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Key Points 

Question  Do intra-articular platelet-rich plasma injections improve ankle symptoms and function in patients 
with ankle osteoarthritis? 

Findings  In this randomized clinical trial that included 100 patients, treatment with 2 intra-articular platelet-
rich plasma injections vs placebo injections with saline resulted in a mean change in the American Orthopaedic 
Foot and Ankle Society score (range, 0-100; higher scores indicate less pain and better function) of 10 vs 11 
points over 26 weeks; the between-group difference was not statistically significant. 

Meaning  These findings do not support the use of platelet-rich plasma injections for patients with ankle 
osteoarthritis. 

Abstract  

Importance  Approximately 3.4% of adults have ankle (tibiotalar) osteoarthritis and, among younger patients, 
ankle osteoarthritis is more common than knee and hip osteoarthritis. Few effective nonsurgical interventions 
exist, but platelet-rich plasma (PRP) injections are widely used, with some evidence of efficacy in knee 
osteoarthritis. 

Objective  To determine the effect of PRP injections on symptoms and function in patients with ankle 
osteoarthritis. 

Design, Setting, and Participants  A multicenter, block-randomized, double-blinded, placebo-controlled 
clinical trial performed at 6 sites in the Netherlands that included 100 patients with pain greater than 40 on a 
visual analog scale (range, 0-100) and tibiotalar joint space narrowing. Enrollment began on August 24, 2018, 
and follow-up was completed on December 3, 2020. 



Interventions  Patients were randomly assigned (1:1) to receive 2 ultrasonography-guided intra-articular 
injections of either PRP (n = 48) or placebo (saline; n = 52). 

Main Outcomes and Measures  The primary outcome was the validated American Orthopaedic Foot and 
Ankle Society score (range, 0-100; higher scores indicate less pain and better function; minimal clinically 
important difference, 12 points) over 26 weeks. 

Results  Among 100 randomized patients (mean age, 56 years; 45 [45%] women), no patients were lost to 
follow-up for the primary outcome. Compared with baseline values, the mean American Orthopaedic Foot and 
Ankle Society score improved by 10 points in the PRP group (from 63 to 73 points [95% CI, 6-14]; P < .001) 
and 11 points in the placebo group (from 64 to 75 points [95% CI, 7-15]; P < .001). The adjusted between-group 
difference over 26 weeks was −1 ([95% CI, –6 to 3]; P = .56). One serious adverse event was reported in the 
placebo group, which was unrelated to the intervention; there were 13 other adverse events in the PRP group 
and 8 in the placebo group. 

Conclusions and Relevance  Among patients with ankle osteoarthritis, intra-articular PRP injections, compared 
with placebo injections, did not significantly improve ankle symptoms and function over 26 weeks. The results 
of this study do not support the use of PRP injections for ankle osteoarthritis. 

Trial Registration  Netherlands Trial Register: NTR7261 

Introduction  

Osteoarthritis affects an estimated 250 million people worldwide and is associated with pain and disability, 
especially in the lower extremities.1 In 2018, ankle (tibiotalar) osteoarthritis was estimated in a UK-based study 
to affect approximately 3.4% of adults.2 Younger active patients with ankle osteoarthritis have reduced quality 
of life, comparable to people with hip osteoarthritis, kidney failure, and congestive heart failure.3,4 However, 
effective nonsurgical interventions are not available for ankle osteoarthritis.5,6 

Platelet-rich plasma (PRP) injections are used increasingly to manage osteoarthritis.5,7-9 PRP is derived from 
autologous blood using a centrifugation system to facilitate growth factor release from the α-granules found in 
platelets.10,11 These growth factors modulate the intra-articular environment, potentially facilitating an anti-
inflammatory, anabolic, and analgesic effect.10,11 The global commercial market for PRP is projected to more 
than double, from an estimated $190 million in 2019 to $400 million in 2024 and an estimated $1.2 billion by 
2028.8,9 

PRP injections for knee osteoarthritis have been investigated in 21 randomized clinical trials.7 Meta-analyses 
report some benefits for PRP injections in knee osteoarthritis.7 

Investigation of PRP for ankle osteoarthritis is limited to 4 small case series, and all have reported statistically 
significant improvements in symptoms and function.5,12 Randomized clinical trials comparing PRP with placebo 
in patients with ankle osteoarthritis have not been performed. The Platelet-Rich Plasma Injections for the 
Management of Ankle Osteoarthritis (PRIMA) randomized clinical trial assessed the efficacy of PRP injections 
in ankle (tibiotalar) osteoarthritis. 

Methods  
Study Design  

This study was a multicenter, stratified, block-randomized, double-blind, placebo-controlled trial performed in 6 
centers (2 university medical centers, 2 teaching hospitals, 1 general hospital, and 1 private specialist clinic) in 
the Netherlands. A detailed description of the study design has been published.13 The initial and revised 
protocol and statistical analysis plan are shown in Supplement 1.13 The study protocol and all amendments were 



approved by the local medical ethics review committee of Amsterdam UMC (Amsterdam, The Netherlands). 
Written informed consent was obtained from all participants. The study was monitored by the clinical research 
unit of the Amsterdam UMC (Amsterdam, The Netherlands). The study protocol was amended and approved by 
the local medical ethics review committee on May 5, 2020, after the start of enrollment but before any results 
were available. Due to the COVID-19 pandemic, some patients were unable to receive their second study 
injection. Therefore, based on recent literature recommendations for studies affected by the COVID-19 
pandemic, the participation of these patients in this study was discontinued and new patients were enrolled 
(COVID-19 lockdown–related protocol amendment).14 Due to this COVID-19 amendment, only the patients 
who were able to receive 2 injections were included and were analyzed according to their randomization group. 

Study Participants  

Patients with ankle osteoarthritis were informed of the study at orthopedic and sports medicine outpatient 
clinics at the 6 centers. Patients were eligible if they were 18 years or older, had a score of at least 40 for ankle 
osteoarthritis pain severity on a visual analog scale (VAS; range, 0-100; higher scores indicate more severe 
pain) during daily activities, and had radiographic imaging (anteroposterior and lateral view) indicating at 
least grade 2 tibiotalar osteoarthritis on the van Dijk classification.15 Patients were excluded if they received 
injection therapy for ankle osteoarthritis in the past 6 months, declined either therapy, had signs of concomitant 
osteoarthritis of 1 or more other major joints of the lower extremities that impaired their daily activity level, or 
underwent a previous ankle operation for osteoarthritis or osteochondral defects less than 1 year before 
randomization (not including surgery for an ankle fracture in the past). Further details on baseline 
measurements, including radiological variables, are provided in eTables 1 and 2 in Supplement 2 and the 
published protocol.13 

Randomization and Blinding  

Patients were randomized to receive PRP vs placebo (saline) via intra-articular injections (Figure 1). A Good 
Clinical Practice–approved data management system (Castor EDC) was used to perform computer-generated 
block randomization stratified by center using variable block sizes of 2, 4, and 6 in a 1:1 ratio. Physicians 
referred potentially eligible patients. The coordinating research physician determined eligibility based on 
inclusion and exclusion criteria, obtained written informed consent, and enrolled patients in the study. The 
coordinating research physician initiated randomization in the data management system but remained blinded to 
the allocated intervention. To ensure blinding of the intervention and concealment of randomization, the 
coordinating research physician prepared a syringe with PRP and a syringe with placebo (isotonic saline: 0.9% 
sodium chloride). Only the independent research assistants had access to the randomization result in the data 
management system. These research assistants covered study syringes with a specially manufactured thick 
plastic covering sheath to conceal the appearance of the study intervention and temperature of the syringe. After 
the intra-articular injection, the syringe covered by the sheath (containing either the remnants of the PRP or 
saline) was handed back to the independent research assistant, who disposed of the syringe in effort to maintain 
blinding of the patient, treating physician, and coordinating researcher. The success of blinding was assessed by 
asking patients just after the injections what treatment they thought they had received. 

Procedures  

Patients received 2 intra-articular injections 6 weeks apart. An optimal PRP formulation has not been identified. 
Therefore, PRP (leukocyte poor) was prepared using a widely used and commercially available system (Arthrex 
double syringe PRP system, Arthrex Medizinische Instrumente GmbH) used previously in other studies.16-18 
One syringe of 15 mL of autologous blood was collected from the cubital vein at inclusion and 6 weeks later. 
After blood collection, the syringe was centrifuged for 5 minutesand the injection was administered within 30 
minutes after venipuncture to prevent blood clot formation. No additional substances (calcium, thrombin, or 
citrate) were added to the PRP solution. For each procedure, 2 mL of PRP or placebo was injected into the 
affected ankle joint under ultrasonography guidance using sterile technique. The anteromedial needle placement 



was located medially from the tendon of the tibialis anterior, lateral to the medial malleolus, and at the level of 
the ankle joint line. The anterolateral needle placement was located just lateral to the peroneus tertius tendon, 
medial to the lateral malleolus, and at the level of the ankle joint line. Local anesthetic was not used. After the 
injection, patients were advised to avoid heavy or repetitive stress to the ankle joint for 48 hours. Patients were 
instructed to avoid co-interventions and nonsteroidal anti-inflammatory drugs (NSAIDs) 24 hours prior to the 
intervention and, if possible, up to 1 year after the first injection. Both PRP and NSAIDs potentially affect the 
inflammatory cascade and may interact with and reduce the efficacy of PRP.10 Throughout the study, co-
interventions, such as NSAIDs or intra-articular injections, used by patients were registered. All participants 
received lifestyle and exercise counseling for osteoarthritis at enrollment, consistent with standard care for 
patients not undergoing surgical treatment (Supplement 2). 

Outcomes  

The primary outcome was the American Orthopaedic Foot and Ankle Society (AOFAS) score over 26 weeks of 
follow-up.13 The AOFAS is a validated scale for ankle osteoarthritis (range, 0-100 points; higher scores indicate 
less pain and better function) that measures 3 subdomains (pain [40 points; 1 item], function [50 points; 7 
items], and alignment [10 points; 1 item]) totaling 9 items.19,20 The AOFAS is translated and validated in Dutch. 
The AOFAS was administered at baseline, 6-week follow-up, and 26-week follow-up by the coordinating 
research physician, who traveled to all sites for all patients. Secondary outcome measures were assessed at 
baseline and at 6-, 12-, and 26-week follow-up. Secondary outcomes were total AOFAS score at 6 weeks (other 
time points than the primary outcome)19; the AOFAS pain subscale score (range, 0-40 points; lower scores 
indicate more pain; minimal clinically important difference [MCID] unknown for ankle osteoarthritis)19; the 
Foot and Ankle Outcome Score (5 scales: pain [MCID, 15], symptoms [MCID, 7], quality of life [MCID, 18], 
activity of daily living [MCID, 23], and sport and recreation [MCID, 21]; all scales range from 0 to 100 points; 
higher scores indicate fewer symptoms)21; the Ankle Osteoarthritis Scale, measuring pain and disability (range, 
0-100 points; higher scores indicate more symptoms; MCID, 28 points)20,22; pain during activities of daily 
living, measured on a visual analog scale (range, 0-100; higher scores indicate more pain; MCID unknown for 
ankle osteoarthritis)23; the Ankle Activity Score (scored according to a chart based on the performable activity 
level; range, 0-10 points; higher scores indicate higher ankle stress activities; MCID unknown for ankle 
osteoarthritis)24; self-reported patient satisfaction (4 categories: excellent, good, fair, poor); the 36-Item Short 
Form Health Survey (measuring health-related quality of life; range, 0-100 points; higher scores indicate better 
quality of life; MCID unknown for ankle osteoarthritis)20; the Global Attainment Scaling (based on achievement 
related to predetermined goals in agreement with the patient; higher scores indicate more achievement; score of 
−2 to 3 indicate decline from baseline; MCID unknown for ankle osteoarthritis)25; and the 3-Level EuroQol 5-
Dimension tool (measuring the generic quality of life across 5 dimensions: mobility, self-care, usual activities, 
pain/discomfort, and anxiety/depression expressed using a summary index of 0-1, with 0 indicating death and 1 
indicating full health, and a health visual analog scale ranging from 0 to 100, with 0 indicating the worst health 
imaginable and 100 indicating the best; MCID unknown for ankle osteoarthritis).26 All adverse events reported 
spontaneously by the patient or observed by the investigator or their staff were recorded. 

Sample Size  

The study was designed to have statistical power to detect a MCID of 12 points on the primary outcome of 
AOFAS score (range, 0-100) over 26 weeks.27-29 There is no official agreement on the MCID for the AOFAS 
score regarding ankle osteoarthritis. In knee and hip osteoarthritis with comparable disease specific patient-
reported outcome measures, a 10% to 15% change of the used scale was reported as minimal clinically 
important difference.27-29 Our predefined MCID of 12% is located within this range.27-29 

With a 2-sided significance level of 5%, 90% power, a dropout rate of 10%, and an expected SD of 16.3, a total 
of 50 patients per group were needed (100 in total).13 

Statistical Analysis  



To test for the effect of treatment on the between-group difference in the primary outcome, we used a general 
linear model for repeated measures. Changes from baseline to all follow-up time points were included in the 
model. Adjustments were made for those baseline variables that were associated with the primary outcome, 
with P < .10, using a multivariable analysis (general linear model repeated measures) with stepwise backward 
elimination. To test for the effect of treatment on between-group differences in the secondary outcomes, we 
used a general linear model for repeated measures. Changes from baseline to all follow-up time points were 
included in the model. 

Patients were analyzed according to their randomization group. The efficacy results that include patients whose 
participation was discontinued due to the COVID-19 lockdown were analyzed in a sensitivity analysis. 

For missing data, single imputation by last observation carried forward was planned if missing data occurred 
within 10 weeks of the last observation. Multiple imputation was planned if there were more than 10% missing 
items on a scale. Little’s missing completely at random test was used to allow an assumption that the missing 
data were missing at random. A sensitivity analysis was planned if more than 5% of data were missing. 

The data were interpreted according to a blinded data interpretation plan.30 The principal investigator, 
coordinating research physician, and co-investigators interpreted the blinded statistical results until a consensus 
was reached (Supplement 2). Patients (none of whom were randomized into the trial) attended this meeting and 
were given opportunity to interpret the results from a patient perspective. Once study investigators and patients 
agreed on result interpretation, an independent investigator assessed interpretation of the blinded results.30 
Following the written interpretation of the independent investigator, data were unblinded and no changes were 
made to the interpretation (Supplement 2). Statistical analyses were performed using IBM SPSS, version 26, for 
Windows. A 2-sided P ≤ .05 was considered statistically significant. Because of the potential for type I error due 
to multiple comparisons, findings for analyses of secondary end points should be interpreted as exploratory. 

Post Hoc Analysis  

To test the robustness of study findings, we performed a post hoc mixed-effects model analysis for the primary 
and secondary outcomes adjusting for the enrolling centers (as random effects) to account for biases introduced 
by greater similarities of patients within sites than among sites. 

Results  

Enrollment began August 24, 2018, and the last patient completed the 26-week follow-up on December 3, 2020. 
In total, 320 patients were assessed for eligibility, of whom 100 (31%) were enrolled in the trial. The initial 
protocol included randomization of 100 patients (49 in the PRP group and 51 in the placebo group). Due to the 
COVID-19 lockdown, 12 participants could not receive their planned second injection and were excluded from 
the trial, and were replaced by 12 new randomized participants. A total of 21 additional patients were evaluated 
to identify the 12 (57%) who were randomized in the trial to replace the 12 participants who discontinued 
during the COVID-19 lockdown. Of the 100 included participants, 48 were randomized to receive PRP and 52 
were randomized to receive placebo (Figure 1). There were no missing data for the primary outcome. Two 
patients did not complete the secondary outcome questionnaires at 26 weeks. Baseline characteristics are 
presented in Table 1. The study population had a mean (SD) age of 55.6 (13.8) years, 45 participants were 
women (45%), and the population had a mean (SD) body mass index of 26.7 (3.8). 

Primary Outcome  

The mean (SD) baseline AOFAS scores were 63 (13) in the PRP group and 64 (16) in the placebo group. 
Between baseline and 26-week follow-up, the mean AOFAS score improved by 10 points (95% CI, 6-14) in the 
PRP group compared with 11 points (95% CI, 7-15) in the placebo group (Table 2; Figure 2 and Figure 3). The 
following 2 baseline variables were associated with the primary outcome, with P <.10: duration of symptoms of 



ankle osteoarthritis (in years) and radiological talar tilt (in degrees) (eTable 16 in Supplement 2). The adjusted 
between-group difference of PRP vs placebo for AOFAS improvement over 26 weeks was −1 point ([95% CI, –
6 to 3]; P = .56). The unadjusted between-group difference of the primary outcome is presented in Supplement 
2. The sensitivity analysis of all 112 randomized patients showed an adjusted between-group difference of PRP 
vs placebo for AOFAS improvement at 26 weeks of −2 points ([95% CI, –8 to 3]; P = .40) (Supplement 1 and 
eTable 3 in Supplement 2). In a post hoc sensitivity analysis, there was no statistically significant between-
group difference of PRP vs placebo for AOFAS change over 26 weeks (–2 points [95% CI, –5 to 1]; P = .16) 
(eTable 4 in Supplement 2). 

Secondary Outcomes  

No statistically significant between-group differences were found for any secondary outcomes at 6, 12, or 26 
weeks (Figure 4 and eTable 4-13 in Supplement 2). No statistically significant between-group differences were 
found in the post hoc sensitivity analysis for any secondary outcomes at 6, 12, or 26 weeks (eTables 4-13 and 
eFigures 1-3 in Supplement 2). 

Adverse Events  

One serious adverse event was reported and deemed unrelated to the injection intervention. It consisted of a 
transient ischemic attack in the placebo-group three weeks after the first injection. No other patients reported 
any symptoms of infection or intra-articular hematoma caused by the injection of PRP or saline. There were 13 
other adverse events in the PRP group and 8 in the placebo group (eTable 15 in Supplement 2). 

Success of Blinding  

After the first (baseline) injection 33 patients (69%) in the PRP group and 36 (69%) in the placebo group 
thought they had received the PRP injection. After the second injection at 6 weeks, 29 (60%) of the PRP group 
and 36 (69%) of the placebo group thought they had received the PRP injection. 

Discussion  

In this double-blind, randomized, multicentered, placebo-controlled clinical trial involving patients with ankle 
(tibiotalar) osteoarthritis, intra-articular PRP injections, compared with saline placebo injection, did not 
significantly improve the primary outcome that assessed pain, function, and alignment over 26 weeks or any 
other secondary outcome measures. The likelihood of clinically relevant benefit is small, because the minimum 
clinically important difference was outside the 95% CI of the primary outcome. 

Previous evidence for PRP injections in ankle osteoarthritis was limited to 4 small case series with 
methodological flaws.5,12 Two retrospective case series of 5 and 20 patients reported an improvement of 21% 
and 67% on the VAS. Two prospective case series, of 20 and 44 patients, reported an improvement of 29% and 
59% on the VAS at 6 months.5,12 

In knee osteoarthritis, 14 of the 21 randomized clinical trials of PRP showed methodological limitations, 
including moderate to high risk of bias and small sample sizes.7 Four of these trials were placebo-controlled, 
and all reported beneficial results for PRP.16,31-33 The pooled results in a recent meta-analysis of the total 
Western Ontario and McMaster Universities Osteoarthritis Index (range, 0-100) of 125 patients show a 
weighted mean difference for the placebo group of 21 points (95% CI, 15-27), suggesting a clinically relevant 
benefit.7 Results reported here for ankle osteoarthritis were not consistent with these potentially beneficial 
effects in knee osteoarthritis. 

The improvement within the placebo (saline) group observed in this study was consistent with other placebo 
studies.34,35 Clinical efficacy of saline is unlikely considering the low injection volume (2 mL) and previous 



sham-controlled studies in knee osteoarthritis that showed no difference between saline joint irrigation (1-10 L) 
and sham intervention.36,37 

Strengths of this study included the placebo-controlled double-blind study design, absence of any loss to follow-
up for the primary outcome, and performance of all primary outcome measurements by coordinating single 
research physician. The nationwide recruitment in 6 centers (2 university medical centers, 2 teaching hospitals, 
1 general hospital and 1 private specialist clinic) enhances the generalizability of the results. 

Limitations  

This study has several limitations. First, the generalizability of results to other platelet-rich blood products may 
be limited. Alternative platelet-rich blood interventions differ in dose, timing, and number of injections and in 
composition of platelets and leukocytes. However, the product administered in this trial was also used as in 
several other osteoarthritis trials and the concentration of the platelet rich plasma was comparable to that used in 
these prior trials.16,38,39 Second, analysis of the composition of PRP in this study was not conducted.13 However, 
the composition of this specific system has been analyzed previously,40 including in a previous randomized 
clinical trial.18 PRP analysis is typically not performed in clinical practice prior to injection. Third, magnetic 
resonance imaging, sensitive for detecting potential structural cartilage changes and degree of inflammation in 
joints was not a secondary outcome due to financial constraints. Fourth, there was no control for differences in 
physical therapy between the two groups. 

Conclusions  

Among patients with ankle osteoarthritis, intra-articular platelet-rich plasma injections, compared with placebo 
injections, did not significantly improve ankle symptoms and function over 26 weeks. The results of this study 
do not support the use of PRP injections for ankle osteoarthritis. 
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