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Abstract 

Background Platelet-rich plasma (PRP) injection for ankle osteoarthritis (OA) treatment showed contradictory results. 
This review was aimed to pool individual studies which assessed the efficacy of PRP for ankle OA treatment.

Methods This study was conducted following the preferred report items of systematic review and meta-analysis 
guideline. PubMed and Scopus were searched up to January 2023. Meta-analysis, or individual randomised controlled 
trial (RCT), or observational studies were included if they involved ankle OA with aged ≥ 18 years, compared before–
after receiving PRP, or PRP with other treatments, and reported visual analog scale (VAS) or functional outcomes. 
Selection of eligible studies and data extraction were independently performed by two authors. Heterogeneity test 
using Cochrane Q test and the I2-statistic were assessed. Standardised (SMD) or unstandardised mean difference 
(USMD) and 95% confidence interval (CI) were estimated and pooled across studies.

Results Three studies from meta-analysis and two individual studies were included, which consisted of one RCT 
and four before–after studies with 184 ankle OAs and 132 PRP. The average age was 50.8–59.3 years, and 25–60% 
of PRP injected cases were male. The number of primary ankle OA was accounted to 0–100%. When compared to 
before treatment, PRP significantly reduced VAS and functional score at 12 weeks with pooled USMD of − 2.80, 95% CI 
− 3.91, − 2.68; p < 0.001 (Q = 82.91, p < 0.001; I2 96.38%), and pooled SMD of 1.73, 95% CI 1.37, 2.09; p < 0.001 (Q = 4.87, 
p = 0.18; I2 38.44%), respectively.

Conclusion PRP may beneficially improve pain and functional scores for ankle OA in a short-term period. Its mag-
nitude of improvement seems to be similar to placebo effects from the previous RCT. A large-scale RCT with proper 
whole blood and PRP preparation processes is required to prove treatment effects.

Trial registration PROSPERO number CRD42022297503.
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Introduction
Ankle osteoarthritis (OA) presents with progressive car-
tilage destruction and may affect walking, physical and 
functional abilities, and also quality of life. Its incidence 
has been systematically approximated at 3%, particularly 
in the young and female [1]. According to primary (idi-
opathic) or secondary OA (caused by trauma, infection, 
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or inflammation), treatment goals are pain control and 
regaining functions via disease-modifying methods.

Various conservative managements (e.g. rest, activity 
modification, shoe insert, and articular injections with 
saline, sugar, etc.) including PRP have been widely used 
[2–6]. The evidence showed promising results among 
hyaluronic acid [3, 4] and probably PRP [6] in improving 
pain and foot–ankle functional scores. There were a sys-
tematic review and meta-analysis [6] which assessed PRP 
effects on talar osteochondral lesions [7–9] and trapezi-
ometatarsal arthritis [10]. This review found that PRP 
significantly improved functional score for at least six 
months of follow-up with mean difference of 11.79 (95% 
confidence interval (CI): 5.21–18.26) when compared to 
controls [6]. However, these findings may be inapplicable 
for ankle OA. One robust randomised controlled trial has 
been recently compared PRP to placebo control among 
patients with ankle OA [11]. The results showed non-
significant difference of pain and function between two 
groups. On the other hand, two cohorts of ankle OA [12, 
13] applied PRP injection with activated processes and 
demonstrated significant pain reduction.

The contradictory results among diverse populations, 
treatments, and level of evidences bring about a gap of 
knowledge. Therefore, this study questioned “Does the 
PRP improve pain and function for ankle OA when com-
pared to other conservative treatments?”. This systematic 
review and meta-analysis were conducted to pool the 
effect of PRP on pain and functional scores in ankle OA 
patients. This study hypothesised that PRP administra-
tion for ankle OA would positively alleviate pain and pro-
mote function.

Methods
Eligibility criteria
Eligible criteria for individual studies identified from 
meta-analysis were individual studies within system-
atic reviews and meta-analysis either RCTs, non-RCTs, 
cohort study, before–after study, or case series; involv-
ing ankle OA in adults aged at least 18 years; comparing 
between PRP and other treatment or placebo or before–
after receiving PRP; and had any of following outcomes 
including pain or functional score. Duplicate studies and 
studies with inadequate details for data extraction after 
failed contacting the corresponding authors for three 
times were excluded.

Eligible criteria for individual studies other than meta-
analysis after the index date were RCTs, non-RCTs, 
cohort study, before–after study, or case series; recruiting 
ankle OA in adults aged at least 18 years; reporting PRP 
and other treatment or placebo or before–after receiv-
ing PRP; and had at least one outcome of interest (pain 
or functional score). Duplicate studies and studies with 

insufficient or inaccessible data after contacting the cor-
responding author for three attempts were excluded.

Search strategy
PubMed and Scopus databases were searched from their 
inceptions to 31 January, 2023. The Preferred Report-
ing Items for Systematic review and Meta-Analysis 
(PRISMA) guideline was applied [14], and a review pro-
tocol was registered at PROSPERO (CRD42022297503). 
The clinical question was determined based on Popula-
tion/patients, Intervention, Comparison, and Outcome 
(PICO) as follows: patients: “ankle osteoarthritis” and 
adult; interventions: PRP; comparisons: other intra-
articular injection, conservative and surgical treatments; 
outcomes: pain and function. Search terms were set 
according to Patients, Interventions, and type of Studies 
(PIS), i.e. meta-analysis, and Patients, Interventions (PI) 
for individual studies (RCT, cohort, case series, before 
and after an index date of the latest published meta-anal-
ysis) with and without medical subject headings (MeSH) 
was applied where appropriate for PubMed. Search strat-
egies were constructed by combining search terms of all 
domains (Table 1).

Selection and data collection
Individual studies included in previous meta-analyses 
and individual studies that were additionally identi-
fied from the last recent index searching date were 
selected for eligibility by two reviewers (SL, SP). Titles 
and abstracts were screened, and then, full articles were 
retrieved. The eligibility studies were reviewed and 
selected according to inclusion and exclusion criteria. 
Reference lists of the relevant articles were also checked. 
Disagreement between the two reviewers was resolved by 
consensus with the third author.

Two authors (SL, SP) independently extracted data 
using standardised data extraction forms. The forms 
comprised of study design, year of publication, number 
of patients, mean age, cause of ankle OA (primary, sec-
ondary), severe ankle OA (Kellgren–Lawrence classifi-
cation [15]; KL 3–4 or Takakura classification 3–4 [16]), 
interventions, number of patients in each intervention, 
PRP techniques (preparation, dosage, administration), 
mean duration of follow-up, and outcomes. Authors were 
contacted if there were any insufficient data. Any disa-
greement was resolved by the third author.

Data items
The outcomes of interest were pain measured by visual 
analog scale (VAS), functional scores by the American 
Orthopedic Foot and Ankle Society Score (AOFAS) [17], 
Ankle Osteoarthritis Scale (AOS) [17], or other foot and 
ankle-specific functional score, and ankle alignment. The 
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secondary outcomes were quality of life and satisfac-
tion score. VAS ranged 0–100 or 0–10 as based on the 
original articles [18], and the higher score indicates the 
more severe pain. The AOFAS score (ranges from worst 
to best of 0–100) consists of pain (one question, score 
0–40), function (seven questions, score 0–50), and align-
ment (one question, score 0–10) [17]. The AOS measures 
pain (9 questions) and disability (9 questions) subscales 
and calculates into percentage ranged from 0 to 100 [17]. 
The foot and AOS ranges from 0 to 100; higher score 
reflects better with pain, symptoms, quality of life, activ-
ity of daily living, and sports and recreation subscales 
[18]. The Japanese Society for Surgery of the Foot ankle/
hindfoot scale (JSSF) comprises pain (40 points), func-
tion (50 points), and alignment (10 points) [19]. For the 
quality of life, there were the 36-Item Short-Form Health 
Survey (SF-36), the total score from 0 (worst) to 100 (bet-
ter health) [17], and the EuroQol 5-Dimension tool (EQ-
5D) including mobility, self-care, usual activities, pain/
discomfort, and anxiety/depression domains [18].

All outcomes were evaluated at 12  weeks with regard 
to the maximum treatment effect. Only minimally clini-
cal important difference of AOS was available for ankle 
OA as 28/100 [17]. Possible adverse events such as pain 
at injection site; skin reactions; or soreness were also 
collected.

Intra-articular PRP injection was the intervention of 
interest. Possible comparators were intra-articular injec-
tion of inactive interventions (e.g. placebo, saline, sugar 
(prolotherapy)), conservative treatment (e.g. rest, shoe 

modification, exercise, physiotherapy), active interven-
tions (e.g. botulinum toxin, hyaluronic acid, mesenchy-
mal stem cell, corticosteroid or methylprednisolone), and 
surgery (e.g. arthroscopy, microfracture). Since PRP had 
various techniques, types of preparation, dosage, meth-
ods, and times of administration were taken into account. 
If there were not enough studies, the interventions were 
grouped as active and inactive comparators, in which 
active intervention was a combined PRP with mesenchy-
mal stem cell (orthobiologic serum). Commercial brand 
lists of PRP [20] including previously used for tendinopa-
thies [21] were also considered. Moreover, the standard 
guideline for PRP preparation from The Minimum Infor-
mation for Studies evaluating Biologic in Orthopaedics 
(MIBO) [22] was assessed for each study. The 23-state-
ment checklist encompasses the following domains: 
study design, patients’ details, intervention, whole blood 
processing and characteristics, PRP processing and char-
acteristics, activation, delivery, postoperative care, and 
outcomes.

Assessment of the risk of bias
The quality of the study was independently appraised 
by two authors using the Cochrane Collaboration’s tool 
for assessing risk of bias for randomised controlled trials 
(RoB 2) [23] for RCTs and risk of bias in non-randomised 
studies of interventions (ROBINS-I) [24] for non-RCTs. 
Any disagreement was discussed and resolved by the 
third evaluator.

Table 1 Search strategies and search results

*Searching after an index date (February 2021) of the last update meta-analysis

PIS Order Search terms No. of publications

PubMed Scopus

Patient (P) #1 Search "ankle osteoarthritis" 654 838

#2 Search "ankle arthrosis" 76 117

#3 Search "ankle OA" 155 160

#4 Search #1 OR #2 OR #3 765 980

Intervention (I) #5 Search platelet-rich plasma 15,285 16,346

#6 Search COBE Spectra OR Arthrex ACP 2417 4758

OR PRGF-endoret OR ISTO Biologics,

OR Nuo Therapeutics OR

KYOCERA OR Medical PRP kit

OR JP200 OR SmartPrep OR

Plateltex OR OrthoGen OR Magellan

#7 Search #5 OR #6 17,554 19,484

PI #8 Search #4 AND #7 25 56

Study design (S) #9 Search meta-analysis 267,404 4,025,920

PIS #10 Search #8 AND #9 2 33

PI latest* #11 Search #4 AND #7 12 24



Page 4 of 13Laohajaroensombat et al. Journal of Orthopaedic Surgery and Research          (2023) 18:373 

Assessment of the quality of recommendations
The Grading of Recommendations Assessment, Devel-
opment and Evaluation (GRADE) [25] was used to 
determine the quality of evidences, i.e. study designs 
(RCT or observational studies), study limitations, 
inconsistent results, indirectness of evidence, impre-
cision, publication bias, large magnitude effects, 
plausible confounders reducing the treatment effect, 
dose–response relationship, and rating of the qual-
ity of evidences for each outcome. The strength of 
recommendation was expressed as for/against and 
strong/weak recommendation for the PRP treatment. 
The assessment was independently addressed by two 
authors. Any disagreement was discussed by consensus 
and resolved by the third evaluator.

Data synthesis
A direct meta-analysis was performed comparing pain 
and functional scores between before and after receiving 
PRP. Heterogeneity was evaluated using Cochrane Q test 
and the  I2-statistic. A standardised (SMD) or unstand-
ardised mean difference (USMD) and 95% confidence 
interval (CI) were estimated and pooled across stud-
ies using a random-effects model if heterogeneity was 
present (P-value of Q test < 0.1 or I2 > 25%); otherwise, a 
fixed-effects model was applied. A meta-regression was 
applied to assess a source of heterogeneity by regressing 
the mean difference on platelet concentration and PRP 
volume. Sensitivity analysis was performed by excluding 
studies that might be a source of heterogeneity. Publica-
tion bias was assessed using Egger’s test [26] and a funnel 
plot [27]. In the case of significant Egger’s test or asym-
metrical funnel plots, a contour-enhanced funnel plot 
was generated in order to differentiate publication biases 
from other causes [28].

A two-stage network meta-analysis was applied if the 
number of studies was sufficient to pool effects of PRP 
relative to active and non-active comparators as follows: 
First, a relative intervention effect, i.e. SMD/USMD, and 
its variance–covariance were estimated for each study; 
second, these effect sizes were pooled across studies 
using a multivariate meta-analysis. All possible relative 
treatment effects were estimated. Probability of being the 
best intervention was approximated using surface under 
the cumulative ranking curves (SUCRA). The consist-
ency assumption was assessed using a design-by-treat-
ment interaction model. A publication bias was evaluated 
using a comparison-adjusted funnel plot. A cluster rank 
was constructed for simultaneously considering prob-
ability of pain or functional scores, and possible adverse 
events such as pain, allergic reaction, skin discolouration, 
blood clot, and infection.

All analyses were performed using STATA Program 
17.0. P-value < 0.05 was considered as non-statistical 
significance.

Results
Search results
After considering patients and intervention terms, 81 
studies were identified from PubMed and Scopus data-
bases (Table  1). Then, type of studies “meta-analysis” 
was combined to search terms leaving 35 studies: two 
studies from PubMed and 33 studies from Scopus. Two 
duplicates and 31 studies other than meta-analysis were 
excluded. From two eligible meta-analyses [2, 4], three 
individual studies [12, 29, 30] met the inclusion criteria. 
There were 25 studies found from PubMed and 56 stud-
ies from Scopus before the index date. Three studies [12, 
29, 30], the same as those from meta-analyses, were eli-
gible. Additional 12 studies from PubMed and 24 studies 
from Scopus were identified from the index date. Twelve 
duplicates were removed, and 24 studies were screened. 
Twenty-two studies were excluded due to study designs, 
population, and intervention leaving two eligible studies 
[11, 13]. As a result, a total of five studies [11–13, 29, 30] 
were included in analysis (Fig. 1).

Assessment of the risk of bias
The quality assessment demonstrated low risk of bias for 
the included randomised controlled trial [11] and serious 
to critical risk of bias among before–after studies [12, 13, 
29, 30], Table 2.

Assessment of the quality of recommendations
The GRADE quality of evidence for pain and functional 
outcomes is presented in Table 3. Quality of life had inad-
equate data to pool in the analysis. Overall quality was 
very low due to serious study limitations, unexplained 
heterogeneity, indirectness of evidence, and publication 
bias. The strength of recommendations for PRP treat-
ment in ankle OA was weak.

Study characteristics and results of individual studies
Characteristics of five included studies (total 184 patients 
for ankle OA, 132 patients for PRP, and 52 patients for 
placebo) are shown in Table  4. Of 5 studies published 
in 2013–2021, 1 RCT [11] compared PRP versus pla-
cebo, and 4 compared outcomes between before and 
after receiving PRP [12, 13, 29, 30]. The average age of 
participants was 50.8–59.3  years, and 25–60% of PRP 
injected cases were male. The number of primary ankle 
OA ranged from 0 to 100%. Severity according to KL 3–4 
or Takakura 3–4 varied from 10 to 100%. Average follow-
up period was 24 to 212 weeks. Most outcome measures 
were VAS, and AOFAS for the outcomes. Details of PRP 
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preparation, dosage, frequency, and administration are 
presented in Table  5. All included studies [11–13, 29, 
30] reported 14–19 out of 23 MIBO checklists mostly on 
details of recipient, injury, whole blood processing, PRP 
processing and format, delivery, post-operative care, and 
outcomes (Additional file 1: Table S1).

Synthesis of results
Pain score
Regarding the hypothesis that PRP administration 
would reduce pain for ankle OA, the difference of 

VAS between before and after PRP injection was esti-
mated. One study reported different outcome meas-
urement as VAS-FA [30], leaving four studies [11–13, 
29] for the meta-analysis. Data pooling across 4 stud-
ies [11–13, 29] indicated significant VAS reduction 
at 12  weeks after receiving PRP (the pooled USMD 
of −  2.80, 95% CI −  3.91, −  1.68; P < 0.001), Fig.  2A. 
However, treatment effects were highly varied across 
studies (Q = 82.91; P < 0.001, I2 96.38%). A meta-
regression was applied to assess if platelet concen-
tration and PRP volume contributed to VAS score 

Fig. 1 PRISMA flow diagram, PRP platelet-rich plasma

Table 2 Quality assessment of included studies

Author Domains Overall

RoB-2 Randomisation 
process

Deviations 
from intended 
intervention

Missing outcome 
data

Measurement of the 
outcome

Selection of the 
reported results

Paget [11] Low Low Low Low Low Low

ROBINS-I Confounding Selection of 
participants

Classification 
of 
intervention

Deviations 
from intended 
interventions

Missing data Measurement 
of the 
outcome

Selection of the 
reported results

Overall

Angthong [30] Serious Critical Serious Moderate Moderate Serious Moderate Serious

Fukawa [12] Serious Serious Low Moderate Low Serious Moderate Serious

Repetto [29] Critical Moderate Moderate Moderate Moderate Serious Moderate Critical

Sun [13] Serious Low Low Moderate Low Serious Moderate Serious
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changes. Only PRP volume, but not platelet concentra-
tion, was significantly associated with VAS mean dif-
ference. Every increment in PRC volume by one unit 
would significantly reduce VAS score by 0.39 (95% 
CI −  0.61, −  0.16), Additional file  1: Fig. S1. How-
ever, including platelet concentration and PRP volume 
could not reduce the degree of heterogeneity with the 
I2 of 97.45% and 93.01%, respectively (Additional file 1: 
Table S2).

A sensitivity analysis was performed by exclud-
ing studies possibly accounting for heterogeneity, i.e. 
high dosage of PRP [29], primary ankle OAs [12], or 
low number (< 50%) of severe ankle OA (KL 3–4 or 
Takakura 3–4) [13], but none of them could reduce the 
heterogeneity, Fig. 2B–D. After excluding high-dosage 
study, 1–3 doses of PRP minimised VAS more than 
before treatment (the pooled USMD of − 2.05, 95%CI 
− 2.75, − 1.35, P < 0.001) with I2 90.99% (Fig. 2B). Con-
sidering only traumatic OA, VAS score was declined 
after receiving PRP (the pooled USMD of −  2.92, 
95%CI − 4.55, − 1.30) and I2 97.52%, Fig. 2C. The stud-
ies reported ≥ 50% of severe ankle OA showed signifi-
cant pain relief after PRP treatment (the pooled USMD 
of −  2.99, 95%CI −  4.71, −  12.7) with I2 = 97.58%, 
Fig. 2D.

In addition, a subgroup analysis by age < 56  years 
and ≥ 56  years resulted in USMD of −  3.85 (95%CI 
−  6.55, −  1,66) and −  1.83 (95% CI −  2.77, −  0.89), 
Additional file  1: Fig. S2.

The publication bias was assessed. The funnel plot 
(Additional file  1: Fig. S3A) and Egger’s test (coeffi-
cient = −  15.18, P < 0.001) showed asymmetry. Con-
sequently, the contour-enhanced funnel plot was 
constructed and suggested that asymmetry might be 
caused by heterogeneity and publication bias (Addi-
tional file 1: Fig. S3B).

Functional score
The functional scores were reported in 4 studies [11–13, 
29] using AOFAS [11, 13], Foot and Ankle Disability Index 
(FADI) [29], and JFFS [12]. The hypothesis that PRP admin-
istration would improve function in ankle OA was tested 
by including these 4 studies [11–13, 29] into the meta-anal-
ysis. SMD was estimated and pooled across 4 studies [11–
13, 29] indicating PRP significantly improved functional 
score (the pooled SMD of 1.73, 95% CI 1.37, 2.09; P < 0.001) 
with Q = 4.87, P = 0.18; I2 = 38.44% when compared with 
before treatment (Fig.  3). A meta-regression was applied 
for 4 included studies [11–13, 29] and suggested that plate-
let concentration had significant negative association with 
functional score. One unit increasing in platelet concen-
tration would decrease function by 0.24, Fig.  4. Neither 
Egger’s test (coefficient = 0.19, P = 0.966) nor funnel plot 
showed asymmetry for functional score (Additional file 1: 
Fig. S4).

Quality of life
Three studies assessed reported quality of life using SF-36 
[11, 29, 30], the Self-Administered Foot Evaluation Ques-
tionnaire (SAFE-Q) [12], and The 3-Level EQ-5D (EQ-
5D-3L) [11]. Meta-analysis was unable to be performed 
due to inadequate number of studies for data pooling.

Adverse events among PRP were identified in three stud-
ies [11–13] as knee pain (4%) [11], lower limb muscle sore-
ness (26%) [11], pain at injection site (12.8%) [13], and pain 
with swelling at injection site (5%) [12]. Lower limb muscle 
soreness was found in about 5% of placebo injections [11]. 
No serious adverse events were documented in both PRP 
and placebo groups.

Table 3 GRADE evidence for systematic review and meta-analysis of PRP treatment for ankle OA

GRADE The Grading of Recommendations Assessment, Development and Evaluation, PRP platelet-rich plasma, OA osteoarthritis, VAS visual analog scale, USMD 
unstandardised mean difference, CI confidence interval, SMD standardised mean difference

Number 
of studies 
(participants)

Study 
limitations

Inconsistent 
results

Indirectness of 
evidence

Imprecision Publication 
bias

Large 
magnitude 
effects

Plausible 
confounders

Dose–
response 
relationship

Quality of 
evidence

VAS (0–10) at 12 weeks

4 (127)
1 RCT 
3 before–after

Serious 
limitations (3 
studies)

Unexplained 
heterogeneity

Indirect No important 
imprecision

Likely USMD − 2.80
(95% CI: 
− 3.91, − 1.68)

Likely Unlikely  + , very low

Function score (0–100) at 12 weeks

4 (127)
1 RCT 
3 before–after

Serious 
limitations (3 
studies)

No important 
inconsistency

Indirect No important 
imprecision

Unlikely Unlikely,
SMD 1.73
(95% CI: 1.37, 
2.09)

Likely Unlikely  + , very low

Quality of life at 12 weeks

– – – – – – – – – –
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Discussion
PRP has not been specifically reviewed for ankle OA. Var-
ious PRP preparations were used, i.e. commercial/local 
equipment, 2–3  ml, 1–4 doses, 0–6  weeks of interval, 
with or without ultrasound/fluoroscopic guidance, local 
anesthesia, or peri-lesion/ankle joint injection. According 
to the hypothesis that PRP administration would improve 
pain and function among ankle OA patients, the results 
showed significant VAS reduction and functional score 
improvement after receiving treatment for 12  weeks. 
However, pooling PRP effects were based on high het-
erogeneity that could not be minimised by sensitivity and 
subgroup analyses by age, dosage, primary ankle OA, or 
severity.

Two previous meta-analyses [4, 5] of ankle OA have 
specifically focused on hyaluronic acid versus saline injec-
tion [4], placebo, botulinum toxin A, or progressive ankle 
exercise [5]. This systematic review and meta-analysis are 
the first study which has summarised PRP effect on ankle 
OA. PRP could not only be benefit in reducing VAS, but 
was also advantageous in functional score improvement 
by 1.73 SMD (Fig.  3) which was approximately 10–12 
scores of AOFAS [11, 13], 20 scores of FADI [29], and 
13 scores of JSSF [12] (Fig. 6). These differences reached 
minimal clinical significance at 12  weeks of follow-up. 
The short-term effects may help patients return to their 
activities with possibly better quality of life. However, 
the included well-designed RCT [11] did not find signifi-
cant difference of either VAS at 6, 12, and 26  weeks or 
AOFAS, SF-36 at 6 and 26 weeks between two 2-ml PRP 
and placebo. Placebo increased by as many as 11 scores of 
AOFAS by 26 weeks after injection.

PRP preparation
PRP preparation forms might also effect on the treat-
ment outcomes. Meta-regression of 4 included studies 

[11–13, 29] showed platelet concentration was a source 
of heterogeneity for VAS with I2 97.45% (Additional file 1: 
Table  S2). The PRP is taken from centrifugation of the 
individual’s whole blood, which is different in terms of 
blood component, in both number of cells and growth 
factors. High platelet counts (600,000 cells/mm3) and low 
leucocytes (< 1000 cells/mm3) after filtration are manda-
tory for the optimal outcomes [21, 29].

The MIBO emphasised reporting cellular compo-
nents from whole blood and deliverable process of 
PRP to understand influential characteristics of indi-
vidual preparation [22]. Even though all included stud-
ies detailed deliverable processes, only three studies [12, 
13, 29] reported the amounts of platelet counts (Addi-
tional file  1: Table  S1). Their platelet concentration of 
PRP was moderate at 2 to 5 times of the blood platelet 
count, i.e. range 250,000–900,000 cells/mm3 [29], and 
1,310,400 ± 667,0000 cells/mm3 [12]. The other two stud-
ies [11, 30] used standard commercial administration 
and did not elaborate the composition of PRP. However, 
a previous scoping review summarised commercial PRP 
with platelet counts of 2,310,000 ± 524,000 cells/mm3 and 
leucocyte counts of 10,000 ± 4.500 cell/mm3 [31].

The number of studies of PRP treatment in OA ankle 
has been scarce. In this review, three before–after series 
supported that use of PRP was safe and effective [12, 13, 
29], while another small study suggested the PRP injec-
tion as optional [30]. Conversely, the included RCT [11] 
showed no benefits of pain relief and functional improve-
ment compared to the placebo. In order to make thera-
peutic recommendations of PRP for ankle OA, further 
well-designed RCTs should be conducted in accordance 
with the MIBO guideline.

Injury details
This sensitivity analysis did not find the relationship 
between traumatic OA or severe ankle OA and VAS. 

Table 5 Platelet-rich plasma preparation and administration

PRP platelet-rich plasma, Flu fluoroscope, US ultrasound

PRP study Blood (ml) Equipment Dosage (ml) Frequency (interval) Guidance Anesthetics Ankle
injection

Angthong [30] 9–10 Arthrex
ACP

3 1 Flu/US 1% lidocaine Peri-lesion

Fukawa [12] 200 Blood-Separator 2 3
(2 weeks)

US – Anteromedial

Repetto [29] 450 Hettich
Zentrifugen

3 4
(1 week)

No No Anteromedial

Paget [11] 15 Arthrex 2 2
(6 weeks)

US No Anteromedial 
& anterolateral

Sun [13] 7 PLTenus
PLUS

3 1 No No Intra-articular
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Fig. 2 Forest plots of visual analog scale at 12 weeks comparing between before and after receiving platelet-rich plasma (PRP) for A overall pooling 
and sensitivity analysis by excluding, B high-dose PRP, C primary OA, and D severe OA < 50%
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The explanation might be a limitation of previous sur-
gical information, and reliability of Takakura and Kell-
gren classification [32]. Most ankle OA is secondary to 
fractures and ligament injuries [33], and usually asso-
ciates with coronal and sagittal planes’ deformities. 
Abnormal biomechanics might affect the results and 
should be addressed before PRP application. Though 
existing literatures showed benefits of corrective oste-
otomy associated with ankle OA [34], the additive 

effect of PRP injection following these joint preserving 
surgeries has not been investigated.

Numerous classifications of ankle OA are not 
designed specifically to associate with the primary 
or secondary causes. Claessen et  al. [32] reported fair 
interobserver agreement in van Dijk classification and 
documented poor agreement in Takakura and Kellgren 
classification. The standardised classification to clarify 

Fig. 3 Forest plot of functional score at 12 weeks pooling standardised mean difference between before and after platelet-rich plasma (PRP) 
injection
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the severity of the diseases must include abnormal bio-
mechanics, particularly in post-traumatic ankle OA.

Whole blood processing and characteristics
Whole blood platelets, differential leukocytes, and red 
blood cells should be analysed in all samples. Unfor-
tunately, none of the included studies reported whole 
blood characteristics. Type and dose of anticoagulant is 
another concern. By chelating Ca+, ethylenediaminetet-
raacetic acid (EDTA) might disrupt function of platelets 
and might reduce the growth factors in the PRP prepared 
from EDTA-anticoagulated whole blood [35]. Thus, the 
adverse effect of additives must be considered in the pro-
cess of whole blood taking.

PRP processing and characteristics
Three studies [11, 12, 29] from this review quantified PRP 
characteristics and two of them [12, 29] reported stor-
age temperature at -30 and -80 degrees Celsius, respec-
tively (Additional file  1: Table  S1). As the preparation 
technique and components of PRP seem to be the most 
important factors affecting the outcomes of treatment 
of musculoskeletal disorders with PRP injection, there 
is no universally accepted classification of PRP available. 
Many classifications have been proposed which mostly 
involved the concentration of platelets, presence of red 
and white blood cells, and use of exogenous activators 
before injection [36]. There are available commercial 
kits used to prepare the PRP which produce variety of 
the final preparation in terms of platelets’ concentration 
[21]. Different kits need different volumes of whole blood 
and require particular centrifugation techniques. Quan-
titative reporting on all main components of PRP should 
be determined. Moreover, the number of platelets, white 
blood cells, and percentage of neutrophils have to be 
reported.

Two included studies [12, 29] described only stor-
age temperature without PRP processing conditions. 
Temperature during PRP preparation might provide the 
positive effect to the PRP. Du et  al. [37] presented PRP 
processing under low temperature (4 degrees Celsius) 
with a double spinning technique compared to a con-
temporary method. They reported higher concentra-
tion of platelets. More platelets and growth factors were 
trapped in the natural fibre scaffolding after activation by 
rewarming PRP preparation from lower temperature.

Activation
After PRP injection into the tissue, the natural process of 
activation is commenced forming the fibrin network, and 
the plasma becomes the gel-like fibrin clot [38]. Some 
injection techniques encouraged platelets’ activation, 
with thrombin or calcium chloride, before delivering to 

the tissue. The time between activation and injection 
is very critical because most of the growth factors are 
secreted within 10 min after activation and almost 100% 
of them are secreted within an hour [36]. Three studies 
from this review stated the activation process. Fukawa 
et  al. [12] added calcium chloride hydrate just before 
PRP injection. Sun et  al.,[13] used citrate without pro-
viding time to deliver. Both studies reported significant 
pain reduction after injection. Paget et  al. [11] did not 
use thrombin, calcium, or citrate substances. The authors 
found non-significant different pain between PRP and 
placebo.

Delivery and outcomes
Total volume of injection has been recognised as one 
of influencing factors affecting the treatment outcome. 
Regarding to meta-regression of four included studies 
[11–13, 29], PRP volume was found as sources of het-
erogeneity for VAS and functional score with I2 93.01% 
and 58.93%, respectively. In the study by Repetto et  al. 
[29], the authors provided four injections of PRP (total 
12 ml), while Fukawa et al. [12] administered three injec-
tions (total 6  ml). Both studies reported positive effects 
on pain and functional outcomes. However, the optimal 
doses and injection interval in particular ankle OA have 
not been investigated.

Age, immunity, metabolic disorders, and concomitant 
medication possibly impacted to cellular impairment, 
collagen deformation, microbiota changes, cellular viabil-
ity and may contribute to therapeutic outcomes of PRP 
[39]. From four included studies [11–13, 29], average age 
ranged from 50.8 to 59.3 years, no immune or metabolic 
abnormalities were reported, and no local anesthesia/
cytotoxic agents were used. Another study [30] excluded 
patients with systemic diseases, but lidocaine was applied 
prior to PRP injection.

Future studies investigating the additive effects of col-
lective doses are needed to support multiple injections. 
Intrinsic and extrinsic factors affecting PRP quality have 
to be explored. Moreover, standardised clinical and imag-
ing outcomes should be assessed and compared between 
studies.

Strengths and limitations
Since this review was based on secondary data, the 
quality of evidence and data retrieval might be limited 
and affect the clinical application. Data were gathered 
as much as possible, and were all researchers agreed in 
searching, selection, and extraction by consensus. The 
quality of the studies, publication biases, and heteroge-
neity were assessed with standard statistical analysis to 
achieve the best available evidence. Limitations of this 
study are including descriptive case series with serious 
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to critical risk of biases, publication biases or heteroge-
neity of the VAS outcome, very low-GRADE quality of 
evidences, inadequate data of quality of life for analy-
sis and focused only on the maximum treatment effects 
at 12  weeks of follow-up. Included PRP studies in this 
review seemed to deliver a similar effect size as that of 
placebo from the previous RCT [11]. Regarding the risk 
of biases towards positive results, pain and functional 
improvement from these PRP preparations might not be 
superior to placebo. The functional outcomes were var-
ied across the studies. However, there was no publication 
bias, and the standardised mean difference was applied 
for appropriate comparisons.

Clinical application
Treatments of ankle OA with various PRP prepara-
tions seemed to be effective, in terms of pain and func-
tion, when compared with before treatment. With very 
low quality of evidences, high costs, and diverging set-
tings, PRP is weakly recommended for ankle OA as an 
alternative or adjunct therapy after failed conserva-
tive treatment. Its benefits would be attained approxi-
mately 12  weeks after injection with acceptable minor 
complications.

Conclusion
With regard to the hypothesis, the best available evi-
dence of pooling different PRPs for ankle OA demon-
strated only short-term, before–after pain, and functional 
improvement. Its benefit was similar to placebo effects 
of the included RCT. Further modified PRP preparation 
or limited use as alternative therapy may apply for ankle 
OA. The future studies investigating the outcomes of PRP 
injection for ankle OA should follow the MIBO consen-
sus to make the processing of PRP preparation repro-
ducible and to make the comparison of the outcomes 
between studies possible.
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