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Abstract

Study Design: Systematic review and meta-analysis.

Objectives: We performed this meta-analysis to evaluate whether intradiscal Platelet Rich Plasma(PRP) injection has any
beneficial role in the management of lumbar disc disease.

Methods: We conducted independent and duplicate electronic database searches including PubMed, Embase, and Cochrane
Library till September 2020 for studies investigating the role of intradiscal PRP in the management of lumbar disc disease. The
analysis was performed in the R platform using OpenMeta[Analyst] software.

Results: 13 studies including 2 RCTs, 5 prospective, and 6 retrospective studies involving 319 patients were included in
the meta-analysis. A single-arm meta-analysis of the included studies showed a beneficial effect of the intervention in
terms of pain relief outcomes like VAS score (p < 0.001), pain component of SF-36 (p ¼ 0.003) while such improvement
was not seen in functional outcome measures like ODI score (p ¼ 0.071), the physical component of SF-36 (p ¼ 0.130)
with significant heterogeneity noted among the included studies. No structural improvement in magnetic resonance
imaging was observed (p ¼ 0.106). No additional procedure-related adverse events were noted in the included studies
(p ¼ 0.662).

Conclusion: There is a paucity of high-quality studies to give conclusive evidence on the benefits of intradiscal PRP for
lumbar disc disease. Although intradiscal PRP injection has shown some beneficial effect in controlling pain for lumbar disc
disease, we could not find structural or functional improvement from the included studies. Hence, we recommend large
double-blind double-arm randomized controlled studies to analyze the benefits of the intervention being analyzed.
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Introduction

Chronic pain in lower back falls under one of the most common

etiology of prime importance in adulthood resulting in physical

disability and overall cast a high impact on economic, social,

and health aspects. Out of all the causes of low backache, age-

related intervertebral disc degeneration pose major morbidity

and affects the functional quality of life of individuals.1,2 Bio-

chemically, the degenerated intervertebral disc is characterized

by extracellular matrix degradation, loss of proteoglycan and

water in nucleus pulposus and proteoglycan, fibronectin, and

collagen disruption in annulus fibrosus, which may further lead

to disruption of the internal architecture of the disc, tears,

cracking and fissuring.3,4 These changes lead to the generation

of dull aching pain around the particular vertebral level.5
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Other Outcomes: MRI signal change and reported

complications

Risk of Bias and Quality Assessment

Two reviewers independently assessed the methodological

quality of the included studies using The Cochrane Collabora-

tion’s RoB 2 tool for Randomised Controlled Trials(RCTs)18

and the ROBINS-I tool for non-randomized studies which has 5

and 7 domains of bias assessment respectively.19

Statistical Analysis

We performed this meta-analysis using R platform with Open-

Meta[Analyst].20 Outcomes with continuous variables were

analyzed using Weighted Mean Difference (WMD) with 95%
Confidence Intervals (CI) while for outcomes with dichoto-

mous variable outcomes Odds Ratio(OR) with 95% CI was

used. I2 test was used for heterogeneity assessment.21 We used

fixed-effects model for analysis if I2 < 50% and p > 0.1,

otherwise, a random-effects model was employed. In case of

heterogeneity in the outcomes analyzed, sensitivity analysis

was performed. Funnel plot and Egger Regression test was used

for publication bias assessment.

Results

Search Results

Comprehensive search at electronic database generated 1544

articles and the aforementioned were subjected to initial screen

for removing duplicate article. Afterward the screening pro-

cess, it resulted in 1227 articles. Upon title and abstract screen-

ing of the resultant articles, notably we excluded 1204 articles.

Therefore, 23 articles qualified for reviewing the full-text. On

full-text review by both the reviewers 11 of them were

excluded. A list of excluded articles was given in Supplemen-

tary File 2. Finally, 12 studies including 2 RCTs15,22, 5 pro-

spective studies23-27, and 5 retrospective studies28-32 having a

total of 317 patients were included in our analysis. At a glance,

PRISMA flow diagram of study selection has been depicted as

Figure 1 and general characteristics of the studies included in

our meta-analysis have been elucidated in Table 1.

Figure 1. PRISMA flow diagram of the included studies. PRP, platelet-rich plasma; #, list of excluded studies are given in Supplementary File 2.
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Though the intervertebral disc possess limited healing poten-

tial, there is increased expression of proinflammatory cytokines

and disarticulation of internal disc architecture which forms the

pathogenesis of discogenic low backache.5,6

Due to the inherent avascular nature and limited regenera-

tion capacity of the intervertebral disc, the global researchers

traced out the path of biological regeneration. The concept of

“Orthobiologics” has paved a way for degenerative diseases of

the spine with a potential for regeneration. Of all orthobiolo-

gics, Platelet Rich Plasma (PRP) has proven the potentials of

regeneration of the degenerated disc.7 PRP consists of a supra-

normal concentration of autologous platelets in a small amount

of plasma. They remain a potential source of growth factor that

are essential for wound healing and synthesis of the extracel-

lular matrix.8

PRP has shown to possess the potentiality of reverting

pathophysiology of the degenerated disc whereby noted to

alter cytokines release at molecular level in a way that the

anti-inflammatory cytokines are upregulated and pro-

inflammatory cytokines in contrary are downregulated respec-

tively.9 PRP being an autologous product, the risk of immune

reactions are negligible.10 Since PRP has anti-inflammatory

and anti-microbial properties, the risk of infection in the

post-injection period for disc regeneration is less.11,12 Wang

et al.13 reviewed the role of PRP in degenerative disc disease

among various tissue models and established their benefits at

the cellular level. Khalaf et al.14 established the restoration of

mechanical properties of the denatured disc with a significant

increase in glycosaminoglycan content compared to the con-

trols. Hence, PRP therapy seems promising to quiesce the

inflammatory cascade and to restore the structural integrity

of the degenerated anatomy.

To harness the potential of PRP in clinical practice toward

disc regeneration various studies were undertaken. But only a

few of the human trials have established their beneficial effects

on human subjects15 and there is a need for a comprehensive

systematic review to summarize the available evidence for

evaluating their use in routine clinical practice. We conducted

the present meta-analysis for analyzing it comprehensively

whether intradiscal injection of PRP has any beneficial role

in managing the lumbar disc disease from the available

literature.

Methods

We present herewith a meta-analysis study which was being

performed by duly cohering the guidelines of the Back Review

Group of Cochrane Collaboration16 and aim to report the same

based on the Preferred Reporting Items for Systematic Reviews

and Meta-Analyses (PRISMA).17

Search Strategy

Two reviewers conducted an independent literature search for

studies evaluating the role of intradiscal application of PRP for

managing degenerative disease of the lumbar disc. Electronic

database search was conducted in PubMed, Web of Science,

Embase, and the Cochrane Library until September 2020. Our

search was neither restricted to any particular language nor

confined to a specific time period. Keywords used for the

search were as follows: “spine,” “platelet,” “disc,” “lumbar

disc herniation,” “PRP,” “platelet-rich plasma” together with

Boolean operators such as “AND,” “OR” and “NOT.” The

search strategy used for PubMed database has been given in

Supplementary File 1. We also searched the reference list of the

selected articles to identify studies not identified in the primary

search. We included and analyzed all the studies meeting the

inclusion criteria. Any discrepancy between the reviewers was

resolved through discussion until a consensus was obtained. A

PRISMA flow diagram for study selection into the analysis has

been depicted for the same as Figure 1.

Inclusion Criteria

Population Patients with lumbar disc disease.

Intervention Intradiscal injection of PRP

Comparator Placebo

OutcomesVisual Analog Scale (VAS) score, Oswestry Dis-

ability Index (ODI), Magnetic Resonance Imaging (MRI)

signal density changes, Short Form Health Survey Question-

naire (SF-36), and complication rate

Time frame minimum 6 months follow-up

Study Design RCTs, prospective studies and retrospective

cohort studies.

If sufficient placebo-controlled studies are not available, we

considered having a single-arm meta-analysis being done to

evaluate the beneficial effect of the intervention compared to

the pre-operative state of the patient.

Exclusion Criteria

All those studies on PRP injection in regions other than the

affected disc such as epidural or intra-muscular regions for

lumbar disc disease were excluded. We also excluded anato-

mical studies and studies involving animal models to evaluate

the intervention being analyzed.

Data Extraction

Data was extracted from the articles included in analysis by 2

independent reviewers respectively. Notably, the data extracted

from the studies was as follows:

1. Study characteristics: Author, year of publication,

nature of study, number of patients enrolled, and duration of

follow-up

2. Baseline characteristics: mean age, gender proportions,

pre-operative pain, and functional scores

3. Primary Outcome: Pain relief as measured by VAS

score at final follow-up

Secondary Outcomes: Functional improvement as mea-

sured by ODI score, SF-36 score at final follow-up

2 Global Spine Journal
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Other Outcomes: MRI signal change and reported

complications

Risk of Bias and Quality Assessment

Two reviewers independently assessed the methodological

quality of the included studies using The Cochrane Collabora-

tion’s RoB 2 tool for Randomised Controlled Trials(RCTs)18

and the ROBINS-I tool for non-randomized studies which has 5

and 7 domains of bias assessment respectively.19

Statistical Analysis

We performed this meta-analysis using R platform with Open-

Meta[Analyst].20 Outcomes with continuous variables were

analyzed using Weighted Mean Difference (WMD) with 95%
Confidence Intervals (CI) while for outcomes with dichoto-

mous variable outcomes Odds Ratio(OR) with 95% CI was

used. I2 test was used for heterogeneity assessment.21 We used

fixed-effects model for analysis if I2 < 50% and p > 0.1,

otherwise, a random-effects model was employed. In case of

heterogeneity in the outcomes analyzed, sensitivity analysis

was performed. Funnel plot and Egger Regression test was used

for publication bias assessment.

Results

Search Results

Comprehensive search at electronic database generated 1544

articles and the aforementioned were subjected to initial screen

for removing duplicate article. Afterward the screening pro-

cess, it resulted in 1227 articles. Upon title and abstract screen-

ing of the resultant articles, notably we excluded 1204 articles.

Therefore, 23 articles qualified for reviewing the full-text. On

full-text review by both the reviewers 11 of them were

excluded. A list of excluded articles was given in Supplemen-

tary File 2. Finally, 12 studies including 2 RCTs15,22, 5 pro-

spective studies23-27, and 5 retrospective studies28-32 having a

total of 317 patients were included in our analysis. At a glance,

PRISMA flow diagram of study selection has been depicted as

Figure 1 and general characteristics of the studies included in

our meta-analysis have been elucidated in Table 1.

Figure 1. PRISMA flow diagram of the included studies. PRP, platelet-rich plasma; #, list of excluded studies are given in Supplementary File 2.
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Of the 12 included studies, 10 studies enrolled patients with

refractory low back pain with concordant changes in MRI and

localized the problematic level with positive discography find-

ings intraoperatively before the intervention is being applied.

Whereas C Kristin et al.23 in their study did not use discography

to localize the level of pathology and included patients who had

degenerative disc disease with predominant discogenic back

pain based on clinical and radiological parameters and who

were refractory to conservative care for 6 months. In case of

multilevel involvement they applied the intervention to all the

degenerated levels. Similarly, D Levi et al.25 enrolled patients

who were either diagnosed to have discogenic back pain based

on positive discography or clinic-radiological parameters. All

the studies excluded patients with non-discogenic source of

back including spinal canal stenosis and instability.

Since the control group for the intervention was available in

only one of the RCTs15 included we performed a single-arm

meta-analysis of the effects of intervention including all the 12

studies. Since the included studies were of various study

designs, we hereby present the results in a stratified manner

based on the nature of their study design for each outcome

analyzed.

Quality Assessment

The methodological quality and the risk of bias of the included

prospective randomized, prospective non-randomized, and ret-

rospective studies were given in Figure 2 and Figure 3 respec-

tively. Since the studies included were of single-arm design, we

excluded the intervention classification bias domain from the

ROBINS-I tool. Although the risk of bias was high in one of the

included RCTs22 due to selective reporting of the analysis of

the treatment arm, we included them into our analysis since we

performed only single-arm meta-analysis. All the studies being

subjected to our aimed analysis did not warrant exclusion with

regard to their methodological quality.

Primary Outcome

VAS Score

2 RCTs,15,22 5 prospective23-27, and 3 retrospective28-30 studies

involving 281 patients reported the outcome of the intervention

based on VAS Score at the final follow-up. The mean VAS

score pre-intervention was 6.98 which reduced to 2.65 at the

final follow-up post-intervention. Hence a 4.33 scale reduction

Figure 2. Risk of bias evaluation of the RCTs using the ROB 2 tool.

Muthu et al 5
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of VAS was noted. Significant heterogeneity was noted among

the included studies (I2 ¼ 97.84%, p < 0.001) Hence, a

random-effects model was used for analysis. On stratifying

the analysis based on the level of evidence of the studies, we

found that VAS score in RCTs were significantly reduced

(WMD ¼ 3.644, 95% CI [0.626, 6.663], p < 0.001). Interest-

ingly, we noted similar results upon analyzing the prospective

(WMD ¼ 3.483, 95% CI [1.816, 5.149], p < 0.001) and retro-

spective studies (WMD ¼ 5.535, 95% CI [2.532, 5.734],

p < 0.001) respectively as shown in Figure 4.

To further analyze the effect of the intervention on the pain

relief, we analyzed the results of the included studies based on

their mean scores categorized based on the follow-up period

found a steady maintenance of pain scores as shown in Figure 5.

Secondary Outcome

ODI Score at Final Follow-Up

3 prospective studies23-25 and 1 retrospective study32 involving

97 patients reported ODI scores at the final follow-up. The

Figure 3. Risk of Bias evaluation of the non-randomized studies using the ROBINS-I tool.

6 Global Spine Journal
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mean ODI score in the included patients pre-intervention was

35.35 which reduced to 22.25 at the final follow-up post-

intervention. Hence a mean reduction of 13.1 in the ODI score

was noted. We noted significant heterogeneity among the stud-

ies included under this meta-analysis (I2 ¼ 96.63%, p < 0.001)

Hence, analysis was done by random-effects model. On strati-

fying the analysis based on the level of evidence of the studies,

no significant reduction in the ODI score was noted among

prospective studies (WMD ¼ 9.485, 95% CI [-0.801,

19.771], p ¼ 0.071). However, a significant difference was

noted in analyzing the retrospective study (WMD ¼ 13.014,

95% CI [2.795, 23.232], p ¼ 0.013) as shown in Figure 6.

SF-36 Score at Final Follow-Up

SF-36 Pain Score

2 RCTs15,22 involving 64 patients compared the scores of the

pain component of the SF-36 health questionnaire. The mean

pain score of the included patients pre-intervention was 43.49

which improved to 70.84 at the final follow-up post-

intervention. Hence a mean improvement of 27.35 in the pain

component of the SF-36 score was noted. We noted a signifi-

cant heterogeneity among the studies included for analysis (I2

¼ 91.3%, p< 0.001) Hence, we used random-effects model for

analysis. On analysis, a significant improvement in the pain

component of SF-36 score was noted (WMD ¼ -27.867, 95%
CI [-46.565, -9.170], p ¼ 0.003) as shown in Figure 7.

SF-36 Physical Score

2 RCTs15,22 and one retrospective study28 involving 70 patients

compared the scores of the physical component of the SF-36

health questionnaire. The mean physical component score of

the included patients pre-intervention was 49.2 which

improved to 64.2 at the final follow-up post-intervention.

Hence a mean improvement of 15 in the physical component

of the SF-36 score was noted. Significant heterogeneity was

noted among the studies included for analysis (I2 ¼ 85.23%,

p < 0.001) Hence, we used random-effects model. On stratify-

ing the analysis based on the level of evidence of the studies, no

significant reduction in the ODI score was noted among RCTs

(WMD ¼ -16.030, 95% CI [-36.804, 4.744], p ¼ 0.130). How-

ever, significant difference was noted on making the analysis

including the retrospective study (WMD ¼ -15.180, 95% CI

[-27.935, -2.425], p ¼ 0.02) as shown in Figure 7.

Figure 4. Forest plot of the included RCTs, non-randomized prospective, and retrospective studies comparing VAS score between the baseline
and final follow-up.

Figure 5. Analysis of VAS score reduction post-intervention across
varied follow-up period among the included studies.

Muthu et al 7
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Other Outcomes

MRI Signal Change

3 retrospective studies28,29,31 involving 27 patients reported the

post-operative signal changes in the MRI at the final follow-up.

Of the 27 cases, 4 cases had signal changes in the MRI. On

analysis no significance difference was noted compared to

the pre-operative state (OR ¼ 0.184, 95% CI [0.024, 1.437],

p¼ 0.106) as shown in Figure 8. To take a note, we did not find

any significant heterogeneity between individual studies being

hereby analyzed (I2 ¼ 0%, p ¼ 0.912).

Complication Rate

9 studies including 1 RCT22, 3 prospective studies23,25,26, and 6

retrospective studies28-32 involving 220 patients reported the

complications noted in their study until final follow-up. Of the

220 cases, only 2 cases had a minor complication in the form of

transient sensory disturbance which recovered within 7 days of

onset. On analysis no significance difference was noted com-

pared to the pre-operative state (OR ¼ 0.758, 95% CI [0.219,

2.625], p ¼ 0.662) as shown in Figure 8. There was no signif-

icant heterogeneity between individual studies included in the

analysis (I2 ¼ 0%, p ¼ 0.999).

Figure 7. Forest plot of the included RCTs, non-randomized prospective, and retrospective studies comparing pain and physical component of
SF-36 health questionnaire between the baseline and final follow-up.

Figure 6. Forest plot of the included prospective and retrospective studies comparing ODI score between the baseline and final follow-up.
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Sensitivity Analysis

Importantly, we performed a sensitivity analysis while analyz-

ing each respective subsets. Results such as VAS score, SF-36

pain component score, MRI signal change, and complications

were not significantly altered by sequentially omitting each

study in the meta-analysis. However, the significance of the

results of the ODI and SF-36 physical component scores were

altered on omitting certain studies from the analysis. Hence

based on the sensitivity analysis their results were stratified

based on the study design and only the results of prospective

studies with results on ODI score and SF-36 physical compo-

nent were taken into further consideration as shown in Figure 5.

On the other hand, results maintained their consistency upon

reanalysis by changing to random-effects model.

Publication Bias Analysis

Evaluation of the publication bias of the included studies was

done using the Funnel plot and Egger Regression test based on

the VAS score reported. We hereby mention that we didn’t note

any evidence of significant publication bias by the Egger

Regression test (p ¼ 0.578) and a symmetric distribution of

the studies on both the sides of the plot within the 95% CI

implying minimal publication bias as demonstrated by funnel

plot in Figure 9.

Discussion

Autologous PRP is a cocktail of various growth factors with an

inherent potential to promote nucleus pulposus differentiation

and regeneration.33,34 Due to the enormous availability of

growth factor pockets in autologous PRP, they tend to induce

the paracrine factors and local mechanisms in the degenerated

Figure 8. Forest plot of the included RCTs, non-randomized prospective, and retrospective studies comparing the complications and reported
MRI changes at final follow-up.

Figure 9. Funnel plot for VAS score of the included studies.
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discs and proceed toward disc regeneration.35,36 With the avail-

ability of phenotypically stable cells in the disc, it is possible to

regenerate the early degenerated discs with a variety of cyto-

kines derived from autologous PRP.37 The bio-active micro-

molecules produce supra-physiological effects in the

microenvironment and stabilizes the extracellular matrix which

nurtures locally available stem cells to regenerate.10 The

administration of micromolecules under fluoroscopic guidance

carries less risk comparing with spinal surgeries and minimizes

the risk to spinal injury to the maximum possible extent.

Evidences of both in vivo and in vitro clinical trials have

proved the efficacy on the usage of multiple growth factors to

induce the disc regeneration with positive results.38-40 Regen-

erative medicine experts exhibited the proliferation of annulus

fibrosus cells after 4 days of TGF-b1 exposure.41 Hayes et al.38

revealed the stimulation of sulfated GAG and type I & II col-

lagen synthesis by annulus cells when exposed to TGF-b1 and

IGF-1. Administration of IGF-1 and PDGF reduces the per-

centage of apoptotic annulus fibrosus cells.41 Chen et al.42 pos-

tulated that PRP promoted the regeneration of nucleus pulposus

cells and resulted in significantly accumulation of matrix and

raised levels of mRNAs responsible for chondrogenesis, more-

over, a significant rise in the disc height index was observed in

the PRP regeneration groups. Due to the unstable release of

growth factors from the injected PRP, various researchers have

introduced the usage of gelatin hydrogel microspheres along

with PRP and shown the results of retardation of disc degen-

eration and regeneration of disc cells.10 In vivo studies, PRP

has shown the improvement of disc height and disc hydration.43

Thus, platelets serve as a biological sponge as they can absorb,

store and transfer micromolecules that regulate disc

regeneration.44

Main Finding

We made a comprehensive and systematic reviewe of all the

available literature on intradiscal injection of PRP for lumbar

disc disease and found that

Pain relief was noted in patients undergoing an intradiscal

injection of PRP based on outcomes like VAS score

(p < 0.001) and pain component of the SF-36 questionnaire

(p ¼ 0.003) although significant heterogeneity was noted

among the included studies.

No functional improvement based on the ODI score

(p¼ 0.071), the physical component of the SF-36 questionnaire

(p ¼ 0.130), or structural improvement based on MRI signal

changes (p ¼ 0.106) were observed in patients undergoing

intradiscal injection of PRP.

No procedure-related additional adverse events were noted

among the included studies (p ¼ 0.662)

Comparison With Other Meta-Analyses

J Sanapati et al.45 assessed the effectiveness of PRP injection

for managing pain in lower back wherein their meta-analysis

including one RCT and 5 observational studies. They also

found a significant reduction in low back pain similar to our

results, however, their analysis was limited by the number of

included studies, and their results were not stratified accord-

ingly to the design of the studies involved.

T Hirase et al.46 in their critical review analyzing the role of

intradiscal PRP injection for managing degenerative disease

involving lumbar disc included one RCT and 4 case series for

analysis. Owing to the limited number of included studies, they

were able to conclude only on the improvement in pain com-

pared to the baseline and not on the structural or functional

components as in our study.

On comparing the results of our meta-analysis with that of

the only double-blinded double-arm randomized controlled

trial on intradiscal PRP by YA Tuakli-Wosornu15 they noted

a significant improvement in pain and patient satisfaction. On

contrary to our finding they founded a significant improvisa-

tion in functional improvement based on the SF-36 health sur-

vey in both pain and physical component, Functional Rating

Index and modified North American Spine Society outcome

questionnaire during their short-term follow-up of 8 weeks

compared to the controls which need further validation by long

term studies.

Apart from these 2 systematic reviews, other reviews 34,35,47-50

involving the intradiscal injectionofPRP for lumbar degenerative

discdiseasewere not systematic or comprehensive enough to give

an overall summary of evidence on the subject on varied out-

comes as analyzed in our study.

Directions for Future

Although studies using PRP for low back pain have shown that

the intervention was effective in managing the back pain, only

one double-blinded double-arm study with a limited patient

number without specific characterization of the PRP prepara-

tion demonstrated some positive results in limited outcome

measures. Moreover, only a few studies have evaluated and

documented successful radiological changes in disc post-

intervention. Clinical evidence that PRP particularly induced

tissue repair inside the degenerated discs has not been con-

firmed yet. Hence future studies are needed to establish the

definite role of PRP in the management of degenerated disc

diseases.

Although the results of the studies analyzed were promising

we are awaiting the results of the completed trials on this

intervention to further strengthen the evidence on the interven-

tion.51 Future research on defining the ideal patient character-

istics which have the maximum potential for response and the

effects of various methods of preparation of PRP such as leu-

kocyte rich- or poor-PRP, with/without activation, either the

platelets as a whole or their releasate which provides maximum

beneficial role needs to be analyzed in detail in future.

Limitations

The limitation of the current meta-analysis was that it involved

single-arm trials which need further validation by large double-

10 Global Spine Journal
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blinded double-arm randomized controlled trials. We also had

significant heterogeneity among the outcomes measures

between the studies included. The practical limitation of the

included studies involves the utilization of devices from mul-

tiple manufacturers to prepare the PRP used among the studies

analyzed.

Conclusion

There is a paucity of high-quality studies to give conclusive

evidence on the benefits of intradiscal PRP for lumbar disc

disease. Although intradiscal PRP injection has shown some

beneficial effect in controlling pain for lumbar disc disease, we

could not find structural or functional improvement from the

included studies. Hence, we recommend large double-blind

double-arm randomized controlled studies to analyze the ben-

efits of the intervention being analyzed.
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