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Abstract

Purpose of the review Therapeutic options for the treatment of osteoarthritis (OA), the
most common type of arthritis, are limited, leaving many patients symptomatic and
resulting in extensive disability and economic cost. Platelet-rich plasma (PRP) has become
a therapeutic treatment offered by a number of practitioners for the management of a
variety of conditions from osteoarthritis to wound healing, dental procedures, soft tissue
injuries, and alopecia. As PRP is a blood product rather than a pharmaceutical agent and is
often administered autologously, it has not undergone standard pharmaceutical approval
processes. However, the use of PRP has thus far been grandfathered in jurisdictions such
as Canada due to its wide use for many years. As a result, the clinical utilization of PRP for
osteoarthritis has extended rapidly despite largely heterogeneous and often inconclusive
studies of its efficacy.
Recent findings In the last year, studies with a higher level of evidence have been
published that indicate that PRP may result in improved pain and function at later
timepoints (e.g., 6 and 12 months) compared with either hyaluronic acid or saline.
Summary This review will provide updated information of the scientific basis, clinical
studies, and future studies of PRP.
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Introduction

Osteoarthritis (OA) is a serious, often debilitating con-
dition currently ranked as the 11th highest contributor
to global disability based on data from the 2010 Global
Burden of Disease Study [1]. The most common type of
arthritis, OA, is reported to have a global age-
standardized prevalence of 3.8% and 0.85% for knee
and hip OA respectively [1]. Knee and hip OA can result
in chronic pain, immobility, and functional disability
and has been shown to be associated with excess mor-
tality [2, 3]. OA is also associated with substantial direct,
indirect, and intangible economic costs [3, 4]. Evidence-
based treatment guidelines for knee and hip OA vary
somewhat between organizations [5–8]. Non-surgical
interventions such as exercise, strength training, weight
management, self-management programs, acetamino-
phen, non-steroidal anti-inflammatory drugs (oral or
topical), oral COX-2 inhibitors, duloxetine, or cortico-
steroid injections are supported by studies of a good
level of evidence [8].

There are currently no recommended disease-
modifying therapeutic options for osteoarthritis. Recent-
ly, practitioners have started using a number of newer
therapies in an attempt to fill this therapeutic void de-
spite currently lacking sufficient evidence to support

their use: intra-articular platelet-rich plasma (PRP) injec-
tions are being used as a treatment for knee and hip OA,
as are other injected therapies including prolotherapy,
hyaluronic acid, and stem cell therapy. The most recent
Osteoarthritis Research Society International (OARSI)
guidelines recommended strongly against PRP and
intra-articular stem cell therapy given the low quality
of evidence and lack of standardization of the formula-
tions [8]. Similarly, the American Association ofHip and
Knee Surgeons, Hip Society, and Knee Society has re-
cently published a position statement indicating that
they cannot currently recommend either PRP or intra-
articular stem cell therapy for advanced knee or hip OA
[9]. Research into PRP injections for OA has been
expanding with in vitro, in vivo, and clinical studies
being published along with a number of meta-analyses.
The mechanisms of action and efficacy of PRP have thus
far been difficult to assess due to the heterogeneity of
techniques for the preparation and administration of
PRP, as well as the varied study designs utilized in their
research. This review will provide an updated discussion
of the basic science and clinical studies with a focus on
the most recent publications.

Osteoarthritis pathophysiology: a complex disease

OA has been historically described as symptomatic joint pain in the presence of
radiographic changes including joint space narrowing, osteophytes, bone scle-
rosis, and joint deformity. Studies of OA pathophysiology indicate a complex
interplay between molecular, mechanical, and inflammatory changes resulting
in cartilage degradation, synovitis, neuropathic pain, and osteophyte develop-
ment. Felt to be a heterogeneous disease, a variety of OA phenotypes have been
proposed so as to improve disease classification and potentially improve future
studies of pathophysiology and therapeutics [10]. Factors identified that may
modulate disease phenotype include radiographic severity, body mass index,
inflammation,muscle strength, and comorbidities [10]. A subset ofOA patients
may have post-traumatic OA (PTOA) resulting from a joint injury (~ 12%),
while others may have “metabolic OA” resulting from obesity or body compo-
sition [11, 12]. There are also genetic contributions to some forms of OA, but
results from twin studies indicate that such contributions may be influenced by
environment or epigenetic variables as studies of identical twins indicate dis-
cordance between twin pairs in disease incidence [13, 14]. Finally, hormones
may also influence OA incidence as demonstrated by an increased female to
male prevalence of hip OA of ~ 2:1 in post-menopausal women compared with
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1:1 in premenopausal women [15]. However, the exact nature of loss of
hormones on osteoarthritis development remains unclear [16].

On amolecular level, OAwas once considered a disease of articular cartilage.
However, it is clear that OA is a disease of the whole joint [17, 18]. Given the
heterogeneity of OA discussed above, the involvement of several joint tissues in
the disease process (cartilage, menisci, bone, ligaments, synovium, fat pads), it
has been difficult to identify potential molecular targets to intervene in the
initiation and progression of the condition. Thus, there may be multiple
molecular ways in which to develop advanced OA and the need for a total joint
replacement. While considerable effort has been spent on preclinical models,
most of these have been post-traumatic injury OA, and although they have
provided insights into the complex interactions between biology, biomechan-
ics, and function, most of the molecular insights have not translated well to the
human disease(s). However, it has become clearer that the old perspective of
OA as strictly a degenerative disease of aging is not correct, and the disease
process for at least some forms of the disease involves inflammatory processes
([12]; reviewed in [19, 20]) and metabolic derangements [11, 12].

As articular cartilage does not functionally repair by itself, a number of non-
surgical and surgical interventions to facilitate repair or improve function have
been trialed with variable results. These include hyaluronic acid (HA) injections
(which are no longer endorsed by the American Academy of Orthopaedic
Surgeons [6] but are conditionally recommended by theOsteoarthritis Research
Society International [8]), chondrocyte transplantation [21], microfracture of
the subchondral bone [22], mesenchymal stem cells (MSC) and tissue engi-
neering [23], free MSC (allogeneic or autologous) from a variety of tissue
sources [24], PRP [25], or exercise programs such as the GLA:D (Good Life with
osteoArthritis in Denmark) program [26–28]. While some improve function
(exercise), others improve pain scores (most patients appear with progressive
pain and functional disability) [25, 26], butmost address symptoms and do not
initiate repair of damaged cartilage in OA patients with advanced disease. The
studies by Shimomura et al. [23] indicate that tissue-engineered constructs with
autologous MSC are able to contribute to cartilage defect repair (a condition
which will lead to OA development) in a pilot study with patients, but whether
the approach will reverse cartilage damage in early or moderate OA and restore
joint function is still to be determined.

Platelet-rich plasma: history and classification

Platelets and other blood extracts such as fibrin have been researched and used
for decades for wound healing and a host of other diverse indications such as
bone grafting in oral maxillofacial surgery [29], alopecia [30], and musculo-
skeletal and soft tissue injuries [31] with mixed results. Produced by the
centrifugation of whole blood, platelet-rich plasma (PRP) is not a traditional
pharmaceutical agent and thus has not been investigated or approved via
standard pharmaceutical regulatory mechanisms [32–34]. As a result of not
having to fulfill traditional pharmaceutical regulation protocols, the utilization
of this product has become widespread and has grown more rapidly than the
data to support its use in clinical practice. Although studies have been done
using allogenic PRP from donors [35], PRP is most often utilized in an
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autologous form produced after centrifugation of a patient’s whole blood and
extraction of a platelet-rich fraction. A number of different commercial systems
have been derived for the production of PRP [30], but due to differences in the
mechanisms of preparation (e.g., centrifugation speed, number of centrifuga-
tions, and type of anticoagulant), the resultant PRP products can differ greatly.
The term PRP describes a platelet extract containing a higher concentration of
platelets than autologous blood, but due to the heterogeneity of the different
PRP products, a number of classification systems have been proposed to more
specifically describe the properties of different PRP preparations (reviewed in
[36, 37]). Variables include, for example, platelet concentration, presence of a
platelet activation factor, and leukocyte concentration [36]. Following centri-
fuge of whole blood, the platelet-rich supernatant is removed with or without
the leukocyte-rich buffy coat layer resulting in PRP that is either high or low in
leukocyte concentration, termed leukocyte-rich (LR-PRP or L-PRP depending
on the author) and leukocyte-poor or pure (LP-PRP or P-PRP) PRP respectively
[38, 39]. For the purposes of this review, we will refer to these as L-PRP and P-
PRP.

Platelet-rich plasma basic science: what is known and some
hypotheses

Osteoarthritis treatments have often attempted to replace or mimic a joint’s
natural components (e.g., hyaluronic acid injections or oral glucosamine and
chondroitin) in hopes of recreating joint health in what are relatively poorly
healing structures. PRP was first used with the belief that the fibrin and constit-
uent blood components would improve bone healing for grafting but soonwas
adapted to be used in osteoarthritis treatment via intra-articular and occasion-
ally intra-osseous injections. The proposed biologic activity of PRP is thought to
be related to the action of the different blood components present including
platelets, growth factors, fibrinogen, and leukocytes interacting with joint tis-
sues in hopes of promoting repair and diminishing inflammation. Reports on
the makeup of PRP have been somewhat variable and likely depend on the
preparation of the PRP itself [40].

A number of studies have described the makeup of different PRP prepara-
tions. In their comparison of the constituents of different platelet and bone
marrow extracts, Ziegler et al. found that P-PRP contained higher levels IL-1
receptor antagonist and matrix-metalloproteinases-2, 3, and 12 as its compar-
ators, whereas leukocyte-containing R-PRP contained higher concentrations of
some growth factors (transforming growth factor-beta [TGFβ], VEGF, endothe-
lial growth factor [EGF], platelet-derived growth factor [PDGF]), soluble CD-40
ligand, and matrix-metalloproteinase-1 (MMP-1) [38]. Xu et al. performed a
comparison of L-PRP and P-PRP and found that leukocyte-containing L-PRP
had higher levels of the inflammatory cytokines IL-1β and TNF-α compared
with whole blood while P-PRP had lower levels compared with whole blood
[39]. In Xu’s study [39], both L-PRP and P-PRP contained similar amounts of
the platelet-derived growth factors PDGF-AB and TGF-β1 and the level of these
growth factors correlated with the concentration of platelets in the extract.
Another study of a twice-centrifuged P-PRP by Amable et al. [41] also found
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higher levels of PDGF, TGF, and EGF as well as the interleukins (IL) IL-4, IL-8,
IL-13, IL-17, tumor necrosis factor (TNF)-α, and interferon (IFN)-α in P-PRP
comparedwith plasmawith the degree of increase dependent on, in some cases,
whether or not the P-PRP was activated with calcium chloride with or without
thrombin.

Research has been conducted both in vitro and in vivo regarding the effect of
PRP on joints and joint tissues or cells. A systematic review performed from
2012 to 2017 by Fice et al. [42] examined basic science studies (in vivo, in vitro,
or both) assessing the effect of PRP on cartilage. As had been found in prior
reviews, the assessed studies were heterogeneous in both their reported PRP
preparationmethods and their reported outcomes.Where studied, PRP resulted
in increased cell viability of in vitro cell cultures and increased cell proliferation.
A small number of studies reported increased cell migration and differentiation
in vitro. There were mixed results with respect to in vitro collagen II or proteo-
glycan production. In vivo studies of cartilage repair described mixed results
with respect to gross cartilage repair although 12 of 16 studies described
improved cartilage quality under histologic studies. More recent in vivo studies
include a number of OA animal models that indicate that PRP injections may
be associated with less synovitis or synovial thickening than control groups
[43–45], and one study indicated that synovial scores may be improved by
multiple injections vs a single injection of PRP [45]. Interestingly, this same
study found no significant difference in mean articular scores at the same
timepoint [45].

Based on the large number of preclinical studies and some in vitro studies
with human explants and cells, PRPmay function in vivo to address pain and to
exert an anti-inflammatory effect on the environment of the joint [46]. While
pain is the usual presentation symptom, it is clear that there are different types
of pain (peripheral, central, neuropathic), so the effectiveness of PRP in this
regard may be variable. Furthermore, some patients can present with severe
pain but are found to have little pathology on imaging, while others can present
with little pain but have significant evidence of damage on imaging. In addi-
tion, pain can be influenced by the placebo effect, so appropriate comparators
are needed when assessing the effectiveness of PRP injections.

Clinical studies of platelet-rich plasma in knee osteoarthritis

The number of clinical studies on PRP in knee osteoarthritis has been
rapidly increasing and a number of meta-analyses have been performed
[25, 47–49]. At the time of the writing of this review, 90 studies of PRP
and osteoarthritis are registered with clinicaltrials.gov. Twenty-nine are
reported as having been competed, but only 4 are listed as having results,
which raises concerns about the possibility of publication bias. The limited
number of reported studies has also limited the ability to adequately asses
the data on the efficacy of PRP in OA. In the largest of the
abovementioned meta-analyses, Han et al. analyzed 15 randomized con-
trolled trials published before April 2018 comparing intra-articular PRP
with hyaluronic acid (HA) injections in knee OA [25]. Most studies in-
cluded in their analysis were of repeated joint injections spaced between
1 week and 1 month apart. No significant difference was found in
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participant pain scores (WOMAC pain and VAS pain) or function scores
(WOMAC total, WOMAC function, or International Knee Documentation
Committee [IKDC]) between PRP and HA at 1 and 3 months post injec-
tion [25]. At later timepoints (6 and 12 months), however, there was a
significant reduction in the same pain and function scores when compar-
ing PRP with HA.

Lin et al. recently published a randomized, double-blind trial comparing a
single P-PRP intra-articular injection with a single hyaluronic acid injection or a
normal saline sham control injection [50••]. All three groups of this adequately
powered trial showed improved mean WOMAC and IKDC scores at 1 month
post injection, but only P-PRP showed sustained significant WOMAC improve-
ments up to and including the 12-month follow-up whereas the HA and saline
groups did not show significant improvements from their baseline scores after
the 1-month assessment [50••].Moreover, the degree of change in theWOMAC
scores is considered clinically significant based on the minimal clinically im-
portant difference (MCID) for this scoring system (reviewed in [51]). The
strength of this study, in particular, is that it includes a saline sham control
arm. Previous meta-analysis has shown that intra-articular saline injections
themselves can lead to both statistically and clinically meaningful differences
in kneeOA outcomes including the total WOMAC score and the VAS pain score
[52], emphasizing the need for these in studies of injectable therapies for OA.
Actively enrolling patients at the time of this review, the RESTORE trial will also
provide a randomized, triple-blind comparison of 3 weekly injections of either
normal saline or P-PRP once reported [53].

Another recent randomized, double-blind, adequately powered study by Di
Martino [54••] compared three weekly injections of either R-PRP or hyaluronic
acid in knee OA (Kellgren-Lawrence grade 0–3 [reviewed in [15]]). Using the
IKDC subjective outcome, both therapies improved IKDC scores, but there was
no significant difference detected when comparing hyaluronic acid with PRP
with the exception of a lower reintervention rate in the PRP group at 24 months
which was not sustained at the end of the 64-month trial [54••].

A randomized but unblinded study by Buendia-Lopez et al. compared a
single P-PRP injection (5 ml) with a single HA injection (2 ml) vs an oral
NSAID treatment for up to 52 weeks [55]. Outcomes included WOMAC and
VAS pain scores as well as X-ray and MRI studies. The WOMAC pain scale was
significantly improved by P-PRP at both 26 and 52 weeks compared with both
oral NSAIDs and HA injections. No significant difference was detected in either
Kellgren-Lawrence grading or cartilage thickness seen on MRI at 12 months.
These results differ from those of a phase II randomized study comparing three
injections of PRP with three HA injections all given at 4-week intervals in
patients with MRI-defined OA. The imaging outcomes of this study utilized
an MRI grading scale (Shahriaree Classification System—modified) and indi-
cated that there were significantly more patients achieving a greater than one
grade improvement at 6 months following the injection series [56].

Undoubtedly, studies of PRP have thus far been limited by heterogeneity of
techniques, protocols, and outcomes, and the subsequent meta-analyses have
found mixed results. The success or “failure” of PRP to influence OA may
depend in part on the type of OA a patient may have (e.g., “idiopathic,” PTOA,
metabolic OA, post-menopausal), as well as the quality of the components of
the PRP preparations used. Studies indicate that PRP contents and their
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resultant influence on chondrocytes may be influenced by the age and the
presence of osteoarthritis of the donors [57]. It may become evident in future
studies that other patient or donor factors such as exercise, drugs the patients are
taking, and nutrition could also exert an impact on the materials included in
PRP prepared in a standard manner. Finally, another factor that was never
reported in the published studies is the time of day the PRP was prepared and
injected. Thus, hormonal variables associated with circadian rhythms could
potentially impact the quality of the PRP or its effectiveness.

One additional area that likely needs more consideration regarding PRP
use in OA is that of “responders” and “non-responders.” This concept has
not received much attention with regard to PRP, but certainly responders
and non-responders to other interventions such as corticosteroid (GC)
injections [58] and HA injections [59, 60] have been noted. However, in
contrast to GC and HA injections, in the case of PRP, it is not clear whether
the PRP itself is responsible for the non-responsiveness or whether the
context in which it is being used (e.g., patient genetics/epigenetics or the
type of OA involved) leads to the observed lack of a detectable response.
Future studies should take this into account by allowing for subgroup
analyses to determine whether there is a subset of patients in which there
is a higher likelihood of response to PRP or to assess responder rates such
as those described in Pham et al. [61].

Relevant to the above discussion, recently, Dr. Rob Burnham has deter-
mined that the non-responder rate over 12 months to PRP in a cohort (65
patients, 55% female, K/L grade 2/3) of knee OA patients was 9 50% (Dr.
Rob Burnham, Physiatrist, Camrose Clinic (CAPRI); Camrose, Alberta;
personal communication). The outcome measures assessed included
WOMAC, pain (numeric rating scale, NRS), and function assessments. A
non-responder was defined as those who did not reach a MCID (minimal
clinically important difference for both the NRS (a drop in pain 9 2) and
the WOMAC (score drop of 9 9) comparing values obtained 3 months
prior to injection with values 3, 6, and 12 months post injection). How-
ever, this trial was not blinded, so potentially, the responders could also
include those responding to a placebo effect. In addition, the OA patient
participants were not selected for a particular subtype of OA and thus were
a mix of subtypes. In the future, it will be important to standardize the
criteria for defining responders and non-responders with PRP (and other
interventions), such as using the OARSI responder criteria [61].

Furthermore, in the future, it will be important to determine whether the
non-responders to PRP may be different from non-responders to other inter-
ventions such as HA to determine whether they can be impacted in a reciprocal
manner or represent a unique subpopulation of patients that are non-
responders to more than one intervention. Interestingly, in a clinical trial where
hip OA patients received PRP, HA, or both, HA + PRP did not improve the
effectiveness of PRP alone [62], but the number of patients involved was likely
not sufficiently large enough to allow for subgroup analysis.

Regarding the safety of PRP injections, the majority of studies have been
performed using autologous PRP obtained from a patient’s own blood. Studies
of allogenic PRP have been performed, however, utilizing donor blood to
produce PRP which would presumably carry with it a small infectious risk
similar to other blood products [35]. In their meta-analysis comparing PRP

Efficacy and Safety of Platelet-Rich Plasma Injections for Osteoarthritis Kydd and Hart 93



with hyaluronic acid injections, Han et al. did not detect a significant difference
in adverse events between the two groups [25]. Transient injection site pain,
swelling, headache, and low back pain have been reported as possible adverse
events in some studies [62–65].

Future directions and questions

Given the current opioid crisis, and the potential of PRP to exert impact on
pain and inflammation in knee OA, PRP may provide an additional
conservative therapy for OA, a condition for which patients and clinicians
are often acutely aware of the limited number of effective treatment
options. However, there is a real need to develop more informed patient
selection and to be able to identify those patients who would receive the
most benefit particularly given the cost of the procedure which is often
paid by the patients themselves. As there are no good drug interventions or
protocols to stop or reverse the joint damage resulting from OA, the use of
autologous standardized PRP on appropriate patient populations (those
with mild disease, those with a specific subtype of OA, males/females, age,
obesity or not, etc.) may be warranted and will require better evidence in
the future, possibly using experimental designs which complement the
RCT strategy.

Secondly, it will be important to determine whether there are any
unique joint-specific aspects of OA (e.g., knee, hip, shoulder, spine, hand)
that may influence the effectiveness of PRP use. To generate such informa-
tion will require good diagnostic criteria, the ability to ascertain the disease
process and subtype, and joint-specific outcome measures to assess and
define success. For example, a recent study in a rat model of diet-induced
obesity indicated that the induction of metabolic OA in the knee and
shoulder was equivalent, but OA development in the hip was somewhat
different than the other two joints [66].

Thirdly, for conservative treatment of OA patients, the interplay between
PRP effectiveness and the effectiveness of other interventions, such as HA,
exercise, corticosteroids, and weight management, could lead to situations
where conservative management slowed down or stopped disease progression
so as to allow for development of effective interventions to reverse the joint
damage and/or inhibit the need for arthroplasty.

Key messages
Current data Future considerations
• Limitations due to variability in production and
classification of PRP

• Standardization of PRP classification and reporting for
future PRP studies

• Low quality of published studies limits conclusions
regarding PRP efficacy

• Utilization of blinding, sham control arm, and
randomization

• Diverse patient populations limit generalizability and
characterization of subgroup responsiveness

• Reporting of patient (e.g., comorbidities, medications) to
better characterize responsiveness to PRP
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