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Abstract
Purpose of Review Regenerative medicine through interventional pain procedures is evolving with data demonstrating effi-
cacy for a number of pain states in recent years. Platelet-rich plasma (PRP), defined as a sample of plasma with a platelet 
concentration 3 to 5 times greater than the physiologic platelet concentration found in healthy whole blood, releases bioactive 
proteins which can restore anatomical function in degenerative states. PRP is dense in growth factors, such as platelet-derived 
growth factor, transforming growth factor-beta1, basic fibroblastic growth factor, vascular endothelial growth factor, and 
epidermal growth factors.
Recent Findings To date, well-designed case–control or cohort studies for the use of PRP have demonstrated efficacy in 
lumbar facet joint, lumbar epidural, and sacroiliac joint injections. At present, there is only level IV evidence indicating the 
need for larger and more carefully controlled prospective studies. PRP is utilized autogenously in order to facilitate heal-
ing and injection and has been studied in the long-term management of discogenic low back pain. In this regard, numerous 
studies have evaluated PRP to steroid injections in chronic pain states with favorable results.
Summary PRP represents an opportunity for a new strategy in the therapeutic treatment of degenerative states of spines, 
joints, and other locations throughout the body with evolving data demonstrating both safety and long-term efficacy.

Keywords Platelet-rich plasma · Chronic pain · Lumbar facet joint · Lumbar epidural · Sacroiliac joint injections

Introduction

Americans spend millions of dollars every year to allevi-
ate acute and chronic pain. However, few can find lasting 
relief. Therefore, it is not surprising that many providers 
and patients are hopeful for emerging treatment modalities. 
One of these therapeutic options gaining traction in pain 
management is platelet-rich plasma (PRP). The use of PRP 
as a therapeutic agent was first described in the 1950s in 
dermatology and oromaxillofacial surgery [1]. Since then, 
PRP has been used in medical fields ranging from otolaryn-
gology, orthopedics, sports medicine, neurosurgery, ophthal-
mology, urology, cosmetic dermatology, and cardiothoracic 
surgery [2•].

PRP typically contains ~ 3–5 times as many platelets as 
that found in healthy whole blood [3, 4]. Preparing PRP 
is relatively straightforward—a patient’s blood is obtained 
via venipuncture and then centrifuged to divide its com-
ponents. Generally, an anticoagulant factor is used before 
centrifugation, which separates red blood cells (RBCs) from 
platelet-poor plasma (PPP) and the “buffy coat,” contain-
ing the concentrated platelets and leukocytes. The platelets 
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are isolated using various methods and can then be directly 
injected into the patient or be “activated” via the addition of 
a combination of calcium chloride and/or thrombin, which 
then causes platelet degranulation and release of growth fac-
tors [4]. Patient-specific factors such as current medications 
and past medical history can influence the efficacy of PRP 
[5]. Additionally, its composition and commercial prepara-
tion methods can also affect outcomes [5]. This creates chal-
lenges in interpreting the available literature.

Given that there is no established protocol for obtaining 
PRP, various preparations currently exist. Formulations dif-
fer depending on the amount of whole blood obtained, the 
ratio of platelet capture efficiency, isolation method (one- or 
two-step centrifugation), the speed of centrifugation, and the 
type of collection tube system and operation. PRP prepara-
tions are typically further categorized into leukocyte-rich 
PRP (LR-PRP) preparations and leukocyte-poor PRP (LP-
PRP) preparations, defined by their neutrophil concentra-
tion compared to baseline [4]. There is ongoing speculation 
regarding the benefit of LR-PRP as compared to LP-PRP. It 
is thought that LR-PRP produces pro-inflammatory effects 
necessary for tendon healing, but excessive inflammation 
can lead to more pain, scarring, and fibrosis [4].

There is significant basic science research describing 
how PRP could benefit pain management, wound healing, 
and connective tissue repair. In comparison, there is a spar-
sity of clinical trials. In addition, evidence of its efficacy has 
been highly heterogeneous depending on the specific indi-
cation. Additional high-quality clinical trials with longer 
follow-ups will be critical in shaping our perspective of 
this treatment option. This comprehensive review describes 
current knowledge of PRP and its use in various medical 
specialties, and summarizes the latest recommendations 
regarding its use.

PRP for Pain Management and Mechanism 
of Action

After PRP preparation, the final product is a substance dense 
in growth factors—specifically, platelet-derived growth fac-
tor (PDGF), transforming growth factor-beta1(TGF-β1), 
basic fibroblastic growth factor, vascular endothelial growth 
factor (VEGF), and epidermal growth factors [4]. The two 
most significant of these are PDGF and TGF-β1, as they play 
vital roles in stimulating fibroblast proliferation and wound 
healing [6]. Alpha granules within platelets release both 
pro- and anti-inflammatory mediators that locally reduce 
pain and inflammation. These factors also alter the wound 
environment by promoting tissue healing and regeneration 
via the complex effects of regulation of stem cell migration, 
proliferation, differentiation, and a combination of anabolic 
and catabolic processes [4]. This saturated content of growth 

factors can then be injected directly into the desired location 
and augment the natural healing process.

PRP works by delivering a supraphysiologic amount of 
growth factors and cytokines contained within the alpha 
granules of platelets. PRP is a promising treatment modal-
ity with a higher safety profile than any current alternatives 
in musculoskeletal medicine. However, given the lack of 
current data, it is impossible to provide recommendations 
for several conditions for which PRP is currently being used. 
Based on current data, LR-PRP injection is a beneficial treat-
ment for lateral epicondylitis, but there is not sufficient evi-
dence for its routine use in patellar tendinopathy [7•]. LP-
PRP has been proven beneficial for knee osteoarthritis [7•]. 
The usage of PRP for rotator cuff tendinopathy, osteoarthri-
tis of the hip, high ankle sprains, anterior cruciate ligament 
(ACL) reconstruction, Achilles tendinopathy, acute frac-
tures, and rotator cuff repair is not currently recommended 
given available data [7•].

Studies regarding the use of PRP in chronic pain range 
from total pain alleviation to no reported clinical benefit. 
This discrepancy is the result of no uniform protocol method 
of PRP preparation. Some studies have shown that this vari-
ability is dictated by several factors, including patient health, 
methods used to prepare PRP, and methods of PRP applica-
tion [5]. Maximizing chronic pain relief in a reproducible 
fashion has become the goal of studies in various fields of 
medicine. New and larger studies involving comparable pro-
tocols and minimal other variables are needed to assess the 
true potential of PRP. Additional future high-quality, large 
clinical trials will be critical in shaping our perspective of 
PRP. The heterogeneity of PRP preparations, both presently 
and historically, has made interpreting the existing literature 
difficult and limits our ability to make definitive treatment 
recommendations.

PRP for Knee Pain

Osteoarthritis (OA) is the most common form of arthritis 
and, by itself, a highly prevalent disease with an expensive 
disease burden. Knee osteoarthritis (KOA) specifically 
being the most common subtype while also being the sec-
ond most expensive [8–10]. The pathophysiology of KOA 
is relatively unknown. Still, inflammation being the most 
common culprit pointed to as either a causative agent or 
a response to OA leading to further damage. Treatment is 
also often difficult due to the physiology of the knee and 
specifically the knee cartilage due to its avascular and lack 
of regenerative capacity. Finally, there is currently no cura-
tive treatment available, with a knee arthroplasty being the 
closest treatment that comes with its issues [11]. The main 
one being continued pain even after the operation, which has 
been reported as high as 25% [12].
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Treatment is often focused on slowing disease progres-
sion and treating symptoms using both pharmacological 
and non-pharmacological methods. Nonpharmacological 
approaches are usually patient education and managing 
risk factors with weight loss and exercise [13, 14]. Phar-
macological treatments can be broken down into noninva-
sive and invasive approaches, with noninvasive categories 
being medications like topical anti-inflammatories and oral 
non-steroidal anti-inflammatory drugs (NSAIDs). Invasive 
pharmacological treatments have included intraarticular (IA) 
corticosteroids, hyaluronic acid (HA), and PRP injections 
[13, 15]. While IA corticosteroid and HA injections have 
been the standard, PRP injections have shown promise in 
recent studies [16–18].

In a single-arm prospective study by Taniguchi et al., 10 
patients with early-phase KOA received three IA injections 
at 1-week intervals. Visual analog scale (VAS) pain scores 
were measured at baseline and then at 1-, 3-, and 6-month 
follow-up. During the study, all adverse effects were minor, 
including acute knee pain, stiffness, tingling, and walking 
pain, and all subsided within 48 h after injection. Eight out 
of ten patients had a decrease in VAS pain scores of greater 
than 50%, with benefits maintained during the 6-month fol-
low-up. The authors concluded that IA-PRP was safe for use 
with the potential to reduce the pain that is maintained up 
to 6 months after injection in the majority of patients [16].

Yaradilmis et al. conducted a prospective randomized 
controlled trial comparing LR-PRP IA, LP-PRP IA, and 
HA-IA knee injections in 90 patients. Patients were split into 
three groups, with each group receiving their injection a set 
day per week in 1-week intervals for three total injections. 
They measured outcomes using the VAS pain scale and 
Western Ontario and McMaster Universities Osteoarthritis 
(WOMAC) index, with scores recorded at baseline and right 
after the last injection. They then recorded them over the 
next 2 months, 6 months, and 12 months postinjection. The 
group found that while all three injections were effective 
in reducing symptoms, LR-PRP injections were shown to 
have the greatest effect. However, they did find that these 
methods were less effective on patients over 70, those who 
were female, and those who were obese [17].

In another prospective randomized controlled trial, PRP 
injections were compared to a placebo group that received 
saline injections [18]. The purpose of this study, therefore, 
was to assess the effects of PRP therapy on pain, function-
ing, quality of life, and cartilage thickness in patients with 
KOA. Sixty patients were selected, and injections were done 
similarly to previous studies: three times a week with 1-week 
intervals between injections. Baseline VAS and WOMAC 
scores were recorded and similar between the groups at the 
beginning of the study, along with distal femur cartilage 
thickness, measured via ultrasound. When measured after 
1- and 6 months following treatment, pain VAS scores were 

significantly lower in the PRP group compared to the con-
trol group, with only the pain subscore improving in the 
WOMAC assessment at 1 month. This improved all param-
eters of the WOMAC assessment at the 6-month follow-up 
for the PRP group. The cartilage thickness was unchanged in 
both the control and PRP group at the end of the study [18].

PRP has also been investigated in treatment for knee 
conditions outside of OA, one of the most common being 
meniscal tears, which occurs in 60 to 70 patients per 100,000 
[19]. To analyze PRP effects on meniscal tears, we looked at 
Everhart et al. [20]. This was a retrospective cohort study of 
550 patients who underwent isolated meniscal repairs with 
and without PRP injections post-op or meniscal repair with 
concomitant ACL repair that either did or did not receive 
PRP injections post-op. They looked at rates of meniscal 
repair failure up to 3 years after the operation, which was 
defined as subsequent meniscectomy, no evidence of healing 
on repeat arthroscopy, meniscal repair revision, or total knee 
arthroplasty. They found that in isolated meniscal repairs, 
PRP had a strong protective effect against meniscal failure 
at 3 years but showed no statistically significant benefit when 
a concomitant ACL repair was done during meniscal repair 
[18].

PRP for Back Pain

Back pain, specifically low back pain (LBP), is a highly 
common disease with a reported global prevalence of 7.3%. 
It can also be an incredibly debilitating disease limiting 
activities of daily living (ADLs) and is regarded as the 
fourth leading cause of disability worldwide, with an 18.6% 
increase from 2005 to 2015 [21, 22]. Epidemiological stud-
ies have shown the highest prevalence is in middle age, but a 
WHO collaborative cross-national survey showed that 37.0% 
of adolescents reported LBP monthly or more [23, 24]. This 
is especially troubling, considering twin studies have shown 
that persistent LBP in adolescents has a 3.5 times higher 
chance of continuing into adulthood [25]. Combine this 
with a globally aging population, and LBP appears to be an 
important condition that would benefit from an improved 
treatment regime moving forward.

A common etiology of LBP is intervertebral disc pathol-
ogy, with lumbar disc disruption and degenerative disc dis-
ease being the two most common pathologies [26, 27]. To 
examine PRP injections in the context of degenerative disc 
disease, Jain et al. enrolled 20 patients in a prospective 
single-arm interventional study. Selected patients include 
those who had a 6-month or more history of LBP without 
response to conservative management and evidence of con-
cordant pain with signs of degeneration on discography. 
Injections of LR-PRP were made into only the problematic 
discs identified on discography findings, with the tip of 
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the needle placed at the center of the disc. Pre-procedure 
numeric rating scale (NRS) pain scores and Oswestry dis-
ability index (ODI) scores were compared to the same 
metrics during follow-up at 3 and 6 months. A reduction 
in NRS and improvement in ODI scores were statistically 
significant at 3- and 6-month follow-ups, with over half of 
patients reporting greater than 50% improvement in both 
scores by 6-month follow-up. Four patients reported no 
pain relief at 6 months, and two initially having a decrease 
in pain and disability at 3 months, followed by an increase 
in scores at 6 months. However, the scores were still lower 
than the pre-procedure baseline scores [28].

When treating disc herniation with PRP injection, Xu 
et al. compared transforaminal injections of PRP to the 
standard treatment of steroids, specifically betamethasone 
being the control group in this study. This was a prospec-
tive, randomized-controlled study of 132 patients with 68 
patients in the control group and 64 patients in the PRP 
group. Multiple outcome measures were taken, with VAS 
scores, pressure pain thresholds (PPTs), rate and latency 
of F-wave, and ODI scores being the primary ones. These 
were measured pre-injection, and then all but F-wave rate 
and latency were recorded at 1 week, 1 month, 3 months, 
6 months, and 1 year post-operation; F-wave rate and latency 
were only obtained at 1 year post-procedure. It was found 
that while both treatment groups showed statistically signifi-
cant improvements at the 1-year follow-up for all outcome 
measures, there were no statistically significant differences 
between the two groups. While this study did not show that 
PRP was superior to the traditional steroid treatment, PRP 
was not associated with side effects common with steroids, 
such as neurotoxicity, hypercortisolism, hyperglycemia, and 
neurological injury. Furthermore, the contraindications for 
steroid use that limits its use, such as diabetes, osteoporosis, 
pregnancy, and infection, are not contraindicated for PRP 
injections. Therefore, this study supports the idea that PRP 
injections may be a safer alternative to steroid injections for 
herniated discs without sacrificing efficacy [29].

PRP for Other Pain Conditions

Musculoskeletal Disorders

PRP has also been used in the treatment of soft tissue inju-
ries, such as those of muscles, ligaments, and tendons. Mus-
cle groups, such as hamstrings, quadriceps, gastrocnemius, 
and hip flexors, are especially prone to injury. A review 
by Setayesh et al. examined the efficacy of PRP in sports-
related soft tissue injuries. In vitro studies supported the 
regenerative potential of PRP for acute soft tissue injuries. 
Using multiple clinical case series implementing PRP injec-
tions, they concluded that this could be an effective option 

for faster healing, less swelling, and decreased return to 
playtime in muscle strains [30].

In a systematic review and meta-analysis, Chen et al. 
explored the effectiveness of PRP in pain management for 
rotator cuff, tendinopathy, anterior cruciate ligament, patel-
lar tendinopathy, hamstring tendinopathy, and lateral epi-
condylitis using the visual analog scale (VAS) [31]. After 
including 37 articles in review and 21 for quantitative analy-
sis, it was found that compared to control (surgical repair 
without additional treatment), PRP may reduce pain associ-
ated with rotator cuff injuries and lateral epicondylitis [31].

Chronic Achilles Tendinopathy

Kearney et al. [32] conducted a participant-blinded, multi-
center randomized control trial in which all patients received 
one single intra-tendinous injection (either PRP or sham). 
The primary outcome observed was the measurement of the 
Victorian Institute of Sport Assessment-Achilles (VISA-A) 
score, which was adjusted for age, sex, and baseline. After a 
6-month follow-up, the VISA-A scores were 54.4 vs. 53.4, 
respectively. They concluded that a single injection of PRP 
could not be supported as an effective means of pain man-
agement for patients with chronic midportion Achilles ten-
dinopathy [32].

Anterior Cruciate Ligament Injury

To explore the effectiveness of PRP in ACL tears, Zicaro 
et  al. conducted a single institution study in which 40 
patients were identified with partial ACL tears and treated 
nonsurgically [33]. Patients in the first cohort were treated 
with one intraarticular injection of PRP and a specific physi-
cal therapy protocol. The second cohort received only physi-
cal therapy. Outcomes observed were clinical physical exam 
findings, Tegner activity level, Lysholm, and International 
Knee Documentation Committee scores, MRI findings prior 
to treatment, and then at 6-months follow-up. No significant 
difference was observed between the two cohorts regarding 
failure rate (clinical instability at follow-up requiring ACL 
reconstruction), return to sport, subjective outcomes, or MRI 
findings. This prospective comparative study found that the 
addition of PRP with physical therapy did not enhance treat-
ment with physical therapy alone [33]. Table 1 shows the 
clinical efficacy and safety of recent studies examining PRP.

Small Joint Osteoarthritis

Malahias et al. performed a blind, randomized, controlled 
trial using 33 patients with clinical and radiographic signs 
of OA in the first carpometacarpal joint [34]. After rand-
omization, 16 patients were assigned to group A, where they 
received IA-PRP injections, and 17 were assigned to group 
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B, where they received IA methylprednisolone and lidocaine 
injections into the affected joint under ultrasound guidance. 
Their outcome measures were VAS pain score, truncated 
disabilities of the arm, shoulder, and hand questionnaire 
(Q-DASH) score, and the patient’s subjective satisfaction 
with the treatment at baseline and at 3 and 12 month follow-
up [34]. At 12 months, the patients who had a VAS score 
of less than 20 out of 100, which is considered mild pain, 
62.5% were from the PRP group compared to only 12.5% in 
the steroid plus lidocaine group. The PRP group also showed 
improved function at the 12-month follow-up, as measured 
by the improvement in Q-DASH scores. Lastly, even the 
patient’s subjective sense of how they felt the treatment 
improved their lives was higher with the PRP group, with 
almost 70% saying they were satisfied, much higher than the 
12.5% in the control group at the 12-month follow-up [34].

Temporomandibular Disorder (TMD)

Temporomandibular disorder (TMD) is a musculoskeletal 
disorder caused by a massive insult like a hard strike to the 
jaw or many small insults like eating, yawning, teeth clench-
ing, or anything that would require repetitive opening and 
close against resistance [35]. TMD is a highly prevalent 
disease, with as much as 33% of the population experienc-
ing symptoms in their life and 4–7% having symptoms seri-
ous enough to seek treatment. The standard of treatment 
for TMD has been encouraging the patient to avoid hard or 
chewy foods and stress management/awareness techniques to 
prevent jaw clenching [36]. Invasive treatment with arthro-
centesis of the temporomandibular joint (TMJ) has shown 
some benefit, but it has been suggested as an alternative 
treatment given PRP’s proposed mechanism of action.

In a controlled clinical trial by Chandra et al., 52 patients with 
conservative treatment failure were randomized into receiving 
IA injection of PRP into the TMJ or arthrocentesis of the TMJ 
[37]. In both groups, all three outcome measures were improved 
at the 6-month follow-up compared to baseline. When compar-
ing differences between groups, PRP had a clear, statistically 
significant improvement when compared to arthrocentesis. They 
concluded that IA-PRP injection was technically more simple 
and effective, provided better pain relief, and returned more jaw 
function than the standard treatment for refractory TMD [37].

Plantar Fasciitis

In plantar fasciitis that is resistant to conservative, noninva-
sive treatment, corticosteroid injections are the next line of 
therapy, then followed by surgery [38]. Steroid injections 
have short-term benefits but do not provide long-term pain 
relief and are known to have long-term side effects [39]. PRP 
injections have been suggested as a possible alternative to 
steroid injections as a more long-term therapy with fewer 

potential side effects. In a double-blind, randomized con-
trolled trial by Peerbooms et al., they compared the standard 
steroid injection to an LR-PRP injection [39]. Once they 
adjusted for differing baseline FFI scores, the PRP group 
showed a significantly lower pain score than the control. 
The PRP group also showed improved FFI Disability scores 
when adjusting for baseline differences between the two 
groups. Finally, 84.4% of patients in the PRP group showed 
at least 25% improvement in FFI scores compared to only 
55.6% of patients in the control group.

Carpal Tunnel Syndrome

While PRP injections are typically used as an alternative 
conservative treatment to standard treatment in carpal tunnel 
syndrome, it has shown promise as an adjuvant to more inva-
sive procedures. In a prospective, randomized, controlled, 
triple-blinded clinical trial, 50 patients diagnosed with mild 
to extreme carpal tunnel syndrome were enrolled in a trial 
with 25 receiving PRP injections and 25 receiving PPP injec-
tions at the end of open carpal tunnel release surgery [40]. 
While outcomes improved for both groups, it was found that 
the PRP group regained their pre-surgery handgrip strength 
earlier than the PPP group [40]. This study concluded that 
PRP injections only significantly improved the speed with 
which patients regained their handgrip strength.

Conclusion

Given the lack of strong evidence regarding the use of PRP 
in a range of conditions currently, it is difficult to routinely 
recommend its use for the variety of the conditions for which 
it is currently being used to treat. Clinical trials with an 
emphasis on uniform PRP preparation and prolonged follow-
up are required to validate its recommendation. By identify-
ing different PRP formulations, including pinpointing the 
specific indications for leukocyte-rich and leukocyte-poor 
plasma that are effective in different diseases or different 
populations, the use of PRP as therapy will become more 
efficacious.

Our review of current clinical trials indicates that PRP 
injections are a promising treatment modality in knee and 
back pain, musculoskeletal pain and soft tissue trauma, 
small joint osteoarthritis, temporomandibular joint syn-
drome, plantar fasciitis, and carpal tunnel syndrome. How-
ever, recent clinical trials did not support the use of PRP 
for chronic midportion Achilles tendinopathy, ACL injury, 
and transforaminal injections of PRP for the management of 
radicular pain secondary to lumbar disc herniation.

A common theme seen in many of these studies was the 
safety of PRP (Table 2). Since the patient’s own plasma was 
being used, negative reactions from the treatment were low 
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besides the typical reactions seen during injections. Many 
studies reported only minor site reactions that resolved 
within 48 h. Compared to various side effects seen with 
steroid injections, which were commonly used as controls, 
the threshold for using PRP as a treatment in other condi-
tions should be low. Also, PRP injections may be useful for 
patient populations that cannot take steroids, such as diabetic 
patients. However, the technology and expertise needed to 
create consistent and safe PRP may not be accessible to all 
patients, which may be a barrier to its widespread adoption.
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