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Abstract  (approx. 150 words) 

 

Purpose of review: Knee and hip osteoarthritis (OA) are major public health problems 

worldwide causing pain, disability and impaired quality-of-life. This narrative paper 

discusses platelet-rich plasma (PRP) as a treatment for hip and knee OA, with a focus on 

evidence from randomised controlled trials (RCTs).  

Recent findings: Since the first RCT of PRP in 2012, there has been 15 RCTs in knee OA 

and three in hip OA, most comparing PRP to another intra-articular injection therapy, 

hyaluronic acid. All studies are of low to moderate methodological quality and use variable 

PRP protocols. In general, results showed that PRP is a safe treatment with potential to 

provide symptomatic benefit for OA at least in the short-term (up to 12 months). Younger 

patients with less severe disease may be more responsive. There are no RCTs investigating 

the effects of PRP on OA structural changes.  

Summary: No definitive conclusions can be made about the effects of PRP in OA given 

methodological concerns and considerable heterogeneity between studies. Further high 

quality research is needed to establish the clinical- and cost-effectiveness of PRP, the patients 

most likely to benefit and the optimal PRP protocol.   
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Introduction 

Osteoarthritis (OA) is a chronic musculoskeletal condition that commonly affects the knee 

and/or hip joints. It is a major public health problem worldwide [1] and is projected to rapidly 

increase as the population ages and rates of obesity escalate [2]. Osteoarthritis causes 

substantial pain and disability and impacts on quality-of-life. Hip and knee OA has been 

ranked as the eleventh highest contributor to global disability and 38th highest in years lived 

with disability [2]. The disability associated with OA results in a considerable economic 

burden, both in direct costs related to treatment, particularly joint replacement surgery, and 

job-related indirect costs, including loss of productivity [3, 4].  

 

There is no cure for OA, and to date, most research has focused on treatments to alleviate 

pain and prevent functional decline. Recommended drug therapies (such as analgesics and 

anti-inflammatory agents) and non-drug therapies (such as exercise) have short-term clinical 

benefits but effect sizes are generally small to moderate [5]. Furthermore, use of these drugs 

can have serious adverse consequences, while uptake and maintenance of exercise is often 

poor leading to lack of long-term benefit. The role of glucosamine sulfate and chondroitin 

sulfate as symptom- and disease-modifying agents is still being debated [6]. Hyaluronic acid 

(a viscosupplement) and corticosteroids are common intra-articular therapies for OA. 

However, hyaluronic acid (HA) is controversial with variable recommendations given across 

clinical guidelines [6]. Intra-articular corticosteroids are generally recommended, although 

not universally [6], and for short-term pain relief only given that benefits are limited to a few 

weeks [7]. Having failed these other treatment options, joint arthroplasty is a common 

procedure for advanced hip or knee OA. While it is an effective definitive treatment, it is 

expensive and there is a risk of serious medical and post-surgical complications [8]. 

Furthermore, this surgical procedure is not suitable for all patients. Thus, as OA is typically 
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progressive with symptoms and structural deterioration driving the need for joint replacement 

[9], identifying efficacious, safe treatments that address both symptoms and structure is an 

important objective.  

 

Currently no disease-modifying agent has been approved by regulatory agencies. However, 

therapies that affect the underlying biological processes responsible for OA pathogenesis 

have potential. One such biologic therapy receiving increasing interest is platelet-rich plasma 

(PRP) injections into the affected joint. There are several possible advantages of PRP as a 

treatment for OA. First, it is relatively easy to use because its preparation is rapid and 

technically straightforward, and the administration is minimally-invasive requiring a simple 

intra-articular injection which can be performed in the office. Second, it is likely to be safe 

because the patient’s own proteins are used and bioactive molecules can be appropriately 

concentrated, thereby avoiding many adverse effects and drug interactions [10]. Indeed, no 

major adverse events have been reported in the literature with those that have been reported 

being minor and transient, including bleeding, tenderness, swelling and/or bruising at the 

injection site [11]. Third, PRP is generally not considered a drug or therapeutic substance 

and, therefore, in many countries, does not have the regulatory requirements that would be 

needed for other biologic therapies.  However, PRP is often costly and, to date, the literature 

has not provided convincing high quality evidence of its efficacy in the management of OA.  

 

This article will provide a narrative overview of PRP as a treatment for hip and knee OA. Its 

use for focal cartilage defects and intra-operative and post surgical indications will not be 

covered. The focus will be on summarising the evidence from randomised controlled trials 

(RCTs) investigating the clinical effects of PRP in hip and knee OA.  
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What is platelet-rich plasma? 

PRP is an autologous blood product that contains an elevated concentration of platelets above 

that of whole blood. While the preparation technique can vary (discussed in detail later in the 

article), in general PRP requires venesection of a small amount of peripheral blood followed 

by centrifugation to concentrate the platelets in plasma. Degranulation of the platelets 

releases growth factors while the plasma contains cytokines, thrombin, and other growth 

factors with biological and adhesive properties [10]. Basic centrifugation can follow single- 

or double-spinning protocols and controversy exists about the effects of these two protocols 

on separation [10]. Commercial PRP kits are now also available. The concentration of 

platelets differs depending on the different systems and manufacturers, gravity forces and 

times of centrifugation, as well as patient sex and personal physical characteristics. The 

product is then injected into the joint, sometimes under ultrasound guidance. The generic 

term ‘PRP’ has been expanded to include a range of final products based on their leukocyte 

and fibrin content with other terms also used such as autologous conditioned plasma (ACP) 

and platelet concentrate. Although not covered in this review, other blood therapies that are 

related to PRP include autologous blood injection whereby venous blood is drawn from the 

patient and then injected into the area, as well as autologous conditioned serum (currently 

marketed under the name Orthokine®) where venous blood is prepared in a manner leading 

to an accumulation of interleukin-1 receptor antagonist and several growth factors.  

 

Proposed biological mechanisms of PRP in the context of osteoarthritis 

Osteoarthritis is a disease affecting all tissues of the joint including cartilage, bone, ligament, 

and muscle. It has long been considered the result of mechanical overloading causing damage 

to the joint. However, more recent progress in molecular biology has provided new 

understandings regarding OA pathophysiology in which inflammatory mediators, growth 
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factors, chondrocyte apoptosis and imbalance between anabolic and catabolic mechanisms 

play an important role [12]. It is now thought that inflammation might be a major driver of 

the OA process, rather than inflammation being a secondary consequence of the disease. 

Several cytokines, such as interleukin-1β and transforming growth factor β, proteases and 

nitric oxide synthetase all appear to be essential for cartilage degradation in the pathogenesis 

of OA [12].  

 

Although the biology of PRP is not completely understood, PRP may be beneficial in OA by 

interfering with catabolic and inflammatory events and by subsequently promoting anabolic 

responses. Activation of PRP releases an initial burst then a sustained release of biologically 

active growth factors and other molecules, including platelet-derived growth factor, 

transforming growth factor-, type I insulin-like growth factor and vascular endothelial 

growth factor [13]. These proteins are responsible for a range of critical tissue healing roles 

such as chondrocyte apoptosis inhibition, bone and vessel remodelling, inflammatory 

modulation, and importantly, collagen synthesis [13, 14]. Additionally, other bioactive 

molecules released by platelets, such as fibrin, act as a scaffold and chemo-attractant for 

further migration of stem and other cells to the damaged tissue that trigger a healing response 

[13].  

 

In general, pre-clinical literature provides support for the potential use of PRP injections to 

regenerate damaged joint tissue in OA due to its influence on the whole joint environment. In 

vitro studies mostly show a positive effect of PRP on cartilage with increases in chondrocyte 

proliferation without affecting chondrogenesis and enhanced production of type II collagen 

and proteoglycans [15-17]. Effects on meniscal cells [18] and synoviocytes [19] have also 

been reported.  In studies using animal models of OA, PRP has been reported as leading to 
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better cartilage regeneration [20] although this is not necessarily a consistent finding [21]. 

There is evidence that PRP has a complex role in inflammation with an initial pro-

inflammatory action [22] followed by a reduction in inflammatory molecules [16]. There is 

also research suggesting a direct analgesic effect via augmentation of certain cannabinoid 

receptors [23].  

 

Thus, the basic science evidence showing that PRP enhances the repair and slows 

deterioration of tissue provides at least biological plausibility for the use of PRP as a disease-

modifying therapeutic modality in OA. Even if PRP does not lead to cartilage regeneration, it 

may still offer symptomatic and functional benefits via modulation of inflammation and 

direct analgesia. For more detailed accounts of the basic science PRP literature in relation to 

OA, readers are referred to reviews by Zhu et al [10] and Filardo et al [24]. 

 

Effects on osteoarthritis symptoms 

Although PRP has been used in various medical fields including dentistry, dermatology, and 

ophthalmology, to name a few, its use to treat OA is relatively recent. This section 

summarises the evidence, with a focus on RCTs, investigating the efficacy and comparative 

effectiveness of PRP in the management of hip and knee OA.   

 

The first investigation into the use of intra-articular PRP injections to treat OA was a 

retrospective observational study of 60 patients with knee OA published by Sanchez et al [25] 

in 2008.  It was not until 2012 that the first RCT was published and, to our knowledge, there 

have now been 15 RCTs in knee OA and three in hip OA (published in English) to date 

(Table 1), reflecting the growing interest in PRP for treating this condition. However, the 

literature is often difficult to interpret given methodological concerns (such as questionable 
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blinding, failure to conceal allocation, selective reporting, small sample sizes and 

inappropriate statistical analyses [11, 26]) and considerable heterogeneity between studies in 

terms of patient populations, outcome measures and PRP regimens. The latter, in particular, 

is problematic as variations in PRP preparation affect the biological activity of PRP and 

potentially patient outcomes. The long-term effects of PRP are also not clear given that the 

RCTs are confined to follow ups of 12 months or less.  

 

Only three studies [27-29] including one designed as a feasibility study [27], all in patients 

with knee OA, have evaluated the efficacy of PRP by comparing it to placebo (saline). All 

reported significant benefits of PRP at 6 or 12 months in the PRP group compared to placebo 

although methodological issues (such as small sample sizes in each group, inappropriate 

statistics and lack of improvement in the placebo group, which goes against the well 

documented placebo effect with saline injection [30]), limit the conclusions that can be 

drawn. 

 

The majority of RCTs in knee OA [31-34, 29, 35, 36, 27, 37-40] and all three in hip OA [41-

43] have compared PRP to HA, a commonly used intra-articular therapy. Results of RCTs at 

the hip have been conflicting. While the study by Dallari et al [42] found significantly 

reduced pain with PRP at 2 and 6 months, but not 12 months, compared with HA, the two 

other studies failed to find differences between groups, although this could be due to limited 

statistical power due to small sample sizes in each group [41, 43]. At the knee, most, but not 

all, studies reported significantly greater improvements in clinical outcomes with PRP 

compared with HA. These benefits have been seen up until 12 months follow-up, although 

they appear to decline over time. However, while results may be statistically significant, the 

magnitude of the effect of PRP can be small bringing into question the clinical relevance of 
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the improvements. It is possible that PRP may also have different effects depending on 

patient characteristics. There is suggestion that PRP may be more effective in younger 

patients with less severe structural damage [38, 29].  

 

While HA has been the comparator for most OA PRP trials to date, HA itself is controversial. 

It could be argued that it is more important to compare PRP to other more accepted 

treatments commonly used in the management of OA, such as exercise and analgesics 

although this has received little research attention. One small study in knee OA found no 

difference between PRP and exercise plus transcutaneous electrical nerve stimulation 

although it was likely underpowered [44] while another trial showed that PRP resulted in 

better clinical outcomes compared to acetaminophen (500 mg every 8 hrs) [45].  However, 

this result may be explained by lack of blinding given that oral products have much smaller 

placebo effects than injectable products [30]. The only other comparative effectiveness trial 

found PRP to be more efficacious at 12 months compared to ozone therapy, a controversial 

alternative medicine therapy not recommended in the management of OA [39].  

 

Although there has been a large number of systematic reviews in the field [24, 46-53], these 

have generally included observational studies given the lack of RCTs at the time of review. 

Two recent systematic reviews have confined their analyses to RCTs [11, 26]. 

Kanchanatawan et al [11] included 9 RCTs that compared PRP to either HA or placebo in 

patients with knee OA [11].  Meta-analysis found significantly better outcomes with PRP on 

some clinical measures but not others when compared with HA but no differences when 

compared with placebo.  Rates of adverse events were similar between groups.  Limitations 

of this review include the small number of studies pooled in the different analyses for the 

various outcomes and the medium to high risk of bias in the studies. A greater number of 
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RCTs (n=14 in knee OA) were included in the systematic review by Shen et al [26] but again 

none of the studies were deemed to have a low risk of bias. Meta-analysis revealed significant 

benefits of PRP for knee pain and physical function at 3, 6 and 12 months post treatment 

compared with other intra-articular injections combined. However, blinding of participants, 

which is crucial to controlling placebo effects (that are large in injectable osteoarthritis trials 

[30]) was only deemed to have been successfully performed in around half the trials. This is 

likely to over-estimate the reported effects of PRP. Importantly, PRP has been found to be a 

safe treatment.  Side effects are few and minor such as tenderness at the injection site.  

 

While most studies have evaluated PRP as a monotherapy for OA, PRP could be given in 

combination with other therapies in clinical practice. It has been postulated that PRP may 

have an additive effect with HA. This has been examined in two RCTs, one in 105 patients 

with knee OA [37] and the other in 111 patients with hip OA [42]. However, the studies 

reported conflicting results. In the knee OA study, the combination of PRP and HA led to 

better pain and function outcomes up to one year when compared with HA alone and better 

function outcomes up to 3 months when compared with PRP alone [37].  Conversely, the hip 

OA trial found that PRP alone was actually more effective than the combination of PRP and 

HA at 2, 6 and 12 month follow-up [42]. The authors suggested that the diminution of benefit 

could be due to dilution in the amount of PRP growth factors or excessive capsular 

distension. Differences between studies may reflect differences in the joint affected, sample 

demographics and PRP protocol. Further research is needed in this area including the effects 

with concurrent use of non-steroidal anti-inflammatories, corticosteroids and analgesics.  This 

research area needs to be particularly cognisant of the risks of interactions, adverse events 

and costs associated with combination of pharmacologic products. 
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In summary, on the basis of current evidence from RCTs and meta-analyses, there is some 

support for a positive effect of PRP on clinical outcomes and benefits over and above that of 

another intra-articular injection therapy (HA). However, given the moderate to high risk of 

bias in the RCTs to date, short-term follow-up, and limited number of studies comparing to 

placebo, further research is needed to allow definitive conclusions to be drawn about the 

effects of PRP in people with OA. A greater number of studies also need to compare PRP to 

core recommended non-surgical, non-drug treatments such as exercise and weight loss. 

Furthermore, given fiscally constrained health care environments, clinical trials should also 

include a health economic evaluation so that the cost-effectiveness of PRP can be determined.  

  

Preparation and injection protocol 

In the literature (Table 2) and clinically, a variety of PRP protocols are used. This reflects the 

lack of evidence supporting one particular protocol over another. It is evident there are many 

unanswered questions with regard to the best volume and formulation of PRP, the number 

and frequency of injections, the use of a single- or double-spinning cycle, the speed and 

duration of spins to isolate the PRP, the leukocyte concentration, whether an activating agent 

is necessary, and injection procedures such as the use of ultrasound guidance, co-

administration with a local anaesthetic and the injection approach.   

 

Platelet-rich plasma can be prepared, frozen and then re-thawed before injection or used fresh 

without freezing. While freezing has the advantage of not requiring additional patient 

venesection when using multiple injections, the majority of studies use fresh PRP because it 

is perceived to be more effective. While this has not been formally tested, it is interesting to 

note that out of the 6 studies using re-thawed PRP, only two (33%) reported beneficial effects 

above the control group [28, 42] compared to over 80% of trials using fresh PRP.  
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Most RCTs in OA have administered PRP injections weekly; however others have used 

fortnightly, every three week and monthly injections. Injection volumes have ranged from 

3mL to 8mL with 5mL and 8mL the most commonly reported volumes. Between one and 

four PRP injections have been used, with the most common being three injections. Two 

RCTs [29, 28] have directly compared the effect of different injection numbers on patient 

outcomes. One found that both one and two PRP injections led to significantly greater 

improvements compared with saline at 6 months follow up, but no difference between the 

two PRP regimens [29]. However, the sample size was small and likely under-powered for 

these between-treatment group comparisons. Conversely, the other study showed that three 

knee injections were significantly better in terms of pain and function compared to a single 

injection in patients with early OA but not for patients with advanced OA [28].  

 

Different activation methods are likely to affect the concentration of growth factors. 

Regarding activating agents, most RCTs have used calcium to activate platelets, however 

some do not activate platelets prior to injection and many do not report whether they used an 

activating agent or not. In fact, some authors suggest exogenous activation of PRP may not 

be necessary given activation can also be achieved through endogenous mechanisms 

following injection [54].  

 

Perhaps one of the most variable aspects of the PRP preparation protocol is the centrifugation 

process, with studies using single or double spin protocols, inconsistent spin speed and times 

and inconsistent reporting. This has compounded the uncertainty regarding which aspects of 

the PRP preparation protocol are optimal. Of the studies that have used a single spin protocol, 

most used spin speeds around 1500 rpm and spin times around 8 minutes. Whilst these 



 13 

relatively slow and short spin protocols are effective at isolating and concentrating platelets 

and plasma, they also specifically aim to exclude leukocytes, and neutrophils in particular, 

thus creating a leukocyte-poor PRP [55]. In contrast, the studies that have used a double 

spinning approach generally used spin speeds and times of up to 3400 rpm and 15 minutes for 

the second spin. This longer and faster centrifugation process aims to capture and concentrate 

as many platelets as possible; however in doing so, the technique also harvests leukocytes 

[55]. This preparation is said to yield a leukocyte-rich PRP product, although there is at least 

one reported exception [45]. Leukocytes are a controversial PRP component [24]. Some 

believe that better outcomes are gained with leukocyte-poor PRP because of supposed 

deleterious effects of reactive oxygen species and proteases released from white cells. Others 

consider leukocytes as a source of cytokines and enzymes that may also be important for 

infections [56]. Riboh et al [57] conducted a meta-analysis comparing leukocyte-poor and 

leukocyte-rich PRP for the management of knee OA. They included 6 RCTs and 3 

observational studies. They found that injection of leukocyte-poor PRP resulted in 

significantly better WOMAC scores than did injection of HA and placebo whereas no such 

difference was observed with leukocyte-rich PRP. Both types of PRP had similar safety 

profiles although both seemed to induce more transient reactions than HA.     

 

No RCT has directly compared single and double spin PRP protocols. However, a non-

randomised trial allocated knee OA participants to one of two centres, with each centre 

preparing PRP using one of the two spin protocols [56]. The study found no significant 

difference in pain and functional outcomes up to 12 months; however, more adverse events 

were reported by those who received PRP produced using a double spin protocol. This latter 

finding was attributed to the higher concentration of leukocytes in this approach, which can 
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produce a greater number of pro-inflammatory mediators [58], thereby potentially triggering 

an acute inflammatory response.    

 

In addition to the variety of methods used to prepare PRP, there is also variation in the 

injection protocols used to deliver PRP in to the knee and hip joints. Relatively few studies 

have used a local anaesthetic prior to infiltration of PRP, possibly due to concerns from in 

vitro research showing that anaesthetics may reduce platelet aggregation [59]. However, it is 

unclear whether a local subcutaneous injection of a local anaesthetic, as opposed to an intra-

articular injection, would have similar adverse effects on platelet function. Only two knee OA 

RCTs performed the PRP injection under ultrasound guidance, whereas ultrasound was used 

in all of the hip OA studies. This is somewhat surprising given the use of ultrasound for intra-

articular knee injections has been shown to improve injection accuracy, clinical outcomes and 

cost effectiveness, and to reduce procedural pain [60-62]. A variety of injections sites have 

been used in knee OA studies. Finally, whilst both hip OA studies that reported the injection 

approach used lateromedial and caudocranial directions, the injection approach varied widely 

in the knee OA studies. It is currently unknown whether one approach has more favourable 

outcomes on the effects of PRP in knee and hip OA. 

 

Currently, the optimal PRP preparation and injection protocol is unknown. However, based 

on PRP protocol characteristics from previous RCTs reporting positive findings, taking fresh 

blood prior to each injection, using a single slower and shorter spin, at around 1500 rpm and 

for around 5-8 minutes to prepare leukocyte-poor PRP, and administering three injections at 

weekly intervals may be an appropriate protocol to test in future trials. It is also important 

that reporting of PRP protocols in trials is improved. DeLong et al [55] propose a 

classification system (PAW) based on three components: (1) the absolute number of Platelets, 
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(2) the manner in which platelet Activation occurs, and (3) the presence or absence of White 

cells. This will allow more accurate comparison of protocols and results and effective 

grouping of studies together for meta-analysis. 

 

Effects on joint structure 

Although there is biologic plausibility for a structural benefit arising from PRP, to date there 

are no published RCTs in OA that include structural outcomes. Two uncontrolled case series 

show a potential benefit. Using ultrasonography, Sampson and colleagues [63] reported that 

nearly 50% of their 13 patients with knee OA showed greater cartilage volume at the lateral 

and medial femoral condyles, as well as the intercondylar notch, at six months following 

three PRP injections administered at monthly intervals. However, the use of ultrasound to 

quantify knee cartilage has limitations and the study was underpowered to detect meaningful 

within-group changes. Another uncontrolled study involved 15 patients with no or early knee 

OA (based on Kellgren and Lawrence grade 0 to 2) who received a single PRP injection [64]. 

The study found no significant structural worsening at 12 month follow up assessed using the 

Outerbridge score on magnetic resonance imaging in 73% of those with medial compartment 

involvement, 80% of those with patellofemoral involvement and 83% of those with lateral 

compartment involvement. However, given the lack of a control group in both studies, no 

conclusions can be made at this time about the ability of PRP to slow structural disease 

progression in those with knee or hip OA. Studies using MRI to assess joint structural 

changes [65] with PRP are needed.  

 

Clinical implications 

Current clinical guidelines either do not mention [66, 7, 67] or are unable to recommend for 

or against the use of PRP for the management of OA [68], based on the lack of high quality 
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studies and questions regarding the clinical relevance of statistically significant findings of 

some studies. Clarity around its efficacy and the appropriate protocol are required before 

guidelines are likely to change their current position. In many countries, PRP treatment is not 

covered by insurance bodies and therefore must be borne by the patient. This raises the issue 

of access for many patients. Given that PRP can be relatively expensive and that clinical 

guidelines currently provide no recommendations, clinicians should be cautious in its use. 

Instead, we recommend that knee OA is managed using core treatments of education, 

exercise and, if appropriate, weight loss [6].  If PRP is to be offered, we suggest that 

clinicians inform patients about the inconclusive evidence supporting its use so that patients 

can make an informed decision about whether or not to consent to this currently unproven 

therapy.    

 

Conclusions 

Collectively, basic science and clinical studies suggest that PRP could be a promising non-

operative treatment for OA. Evidence from studies of low to moderate methodological 

quality show that intra-articular PRP injection therapy is a safe treatment with potential to 

provide symptomatic benefit for OA at least in the short-term (up to 12 months) and more 

efficacious than those of HA. These results need to be confirmed in high quality RCTs. While 

there is some suggestion that younger patients and those with less structural change may be 

more responsive to PRP, further research is needed to establish whether patient 

characteristics moderate PRP outcomes. Effects of PRP on OA structural disease progression 

are unknown due to lack of studies in this area. Currently, no recommendations can be made 

about the optimal PRP protocol for patients with OA.   
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Table 1. Summary of randomised controlled trials investigating PRP for knee or hip OA. 

 

Reference Participants PRP type Control 

group 

Main findings
*
 

     

Cerza et al 

2012 

120 knee 

OA 

ACP 

(Arthrex) 

HA ACP significantly improved compared to HA at 24 

weeks using the WOMAC total score 

Filardo et al 

2012 

109 knee 

OA 

PRP  

(self-made) 

HA No significant difference between PRP and HA 

groups at 12 months using the IKDC score 

Sanchez et al 

2012 

176 knee 

OA 

PRGF-

Endoret  

HA PRGF significantly improved compared to HA at 24 

weeks using rate of response (percentage of 

participants with 50% decrease) on WOMAC total 

score 

Vaquerizo et 

al 2013 

96 knee OA PRGF-

Endoret 

HA PRGF significantly improved compared to HA at 48 

weeks using rate of response (percentage of 

participants with 30% decrease) on WOMAC pain, 

stiffness and function scores at 48 weeks 

Patel et al 

2013 

78 knee OA 1 or 2 PRP 

(self-made)  

Saline PRP groups (1 and 2 injections) significantly 

improved compared to saline at 6 months using the 

WOMAC pain score 

Raeissadat et 

al 2015 

160 knee 

OA 

PRP 

(Rooyagen) 

HA PRP group significantly improved compared to HA at 

12 months using the WOMAC pain score 

Filardo et al 

2015 

192 knee 

OA 

PRP  

(self-made)  

HA No significant differences between PRP and HA 

groups at 12 months using the IKDC score 

Angoorani et 

al 2015 

50 knee OA PRP (Tubex) TENS+ex No significant difference between PRP and TENS+ex 

groups at 8 weeks using KOOS 

Gormelli et al 

2015 

162 knee 

OA 

3 x PRP, 1 x 

PRP 

HA or 

saline 

3 x PRP significantly better than 1 x PRP, HA and 

saline at 6 months on EQ-VAS 

Smith 2016 30 knee OA ACP 

(Arthrex) 

Saline ACP significantly improved compared to saline at 12 

months using the WOMAC total score 

Lana et al 

2016 

105 knee 

OA 

PRP (self-

made) 

PRP+HA 

HA PRP and PRP+HA groups significantly improved 

compared to HA at 12 months using VAS  

Simental-

Mendia et al 

2016 

65 knee OA PRP AC PRP significantly improved compared to AC at 24 

weeks using WOMAC total score 

Montanez-

Heredia et al 

2016 

53 knee  

OA  

PRP HA No significant between-group differences on VAS at 6 

months 
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Duymus et al 

(2016) 

102 knee 

OA 

PRP HA or 

ozone 

PRP significantly improved compared to HA and 

ozone at 12 months using VAS 

Paterson et al 

2016 

23 knee OA PRP HA No significant between group differences at 12 weeks 

on VAS  

Battaglia et al 

2013 

100 hip OA PRP  

(self-made) 

HA No significant differences between PRP and HA at 12 

months using the HHS. 

Dallari et al 

2016 

111 hip OA PRP  

(self-made) 

HA PRP significantly reduced VAS pain compared to HA 

at 2 and 6 months but not at 12 months  

Di Sante et al 

2016 

43 hip OA PRP (Regen 

Kit) 

HA PRP group showed reduction in VAS pain at 4 weeks 

but not at 16 weeks. HA group showed benefits at 16 

weeks for VAS pain and WOMAC pain   

*
Primary outcome(s) at the study endpoint, where specified. If primary outcome or endpoint has not been specified, 

the outcome measure used for the sample size calculation is reported. If neither has been specified, the first outcome 

listed in the study manuscript is reported. 

AC acetaminophen , ACP autologous conditioned plasma, Ca calcium chloride, CaG calcium gluconate, C1 

centrifugation 1, C2 centrifugation 2, EQ-VAS EuroQol visual analogue scale pain intensity), HA hyaluronic acid, 

IKDC International Knee Documentation Committee, KOOS knee osteoarthritis outcome score, LL-UV low level 

ultraviolet light, NR not reported, OA osteoarthritis, PRGF platelet rich in growth factors, PRP platelet-rich plasma, 

TENS+ex transcutaneous electrical nerve stimulation plus exercise, VAS visual analogue scale, WOMAC Western 

Ontario and McMaster Universities Osteoarthritis Index. 
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Table 2. Summary of PRP preparation and injection protocols of randomised controlled trials investigating knee or 

hip OA. 

 

Refer

ence 

No of 

centrifu

gations 

Centrifu

gation 

protocol 

Activ

ating 

agent 

Leuk

ocyte 

rich/p

oor 

Vol

ume 

inje

cted 

(ml) 

Injec

tion 

coun

t 

Injecti

on 

freque

ncy 

PR

P 

fro

zen 

(Y/

N) 

Local 

anaest

hetic 

US 

gui

ded 

Injection 

approach 

            

Cerza 

et al 

2012 

Single Not 

reported 

NR Poor 5.5 4 Week

ly 

N Y N Superolateral 

Filard

o et al 

2012 

Double C1: 

1480 

rpm for 

6 mins 

C2: 

3400 

rpm for 

15 mins 

NR Rich 5 3 Week

ly 

Y NR NR NR 

Sanch

ez et 

al 

2012 

Single 580g 

for 8 

mins 

Ca Poor 8 3 Week

ly 

N NR NR NR 

Vaqu

erizo 

et al 

2013 

Single 580g 

for 8 

mins 

Ca Poor 8 3 Fortni

ghtly 

N N N External 

suprapatellar 

Patel 

et al 

2013 

Single 1500 

rpm for 

15 mins 

Ca Poor 8 1 vs 

2 

PRP 

3 

weekl

y 

N N N Supralateral 

Raeis

sadat 

et al 

2015 

Double C1: 

1600 

rpm for 

15 

mins;  

C2: 

2800 

rpm for 

7 mins 

Nil Rich 4 to 

6 

2 Four 

weekl

y 

N N  Lateral mid-

patellar in 

extended knee 

position or 

anteromedial in 

flexed knee 

position 

Filard

o et al 

2015 

Double C1: 

1480 

rpm for 

6 mins 

C2: 

3400 

rpm for 

15 mins 

Ca Rich 5 3 Week

ly 

Y NR NR NR 
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Ango

orani 

et al 

2015 

Double C1 

(women

): 1600 

rpm for 

6 mins 

C1 

(men) 

1800 

rpm for 

6 mins 

C2: 

2000 

rpm for 

5 mins 

CaG NR 5 2 Four 

weekl

y 

N N N Infero-medial or 

infero-lateral  

Gorm

elli et 

al 

2015 

Double C1: 

1500 

rpm for 

6 mins 

C2: 

3500 

rpm for 

12 mins 

Ca NR 5 3 vs 

1 

Week

ly 

Y N N Superolateral 

 

Smith 

2016 

Single 1500 

rpm for 

5 mins 

Nil Poor 3 to 

8 

3 Week

ly 

N N N Lateral 

parapatellar  

Lana 

et al 

2016 

Double C1: 

300g 

for 5 

mins 

C2: 

700g 

for 17 

mins 

Thro

mbin 

NR 5 3 Fortni

ghtly 

N Y Y Lateral mid-

patellar  

Sime

ntal-

Mend

ia et 

al 

2016 

Double C1: 

1800 

rpm for 

10 mins 

C2: 

3400 

rpm for 

12 mins 

CaG Poor 3 3 Fortni

ghtly 

N Y N Inferolateral 

 

Mont

anez-

Hered

ia et 

al 

2016 

Double NR NR NR 5 3 15 

days 

Y N N NR 

Duy

mus 

et al 

(2016

) 

Single 3700 

rpm for 

7 min 

Nil NR 5 2 1 

month 

N N N Suprapatellar  
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Paters

on et 

al 

2016 

Double C1: 

2000 

rpm for 

5 mins 

C2: 

3000 

rpm for 

3mins 

LL-

UV 

NR 3 3 Week

ly 

N Y Y Anteromedial  

Batta

glia et 

al 

2013 

Double C1: 

1800 

rpm for 

15 mins 

C2: 

3500 

rpm for 

10 mins 

Ca NR 5 3 Fortni

ghtly 

Y N Y Lateromedial and 

caudocranial  

Dalla

ri et 

al 

2016 

Double C1: 

1400 

rpm for 

6 mins 

C2: 

3400 

rpm for 

15 mins 

Ca NR 5 3 Week

ly 

Y N Y Lateromedial and 

caudocranial 

Di 

Sante 

et al 

2016 

Double C1 and 

C2: 

3100 

rpm for 

9 mins 

NR NR 3 3 Week

ly 

N N Y NR 

ACP autologous conditioned plasma, EQ-VAS EuroQol visual analogue scale pain intensity), HA hyaluronic acid, 

IKDC International Knee Documentation Committee, KOOS knee osteoarthritis outcome score, NR not reported, OA 

osteoarthritis, PRGF platelet rich in growth factors, PRP platelet-rich plasma, TENS+ex transcutaneous electrical 

nerve stimulation plus exercise, VAS visual analogue scale, WOMAC Western Ontario and McMaster Universities 

Osteoarthritis Index. 

 

 


