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Abstract
Background  Although platelet-rich plasma (PRP) has been increasingly used for the treatment of lumbar disc 
herniation (LDH), its effect on patient outcomes lacks systematic assessment. This study aimed to compare the effects 
of PRP treatment and other treatments in LDH patients using the Oswestry Disability Index (ODI) and two visual 
analog scales (VASs) via a meta-analysis.

Methods  We systematically searched relevant studies from the PubMed, Embase, and Cochrane Library databases 
from their inception to October 24, 2024. The visual analog scale of back pain (VAS-BP), visual analog scale of leg 
pain (VAS-LP), pooled VAS and ODI score data at 1, 3, 6, and 12 months after surgery were extracted. A fixed/random 
effects model was used for the meta-analysis. Sensitivity analysis was performed to explore the main sources of 
heterogeneity and investigate the robustness of the results.

Results  This meta-analysis included 8 studies involving 697 patients. The results revealed that the ODI in the PRP 
group was significantly lower than that in the control group at most time points after surgery (P < 0.05). The VAS-BP 
score at 3 and 6 months after surgery, the VAS-LP score at 3, 6, and 12 months after surgery, and the pooled VAS score 
at the 3 months after surgery (P < 0.05) were significantly lower in the PRP group.

Conclusions  Intradiscal PRP injection can significantly alleviate long-term pain and dysfunction in LDH patients, and 
its efficacy is greater than that of the control treatment; however, further studies are needed to verify the long-term 
mechanism involved.
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Background
Lumbar disc herniation (LDH) is a common clinical 
disease that causes low back pain and leg pain, with an 
increasing incidence in younger individuals [1].

The treatment methods for LDH range from conser-
vative treatment to surgical treatment and include anal-
gesics, traction, physical therapy, manual therapy, and 
psychological treatment [2]. With the advancement of 
minimally invasive spine technology, percutaneous endo-
scopic lumbar discectomy is widely accepted as the pre-
ferred surgical method for uncomplicated LDH because 
of its significant advantages [3–5]. However, these treat-
ments are not effective for all LDH patients. Platelet-rich 
plasma (PRP), which is rich in various growth factors, 
has shown enormous potential in promoting disc repair 
[6–8]. Although the efficacy of PRP in promoting tissue 
repair and reducing inflammation has been confirmed in 
various medical fields, its application in the treatment of 
low back pain and LDH still remains to be explored.

PRP is an autologous blood-derived product that can 
release high concentrations of platelet-derived growth 
factors to enhance the body’s natural healing response 
[9–11]. PRP also has antibacterial properties and may be 
able to prevent infection [12, 13].

Local injection of PRP has been reported to be an 
effective way to reduce pain, disability, and functional 
limitations and to improve structural integrity and bio-
mechanical strength in various painful conditions, 
including tendinopathy, muscle strain injury, ligament 
injury and knee joint osteoarthritis. In vitro experiments 
have shown that [14–19] PRP can regulate the metabo-
lism of intervertebral disc cells and promote the repair 
of degenerated discs in rabbits [20, 21]. Moreover, intra-
articular injection of PRP in the knee can reduce pain 
and improve knee joint function and quality of life in 
young patients with low-grade joint degeneration [22]. 
Moreover, the reason to apply PRP in different medical 
contexts is similar to what is expected from the paracrine 
actions of mesenchymal stem cells; they provide a broad 
array of cytokines that can trigger a healing response 
regardless of the underlying pathological process or 
injury mechanism [23, 24].

Although there are published meta-analyses on the role 
of PRP in spinal diseases, the study inclusion strategies 
are inconsistent in most of these reviews and evidence 
from retrospective and non-randomized studies were 
included in the analyses [2, 25–34]. PRP is becoming 
increasingly widely used in the LDH treatment, but few 
studies have evaluated the effects of PRP on LDH patient 
prognosis, and evaluations of long-term outcomes are 
lacking. Therefore, a systematic review and meta-analysis 
were conducted in this study to comprehensively evalu-
ate the clinical efficacy of PRP in the treatment of LDH 
and to explore the potential mechanisms involved.

Methods
This review was conducted in accordance with the guide-
lines outlined in the Cochrane Handbook for Systematic 
Reviews of Interventions and complied with the Pre-
ferred Reporting Items of the Systematic Reviews and 
Meta-analysis (PRISMA) [35]. In addition, the quality of 
this systematic review was evaluated using the A Mea-
surement Tool to Assess Systematic Reviews (AMSTAR) 
checklist [36].

Search strategy
Two independent investigators systematically searched 
the electronic databases PubMed, Embase, and the 
Cochrane Library from their inception to October 24, 
2024, with no language or publication time restrictions. 
We searched PubMed and the Cochrane Library via the 
medical subject headings (MeSH) and the Embase data-
base via the Embase subject headings (Emtree) in com-
bination with free-text words related to lumbar disc 
herniation (LDH) and platelet-rich plasma (PRP) (includ-
ing synonyms and closely related words). A detailed 
search strategy with specific terms such as “Intervertebral 
Disc Displacement”, “Spinal Diseases”, “Low Back Pain” 
and “Platelet Rich Plasma” was used. To identify possibly 
missed publications, we also manually searched the refer-
ence lists of previous systematic reviews and meta-analy-
ses. The citations of the initial retrieval were downloaded 
and merged into Endnote X9 software. Duplicate records 
were identified, analyzed and deleted manually. Accord-
ing to the population, intervention, comparison, results 
and study design (PICOS) guidelines, two investigators 
independently reviewed the titles and abstracts to iden-
tify potentially eligible studies.

Inclusion criteria
Potential studies that met the following predetermined 
criteria were included in the analysis:

(1) Inclusion criterion: patients with lumbar disc dis-
ease combined with nerve root pain.

(2) Intervention: Patients who underwent spinal sur-
gery were treated with percutaneous PRP injection dur-
ing surgery.

(3) Results and related indicators: VAS-BP and VAS-LP 
scores at 1, 3, 6, and 12 months after surgery and pooled 
VAS and ODI scores.

(4) Study design: Cohort study and randomized con-
trolled trial.

We excluded conference papers, reviews and meta-
analyses, studies published in languages other than 
English, studies that did not provide sufficient data and 
studies that were irrelevant.
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Data extraction
The following data were extracted: first author; publica-
tion year; country; duration of the study; sample size; 
sample type; the male-to-female ratio; the amount of PRP 
injected; the injection route; and the VAS-BP, VAS-LP, 
and pooled VAS scores and ODI at 1, 3, 6, and 12 months 
after surgery.

Quality assessment
The researchers used the Newcastle‒Ottawa scale (NOS) 
[37], and the total score for each study was 9 points and 
the NOS scores ranged from 0 to 7 and 8–9 (indicating 
low-quality and high-quality studies, respectively). Addi-
tionally, the Cochrane Risk of Bias tool for randomized 
trials was used to perform an independent assessment of 
the risk of bias [38].

All analyses were performed using STATA/SE 12.0 soft-
ware (University Station, Texas, USA) and Review Man-
ager 5.4 (The Cochrane Collaboration, Software Update, 
Oxford, UK). Descriptive statistics were performed for 
all the outcome indicators, and the quantitative data are 
expressed as the means ± standard deviations. Changes 
in quantitative indicators (differences before and after 
the intervention) were used to compare the experimental 
group and the control group. The Cochrane Q test and 
the i2 test were used to evaluate the heterogeneity among 
the studies. Heterogeneity was considered statistically 
significant when i2 was ≥ 50% or P was < 0.05. When i2 
was ≤ 50%, the fixed effects model was used for meta-
analysis. When I2 was > 50%, a random effects model 
was used for the meta-analysis. To explore the sources of 
inter-study heterogeneity, our group performed a series 
of analyses based on the volume and route of PRP injec-
tion; VAS-BP, VAS-LP, and pooled VAS scores; and ODIs 
at 1, 3, 6, and 12 months after surgery. Sensitivity analysis 
was performed sequentially to assess the stability of the 
results. All the statistical tests were two-way analyses, 
and P < 0.05 indicated a statistically significant difference 
between the experimental group and the control group.

Results
Literature search
Through a systematic literature search, we identified a 
total of 718 possibly relevant publications in three major 
databases, PubMed (174 publications), Embase (464 pub-
lications), and the Cochrane Library (80 publications), 
excluding 148 duplicate records and 531 irrelevant pub-
lications on the basis of screening titles and abstracts. 
Subsequently, we selected 39 possibly relevant studies for 
full-text review and excluded 31 publications that were 
reviews or meta-analyses lacking sufficient data, were 
irrelevant or were non-English publications. Finally, eight 
papers met the inclusion criteria, and all were written in 
English [1, 2, 32, 39–43] (Fig. 1).

Characteristics of the studies
The 8 included studies were published between 2021 and 
2024. The total sample size was 697 patients (342 patients 
in the PRP group and 355 patients in the control group), 
and the follow-up time of these studies ranged from 1 to 
18 months. PRP interventions included intradiscal injec-
tion (n = 4) and transforaminal epidural injection (n = 4), 
with a dose range of 2–8 mL (Table 1).

Primary outcome
We conducted a meta-analysis on the VAS-BP, VAS-LP, 
and pooled VAS scores and ODIs at 1-, 3-, 6-month and 
12-month after the surgery, respectively (Table  2). The 
mean difference (MD) and standardized mean differ-
ence (SMD) in the data were calculated by the difference 
between the value after intervention and the baseline 
value before intervention.

VAS-BP scores
The VAS-BP scores of the PRP group were lower than the 
control group (p < 0.05) at 3 months (SMD: -0.27, 95% CI: 
-0.47–0.07) and 6 months (SMD: -0.24, 95% CI: -0.47–
0.01) after surgery (Fig. 2).

VAS-LP scores
In the PRP group, the VAS-LP scores were lower than the 
control group (p < 0.05) at 3 months (SMD: -0.47, 95% CI: 
-0.71–0.24), the 6 months (SMD: -0.49, 95% CI: -0.73–
0.26) and the 12 months (MD: -0.45, 95% CI: -0.75–0.16) 
after the surgery (Fig. 3).

Pooled VAS scores
The PRP group was superior to the control group only at 
3 months after surgery (MD: -0.35, 95% CI: -0.61 to -0.09, 
p = 0.008), and there was no significant difference at other 
time points (Fig. 4).

ODIs
There were significant differences in the ODIs between 
the PRP group and control group (p < 0.05) 1 month (MD: 
5.20, 95% CI: 1.98–8.41), 3 months (SMD: -0.24, 95% CI: 
-0.41–0.07), 6 months (MD: -5.29, 95% CI: -9.41–1.17) 
and 12 months (MD: -6.91, 95% CI: -9.67–4.14) after 
surgery. However, the ODI score in the first month was 
lower in the control group (Fig. 5).

Risk of bias and sensitivity analysis
Figure 6 shows the results of the Cochrane Risk of Bias 
tool for randomized trials, which was used to assess the 
quality of the randomized controlled trials included in 
this study. Table  3 shows the results of the Newcastle‒
Ottawa scale, which was used to assess the quality of 
other cohort studies. Given the limited number of sub-
jects, the publication bias estimation and sensitivity 
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analysis of the included studies would not produce mean-
ingful results. Nevertheless, we performed sensitivity 
analysis for each group, and the results suggested robust-
ness (see the appendix in the electronic supplementary 
material). Funnel plots were generated for the pain relief 
VAS scores and ODIs, indicating that there was no signif-
icant publication bias (see the appendix in the electronic 
supplementary material).

Discussion
Major findings
This meta-analysis summarized the data of 4 cohort stud-
ies and 4 randomized controlled studies and revealed 
that PRP injection for LDH treatment resulted in the 

significant alleviation of pain, promotion of nerve repair, 
and improvements in spinal function and quality of life, 
with the greatest effects being on pain relief and quality of 
life. In addition, PRP demonstrates long-term effective-
ness in pain reduction in LDH patients, showing continu-
ous clinically significant effects compared to the control 
group. The follow-up results extending up to one year 
proved that these effects were long lasting. Over time, 
we observed that the efficacy of PRP treatment tended 
to be greater than that of the different control groups 
in most cases [2, 32, 40, 42, 44]. On the other hand, we 
evaluated the changes in disc degeneration after PRP 
injection from an imaging perspective. The study showed 
that PRP significantly restored disc height, indicating 

Fig. 1  Flowchart of study selection process
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that PRP hydrogel injection did improve disc remodeling. 
Furthermore, Pfirrmann grading allowed assessment of 
changes in disc architecture. At the final follow-up, intra-
discal PRP injection improved MRI imaging of the disc, 
and Pfirrmann grading increased between groups [1, 43, 
45]. However, we also found that under certain circum-
stances, such as in the early stage of the disease, the VAS 
and ODI scores were lower in some of the patients in the 
control group.

Potential mechanisms
The mechanism of action, regimens, and feasibility of 
PRP in treating LDH remain unclear. First, the common 
treatment of LDH includes a combination of methods, 
such as activity restriction, physical therapy, non-ste-
roidal anti-inflammatory drugs, and analgesic injection, 

which have been shown to relieve symptoms but do not 
affect progression. PRP, an FDA-approved treatment, 
has been successfully used by orthopedic surgeons for 
decades for musculoskeletal diseases [46]. Additionally, 
injections used before surgery also increase the effective-
ness of treatment after LDH surgery, and the biological 
treatment program has a positive impact on the long-
term prognosis of patients [47].

PRP provides not only a useful matrix for cell prolifera-
tion but also a variety of biologically active factors, such 
as vascular endothelial growth factor and platelet-derived 
growth factor, which facilitate the recruitment of mesen-
chymal stromal cells and fibroblasts to the injury site and 
stimulate subsequent cell proliferation and biosynthetic 
activity [48]. In vitro studies with animal and human 
intervertebral disc cells have demonstrated the beneficial 
effects of PRP [49]. When cultured with PRP, interverte-
bral disc cells presented increased proteoglycan synthesis 
and atrial fibrillation (AF) cell proliferation. Moreover, 
PRP appears to have an inhibitory effect on the harmful 
inflammation caused by TNF-α and interleukin-1 pro-
duced by human nucleus pulposus (NP) cells [50].

In addition, PRP injection for LDH could not only effec-
tively repair annular defect but also, over time, increase 
the spinal cross-sectional area (SCSA) and reduce the 
required dose of dicyanopyrazine (DPZ). These findings 
indicate that PRP plays an active role in annular defect 
repair and contributes to the reconstruction of interver-
tebral disc tissue [40, 51–55]. Platelets and fibrin in PRP 
can adhere to the annulus fibrosus cells, which helps to 
effectively restore the structural integrity of the annulus 
fibrosus [40, 51, 52, 55, 56]. PRP has strong plasticity and 
ideal characteristics for intervertebral disc tissue recon-
struction. It can act as a potential adhesive for repairing 
the annulus fibrosus [57]. In addition, PRP can promote 
the proliferation and differentiation of chondrosarcoma 
in the annulus fibrosus to convert annulus fibrosus tis-
sue to cartilage tissue [58]. This can effectively reduce 
the formation of scar tissue in the intervertebral disc and 
simultaneously increase the formation of the extracellu-
lar matrix in vitro, facilitating disc repair [6, 58]. Annu-
lus fibrosus repair results in the formation of a physical 
barrier between the disc contents and blood, which helps 
reduce the degree of inflammation and minimizes post-
operative pain symptoms [6, 58, 59].

Finally, a holistic approach to elucidating the role of 
PRPs in healing mechanisms involves understanding that 
the PRP actions are more than those attributed to their 
powerful growth factors (GFs). The presence of various 
GFs in platelets’ alpha granules and their involvement 
in boosting tissue healing grounded the hypothesis of 
the clinical use of PRPs, but we should also consider the 
controversy regarding whether platelet number (concen-
tration factor relative to peripheral blood) and growth 

Table 2  Summary of meta-analysis
Variables Studies Participants SMD/MD (IV, 

Random, 
95% CI)

p-value

VAS-BP
3 months 4 391 -0.27 [-0.47, 

-0.07]
0.007

6 months 3 293 -0.24 [-0.47, 
-0.01]

0.04

12 months 2 263 -0.25 [-0.60, 
0.09]

0.15

VAS-LP
3 months 3 293 -0.47 [-0.71, 

-0.24]
< 0.0001

6 months 3 293 -0.49 [-0.73, 
-0.26]

< 0.0001

12 months 2 263 -0.45 [-0.75, 
-0.16]

0.003

Variables Studies Participants SMD/MD (IV, 
Random, 95% 
CI)

p-value

Pooled VAS
1 month 3 246 0.43 [-1.11, 

1.97]
0.58

3 months 3 244 -0.35 [-0.61, 
-0.09]

0.008

6 months 4 306 -0.54 [-1.33, 
0.26]

0.19

ODI
1 month 4 344 5.20 [1.98, 

8.41]
0.002

3 months 6 537 -0.24 [-0.41, 
-0.07]

0.005

6 months 7 599 -5.29 [-9.41, 
-1.17]

0.01

12 months 3 387 -6.91 [-9.67, 
-4.14]

< 0.00001

VAS-BP, visual analog scale of back pain. VAS-LP, visual analog scale of leg pain. 
ODI, Oswestry Disability Index. SMD, Std. mean difference. MD, Mean difference

Pooled VAS, pooled visual analog scale. ODI, Oswestry Disability Index. SMD, 
Std. mean difference. MD, Mean difference
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factor concentration are paramount in PRP formulations. 
While traditional approaches of tissue healing research 
focused on separate GFs– e.g., recombinant human 
platelet-derived growth factor (rhPDGF-BB), recombi-
nant human fibroblastic growth factor (rhFGF) or recom-
binant human epidermal growth factor (rhEGF)– have 
shown some clinical benefits in difficult-to-heal wounds, 
they provide a limited understanding of healing mecha-
nisms. System biology postulates that “networks are 
more than the sum of the parts”. This premise enhances 
knowledge regarding the difficulties in finding qual-
ity parameters able to control efficacies of the different 
blood derivatives [60, 61].

Implications
No studies have evaluated the application and mecha-
nism of PRP injection in the LDH treatment; therefore, 
this meta-analysis is very important. By evaluating and 
comparing the efficacy and safety of PRP and other dif-
ferent regimens in the treatment of LDH, this study pro-
vides a detailed comparison for doctors, which helps to 
optimize strategies for treating LDH and provides more 
effective treatment options and better care for patients. 

In the future, PRP preparation standards and injection 
techniques need to be optimized, and long-term follow-
up studies should be conducted.

In addition, it is very important to consider the eco-
nomic cost and resource utilization of surgery or con-
servative treatment to assist medical institutions and 
patients in understanding the specific needs and burdens 
associated with different treatment options.

Next, the use of PRP combined with other medi-
cal procedures, such as fractional laser, extracorporeal 
shockwave therapy or ultrasonic therapy, has not been 
explored and merits further research. Similarly, trans-
lational research on the association of the different PRP 
formulations/configurations with tissue grafts, or cellular 
products (bone marrow concentrate, SVF, mesenchymal 
stem cell) can enhance our molecular knowledge and 
provide meaningful clinical data [24, 62].

Finally, platelet-rich plasma (PRP) can be obtained 
through autologous blood; the acquisition channel is 
simple, and there are no ethical issues with other alloge-
neic biological preparations [63]. The clinical preparation 
method is also simple and can be prepared through com-
mon centrifugal equipment such as hospital centrifuges 

Fig. 2  Changes in VAS-BP after (A) 3, (B) 6, and (C) 12 months of treatment. PRP, platelet-rich plasma. VAS-BP, visual analog scale of back pain
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and has strong clinical feasibility. It is rich in growth 
factors, and clinical and scientific research has proven 
that PRP has considerable potential in the field of tissue 
regeneration and repair [64].

Evidence based on other systematic reviews on PRP
Overall, pain intensity has been evaluated in the litera-
ture using different parameters such as VAS score, and 
functional outcomes have been measured by the Oswes-
try Disability Index (ODI).

The majority the systematic reviews published to date 
[27, 28, 33] highlighted the lack of high quality and reli-
able evidence on this subject. In a recent systematic 
review, Machado et al. [28] concluded that a majority of 
published studies have revealed positive results regard-
ing the effectiveness of PRP, with a relatively low risk of 
overall bias. The quality of evidence supporting the use 
of PRP for LBP was graded as level-II (defined as “moder-
ate evidence from at least one relevant high-quality RCT 
or multiple relevant moderate-/lower-quality RCTs). The 
studies emphasized the need for large-scale, multi-cen-
tered RCTs on this subject to further substantiate their 
observations.

In another systematic review by Kubrova et al. [27], 
12 studies (3 RCTs and 9 observational studies) were 

considered. While pain intensity was the primary out-
come evaluated; functional improvement, radiological 
findings and complications were the secondary outcome 
parameters considered. They also demonstrated that 
PRP was associated with similar or longer pain relief, 
with effects extending up to 12 or 24 months. The Grad-
ing of Recommendations Assessment, Development and 
Evaluation (GRADE) framework highlighted the very low 
certainty of the available evidence due to the risk of bias 
and imprecision. We therefore conducted a meta-analysis 
including only RCTs (2 additional RCTs have been pub-
lished since the last review) in order to provide a more 
definite conclusion on this subject [65].

Benefits and limitations
The current meta-analysis has the following strengths. 
First, to the best of our knowledge, this is the largest and 
most comprehensive meta-analysis of high-quality cohort 
studies related to this topic, and it provides the latest evi-
dence of the effectiveness of PRP injection in the treat-
ment of LDH, including outcome-related indices such as 
VAS scores and the ODI. Second, we used Mesh/Emtree 
to conduct a comprehensive literature search in three 
major databases—PubMed, Embase and the Cochrane 
Library—to identify the original publications that met 

Fig. 3  Changes in VAS-LP after (A) 3, (B) 6, and (C) 12 months of treatment. PRP, platelet-rich plasma. VAS-LP, visual analog scale of leg pain
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the inclusion criteria. This approach was taken to mini-
mize the impact of publication bias in the pooled results 
and to increase the reproducibility of the findings. Third, 
we followed the PRISMA guidelines and used the NOS 
and the Cochrane Risk of Bias tool for randomized trials 
for complete, informative and transparent reporting of 
the included studies. Next, sensitivity analysis was used 
to test the stability of the results. Finally, we evaluated 
the similarities and differences between the experimental 
group and the control group by calculating the changes 
in the means and standard deviations of the scores, 
such as the VAS score and the ODI, before and after the 
intervention.

Moreover, our study has several potential limitations. 
First, the number of publications included in our meta-
analysis was relatively small, and sensitivity analysis was 
affected by the study with the highest weight. Therefore, 
further high-level studies are needed to confirm these 
findings. Second, the short follow-up period limited the 
examination of the long-term efficacy of PRP treatment, 

which, is a key aspect of chronic pain management. In 
addition, these publications used different standards 
for pain scores; some used VAS-BP and VAS-LP scores, 
whereas others used the pooled VAS score. In addition, 
PRP administration methods were different among the 
studies; PRP was administered after percutaneous endo-
scopic lumbar discectomy (PELD) in some studies, while 
ultrasound-guided transforaminal PRP injections were 
performed in other studies. However, in general, the 
quality and methods of these studies were consistent, 
and the risk of bias was generally low. Finally, the data we 
used were compared in terms of differences between the 
post-intervention data and the pre-intervention data. In 
the process of calculating the differences, data loss inevi-
tably occurs, which leads to biased results.

Conclusions
In summary, this study showed that PRP injection for 
the treatment of LDH could significantly reduce the VAS 
and ODI scores and that, compared with other injection 

Fig. 4  Changes in pooled VAS after (A) 1, (B) 3, and (C) 6 months of treatment. PRP, platelet-rich plasma. Pooled VAS, pooled visual analog scale
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methods, PRP injection had a more durable effect. PRP 
hydrogel injection for the LDH treatment is a safe and 
promising method, but more studies are still needed to 
prove the beneficial effect of PRP on the prognosis of 
LDH patients.

Fig. 5  Changes in ODI after (A) 1, (B) 3, (C) 6 and (D) 12 months of treatment. PRP, platelet-rich plasma. ODI, Oswestry Disability Index
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Fig. 6  Risk of bias (green = low risk; red = high risk; yellow = unknown) (Review Manager version 5.4)
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