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Objective: Although percutaneous endoscopic lumbar discectomy (PELD) has shown favorable outcomes in the treatment of LDH patients, the issue of recurrence caused by potential disc degeneration remains unresolved. Regenerative therapy with platelet-rich plasma (PRP) injection offers the potential to reduce recurrence rates and improve clinical outcomes. This systematic review and meta-analysis evaluated the clinical efficacy of combining PELD with PRP injection as a novel therapeutic approach for LDH.



Methods: A comprehensive literature search was conducted in the PubMed, Embase, Web of Science, and Cochrane databases, with the search period ending on October 30, 2024. Data were extracted and analyzed to evaluate recurrence rates, pain relief, functional outcomes, and intervertebral disc health status.



Results: A total of 4 eligible studies were identified in this research, comprising 421 patients, of whom 212 received the combined treatment of PRP and PELD, while 209 underwent PELD alone. The results demonstrated that the combined PELD and PRP therapy significantly reduced recurrence rates (OR: 0.21, 95% CI: 0.07 to 0.64, p = 0.006) and improved VAS pain scores for both back and leg pain at specific follow-up time. Additionally, intervertebral disc height at the final follow-up was significantly greater in the combined PELD and PRP group (MD: 0.88, 95% CI: 0.57 to 1.20, p < 0.00001), indicating the potential of the combined therapy to restore degenerative discs.



Conclusions: The study indicates that PELD combined with PRP therapy provides better clinical outcomes compared to PELD alone, particularly in reducing recurrence rates, alleviating pain, and improving functional recovery. However, future studies with larger sample sizes and extended follow-up durations are warranted to validate the long-term efficacy and safety of this innovative therapeutic approach.



Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO/view/CRD42024621150, PROSPERO CRD42024621150.
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Introduction

Lumbar disc herniation (LDH) is a relatively common spinal disorder and has become a leading cause of lower back and leg pain (1). With the trend of younger onset of LDH, its social and clinical impact has drawn widespread attention (2). For patients with mild symptoms, conservative treatment can lead to recovery within 1–3 months (3). However, recurrent and severe LDH eventually requires surgical intervention to resolve persistent symptoms and prevent recurrence (4). Traditional open surgery achieves favorable clinical outcomes by completely removing the calcified intervertebral disc. However, laminectomy and extensive dissection of the paraspinal muscles can result in significant tissue damage and complications (5, 6).

Advances in minimally invasive spinal surgery have popularized percutaneous endoscopic lumbar discectomy (PELD). Compared to traditional open surgery, PELD offers shorter recovery times and better preservation of spinal anatomy, largely maintaining lumbar spinal stability (7, 8). Despite its advantages, PELD has been associated with intraoperative nerve-related complications, primarily including postoperative numbness and pain (9). On the other hand, PELD focuses mainly on neural decompression, leaving underlying degenerative changes within the disc unaddressed, which may limit long-term outcomes and predispose patients to recurrence. To reduce recurrence rates and improve clinical efficacy, a growing number of researchers are focusing on regenerative treatments for intervertebral discs (10, 11).

The integration of regenerative therapies has opened new avenues for the treatment of degenerative spinal diseases (12). For instance, platelet-rich plasma (PRP), with its high concentration of growth factors that stimulate tissue repair, regulate inflammation, and support disc remodeling (13, 14), has emerged as a promising adjuvant therapy. Mechanistically, PRP can drive tissue repair and regeneration by regulating the release of growth factors and binding to extracellular receptors on target cells, thereby promoting cell differentiation, proliferation, and migration (15). The healing potential of PRP has been demonstrated across various medical fields, and its application in spinal diseases, particularly as a combined therapy with surgical techniques such as PELD, is gaining increasing attention from clinicians (16). By potentially promoting annular repair and reducing inflammation, PRP combined with minimally invasive discectomy holds promise for improving the long-term clinical outcomes of LDH and reducing recurrence rates. However, current evidence evaluating the significant advantages of the combined use of PELD and PRP remains limited and fragmented, with existing studies often constrained by small sample sizes or methodological inconsistencies. Furthermore, there is a lack of evidence assessing the short-, medium-, and long-term clinical efficacy of the combined PELD and PRP therapy.

This systematic review and meta-analysis aims to systematically assess whether PELD combined with PRP injection improves clinical outcomes compared to PELD alone in patients with LDH, with specific focus on pain relief, functional recovery, recurrence rates, and intervertebral disc health.



Materials and methods


Search strategy

We performed comprehensive literature searches in PubMed, Embase, Web of Science, and Cochrane databases, covering publications from their inception to 30 October 2024. The following keyword combinations were utilized: (“percutaneous endoscopic lumbar discectomy” OR “PELD” OR “endoscopic discectomy” OR “platelet-rich plasma” OR “PRP” OR “platelet concentrates”) AND (“lumbar disc herniation” OR “LDH” OR “herniated lumbar disc” OR “lumbar intervertebral disc herniation”). Boolean operators (including OR, AND, NOT) were used to ensure both comprehensiveness and precision in the search terms. The complete search strategy for PubMed is provided in Supplementary Table S1. Two authors independently screened the retrieved literature and evaluated it against the inclusion criteria based on titles and/or abstracts. Discrepancies were resolved through discussion with a third senior author. Full-text articles meeting the inclusion criteria were comprehensively reviewed, and their references were manually examined to ensure the inclusion of all relevant studies. This meta-analysis was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (17, 18). The study was registered with the International Prospective Register of Systematic Reviews (PROSPERO) under the ID CRD42024621150 prior to initiating the database search and study selection process.



Inclusion and exclusion criteria

Inclusion criteria:

	1)The study subjects were adult patients diagnosed with lumbar disc herniation (LDH) who met the diagnostic criteria based on clinical symptoms and imaging examinations (e.g., MRI or CT);

	2)The experimental group received PELD combined with PRP injection therapy;

	3)Included clinical evidence consisted of randomized controlled trials (RCTs), prospective cohort studies, retrospective cohort studies, and case-control studies;

	4)Only English-language literature was included;

	5)The studies were required to report at least one primary clinical outcome measure, such as recurrence rate, pain in the back and legs, the Macnab criteria, Pfirrmann grade, pain relief (e.g., VAS score), or functional improvement (e.g., ODI score).


Exclusion criteria:


	1)Reviews, letters, abstracts, commentaries, case reports, and studies that are not case-control studies;

	2)Preclinical studies based on cell models, animal models, or cadaveric research were excluded;

	3)Studies with fewer than 10 cases in either the experimental group or the control group;

	4)Literature with significant confounding factors (e.g., patients with major comorbidities that affect the evaluation of treatment outcomes) or flaws in study design.





Study selection and data extraction

Two independent authors (Hua Song and Ying Zhang) screened titles and abstracts. The extracted information primarily included the first author, year of publication, study design, age, gender, sample size, follow-up duration, PRP injection volume, pain and functional scores at different follow-up time points, and primary outcomes (number of recurrence cases and complications). The summarized data were reviewed and verified by a third author to ensure accuracy.



Quality assessment

This study included one RCT and three retrospective cohort studies, with the quality of the RCT assessed using The Cochrane Collaboration's tool (19) and the retrospective cohort studies evaluated using the Newcastle-Ottawa Scale (NOS). Specifically, The Cochrane Collaboration's tool evaluates seven aspects: random sequence generation, allocation blinding, blinding of participants, blinding of outcome measures, incomplete outcome data, selective reporting, and other biases. The judgment of risk of bias is expressed using three categories: “low risk”, “high risk”, and “unclear risk”. A NOS score of ≥7 was considered low risk of bias, a score of 4–6 indicated moderate risk of bias, and a score <4 was classified as high risk of bias. Two independent and experienced authors rated the studies, and final scores were determined through discussion with a senior third author.



Outcomes of interest


Primary outcomes


	1)Recurrence rate at the follow-up endpoint;

	2)VAS scores for back and leg pain, and ODI score (3 days, 3 months, 6 months and 12 months);





Secondary outcomes


	1)The Macnab criteria (Excellent, Fair, Good) and Pfirrmann grade (Ⅱ, Ⅲ, Ⅳ);

	2)The Japanese Orthopaedic Association (JOA) score;

	3)Final follow-up intervertebral disc height.






Statistical analysis

This study used the I2 statistic and χ2 test to evaluate heterogeneity. According to the Cochrane Handbook, heterogeneity was classified as follows: 0%−40% as low heterogeneity, 30%−60% as moderate heterogeneity, 50%−90% as substantial heterogeneity, and 75%−100% as considerable heterogeneity. When I2 ≤ 50% and p > 0.10, the combined data were considered to have no significant heterogeneity, and a fixed-effect model was applied. Otherwise, a random-effects model was used for pooled effect analysis (20). Differences in dichotomous variables, such as recurrence rate and the Macnab criteria, were analyzed by calculating the odds ratio (OR), while continuous variables were evaluated by calculating the mean difference (MD), both with 95% confidence intervals (CI) (21). Subgroup analyses were conducted based on the time points for each outcome measure. We planned to assess publication bias using funnel plots and Egger's test if more than 10 studies were included for any outcome. Sensitivity analyses were planned to assess the impact of excluding studies with high risk of bias. All data analyses were performed using RevMan version 5.4 software (The Cochrane Collaboration, Copenhagen, Denmark). A p-value < 0.05 was considered statistically significant.




Results


Literature search

A comprehensive search of four major electronic databases (PubMed, Embase, Web of Science, and Cochrane databases) initially identified 2,536 articles. After independent screening by one author, 2,143 duplicate articles were manually removed. Subsequently, the titles and abstracts of the remaining articles were reviewed, resulting in the exclusion of an additional 376 articles. Finally, 17 articles were subjected to full-text review, and 4 articles meeting the eligibility criteria were selected for further data analysis. The PRISMA flow diagram for this study is presented in Figure 1.


[image: Figure 1]
FIGURE 1
Flowchart of the study based on the PRISMA guidelines.




Study characteristics

Table 1 provides detailed information on the study characteristics of the included articles. In terms of study design, all studies were retrospective cohort studies (22–24) except for one (25), which was an RCT. Overall, the studies were published between 2022 and 2024, with patient data originating exclusively from China. A total of 421 patients were included in the data analysis, of which 212 received PELD combined with PRP treatment, while the remaining 209 underwent PELD treatment alone. Specifically, the patients' age range was 31.7–58.35 years, BMI ranged from 18.2 to 28.27, and disease duration ranged from 1.19 to 31.94 months. Surgical levels were concentrated in L3/4, L4/5, and L5/S1. For PRP, the total blood volume used ranged from 18 to 50 ml, with an injection volume of 4–5 ml. Regarding outcome measures, three of the studies reported complications. Two studies comprehensively reported VAS scores for back and leg pain at four follow-up time points, all four studies reported ODI and VAS scores for low back pain at three months, three studies reported the Macnab criteria, and three studies reported the Pfirrmann grade.


TABLE 1 Characteristics of articles included in the meta-analysis.
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Quality assessment

Two independent authors meticulously rated the four included studies, with any discrepancies resolved through discussion with a third researcher. The RCT explicitly reported using a random number table for randomization. Apart from unclear risk for allocation concealment and blinding of outcome assessment, all other domains were rated as low risk of bias (Supplementary Figure S1). Two cohort studies received an NOS score of 9, and one study received a score of 8. All studies were evaluated as having a low risk of bias (Supplementary Table S2).




Clinical efficacy evaluation


Recurrence rate

To investigate whether PELD combined with PRP treatment offers a significant advantage over traditional PELD surgery in reducing the overall recurrence rate in patients with lumbar disc herniation, data on recurrence cases from three relevant studies were collected. The heterogeneity test results (I2 < 50%, p = 0.87) indicated no significant heterogeneity among the studies. The pooled data from these three studies demonstrated that the recurrence rate was significantly lower in the PRP + PELD group compared to the PELD-only group (OR: 0.21, 95% CI: 0.07 to 0.64, p = 0.006) (Figure 2).


[image: Figure 2]
FIGURE 2
Meta-analysis results of the overall recurrence rate.




VAS scores

The VAS score for low back pain is commonly used in clinical practice to assess the rehabilitation status of patients after lumbar surgery. All four included studies utilized this measure to evaluate pain outcomes for back and leg pain at different follow-up time points (3 days, 3 months, 6 months, and 12 months) (Figures 3A–D). For the assessment of leg pain, the pooled results demonstrated that the PRP + PELD group was associated with significantly lower pain levels at 3 months (short-term period) (MD: −0.28, 95% CI: −0.45 to −0.10, p = 0.002) and 6 months (mid-term period) (MD: −0.41, 95% CI: −0.62 to −0.20, p = 0.0001). However, pooled analyses for 3 days (shorter-term period) and 12 months (long-term period) showed no significant differences in leg pain scores between the groups.


[image: Figure 3]
FIGURE 3
Meta-analysis results of VAS scores for leg pain at different follow-up time. (A) VAS scores for leg pain at 3 days; (B) VAS scores for leg pain at 3 months; (C) VAS scores for leg pain at 6 months; (D) VAS scores for leg pain at 12 months.


For low back pain, the pooled results indicated that the PRP + PELD group was associated with significantly lower pain levels at the short-term period (3 months) (MD: −0.32, 95% CI: −0.50 to −0.14, p = 0.0004) and longer-term period (12 months) (MD: −0.28, 95% CI: −0.46 to −0.10, p = 0.002) follow-up time points. However, no significant differences in the VAS score for low back pain were observed between the two groups at shorter-term (3 days) and mid-term (6 months) evaluations (Figures 4A–D). Given the variations in PRP preparation and intervention across studies, a subgroup analysis of the 3-month VAS score for low back pain was conducted based on preparation method, total blood volume, and injection volume. The results indicated that, compared with the PELD-only group, the PRP preparation kits subgroup, total blood volume >30 ml subgroup, and an injection volume of 4.0 ml subgroup may exert a beneficial effect in reducing VAS scores for low back pain. However, due to the relatively small sample sizes within these subgroups, these findings should be interpreted with caution (Supplementary Figure S2).


[image: Figure 4]
FIGURE 4
Meta-analysis results of VAS scores for low back pain at different follow-up time. (A) VAS scores for low back pain at 3 days; (B) VAS scores for low back pain at 3 months; (C) VAS scores for low back pain at 6 months; (D) VAS scores for low back pain at 12 months.




ODI score

Although the follow-up time points varied, all four studies reported relevant data on the ODI score. In the shorter-term period (3 days), the pooled results indicated that the PRP + PELD group was associated with a significantly lower functional disability index (MD: −0.53, 95% CI: −0.89 to −0.16, p = 0.005). However, at 3 months, 6 months, and 12 months, no significant differences in ODI scores were observed between the two groups (Figures 5A–D). The subgroup analysis suggested that the total blood volume >30 ml subgroup and the 4.0 ml injection volume subgroup may have a positive effect on improving the 3-month ODI score. However, due to limitations in the number of studies and sample sizes, these findings should be interpreted with caution (Supplementary Figure S3).
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FIGURE 5
Meta-analysis results of ODI scores at different follow-up time. (A) ODI score at 3 days; (B) ODI score at 3 months; (C) ODI score at 6 months; (D) ODI score at 12 months.




The Macnab criteria

A total of three studies reported the Macnab criteria for postoperative patients, and we conducted pooled analyses of the data classified as “excellent”, “good” and “fair”. The results of the pooled analysis showed that the PRP + PELD group had a significantly higher rate of “excellent” outcomes (MD: 1.68, 95% CI: 1.07 to 2.65, p = 0.03), while the PELD group had a higher rate of “good” outcomes (MD: 0.59, 95% CI: 0.37 to 0.94, p = 0.03) (Figures 6A–C).


[image: Figure 6]
FIGURE 6
Meta-analysis results based on the Macnab criteria. (A) Macnab criteria (Excellent); (B) Macnab criteria (Fair); (C) Macnab criteria (Good).




The pfirrmann grade

Three studies reported the Pfirrmann grade outcomes for a total of 266 postoperative patients. The pooled analysis results showed that the PRP + PELD group had significantly fewer patients with Pfirrmann grade IV degeneration postoperatively (OR: 0.48, 95% CI: 0.29 to 0.79, p = 0.004) (Figures 7A–C), suggesting a potential improvement in disc degeneration.
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FIGURE 7
Meta-analysis results of postoperative pfirrmann grade. (A) The Pfirrmann grade (Ⅱ); (B) The Pfirrmann grade (Ⅲ); (C) The Pfirrmann grade (Ⅳ).




JOA score and final follow-up intervertebral disc height

In the evaluation of the JOR score, no significant differences were observed between the two groups (Figure 8). Interestingly, in the analysis of disc height at the final follow-up, the pooled results showed that the PRP + PELD group was associated with significantly greater disc height (MD: 0.88, 95% CI: 0.57 to 1.20, p < 0.00001) (Figure 9).


[image: Figure 8]
FIGURE 8
Meta-analysis results of JOA score.
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FIGURE 9
Meta-analysis results of intervertebral disc height at final follow-up.





Discussion

To the best of our knowledge, this meta-analysis is the first comprehensive evaluation of the clinical efficacy of PELD combined with intradiscal PRP injection for the treatment of LDH, analyzing its effects in terms of pain relief, functional recovery, and recurrence outcomes. The study indicated that PELD combined with PRP therapy provided better clinical outcomes compared to PELD alone. PRP has been shown in both in vitro and in vivo experiments to promote intervertebral disc cell regeneration, support neural function recovery, and downregulate the expression of inflammatory factors (26, 27). Intradiscal PRP injection holds promise in synergizing with surgery to alleviate symptoms while reducing the risk of recurrence after LDH surgery.

The main findings of this meta-analysis indicate that the recurrence rate during follow-up in LDH patients treated with PELD combined with PRP injection was significantly lower than in those treated with PELD alone, highlighting the effectiveness of incorporating PRP to improve clinical outcomes in LDH patients. In an earlier preliminary clinical trial, Akeda et al. (28) reported that intradiscal PRP injection for LDH patients was both safe and feasible. In a subsequent long-term follow-up study lasting up to 5.9 years, the same team demonstrated that 91% of patients experienced significant improvements in VAS and disability scores following intradiscal PRP injection (29). Furthermore, numerous researchers have confirmed the clinical efficacy of PRP in alleviating discogenic low back pain. Another long-term follow-up study, spanning 5–9 years, showed that PRP injection significantly improved pain and functional outcomes in patients with low back pain (30). A recent single-arm meta-analysis demonstrated the beneficial effects of intradiscal PRP injection on pain relief outcomes, with evaluation metrics including VAS and the Short Form Health Survey (SF-36) (31). In our pooled analysis, LDH patients treated with the combined PELD and PRP therapy exhibited significant pain improvement at both 3 months and 12 months, demonstrating the short- and long-term effectiveness of PRP in relieving pain. However, for VAS scores at 3 days and 6 months, only two studies were available, limiting the interpretability of these results.

In addition to alleviating pain, PRP has been shown to improve functional impairment in LDH patients. Centeno et al. (32) investigated the clinical efficacy of transforaminal epidural PRP injections in patients with lumbar radicular pain and found significant improvements in pain and functional impairment compared to baseline after a two-year follow-up. Similarly, Le et al. (33) reported a significant reduction in VAS and ODI scores in LDH patients following transforaminal PRP injections, with no adverse events observed. Jain et al. (34) found a positive correlation between platelet concentration in PRP and ODI scores in low back pain patients through a prospective clinical trial. Another study compared the efficacy of steroid injections and PRP injections for lumbar radicular pain, revealing similar clinical outcomes (in terms of pain and functional assessments), suggesting that PRP could serve as an alternative to steroids (35). In our study, pooled analysis demonstrated that the combined therapy of PELD and PRP injections significantly reduced disability indices, and the Macnab criteria showed a higher rate of excellent outcomes, indicating that the addition of PRP plays a positive role in improving functional outcomes in LDH patients.

Furthermore, intervertebral disc degeneration in LDH patients is accompanied by upregulation of pro-inflammatory factors and loss of extracellular matrix (36). Previous animal and in vitro cell experiments have validated the effects and potential mechanisms of PRP on disc degeneration. Gullung et al. (37) demonstrated that PRP administration exerted protective effects on damaged L4-L5 discs in rats, emphasizing the critical role of PRP in early intervertebral disc degeneration. In an in vitro organ culture system of degenerative discs, PRP was shown to promote nucleus pulposus regeneration and participate in cartilage formation, with a significant increase in the disc height index (38). Changes in disc height are an important indicator of the therapeutic efficacy of PRP injections for disc degeneration. In a rabbit model of disc degeneration, Obata et al. (39) observed that PRP facilitated the restoration of disc height, accompanied by an increase in the number of chondrocytes. Furthermore, a meta-analysis of animal studies revealed that PRP treatment significantly restored disc height and reduced histological degeneration grades (40). Consistent with these findings, our meta-analysis also showed a significant increase in disc height at the final follow-up in the PELD combined with PRP injection group, demonstrating its potential to restore degenerative discs.

The results of this meta-analysis highlighted the clinical efficacy of combining PELD with PRP injection in the treatment of patients with LDH, providing valuable evidence to support future clinical trials. Moreover, this innovative combined therapy may also influence clinical decision-making by encouraging clinicians to reconsider sole surgical interventions in favor of more integrated treatment approaches. However, this meta-analysis has several limitations. First, despite a comprehensive search and screening of four major databases, only four studies met the inclusion criteria for this emerging combination therapy, which may affect the robustness of the analysis results. Second, the follow-up time points in the included studies were not consistent, resulting in only two studies providing data for some specific time points in the pooled analysis. Third, the overall quality of evidence from all included studies was low. Future research should focus on large-sample, multicenter, and prospective RCTs to enhance the strength and reliability of the conclusions. Moreover, although the injection method of PRP was generally consistent, there were varying degrees of differences in PRP preparation (including preparation methods and blood volume) and dosage, which may contribute to divergent clinical outcomes. Although subgroup analyses were conducted based on PRP preparation methods, total blood volume, and injection volume, the limited number of studies and small sample sizes necessitate cautious interpretation of these findings. Finally, the follow-up duration in all included studies was ≤12 months, highlighting the necessity for further studies with extended follow-up periods and larger sample sizes. Future research should standardize PRP preparation methods, injection protocols, and follow-up timepoints to allow more robust comparisons across studies.



Conclusions

Compared to patients undergoing PELD alone, the combination of PELD and PRP injection therapy demonstrated positive effects in alleviating pain and improving function. Subgroup analysis at different follow-up time points also revealed improved clinical outcomes with the combined therapy. Due to the limited number of included studies, it is necessary to evaluate the long-term clinical efficacy and safety of this combined therapy by increasing the sample size and extending the follow-up duration.
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