF surgery, with available imaging data and complete postoperative follow-up information. Exclusion criteria: (1) history of lumbar spine surgery, presence of bone tumors, ankylosing spondylitis, rheumatoid arthritis, or secondary osteoporosis, (2) use of corticosteroid treatment or other systemic diseases that affect bone metabolism.



2.2 Group indicators

Using the Numeric Rating Scale (NRS) during postoperative follow-up, we assessed the functional improvement and pain relief in patients from baseline to 1 week postoperatively. The NRS evaluates pain intensity over the past week, with scores ranging from 0 (no pain) to 10 (worst imaginable pain) (10). Based on these results, patients were divided into two groups: Group A (non-pain group) included 210 patients with an NRS score of less than 3 at 1 week postoperatively. Group B (pain group) included 106 patients with an NRS score of 3 or higher at 1 week postoperatively. We analyzed the distribution differences between the two groups regarding demographic data, psychological status, imaging findings, postoperative exercise, and prognosis for statistical significance.



2.3 Assessment parameters

This study employed multiple assessment parameters to comprehensively evaluate postoperative pain and recovery. The Self-Rating Anxiety Scale (SAS) was used to assess the patients' psychological state and anxiety levels. Following standard operating procedures, we calculated index scores as raw scores × 1.25 (range 25–100) and categorized anxiety levels as follows: < 50 = no anxiety; 50–59 = mild; 60–69 moderate; ≥70 severe. Categorized anxiety severity into four levels (0–3) based on standardized scores: no anxiety or mild anxiety, moderate anxiety, or severe anxiety (17). The health status of the paraspinal muscles was evaluated using the psoas muscle index (PMI) and multifidus muscle index (MMI). Using ImageJ software, the psoas and multifidus muscle areas were measured at the L4 level on MR T2-weighted images (Figure 1). The PMI and MMI were calculated by dividing the muscle area by the square of the patient's height, with the units in square centimeters per square meter (cm2/m2). The time of the patient's first postoperative ambulation was recorded as an important indicator of early postoperative exercise. Additionally, the patients' rehabilitation plans and actual exercise were assessed by recording the daily average standing time and duration of straight leg raise exercises within the first 2 weeks postoperatively.


[image: MRI scans compare the psoas major muscle (left) and multifidus muscle (right) with highlighted areas outlined in yellow. Values for area, mean intensity, integrated density, and raw integrated density are displayed beneath each scan.]
FIGURE 1
 Measurement of PMI and MMI at the level of the superior endplate of the L4 vertebra on MR T2 imaging. Using medical imaging software (ImageJ), we defined regions of interest (ROI) in the psoas and multifidus muscle areas at the superior endplate of the fourth lumbar vertebra in the patient, and measured the muscle areas. The results were 11.98 cm2 for the psoas muscle and 4.90 cm2 for the multifidus muscle. The psoas muscle index (PMI) and multifidus muscle index (MMI) for this patient were calculated to be 4.68 and 1.91, respectively.




2.4 Statistical analysis

Statistical analysis was performed using SPSS 27.0 (IBM, Armonk, New York, USA). For normally distributed measurement data, results are expressed as mean ± standard deviation (Mean ± SD). Independent samples t-tests were used to compare the quantitative data differences between the two groups of patients, including age, body mass index (BMI), surgical duration, drainage time, psoas muscle index (PMI), multifidus muscle index (MMI), and the average duration of straight leg raise exercises during the first 2 weeks postoperatively. For qualitative data, such as gender, education level, SAS score, drainage volume at extubation, surgical segment, time to ambulation, average daily standing time within the first 2 weeks postoperatively, and the number of days of postoperative mannitol use, chi-square tests were used for intergroup comparisons. Differences between variables and their impact on early postoperative pain were visualized. To further analyse the potential effects of various factors on postoperative pain, univariate and multivariate logistic regression analyses were conducted to assess the independent contribution of each variable to postoperative pain. The corresponding odds ratios (OR) and 95% confidence intervals (CI) were calculated. All statistical results were rigorously tested to ensure the reliability and accuracy of the conclusions, with a P-value < 0.05 considered statistically significant.




3 Results


3.1 Patient characteristics

This study included 316 patients with degenerative lumbar spine disease who underwent posterior lumbar interbody fusion (PLIF), with 55.06% of the patients being female. The age range was from 41 to 82 years, with an average age of 64.5 years. The patients were divided into Group A (non-pain group, 210 patients) and Group B (pain group, 106 patients). No significant differences were found between the two groups in terms of age, BMI, education level, surgical duration, postoperative drainage time, disease duration, time to first ambulation, and mannitol use (P > 0.05). However, significant differences were observed between the two groups in terms of gender, SAS scores, surgical segments, drainage volume at extubation, PMI, MMI, average daily standing time during the first 2 weeks, and the duration of straight leg raise exercises (P < 0.05). The detailed baseline characteristics, clinical data, and postoperative follow-up results of the patients are shown in Table 1.

TABLE 1 Comparison of general data between the PLIF non-pain group (Group A) and the short-term pain group (Group B) patients.	Influencing factor	Group A (n = 210)	Group B (n = 106)	P-value
	Gender (%)
	 Male	104 (49.52)	38 (35.85)	0.021
	 Female	106 (50.48)	68 (64.15)	
	Age (mean, SD)	59.33 (13.09)	59.41 (11.41)	0.960
	BMI (mean, SD)	24.49 (2.13)	24.25 (2.32)	0.361
	Education (%)
	 Junior high school education	76 (36.19)	37 (34.91)	0.490
	 High school and undergraduate programs	110 (52.38)	61 (57.54)	
	 Graduate degree	24 (11.43)	8 (7.55)	
	SAS (%)
	 0	173 (82.38)	70 (66.04)	0.014
	 1	26 (12.38)	23 (21.70)	
	 2	8 (3.81)	10 (9.43)	
	 3	3 (1.43)	3 (2.83)	
	Surgical segment (%)
	 1	164 (78.10)	67 (63.21)	0.012
	 2	37 (17.61)	28 (26.41)	
	 3	9 (4.29)	11 (10.38)	
	Surgical duration (mean, SD)	2.49 (0.52)	2.59 (0.72)	0.217
	Drainage time (mean, SD)	2.41 (0.82)	2.52 (0.77)	0.276
	Drainage volume (%)
	  < 50 ml	175 (83.33)	76 (71.70)	0.016
	 ≥50 ml	35 (16.67)	30 (28.30)	
	Duration of illness	23.27 (13.01)	21.47 (12.22)	0.238
	PMI (mean, SD)	5.70 (3.09)	4.59 (2.85)	0.002
	MMI (mean, SD)	3.51 (0.61)	2.96 (0.52)	< 0.001*
	Time to ambulation (%)
	  < 4 days	107 (50.95)	52 (49.06)	0.750
	 ≥4 days	103 (49.05)	54 (50.94)	
	Average daily standing time (2 weeks) (%)
	  < 90 min	160 (76.19)	65 (61.32)	0.006
	 ≥90 min	50 (23.81)	41 (38.68)	
	Mannitol administration (%)
	  < 4 days	111 (52.86)	61 (57.55)	0.429
	 ≥4 days	99 (47.14)	45 (42.45)	
	Straight leg raise exercise (2 weeks) (mean, SD)	1.04 (0.69)	0.81 (0.57)	0.003

SD, standard deviation; SAS, Self-Rating Anxiety Scale; PMI, Psoas Muscle Index; MMI, Multifidus Muscle Index. *Represents P < 0.001.




3.2 Data visualization

To visually illustrate the relationship between clinical variables and postoperative pain duration, we employed bar charts, box plots, and correlation matrices for analysis. The bar chart displayed the differences in qualitative data between the non-pain group and the early pain group (Figure 2). Patients in Group A (non-pain group) generally had higher education levels and showed lower anxiety levels, as indicated by the SAS scores. In contrast, patients in the pain group had significantly higher drainage volumes at extubation and longer daily standing times. Additionally, the box plot clearly demonstrated the differences in quantitative data between the two groups (Figure 3). The paraspinal muscle-related indices (PMI and MMI) and the duration of straight leg raise exercises were significantly higher in Group A compared to Group B, suggesting that the level of paraspinal muscle health and postoperative exercise are related to pain levels following PLIF surgery.


[image: Eight stacked bar charts compare two groups, A and B, across different categories: Gender, Education, SAS, Surgical Segment, Drainage Volume, Time to Ambulation, Average Daily Standing Time, and Mannitol Administration. Categories use color codes to represent subgroups, with counts on the y-axis. Group A generally shows higher counts than Group B.]
FIGURE 2
 Bar chart comparison of qualitative data between groups. This figure shows the distribution of several categorical variables—Gender, Education level, SAS score, surgical segment, drainage volume at extubation, time to first ambulation, average daily standing time in the first 2 weeks postoperatively, and mannitol use. The bar plots compare the count of each category within these variables, providing a clear visual comparison of the frequency distributions between the two groups.



[image: Eight box plots compare Groups A and B across different metrics: Age, BMI, Surgical duration, Drainage time, Duration of illness, PMI, MMI, and Straight leg raise (SLR) exercise. Each plot shows the distribution, with medians, quartiles, and potential outliers indicated.]
FIGURE 3
 Box plot comparison of continuous variables by Groups. This figure shows the distribution of continuous variables (such as age, PMI, MMI, and duration of straight leg raise exercises) in Group A and Group B. Using box plots and scatter plots, it displays the median, quartiles, and outliers of each variable in different groups, providing a visual comparison of the differences between these variables.


In exploring the multidimensional factors influencing postoperative pain management, the correlation matrix provided a powerful tool for quantifying the relationships between various clinical variables and postoperative pain duration (Figure 4). The multifidus muscle index (MMI) showed the strongest negative correlation with postoperative pain, with a correlation coefficient of −0.401, indicating that lower MMI may be associated with more severe postoperative pain. Additionally, factors such as the patients' psychological state, psoas muscle index (PMI), average daily standing time, and the duration of straight leg raise exercises were also strongly correlated with pain duration after PLIF surgery.


[image: Correlation matrix displays the relationships among multiple variables, including group, gender, age, BMI, education, SAS, surgical specifics, drainage details, illness duration, PMI, MMI, and exercise. Positive and negative correlations are indicated by varying shades of blue, with values ranging from 0.40 to -0.35.]
FIGURE 4
 Correlation matrix between each variable and the outcome. This heatmap visualizes the correlation matrix of multiple variables, displaying the strength and direction of linear relationships between them. The color scale indicates the correlation coefficient values, with darker shades representing stronger positive or negative correlations.




3.3 Univariate and multivariate analysis

Univariate analysis showed significant differences between the non-pain group and the early pain group in terms of gender, SAS score, surgical segment, drainage volume at extubation, PMI, MMI, average daily standing time (2 weeks), and duration of straight leg raise exercise (2 weeks; P < 0.05). Using the NRS score ≥3 at 1 week postoperatively as the dependent variable (No = 0, Yes = 1), the binary logistic regression model was constructed with the variables that were statistically significant in the univariate analysis as independent variables. The Hosmer–Lemeshow (H–L) test was used to assess the goodness-of-fit of the model, with P > 0.05 indicating no statistically significant difference and thus a satisfactory model fit. The H–L test for the risk prediction model showed X2 = 12.539, P = 0.129, indicating that the regression model in this study had a good fit. Multivariate analysis revealed that surgical segment (P = 0.008), drainage volume at extubation (P = 0.008), MMI (P < 0.001), average daily standing time (2 weeks; P = 0.010), and duration of straight leg raise exercise (P = 0.012) were all independent risk factors for residual postoperative pain after PLIF surgery (Table 2).

TABLE 2 Multivariate logistic regression analysis of risk factors related to short-term pain after PLIF surgery.	Influencing factor	B	OR	95% CI	P-value
	Gender	−0.084	0.919	0.493–1.713	0.791
	SAS
	 1		Reference		
	 2	0.594	1.812	0.864–3.799	0.116
	 3	1.194	3.302	0.978–11.146	0.054
	 4	0.916	2.500	0.359–17.405	0.355
	Surgical segment
	 1		Reference		
	 2	0.760	2.139	1.099–4.162	0.025
	 3	1.382	3.981	1.338–11.843	0.013
	Drainage volume
	  < 50 ml		Reference		
	 ≥50 ml	0.936	2.549	1.281–5.072	0.008
	PMI	−0.047	0.954	0.840–1.083	0.467
	MMI	−1.778	0.169	0.093–0.308	< 0.001*
	Average daily standing time
	  < 90 min		Reference		
	 ≥90 min	0.801	2.228	1.212–4.098	0.010
	Straight leg raise exercise	−0.645	0.525	0.318–0.865	0.012

SAS, Self-Rating Anxiety Scale; PMI, Psoas Muscle Index; MMI, Multifidus Muscle Index. *Represents P < 0.001.





4 Discussion

In this retrospective case-control study comprising 316 patients undergoing PLIF for degenerative lumbar spine disease, we examined a broad spectrum of factors potentially influencing short-term postoperative pain. Our multivariate analysis identified the number of fused segments, drainage volume at the time of drain removal, multifidus muscle index (MMI), average standing time during the first 2 weeks postoperatively, and duration of straight leg raise exercises as independent predictors. Unlike most previous studies that have predominantly focused on surgical technique, anesthetic methods, or the degree of neural decompression, this study integrated biological (MMI), psychological (SAS), behavioral (e.g., early functional exercise times), and surgical parameters, thereby providing a more comprehensive perspective on the mechanisms underlying early postoperative pain.

Our findings underscore that the number of fused segments and the drainage volume at drain removal are independent risk factors. Multiple-level fusion typically entails more extensive soft tissue dissection, wider muscle injury, and increased intraoperative bleeding and exudation. Compared to single-level procedures, multi-level fusions may heighten local inflammatory responses, resulting in tissue edema, fluid accumulation, and an increased likelihood of sustained postoperative pain. Moreover, a higher drainage volume may serve as an indirect indicator of ongoing local tissue injury and exudative responses. Elevated fluid retention and inflammatory mediators can stimulate nociceptors, exacerbating pain (18). Incomplete tissue healing, persistently high drainage volumes, or hematoma formation may further compress neural structures and prolong pain symptoms. In clinical practice, careful patient selection to minimize unnecessary fusion levels, combined with refined surgical techniques and intraoperative hemostatic measures, may reduce tissue trauma. Additionally, patients with higher drainage volumes may benefit from enhanced analgesic, anti-inflammatory, and rehabilitation interventions, and potentially delayed drain removal to mitigate ongoing discomfort.

The robust association between paraspinal muscle health and postoperative pain is also noteworthy. The psoas major and multifidus muscles are key stabilizers of the lumbar spine, modulating posture and load distribution (19, 20). When muscle quality diminishes, fat infiltration increases, or muscle tension declines, spinal stability is compromised. Even minor mechanical stresses may elicit persistent discomfort and pain postoperatively. Surgical manipulation, retractor placement, and soft tissue trauma can further impair muscle blood supply and function, aggravating postoperative pain. Preoperative MRI-based assessments of paraspinal muscles could help stratify patients according to their risk of postoperative pain. In patients identified with poor paraspinal muscle status, targeted core muscle strengthening programs may be introduced preoperatively to enhance muscle quality and function, thereby potentially attenuating postoperative pain and expediting recovery (21, 22).

Our findings also highlight the importance of postoperative rehabilitation, specifically early standing and straight leg raise exercises. Appropriate early mobilization improves blood flow, reduces inflammatory mediator accumulation, and supports tissue healing, collectively alleviating pain and accelerating functional restoration. From a psychological standpoint, early ambulation may reinforce patients' perception of procedural success and alleviate their concerns about pain, thereby potentially modulating pain perception. Postoperative activity should progress gradually. During the initial healing phase, inflammation, oedema, and pain sensitivity persist. Extended standing or walking requires lumbar and back muscles to stabilize the spine, while incompletely healed soft tissues may experience pain due to compression and load-bearing. Bony fusion takes months to form a solid bridge; implants provide early support, but the structure remains fragile. Prolonged standing or walking increases stress on the surgical area, triggering pain (23). Early mobilization (walking and straight leg raises) is currently the consensus for postoperative care following surgery, as it improves clinical outcomes and accelerates the rehabilitation process. This is the recommended exercise regimen after PLIF surgery to alleviate postoperative pain. However, some patients experiencing severe postoperative pain may resist these exercises, while those with milder pain may require a longer rehabilitation period. Our findings merely indicate shorter exercise duration in the pain group, which may reflect reverse causality. Hence, personalized rehabilitation protocols that account for individual muscle status, psychological condition, and wound healing progress are essential. Clinicians and nursing staff should dynamically adjust exercise intensity and duration to prevent exercise-induced exacerbation of pain (24).

Although SAS scores (anxiety levels) were not independent predictors of pain in the multivariate analysis, the significant association observed in univariate analysis does not diminish the potential importance of psychological factors. Anxiety and other negative emotions likely interact with biological and behavioral variables, indirectly influencing pain perception (25, 26). For patients presenting with elevated anxiety, perioperative psychological support, sedation, cognitive-behavioral therapy, or pharmacological intervention could minimize the amplifying effect of negative affect on pain. Future studies should incorporate additional psychological assessments (depression scales, pain catastrophizing scales) as well as evaluations of patients' pain-related beliefs and social support to further elucidate the psychological mechanisms underlying postoperative pain.

Previous studies addressing early postoperative pain following PLIF have often concentrated on isolated factors, such as advancements in surgical techniques (minimally invasive vs. conventional approaches), perioperative analgesic protocols, or demographic variables such as age and BMI (8, 27). By contrast, this study's strength lies in its multifaceted approach, combining biological (muscle indices), psychological (SAS scores), behavioral (postoperative exercise duration), and surgical (fusion segments, drainage volume) factors. Such a holistic strategy is in line with the contemporary precision medicine paradigm, aiming to capture the complexity of clinical presentations through multidimensional data analysis and thus draw conclusions that are closer to real-world clinical scenarios.

By focusing on short-term postoperative pain—a clinically pressing issue—this study contributes to the understanding of factors that, if left unmanaged, may predispose patients to prolonged recovery periods and potentially influence long-term outcomes. Early identification of risk factors allows clinicians and nursing staff to implement preventive measures during the perioperative period. All in all, our findings support the implementation of practical intervention protocols throughout the surgical pathway. Preoperative assessment should incorporate MRI-based paraspinal muscle evaluation and SAS scoring; patients with low MMI scores or elevated SAS scores may benefit from targeted preoperative rehabilitation (core muscle endurance training and hip extensor exercises) and expectation management. During the intraoperative phase, avoid unnecessary multilevel fusions when clinically feasible and prioritize meticulous hemostasis to reduce postoperative drainage burden. Early postoperative care (0–48 h) should employ multimodal analgesia and volume-guided drainage management (record daily drainage volume; consider delayed tube removal if drainage remains persistently high with pain/swelling). Early rehabilitation (days 1–14) should follow a structured, symptom-limited protocol: progressively increase standing time and straight leg raise training, set clear daily limits, and adjust intensity based on pain response.

Nonetheless, several limitations must be acknowledged. As a retrospective study, our findings are subject to potential information bias due to variations in medical records and follow-up completeness. Prospective, longitudinal studies with standardized data collection and extended follow-up intervals are warranted to confirm our results and clarify the interplay between short-term pain and long-term outcomes such as fusion quality and functional restoration. Moreover, future investigations could integrate surgical factors, psychological variables, muscle imaging data, rehabilitation metrics, and social support parameters into a comprehensive dataset. The application of machine learning and artificial intelligence modeling may further refine predictions and identify nuanced, individualized risk profiles for postoperative pain.

This study offers a multifactorial perspective on the determinants of short-term postoperative pain following PLIF. By elucidating the roles of surgical parameters, paraspinal muscle indices, psychological factors, and rehabilitation behaviors, we provide a foundation for more targeted, patient-centered interventions aimed at mitigating early postoperative pain, improving satisfaction, and ultimately enhancing the quality of care for patients with degenerative lumbar spine disease.



5 Conclusion

This study, by employing multifactorial analyses, identifies key determinants of short-term postoperative pain following PLIF from multiple dimensions—including the number of fused levels, drainage volume, paraspinal muscle condition, and postoperative rehabilitation exercises. The findings underscore that short-term pain is not merely a consequence of a single surgical technique or individual patient characteristic, but rather a complex phenomenon shaped by multiple interacting factors. The health of deep paraspinal muscles such as the multifidus plays a critical role in maintaining spinal stability and alleviating pain, while appropriate early mobilization and structured rehabilitation exercise prescriptions are equally pivotal. At the same time, surgical strategy, perioperative management, and patient psychological status form a complex network that modulates pain. Identifying these independent risk factors and implementing targeted interventions may enable clinicians to optimize postoperative rehabilitation, enhance patient experiences, and ultimately improve overall treatment quality.
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