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Abstract: Ankle osteoarthritis (OA) is characterized by intraarticular, activity-related pain. mainly
with weight-bearing activities. Several nonoperative therapies remain as the first choices, but there
is still no consensus on which is the most effective. This study aimed to systematically synthesize
the evidence regarding the effectiveness of PRP in the management of ankle OA. Searches were
conducted on PubMed, Cochrane, CINAHL, and SPORTDiscus to find relevant articles from inception
to December 2023. Details regarding study characteristics, PRP procedures, and outcomes were
extracted. A quality assessment was developed according to Joanna Briggs Institute’s critical appraisal
tool. A total of five studies met the inclusion criteria, with 184 patients receiving PRP therapy (mean
age 55.7 years, and 51.1% were female). There were three case series, one prospective cohort, and
one randomized controlled trial. Pain and function were the most frequently evaluated outcomes
among the selected articles. They showed significant improvements in the short-term follow-ups,
mostly in patients with II-III-stage ankle OA. There is currently insufficient evidence regarding the
effectiveness and safety of PRPs in the treatment of ankle OA. A paucity of high-level research in the
literature was also found.

Keywords: ankle joint; osteoarthritis; growth factors; cartilage

1. Introduction

Osteoarthritis (OA) has been considered the most common form of joint disease world-
wide, and its functional and clinical impairments place a major burden on both communities
and healthcare systems. As a highly correlated condition with aging, its impact is expected
to increase in a way that is directly proportional to global life expectancy. Additionally,
the increasing appearance of OA risk factors, such as obesity, physical inactivity, and joint
injury, is contributing to a propagation phenomenon [1].

Clinical evidence has suggested that the prevalence of ankle OA within the general
population is significantly lower than OA in other joints [2]. With the hands, knees, and
hips being the most common areas affected by OA [3], ankle OA in particular ranges from
9% to 15% of all OA cases in general adult populations [4]. However, ankle OA is more
commonly found in the young, active population, predominantly in women, due to their
tendency to experience repeated trauma throughout a longer lifetime period [5]. Quality of
life and physical functioning in patients with ankle OA have been found to be equivalent
to those perceived in patients with musculoskeletal comorbidities like hip OA, but also
compared with systemic conditions, such as end-stage kidney disease or congestive heart
failure [6].

Surgery methods like joint replacement, in contrast with their effect on hip/knee
OA, are associated with important functional restrictions in ankle OA patients. Regarding
nonoperative modalities, there is a wide variety of options, from pharmacological to
physical therapies, but these are not without side effects or produce only short-term
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results over time [7,8]. Furthermore, a lack of evidence from high-quality studies has
been suggested by recent systematic reviews on intra-articular injection therapy in large
joint OA [9,10]. Recent advances in biological research have highlighted the importance
of growth factors in cartilage pathology [11]. Platelet-rich plasma (PRP) arises as an
effective treatment in the management of the symptoms of OA. However, despite its
increasing popularity and potential biological benefits, the clinical improvements related
to current PRP injectables are still uncertain [12]. The reasons for this include the lack of
standardized protocols for preparation and administration, the existence of different types
of PRP products, or the use of different activating methods for platelet stimulation, among
others. Therefore, the effectiveness of PRP is still being debated, as the current literature
reports contradictory results from different methodological approaches [11–13]. Despite
all this incongruence, the use of PRP in treating ankle OA has become more prevalent in
recent times, and several studies have demonstrated both positive and neutral outcomes.
Due to these mixed results, we aimed to systematically synthesize the available scientific
literature on PRP as a therapeutic intervention in managing ankle OA.

2. Materials and Methods
2.1. Design

The systematic review protocol was developed in accordance with the Preferred
Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines [14] and
prospectively registered with PROSPERO (registration: CRD42018085261) [15].

2.2. Data Search

An electronic search was performed in mid-December 2023 on PubMed, Cochrane,
CINAHL, and SPORTDiscus. Database searches were performed by two authors, with
no limits, and checked by one of them (IM-P). The search strategy was based on both
Medical Subject Heading (MeSH) and non-MeSH terms. The referred databases were
queried based on three broad terms: (i) osteoarthritis, (ii) ankle, and (iii) platelet-rich
plasma. All references from selected articles were manually reviewed for additional papers
to maximize the search. Further information about the search strategies developed on
databases is provided in Appendix A.

2.3. Study Selection and Eligibility Criteria

Studies were firstly screened by title and abstract by two independent evaluators (MO-
C and IM-P). Potentially eligible full-text articles were obtained and assessed independently
using the following inclusion criteria: (i) studies with human subjects; (ii) clinical studies
(randomized/non-randomized clinical trials, comparative and observational studies, case
reports); (iii) full-text articles published in English. Animal and preclinical studies, and
papers not reporting follow-up, or involving patients with previous surgical procedures,
were excluded. When the full-text version was not published in English, the paper was
discarded. The same two evaluators independently reviewed the full text of the included
studies, with a third author (AG-C) acting as the tiebreaker to resolve any disagreements.

2.4. Data Extraction

The Cochrane Collaboration data collection form for randomized and non-randomized
controlled trials was employed to extract data for this systematic review [16]. Data extracted
included sample characteristics, study design, level of evidence, type and characteristics
of PRP intervention, and clinical and functional outcomes. Secondary outcomes, such as
patient satisfaction, along with potential side effects, were also investigated. PRP therapy
effectiveness was assessed through point measures and variance estimations of the selected
outcomes. Reported details from every follow-up period were extracted and used in this
analysis. Authors were contacted for additional data when necessary.
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2.5. Quality Assessment

The standardized Joanna Briggs Institute (JBI) critical appraisal tool—JBI Meta-Analysis
of Statistics Assessment and Review Instrument (JBI—MAStARI) [17]—was used for as-
sessing risk of bias. The risk of bias tool assesses clear reporting of inclusion criteria,
demographics, clinical information, incomplete outcome data, appropriate statistical analy-
sis, and other sources of bias. Two reviewers (MO-C and IM-P) independently evaluated
the quality of the selected studies. Discrepancies between them were discussed and recon-
sidered until consensus was reached. Again, when no consensus could be reached, a third
reviewer was consulted (AG-C).

2.6. Outcomes

Ankle OA pain severity and function were highlighted as the effectiveness outcomes
of interest in our analysis. Pain severity and function on relevant tools were extracted from
each study.

2.7. Strength-of-Evidence Assessment

The strength of evidence for PRP therapy for ankle OA was assessed by defining four
levels of evidence, as defined by the Oxford Centre for Evidence-Based Medicine [18].

3. Results
3.1. Study Selection

A total of 511 citations were retrieved after the initial searches on databases, which
also included articles obtained through manual search and reference lists. After removing
duplicates, 422 articles were selected for screening, with 9 studies remaining for full-text
assessment. After final screening, five studies fulfilled the eligibility criteria and were
included in the final analysis. There were four uncontrolled trials, three of which were case
series, one of which was a prospective cohort, and one randomized controlled trial. Further
details of the selection process are provided in the PRISMA flowchart (Figure 1).

3.2. Patients and Study Characteristics

The mean age in the five studies was 55.7 years, with a range of 18–71. A total of
184 adult subjects with symptomatic ankle OA (184 ankles) were included, with 51.1%
being female participants. The mean follow-up period was 10.4 months, ranging from 2 to
30. The severity of ankle OA was radiographically graded in accordance with Takakura
or Kellgren–Lawrence classifications. The most prevalent ankle OA grades were reported
to be grades III and IV, except for one study showing that most of its subjects had grade
I [19]. Regarding study type, three articles were prospective case series, one study showed
a retrospective design, and another one was a randomized clinical trial. Table 1 gathers the
information about the characteristics of the included studies.

3.3. Risk of Bias Assessment

The mean number of accomplished domains in the JBI critical appraisal tool was
7.6/10 (range 6 to 9). There was a general accomplishment of the domains regarding bias in
the diagnosis of the condition, reporting of clinical information, and appropriate statistical
analysis. No studies reported details regarding the full inclusion of participants. The two
reviewers agreed and reached a consensus on all the criteria. Table 2 includes the complete
information about the risk of bias assessment.
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Figure 1. PRISMA flow chart.

3.4. PRP Procedures

All of the included studies described the followed PRP procedures, which were found
to show great variability. In one study, the authors centrifuged the whole blood thrice [20],
whereas in another study, the authors performed two centrifugations [21], the first at 800 g
for 5 min, and the second at 1500 g for 8 min. Another two studies employed just one cycle
at 1500 rpm for 5 and 8 min, respectively [19,22], whereas a fifth study used a range of
500–1200 rpm for 8 min [23]. After centrifugation, the final product was cryopreserved
in two cases at different temperatures [20,21], whereas the other three cases employed no
frozen phases [19,22,23].

The addition of an activator varied minimally among the studies. One study em-
ployed calcium chloride to activate PRP immediately before the injection [21], whereas the
remaining four studies did not report the use of any activator substances.

The number of injections ranged from a single administration to four times during the
therapy course, with frequencies ranging from once a week to once every two weeks. The
post-treatment recommendations regarding medication allowance also differed, but there
was a general consensus on not permitting heavy physical work right after the injection.
Tables 3 and 4 show further details about PRP preparation techniques and intervention
procedures, respectively.



Appl. Sci. 2024, 14, 10442 5 of 14

3.5. PRP Formulations

The diverse concentrations of PRP used were provided in all the included studies.
Three studies reported low leukocyte concentrations in the final PRP product, being under
1000 cells/mL [20] or under 4% [23]. The two remaining studies reported not including
white blood cells or red blood cells in any of the PRP samples [21,22].

3.6. PRP Effectiveness

Pain and function measures were included in all the selected studies. Pain was mea-
sured by using the Visual Analogue Scale (VAS) [19–21,23] and sub-scores from VAS Foot
and Ankle (VAS-FA) [22], Ankle Osteoarthritis Score (AOS) [23], and Japanese Society for
Surgery of the Foot (JSSF) [21]. Function was assessed with the Foot and Ankle Disability In-
dex (FADI) [20], AOS [19], Ankle Activity Score (AAS) [19], Foot and Ankle Outcome Score
(FAOS) [19], Single Leg Stance (SLS) test [23], and American Orthopaedic Foot and Ankle
Score (AOFAS), and sub-scores from VAS-FA [22], AOFAS [19,23], and JSSF [21]. Secondary
outcomes such as quality of life, satisfaction, achieved goals, and pathological condition
of the foot and ankle were measured by using Short-Form 36 (SF-36) [19,22], the EuroQol
Quality of Life questionnaire (EQ-5D-3L) [19], Goal Attainment Scaling (GAS) [19], the
Self-Administered Foot Evaluation Questionnaire (SAFE-Q) [21], and a global satisfaction
score [23].

Overall, all of the studies showed significant results for pain and function measure-
ments during and at the end of the different follow-up periods. However, one study
divided the patients into two sub-groups regarding the stage of OA, and the results differed
among them. The subjects suffering from early-stage OA had significantly better results in
VAS and JSSF data in comparison with later-stage individuals (p = 0.02) [21]; concerning
within-group evaluations, significant results were observed for VAS in the early-stage
group (p = 0.01) and for JSSF in the late-stage group (p = 0.005) at 1-month follow-up;
regarding the 3-month follow-up, the VAS and JSSF scores improved significantly in both
early- and late-stage groups, although they did not persist over time. Another study did not
show intra-group details from the different follow-ups, but these were significant between
baseline and 26-week measurements in both groups (p < 0.001); nevertheless, no significant
changes between groups were found [19].

Regarding secondary outcomes, one study showed significant improvements for
SAFE-Q at 3 months through overall assessments, although these were not present when
evaluating early- and late-stage subjects separately [21]. Another study divided subjects
into two groups to determine the satisfaction with the results, and those in the satisfied
group reported higher SF-36 scores than those belonging to the unsatisfied group (p = 0.003),
in the same vein as that which occurred with the VAS-FA [22]. In this manner, Sun et al.
also assessed patients’ satisfaction and found higher improvement rates in those who were
more satisfied [23]. Repetto et al. also registered patients’ degree of conformity in their
study and found that 80% of the subjects were satisfied and returned to their previous level
of activity [20].

Table 5 shows further details about the studies’ reported outcomes.

3.7. Adverse Effects

Adverse effects were only observed in three studies, with rates ranging from 4 to 26%.
The reported adverse events consisted of pain and swelling in the injection area [21,23],
ipsilateral knee pain, and lower leg muscle soreness [19]. According to these authors, the
symptoms resolved spontaneously 48 to 72 h later and were never the cause of withdrawal.
Overall, the injection regimes were well tolerated, and no serious adverse events such
as local/systemic infection or intra-articular hematoma were noted during treatment or
follow-up.
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Table 1. Characteristics of the included studies.

Author, Year Geographic
Location Sample Size Mean Age

(Years) Design
Previous

Duration of
Symptoms

Follow-Up
Period

Measured
Outcomes Ankle OA Classifications

OCEBM
Levels of
Evidence

Takakura
(I, II, IIIA,
IIIB, IV)

KLG
(I, II, III, IV)

Sun et al., 2021
[23] Taiwan 39 55.5 Prospective

study >6 months 6 months

VAS, AOS,
AOFAS, SLS

tests, analgesic
intake,

satisfaction

-
I and II: n = 28

III and IV:
n = 11

III

Paget et al.,
2021 [19]

The
Netherlands 100 55.6 Randomized

controlled trial >2 years 26 weeks

VAS, AOS,
FAOS, AOFAS,

AAS, SF-36,
GAS,

EQ-5D-3L

I: n = 55
II: n = 16
III: n = 15
IV: n = 14

III: n = 69
IV: n = 31 II

Fukawa et al.,
2017 [21] Japan 20 59.3 Case series >6 months 24 weeks VAS, JSSF

scale, SAFE-Q

I: n = 0
II: n = 2

IIIA: n = 5
IIIB: n = 10

IV: n = 3

- IV

Repetto et al.,
2017 [20] Italy 20 57.5 Case series >12 months

12 to 30
months

(mean 17.7)
VAS, FADI -

I: n = 0
II: n = 0

III: n = 11
IV: n = 9

IV

Angthong
et al., 2013 [22] Thailand 12 (n = 5 with

ankle OA) 50.8 Retrospective
case series >6 months

2 to 22.3
months

(mean 16)
VAS-FA, SF-36

I: n = 2
II: n = 1

IIIA: n = 0
IIIB: n = 1
IV: n = 0

- IV

Abbreviations: VAS, Visual Analogue Scale; VAS-FA, Visual Analogue Scale Foot and Ankle; JSSF, Japanese Society for Surgery of the Foot; SAFE-Q, Self-Administered Foot Evaluation
Questionnaire; FADI, Foot and Ankle Disability Index; AOS, Ankle Osteoarthritis Score; AAS, Ankle Activity Score; FAOS, Foot and Ankle Outcome Score; SF-36, 36-Item Short-Form
Health Survey; SLS, Single Leg Stance test; AOFAS, American Orthopaedic Foot and Ankle Score; GAS, Goal Attainment Scaling; EQ-5D-3L, EuroQol Quality of Life questionnaire;
OCEBM, Oxford Centre for Evidence-Based Medicine.



Appl. Sci. 2024, 14, 10442 7 of 14

Table 2. Qualitative assessment according to Joanna Briggs Institute critical appraisal tool.

Authors, Year
Clear

Inclusion
Criteria

Standardized
Measurements of

the Condition

Valid
Diagnostic
Methods

Consecutive
Inclusion of
Participants

Complete
Inclusion of
Participants

Clear Reporting
of Demographics

Clear Reporting
of Clinical

Information

Clear Reporting
of Outcomes

Clear Reporting
of Center

Demographics

Appropriate
Statistical
Analysis

Sun et al., 2021
[23]

Paget et al., 2021
[19]

Fukawa et al.,
2017 [21]

Repetto et al.,
2017 [20]

Angthong et al.,
2013 [22]

Color coding: Gray: Yes; White: No; Black: Unclear.

Table 3. Platelet-rich plasma preparation protocols in the included studies.

Authors, Year Extracted Volume
of Blood (mL) Centrifugation Aliquots

Obtained
Storage

Temperature
Platelet

Concentration
White/Red Cells

Count Activator Source for Each
Injection

PRP
System

Sun et al., 2021 [23]
7 1 centrifugation: 500 to 1200

rpm (8 min) Units of 3 mL NR NR, but 2.4× greater
than baseline †

Leukocytes:
<3.7% †
Erythrocytes: NR

NR Fresh sample NR

Paget et al., 2021 [19]
15 1 centrifugation: 1500 rpm

(5 min) † Units of 2 mL NR NR, but probably >1×
greater than baseline

Leukocytes: poor
(NR)
Erythrocytes: NR

None Fresh sample ACP

Fukawa et al., 2017
[21] 200

2 centrifugations:
- first: 800 g (5 min)
- second: 1500 g (8 min)

3 units of 2 mL
each −30 ◦C

1310.4 ± 667 × 103/µL
(5.1 ± 2.3 times higher
than in whole blood)

Leukocytes: 0
Erythrocytes: 0

10% calcium
chloride Frozen sample Fresh

sample

Repetto et al., 2017
[20]

450

3 centrifugations:
- first: 3550 rpm (12 min)
- second: 1100 rpm

(10 min)
- third: 2600 rpm (20 min)

4 units of 3 mL
each −80 ◦C

600,000 cells/µL
(range 250,000 to

900,000)

Leukocytes:
<1000 cells/µL
Erythrocytes: NR

NR Frozen sample NR

Angthong et al.,
2013 [22] 9–10 1 centrifugation: 1500 rpm

(5 min) Units of 3 mL † NR NR, but 2–3× greater
than average †

Leukocytes: 0 †
Erythrocytes: 0 † None † Fresh sample ACP

Abbreviations: NR, not reported; rpm, revolutions per minute; g, gravitational force; ACP, autologous conditioned plasma. Symbols: †, information retrieved according to manufacturer’s
non-published data.
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Table 4. Platelet-rich plasma interventions in the selected studies.

Authors, Year Number of
Injections

Volume Injected
(mL) Injected Sites Sequence of

Injections Image Guidance Post PRP Intervention Follow-Up

Sun et al., 2021 [23]

1 3 NR - NR

NSAIDs, analgesics,
chondroitin and

glucosamine were not
allowed during the study

Baseline, 1, 3, and
6 months after

injection

Paget et al., 2021 [19]

2 2
Anteromedial/
anterolateral

approach
Once every 6 weeks US

Heavy labour and repetitive
stress were not allowed 48 h

after injection. NSAID
intakes during treatment

were registered

Baseline, 6, 12, and
26 weeks after last

injection

Fukawa et al., 2017
[21] 3 2 Anteromedial

approach Once every 2 weeks US
Heavy labour and sport

activities were not allowed
24 h after injection

1 week before, 4, 12,
and 24 weeks after

last injection

Repetto et al., 2017
[20]

4 3 Anteromedial
approach Once a week NR

Rest, paracetamol, ice, and
avoiding unnecessary

walking for 24 h. NSAIDs
and heavy physical work not

allowed during treatment

17.7 ± 6.4 months
(range 12 to 30)

Angthong et al., 2013
[22]

1 3 Perilesional area - US or fluoroscopy

High-impact activities were
not allowed for 4 weeks after

last injection. Additional
medication for pain control

was allowed, but not
NSAIDs during 2 weeks

after PRP treatment

16 ± 6.76 months
(range 2 to 22.3)
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Table 5. Reported outcomes from included studies.

Authors, Year Sample Size Outcomes Follow-Ups (Months)

Baseline 0.5 1 1.5 3 6 6.5 17.7 (Mean)

Sun et al., 2021
[23] 39

VAS 4.1 ± 1.7 - 2.2 ± 1.9 * - 1.7 ± 1.5 * 1.8 ± 1.6 * - -
AOS 4.3 ± 1.7 - 2.6 ± 2.0 * - 2.1 ± 1.7 * 2.2 ± 1.7 * - -

AOFAS 80.3 ± 8.9 - 87.2 ± 10.3 * - 91.6 ± 9.1 * 89.7 ± 10.0 * - -
SLS test 27.5 ± 33.5 - 41.4 ± 35.8 * - 43.7 ± 35.1 * 42.8 ± 34.3 * - -

Analgesic
(tablets/week) 15.1 ± 6.2 - 6.3 ± 2.5 * - 5.7 ± 2.4 * 6.5 ± 2.6 * - -

Satisfaction - - 70.9 ± 21.2 - 71.7 ± 20.1 71.7 ± 21.2 - -

Paget et al., 2021
[19] 100

VAS

Intra-group changes in the different follow-ups in both groups: NR
Intra-group changes between 26-week and baseline measurements in both groups: p < 0.001

Between-group changes in the different follow-ups in both groups: p > 0.05

AOS
FAOS

AOFAS
AAS
SF-36
GAS

EQ-5D-3L

Fukawa et al.,
2017 [21] 20

Overall
(n = 20)

VAS 59.7 ± 15.3 39.7 ± 18.7 * 33.9 ± 16.5 * 42.4 ± 21.9 *
JSSF 52.4 ± 13.9 70.7 ± 9.8 * 69.2 ± 12.5 * 65.5 ± 17.2 *

SAFE-Q 46.7 ± 16.4 57.9 ± 16.9 61.8 ± 17 * 56.1 ± 19.3

Early-stage OA
(n = 7)

VAS 57.7 ± 16 22.9 ± 8.9 * 25.9 ± 13.9 * 43.7 ± 20.1
JSSF 56.9 ± 8.8 72.3 ± 7.6 76.9 ± 6.9 * 66.2 ± 19.7

SAFE-Q 56.9 ± 14.4 70.0 ± 13.2 75.3 ± 11.6 66.2 ± 18.8

Late-stage OA
(n = 13)

VAS 60.7 ± 14.7 48.7 ± 16.0 38.2 ± 16.1 * 40.7 ± 22.2
JSSF 48.5 ± 14 69.8 ± 10.4 * 65.1 ± 12.3 * 65.0 ± 15

SAFE-Q 41.2 ± 14.3 51.4 ± 14.8 54.3 ± 14.2 52.8 ± 18.4

Repetto et al.,
2017 [20] 20

VAS 7.8 ± 0.5 - - - - - 2.6 ± 2.2 *
FADI 59.2 ± 3.6 - - - - - 80.2 ± 17.3 *

Angthong et al.,
2013 [22] 5

VAS-FA 69.6 ± 18 † - † † 84.5 ± 10.3 *
SF-36 - 68.0 ± 24.4

Values are mean ± standard deviation or otherwise indicated. Abbreviations: VAS, Visual Analogue Scale; FADI, Foot Ankle Disability Index; VAS-FA, Visual Analogue Scale Foot
and Ankle; SF-36, Short Form, 36-Item Survey; AOS, Ankle Osteoarthritis Score; AAS, Ankle Activity Score; FAOS, Foot and Ankle Outcome Score; SLS, Single Leg Stance test;
AOFAS, American Orthopaedic Foot and Ankle Score; GAS, Goal Attainment Scaling; EQ-5D-3L, EuroQol Quality of Life questionnaire. Symbols: †, data not provided; *, significant
within-group changes.
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4. Discussion

PRP has gained popularity in the treatment of large joint OA due to its relative
simplicity and acceptable cost when compared to other invasive procedures. In most cases,
the promising results pertaining to this innovative approach derive from clinical studies
with a limited scientific background [11,24,25]. Several animal studies have shown that
intraarticular PRP injections can promote cartilage regeneration by enhancing chondrogenic
differentiation, inhibiting chondral degeneration, and decreasing synovial inflammation.
Thus, PRP is theorized to act in OA joints through cytokines, chemokines, and growth
factors that inhibit the destruction of hyaline cartilage, or even regenerate it [24].

This work provides a comprehensive review of the effectiveness of PRP for the treat-
ment of ankle OA. There have been only five published studies on using PRP for this
condition. During the eligibility phase, two studies were excluded, since the subjects suf-
fered from osteochondral lesions and were not strictly diagnosed with ankle OA. Another
study was also excluded because the injection techniques did not consider the PRP modality.

The quality of the evidence of the selected studies was low, as the majority were level
IV, whereas bias in the selection of participants in the studies was identified as the most
common type of bias. The results of this systematic review thus provide level IV evidence
that injection of PRP seems effective in short follow-ups in patients with different stages
of ankle OA. These reported positive results should be considered in the context of the
studies’ inherent methodological limitations, their variable reporting characteristics, and
the natural course of ankle OA. Therefore, the generalization of these findings is limited
by the weakness of the selected studies. Limited data are thus available to confirm that
current PRP therapy is effective as postulated. Moreover, there is growing interest in the
biological mechanisms behind PRP injections and, more importantly, in how to modulate
these processes for beneficial functional and clinical effects.

Despite the small number of included studies, our review has confirmed the wide vari-
ation in reported preparation procedures for PRP, as the scientific literature reflects [25–27].
Each factor pertaining to the preparation procedure may represent a source of variation
that can influence the effectiveness of the final product. Platelet viability and the number
of released growth factors and cytokines are dependent on the length of time for each
spin cycle and the centrifugal acceleration parameters. Given these already known data,
the standardization of platelet-obtaining methodology is essential to ensure a comparable
grade of growth factor release. All the included studies in this review employed a different
type of PRP based on the preparation method (single, double, or triple centrifugation) and
cellular component (the concentration of platelets and the presence of red cells). One of
the selected studies chose to include red cells in the PRP [20], while the other two studies
elected to exclude them [21,22]. Furthermore, it is important to highlight the variation
in the platelet concentration, as it is presumably a critical aspect of the regeneration pro-
cess. The number of injections and the site of administration varied among the included
investigations as well. Angthong et al. and Sun et al. treated their patients with only one
injection of PRP [22,23], whereas Paget et al. employed two applications, with one injection
every 6 weeks [19]. The other proposals included at least three injections administered once
every week/two weeks [20,21]. All the included studies reported intraarticular adminis-
tration, except for the study by Angthong et al., who injected the perilesional area under
US/fluoroscopy guidance [22]. However, the severity of ankle OA did not significantly
differ among the papers. This variability is supposed to lead to different biological and
physiological processes and probably, with this, to differences in efficacy. Different thera-
peutic protocols promote further confounding factors and contribute to establishing a direct
and clear correlation between PRP and its benefits. There is therefore no solid evidence to
draw conclusions about the preparation method, procedure, dosimetry, or frequency of
PRP treatment. Future investigations should focus on determining optimal protocols for
PRP therapy to shed light on it.

White and red cells are questionable PRP components, as significant cell death and
proinflammatory mediator production have been related to their inclusion [28]. On one
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hand, white cells are considered sources of cytokines and enzymes that may lead to
infection processes [29]. On the other hand, PRP obtention practices generate shear forces
that can cause damage to red cells. This can disintegrate the red cell membrane and involve
the secretion of noxious hemoglobin, equivalent to plasma-free hemoglobin, iron, and
hemin [30]. In both cases, the released molecules can activate inflammatory pathways
and oxidative stress, which can lead to microcirculatory dysfunction and tissue damage,
through a major cytotoxic effect. For these reasons, clinicians should consider using white-
and red-cell-free formulations of PRP when administering it at any site.

The follow-up period was generally short, ranging from 2 to 28 weeks in four stud-
ies [19,21–23]; the remaining study widely ranged from 12 to 30 months (mean 17.7) [20],
which hinders the interpretation of the results in terms of their correlation to precise follow-
up evaluations. Therefore, accurate long-term assessments for PRP intervention in ankle
OA patients were not performed. This lack limits the generalizability of the conclusions
from this review and corresponds to a certain degree of measurement bias. Additionally,
the sample sizes were generally small in all the studies. Thus, the effectiveness of PRP
treatment cannot be documented with the required accuracy. Mimicking the diversity of
published trials in terms of consensus over preparation protocols and clinical interventions
would be of great value.

Due to the invasive nature of PRP administration, patient safety is an important
aspect to be considered. Musculoskeletal PRP applications have been related to infection
in the treated area [30]. No systemic reactions or serious adverse events following PRP
applications were described in the selected studies. Three studies in this review reported
local adverse reactions characterized by pain and swelling in the injection area [19,21,23].
These complications have been previously demonstrated to correlate with the number of
injections. Overall, in light of these data, it seems that ankle PRP therapy for ankle OA is a
reasonably safe procedure.

Limitations

The qualitative results of this study are limited by several factors. The study quality
and the small number of studies are major limitations. The existing research is limited by its
observational nature and the sample sizes. Furthermore, there is variability in the employed
PRP procedures, PRP formulations, injection techniques, and data reporting. Different PRP
kits were used among the selected studies, with different preparation protocols that may
have changed the final composition of the PRP delivered. These confounding parameters,
along with the duration and number of centrifugations, the use of frozen phase, and the
type of activation substance, all contribute to reducing the homogeneity of the included
studies. Accordingly, and given the growing interest in PRP use, it may be plausible that a
certain number of investigations that might be in progress, or recently concluded but not
yet published, may have been omitted. In addition, the research diversity and a lack of
reported data during the experiment in certain investigations limited the comparability
among studies. High variability in the PRP activation protocol and volume of injections
was identified, thus modifying the studied biological activity. This heterogeneity has been
previously reported in PRP reviews and necessarily limits comparison between studies. On
the other hand, since non-English published research was excluded, the risk of selection
and publication bias is present.

5. Conclusions

In conclusion, due to the lack of high-level, appropriately powered investigations and
the significant variability in the reporting characteristics, the therapeutic potential of PRP
injections in ankle OA remains unclear. Therefore, there is currently insufficient evidence
regarding the effectiveness and safety of PRP injections in the treatment of ankle OA, and
without further standardization, these questions will remain open.
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Appendix A. Search Strategies

PUBMED AND MEDLINE SEARCH STRATEGIES

1. “Osteoarthritis”[Mesh]
2. “Osteoarthritis/etiology”[Mesh] OR “Osteoarthritis/microbiology”[Mesh] OR “Os-

teoarthritis/pathology”[Mesh] OR “Osteoarthritis/rehabilitation”[Mesh] OR “Os-
teoarthritis/therapy”[Mesh]

3. “Ankle osteoarthritis”
4. #1 OR #2 OR #3
5. “Ankle”[Mesh]
6. “Ankle Joint”[Mesh]
7. “Ankle Injuries”[Mesh]
8. #5 OR #6 OR #7
9. “Platelet-Rich Plasma”[Mesh]
10. “Injections, Intra-Articular”[Mesh]
11. “PRP”[mp]
12. #9 OR #10 OR #11
13. #4 AND #8 AND #12

((“Osteoarthritis”[Mesh]) OR (“Osteoarthritis/etiology”[Mesh] OR “Osteoarthritis/
microbiology”[Mesh] OR “Osteoarthritis/pathology”[Mesh] OR “Osteoarthritis/
rehabilitation”[Mesh] OR “Osteoarthritis/therapy”[Mesh]) OR (“Ankle osteoarthritis”))
AND ((“Ankle”[Mesh]) OR (“Ankle Joint”[Mesh]) OR (“Ankle Injuries”[Mesh])) AND
((“Platelet-Rich Plasma”[Mesh]) OR (“Injections, Intra-Articular”[Mesh]) OR (“PRP”[mp]))

SPORT DISCUS SEARCH STRATEGY

1. DE “Osteoarthritis”
2. “Ankle osteoarthritis”
3. DE “Arthritis”
4. #1 OR #2 OR #3
5. DE “ANKLE”
6. DE “ANKLE injuries”
7. DE “ANKLE injury treatment”
8. DE “ANKLEBONE”
9. DE “ANKLEBONE injuries”
10. #5 OR #6 OR #7 OR #8 OR #9
11. DE “PLATELET-derived growth factor”
12. DE “PLATELET-rich plasma”
13. “PRP”
14. DE “Injections”



Appl. Sci. 2024, 14, 10442 13 of 14

15. #11 OR #12 OR #13 OR #14
16. #4 AND #10 AND #15

CINAHL SEARCH STRATEGY

1. MH “Osteoarthritis”
2. MH “Arthritis”
3. “Ankle osteoarthritis”
4. #1 OR #2 OR #3
5. MH “Ankle”
6. MH “Talus”
7. MH “Ankle Joint”
8. MH “Ankle Injuries”
9. #5 OR #6 OR #7 OR #8
10. MH “Platelet-Rich Plasma”
11. MH “Platelet-Derived Growth Factor”
12. “PRP”
13. MH “Injections, Intraarticular”
14. #10 OR #11 OR #12 OR #13
15. #4 AND #9 AND #14

COCHRANE SEARCH STRATEGY

#1. MeSH descriptor: [Osteoarthritis] explode all trees
#2. MeSH descriptor: [Ankle Joint] explode all trees
#3. MeSH descriptor: [Ankle] explode all trees
#4. MeSH descriptor: [Platelet-Rich Plasma] explode all trees
#5. MeSH descriptor: [Platelet-Derived Growth Factor] explode all trees
#6. MeSH descriptor: [Injections, Intra-Articular] explode all trees
#7. “PRP”
#8. #1 AND (#2 OR #3) AND (#4 OR #5 OR
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