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A B S T R A C T

Ankle osteoarthritis (OA) can cause disabling symptoms, and some patients prefer to be treated with minimally invasive procedures. The aim was to evaluate the efﬁcacy and safety of a single intraarticular injection
of platelet-rich plasma (PRP) for patients with ankle OA. In a prospective study done in a university-afﬁliated tertiary care medical center, 44 patients with symptomatic ankle OA for at least 6 months were
recruited. Patients received a single injection of PRP (3 mL) into symptomatic ankles. The primary outcome
was the change from baseline in the visual analog scale (VAS) pain (0-10 cm) at 6 months. Secondary outcomes included the Ankle Osteoarthritis Scale (AOS) score, American Orthopedic Foot and Ankle Society
(AOFAS) hindfoot-ankle score, single-leg stance test (SLS), rescue analgesics consumption and patient satisfaction. Thirty-nine participants (88.64%) completed the study. Signiﬁcantly improvement in the VAS and
AOS was noted at 1-, 3-, and 6-month follow-ups (p < .001). The mean VAS pain decreased signiﬁcantly
from 4.1 § 1.7 at baseline to 2.2 § 1.9, 1.7 § 1.5, and 1.8 § 1.6 at 1, 3, and 6 months (p < .001). The mean
total AOS score reduced by 1.5, 2.2, and 2.1 from baseline respectively postinjection (p < .001). The mean
AOFAS hindfoot-ankle score improved from 80.3 points at baseline to 87.2, 91.6, and 89.7 points at 1, 3,
and 6 months (p < .001). SLS tests improved signiﬁcantly (p < .001) at each follow-up. Acetaminophen
consumption dropped signiﬁcantly (p < .001) and no serious adverse events occurred. The study showed
promise for a single intraarticular injection of PRP in the treatment of ankle OA.
© 2020 by the American College of Foot and Ankle Surgeons. All rights reserved.

Ankle osteoarthritis (OA) can cause pain and functional limitations.
Approximately 6% to 13% of all cases of OA involve the ankle joint (1,2).
Treatment options include analgesics, nonsteroidal anti-inﬂammatory
drugs (NSAIDs), weight reduction, physical therapy, activity modiﬁcation, orthotic devices, intra-articular injections, and surgery. Although
some cases can be treated successfully with surgery, many patients are
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either not good candidates for surgery or prefer not to have surgery.
Therefore, a treatment that reduces joint pain and improves function
yet avoids the toxic effects of medications and the morbidity and mortality risks of surgery is needed. One promising option may be the intraarticular injection of platelet-rich plasma (PRP) (3-5).
PRP is an autologous blood product that mainly contains concentrated platelets and growth factors. The growth factors serve to promote local angiogenesis, modulate inﬂammation, inhibit catabolic
enzymes and cytokines, recruit local stem cells and ﬁbroblasts to sites
of damage, and induce healthy nearby cells to manufacture greater
numbers of growth factors (6). Local use of PRP directly at the site of
cartilage injury is thought to stimulate a natural healing cascade and
accelerate cartilage repair (7-10). Several systematic reviews and metaanalysis have concluded that PRP was safe and effective for the

1067-2516/$ - see front matter © 2020 by the American College of Foot and Ankle Surgeons. All rights reserved.
https://doi.org/10.1053/j.jfas.2020.12.003

S.-F. Sun et al. / The Journal of Foot & Ankle Surgery 60 (2021) 676−682

treatment of knee OA (10-13). Whether the efﬁcacy may be generalized
to ankle OA remains debatable. To date, there were only limited studies
supporting its use in ankle OA (3-5,14,15).
Despite the favorable outcomes reported with intraarticular injections of PRP, the optimal number and frequency of its use remains
inconclusive. A range of single to multiple injections with weekly to
every 3- or 4-week schedules had been reported for knee OA (16,17).
Several recent research studies had shown that a single intraarticular
injection of PRP is safe and effective for the treatment of knee OA
(17-20). The single-injection regimen is attractive, as it may be more
convenient and has less adverse events than multiple injections. It may
possibly represent a cost-saving strategy. The purpose of this study was
to investigate the efﬁcacy and safety of a single intraarticular injection
of PRP in patients with ankle OA.
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hindfoot-ankle score, the single-leg stance (SLS) test, use of analgesic medication and
patient satisfaction (Appendix) (27-30).
Safety evaluations were monitored by recording the occurrence of systemic and local
adverse events on a diary card during the study.
Statistical Analyses
Based on the G*Power 3.0 and the statistical method used for the study purpose,
repeated measures 1-way analysis of variance (ANOVA), the required sample size was 36
participants (power = 0.85; alpha = 0.05; R2 of covariate in medium level 0.09; effect size
in medium level 0.25, number of groups = 2, number of measures = 4, correlation among
repeated measures = 0.3, nonsphericity correction e = 1). Assuming a 20% dropout rate,
the number of participants was increased to 44.
All statistical procedures were conducted with SPSS software (version 20.0). Change
of primary and secondary outcome measures among baseline, 1, 3, and 6-month followups were assessed using repeated measures 1-way ANOVA and Bonferroni post hoc test.
pvalues of <.05 were considered statistically signiﬁcant.

Patients and Methods

Subgroup Analyses

Study Design and Participants

We divided patients by radiographic severity and by disease duration. We compared
the outcome scores at various time points to determine whether radiographic severity
and disease duration would inﬂuence the treatment response. Between-subgroup differences were assessed using independent-samples t tests for satisfaction, independent
samples 1-way analysis of covariance (baseline data as covariate) or Johnson-Neyman
techniques for the other outcome measures. Within-subgroup differences were assessed
using repeated-measures 1-way ANOVAs. pvalues of <.05 were considered statistically
signiﬁcant.

This prospective study was conducted in the outpatient rehabilitation department at
a university-afﬁliated tertiary-care medical center between July 2018 and May 2019.
Patients were referred from our outpatient orthopedic department with the diagnosis of
ankle OA. Consecutive patients fulﬁlled the following inclusion criteria: (1) aged 20 years
or older; (2) reported ankle pain for at least 6 months, despite conservative treatment
(rest, physical therapy, orthoses or pain medications, etc.) or inability to tolerate the
side effects of medications; (3) ankle radiographs taken within 6 months (reviewed by
the senior author Y.J.C.) were equivalent to grades 1 to 4 ankle OA by the Kellgren-Lawrence grading system (21); (4) average ankle pain of at least 3 cm on a 10-cm visual
analog scale (VAS); (5) were normally active, not bedridden or conﬁned to a wheelchair,
able to walk 30 m without the aid of a walker, crutches, or cane; (6) were willing to discontinue all NSAIDs or other analgesic medication (except for rescue medication) during
the study; (7) no use of physical therapy or changes in shoes or orthotic devices during
the study period; and (8) radiological evidence of bilateral ankle OA was accepted if
global pain VAS in the contralateral ankle was less than 3 cm. Exclusion criteria included
pregnant and lactating women, lower leg trauma other than within the ankle, previous
orthopedic surgery on the spine, hip or knee, presence of active joint infections of foot
or ankle, previous surgery or arthroscopy on the affected ankle within 12 months, intraarticular steroid or hyaluronate injection in the treated ankle within the past 6 months,
treatment with anticoagulants or immunosuppressives, history of rheumatoid arthritis,
gout, or any other inﬂammatory arthropathy, presence of other comorbidity (neoplasm,
diabetes mellitus, paresis, recent trauma, hematologic disease, etc.), visual, vestibular
impairments or poor health status that would interfere with the clinical assessments
during the study.
The study was approved by the institutional review board for human investigation.
All patients provided signed informed consent for participation in the study.
The study consisted of a screening visit, a baseline visit-during which intraarticular
injection of PRP into the ankle joints was done, and follow-up visits at 1, 3, and 6 months
postinjection. Potential study participants returned for a baseline visit after a 1-week
washout period for NSAIDs and analgesics.
For PRP preparation, specialized platelet concentrate separator containing acid citrate
dextrose as anticoagulant and a speciﬁc separator gel that harvest platelets and plasma,
preventing contamination of red blood cells and leukocytes were used. Approximately
7 mL of venous blood was drawn from each patient and was collected into a PLTenus
PLUS Platelet Concentrate Separator (TCM Biotech International Corp., Taiwan). The collected blood was centrifuged at a speed of 500 to 1200 rpm for 8 minutes, then 3-mL leukocyte-poor PRP were harvested. The platelet concentration obtained is approximately
2.4 times greater than the baseline platelet concentration, which is considered to be moderately elevated. The moderately elevated platelet concentration seems to induce optimal
biologic beneﬁt, with lower platelet concentrations leading to suboptimal effects and
higher platelet concentrations to inhibitory effects (22-25).
The injections were performed by the same experienced physician (S.F.S.), who took
no part in the clinical assessment or in the data analysis. No analgesics, glucosamine or
chondroitin, or NSAIDs for the ankle were permitted during the study. Acetaminophen
(500 mg, maximum dose of 4 g/d) was the only rescue medication allowed for ankle pain.
Acetaminophen was not permitted within 24 hours before any visit.
The clinical assessment was documented by a single investigator (S.Y.W.) for each
patient prior to the injection and at 1, 3, and 6 months after the injection.

Outcome Measures
The primary outcome was the change from baseline in the VAS pain score (0-10 cm)
at 6 months (Appendix) (26). The secondary outcome measures included the Ankle Osteoarthritis Scale (AOS) score, American Orthopedic Foot and Ankle Society (AOFAS)

Results
Forty-eight potential participants were assessed for eligibility, of
whom 4 (8.33%) were excluded, and 44 participants satisﬁed our inclusion and exclusion criteria and consented to take part in the study. Five
patients (11.36%) withdrew during the study period, 1 (2.27%) that
withdrew consent prior to receiving the injection, 3 (6.82%) that did
not return for follow-up visits, and 1 (2.27%) that moved to another
city. Thirty-nine patients (88.64%) completed the study. Demographic
data and disease characteristics of the patients are presented in Table 1.
Primary and Secondary Outcomes
The mean VAS improved by 1.9, 2.4, and 2.3 from baseline at 1-,
3-, and 6-month follow-ups, respectively (p < .001 for each score compared with baseline; Table 2).
Signiﬁcant reduction in AOS (including total scores, pain, and disability subscores) from baseline was noted at 1, 3, and 6 months postinjection (p < .001 for each score compared with baseline; Table 2). The
mean AOFAS hindfoot-ankle score improved from 80.3 § 8.9 points at

Table 1
Demographic characteristics of the participants
Characteristic

Ankle OA (N = 39)

Range

Age*
Sex (F/M)y
Weight (kg)*
Height (cm)*
Body mass index (kg/m2)*
Employment status (light/heavy labor)y
Ankle injection side (left/right)y
Kellgren-Lawrence grade, n (%)y
Grades 1 and 2
Grades 3 and 4
Disease duration (years)y
≤1 year
>1 year

55.5 § 8.8
22/17
67.7 § 11.1
163.0 § 9.0
25.5 § 3.9
28/11
16/23

36-69
47-84.8
150-182
19.5-34.6

28 (71.79%)
11 (28.21%)
2.6 § 1.1
11 (28.21%)
28 (71.79%)

0.1-15

Abbreviations: OA, osteoarthritis.
* The values are given as the mean § standard deviation.
y
The values are given as number of patients with the percentage in parentheses.
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Table 2
The outcome measures before and after treatment
OA Ankle (N = 39)

Baseline

1 Month

3 Months

6 Months

p Value

Post Hoc Test

VASx
Total AOSx
Pain subscalex
Disability subscalex
AOFAS
SLS
Acetaminophen (tablets/wk)
Satisfaction

4.1 § 1.7
4.3 § 1.7
4.1 § 1.6
4.6 § 2.0
80.3 § 8.9
27.5 § 33.5
15.1 § 6.2

2.2 § 1.9
2.6 § 2.0
2.5 § 1.9
2.8 § 2.3
87.2 § 10.3
41.4 § 35.8
6.3 § 2.5
70.9 § 21.2

1.7 § 1.5
2.1 § 1.7
1.9 § 1.6
2.2 § 1.8
91.6 § 9.1
43.7 § 35.1
5.7 § 2.4
71.7 § 20.1

1.8 § 1.6
2.2 § 1.7
2.0 § 1.5
2.4 § 2.1
89.7 § 10.0
42.8 § 34.3
6.5 § 2.6
71.7 § 21.2

<.001z
<.001z
<.001z
<.001z
<.001z
<.001z
<.001z
.946

ABz ACz ADz
ABz ACz ADz BC*
ABz ACz ADz BC*
ABz ACz ADz BC*
ABz ACz ADz BCy
AB* ACy ADy
ABz ACz ADz

Abbreviations: VAS, visual analog scale for pain; AOS, Ankle Osteoarthritis Scale; AOFAS, American Orthopedic Foot and Ankle Society; SLS, single-leg stance.
The possible range for the AOS score was 0 to 10; the possible range for the AOFAS score was 0 to 100.
AB is the comparison before and 1 month after the PRP injections; AC is the comparison before and 3month after the PRP injections; and AD is the comparison before and 6 months after
the PRP injections; BC is the comparison 1 month and 3 months after the PRP injections.
The values are given as mean § standard deviation.
* p < .05.
y
p < .01.
z
p < .001.
x
Higher scores represent worse pain or function.

baseline to 87.2 § 10.3, 91.6 § 9.1, and 89.7 § 10.0 points, respectively,
at 1, 3, and 6 months (p < .001 for each score compared with baseline;
Table 2). Signiﬁcant improvements in AOS (p < .05) and AOFAS hindfoot-ankle (p < .01) scores from 1 to 3 months were noted also.
All patients demonstrated signiﬁcant improvements on SLS tests from
baseline at each follow-up visit (p < .001). Patients used much less analgesics during the study period (p < .001; Table 2).Patient satisfaction score
(0-100) was rated as 70.9, 71.7, and 71.7 at 1, 3, and 6 months (Table 2).
No patients reported dissatisfaction or aggravations of the ankle symptoms compared to preinjection condition throughout the study.
The injections were well tolerated and no serious adverse events were
observed. Five patients experienced brief postinjection pain that resolved
within 72 hours. The local adverse reaction rate was 12.8% per injection.
No patient withdrew from the study because of an adverse event.
Results of Subgroup Analyses
We classiﬁed patients into the radiographic mild-moderate group
(Kellgren-Lawrence graded 1 and 2, n = 28) and the radiographic-severe
group (Kellgren-Lawrence graded 3 and 4, n = 11). Within-group comparison showed that the radiographic mild-moderate group showed
signiﬁcant improvements in VAS, AOS, AOFAS hindfoot-ankle scores,
and SLS at each follow-up visit (Table 3). The radiographic-severe group
showed signiﬁcant improvements in AOS and AOFAS hindfoot-ankle
scores only, with no signiﬁcant improvements in VAS, SLS, and satisfaction. Between-group comparison showed signiﬁcantly greater improvements on the SLS tests in the radiographic mild-moderate group at 1month follow-up (p = .043). The radiographic mild-moderate group
also reported signiﬁcantly higher satisfaction at 3 and 6 months
(p = .027 and p = .005; Table 3). Additional Johnson-Neyman analyses
revealed the region of signiﬁcant between-group differences in the VAS
pain scores at 1 month (Table 3, Fig. 1). Among the patients with a baseline VAS of ≤4.2, the radiographic mild-moderate group tended to have
a better VAS pain reduction; whereas among the patients with a baseline of VAS≥7.4, the radiographic-severe group tended to have a better
VAS pain reduction (Table 3, Fig. 1).
Eleven patients (28.21%) had disease duration ≤1 year and 28
patients (71.79%) had disease duration >1 year. Within-group comparison showed signiﬁcant improvements in VAS, AOS, AOFAS hindfootankle scores, and SLS at each follow-up in both groups (Table 4).
Between-group comparisons showed no differences in the outcomes at
any follow-up time point. However, Johnson-Neyman analyses revealed
the region of signiﬁcant between-group differences in VAS pain score at

Table 3
Comparisons between the 2 different radiographic severity groups
Radiographic
Mild-Moderate (n = 28)

Radiographic
Severe (n = 11)

VAS baseline
1 month

4.1 § 1.7
1.8 § 1.6

4.0 § 1.6
3.1 § 2.3

3 months
6 months
p valuey
AOS baseline
1 month
3 months
6 months
p valuey
AOS pain baseline
1 month
3 months
6 months
p valuey
AOS disability subscale
Baseline
1 month
3 months
6 months
p valuey
AOFAS baseline
1 month
3 months
6 months
p valuey
SLS baseline
1 month
3 months
6 months
p valuey
Satisfaction 1 month
3 months
6 months
p valuey

1.4 § 1.5
1.5 § 1.5
<.001||
4.4 § 1.7
2.3 § 2.0
1.9 § 1.8
1.9 § 1.7
<.001||
4.3 § 1.7
2.2 § 1.8
1.8 § 1.7
1.7 § 1.5
<.001||

2.4 § 1.4
2.8 § 1.2
.140
4.1 § 1.7
3.4 § 2.0
2.6 § 1.4
3.1 § 1.4
.003x
3.6 § 1.5
3.3 § 2.1
2.3 § 1.4
2.8 § 1.3
.004x

4.5 § 1.9
2.5 § 2.2
2.0 § 1.9
2.1 § 2.1
<.001||
81.3 § 7.6
88.9 § 8.5
93.2 § 7.3
91.5 § 8.9
<.001||
29.4 § 34.2
46.0 § 35.0
47.2 § 36.5
47.6 § 35.2
.002x
74.3 § 19.9
76.1 § 18.0
77.4 § 19.1
.665

4.6 § 2.2
3.5 § 2.4
2.8 § 1.4
3.3 § 1.7
.013z
77.9 § 11.4
83.1 § 13.2
87.6 § 11.8
85.4 § 11.5
.009x
22.7 § 32.8
29.6 § 36.7
34.9 § 31.0
30.6 § 30.1
.135
62.3 § 22.7
60.5 § 21.7
57.1 § 20.1
.357

p Value*

Baseline
≤4.2 or ≥7.4
.168
.161

.632
.547
.485

.533
.655
.323

.534
.336
.560

.121
.400
.359

.043z
.358
.174
.111{
.027z,{
.005x,{

Abbreviations: VAS, visual analog scale for pain; AOS, Ankle Osteoarthritis Scale; AOFAS,
American Orthopedic Foot and Ankle Society; SLS, single-leg stance.
The values are given as the mean § standard deviation.
* Between-group difference determined using independent samples 1-way ANCOVA
(baseline data as covariate) or Johnson-Neyman technique.
y
Within-group difference determined using repeated measures 1-way ANOVA.
z
p < .05.
x
p < .01.
||
p < .001.
{
Independent samples t test
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Fig. 1. Graph showing that, among the patients with a baseline VAS ≥7.4, the radiographic severe group had a signiﬁcantly greater VAS pain reduction at 1 month than the radiographic
mild-moderate group. Among the patients with a baseline VAS of ≤4.2, the radiographic mild-moderate group had a signiﬁcantly greater VAS pain reduction at 1 month than the radiographic severe group. The numbers on both axes of the graph indicate the VAS pain score.

6 months (Table 4, Fig. 2). Among the patients with a baseline of VAS
≥4.2, the group with disease duration ≤1 year tended to have a better
VAS pain reduction at 6-month follow-up than those with disease duration >1 year (Table 4, Fig. 2).
Discussion
To our knowledge, this is the ﬁrst study to investigate the efﬁcacy
and safety of a single intra-articular injection of PRP for the treatment
of ankle OA. The study showed that a single injection of PRP was well
tolerated, provided pain reduction and functional improvement in
patients with ankle OA. These effects could last for at least 6 months.
The primary outcome was the VAS pain reduction at 6 months. The
mean VAS pain score reduced by 1.9 (46.3%), 2.4 (58.5%), and 2.3
(56.1%) at 1, 3, and 6 months, respectively. In clinical trials of chronic
pain treatments, reduction in chronic pain intensity of at least 30%
appeared to reﬂect at least moderate clinically important differences
(31). It appeared that the magnitude of pain reductions reached clinical
meaningful signiﬁcance. Martini et al investigated the efﬁcacy of single
injection of PRP for patients with Kellgren-Lawrence grade 1 or 2 knee
OA. The median VAS score improved from 64.2 mm at baseline to
42.8 mm at 6 months, corresponding to a median reduction of 33.3%
from baseline (32). Interestingly, our study showed greater VAS pain
reduction (56.1%) after 1 injection of PRP in patients with Kellgren-Lawrence grades 1-4 ankle OA at 6 months postinjection.

In our study, the maximal improvements in VAS, AOS, AOFAS, and SLS
occurred at 3 months postinjection. The results were consistent with
those of a recent pilot study of 20 patients by Fukawa et al that showed 3
PRP injections at 2-week interval were safe and could improve pain and
function in patients with ankle OA for up to 24 weeks (4). Similar to our
results, the maximal pain reduction also occurred at 12 weeks. Repetto
et al evaluated 20 patients with ankle OA and they found signiﬁcant
improvements in pain and function after 4 weekly PRP injections at an
average follow-up of 17.7 months (5). It is noteworthy that 39 patients in
our study who received only 1 injection of PRP also demonstrated signiﬁcant clinical beneﬁts. Since OA is a chronic disease that often requires systemic or local therapies, economic concern is an evolving ﬁeld worthy of
consideration. The one injection regimen may possibly represent a costsaving strategy. It may decrease patient time expenditure and have less
adverse events than multiple injections. This remains an area important
and interesting for further investigation.
In this study, the average VAS pain reduced from 4.1 at baseline to
1.8, and the total AOS reduced from 4.3 at baseline to 2.2 at 6 months.
We previously published a pilot study using one injection of Botulinum
toxin A (100-unit, Allergan) for patients with Kellgren-Lawrence grade
2 ankle OA. The results demonstrated a mean reduction of 2.2 in the
VAS pain and a mean reduction of 2.3 in the total AOS score at 6 months
after the injections (18). Similar effects were noted in patients receiving
one injection of sodium hyaluronate plus rehabilitation exercise.
Although similar improvements in pain and disability were
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Table 4
Comparisons between the 2 different disease duration groups
Disease Duration
≤1 Year (n = 11)

Disease Duration
>1 Year (n = 28)

VAS baseline
1 month
3 months
6 months

4.3 § 1.6
2.2 § 1.5
1.5 § 0.9
1.2 § 1.3

3.9 § 1.7
2.2 § 2.1
1.8 § 1.7
2.1 § 1.6

p valuey
AOS baseline
1 month
3 months
6 months
p valuey
AOS pain baseline
1 month
3 months
6 months
p valuey
AOS disability
Baseline
1 month
3 months
6 months
p valuey
AOFAS baseline
1 month
3 months
6 months
p valuey
SLS baseline
1 month
3 months
6 months
p valuey
Satisfaction 1 month
3 months
6 months
p valuey

<.001x
4.7 § 1.6
2.6 § 1.5
1.6 § 1.1
2.2 § 1.3
<.001x
4.7 § 1.6
2.4 § 1.6
1.5 § 1.1
1.9 § 1.2
<.001x

<.001x
4.1 § 1.7
2.7 § 2.2
2.3 § 1.9
2.2 § 1.8
<.001x
3.8 § 1.6
2.5 § 2.1
2.1 § 1.8
2.1 § 1.7
<.001x

4.9 § 1.6
2.7 § 1.6
1.7 § 1.2
2.5 § 2.1
<.001x
78.2 § 6.5
83.1 § 8.2
91.7 § 7.6
92.7 § 8.2
<.001x
28.5 § 37.4
40.2 § 36.1
50.8 § 40.1
53.3 § 40.4
<.001x
72.3 § 19.7
75.5 § 13.9
73.6 § 14.3
.881

4.4 § 2.1
2.8 § 2.5
2.4 § 2.0
2.4 § 2.1
<.001x
81.1 § 9.5
88.7 § 10.6
91.5 § 9.7
88.6 § 10.5
<.001x
27.1 § 32.6
41.8 § 36.3
40.9 § 33.3
38.7 § 31.5
.016z
70.4 § 22.0
70.2 § 22.2
70.9 § 23.6
.940

p Value*

.475
.125
VAS baseline
≥4.2

.408
.833
.287

.448
.765
.690

.738
.748
.345

.666
.863
.425

.613
.966
.753
.803||
.469||
.725||

Abbreviations: VAS, visual analog scale for pain; AOS, Ankle Osteoarthritis Scale; AOFAS,
American Orthopedic Foot and Ankle Society; SLS, single-leg stance.
The values are given as mean § standard deviation.
* Between-group difference determined using independent samples 1-way ANCOVA
(baseline data as covariate) or Johnson-Neyman technique.
y
Within-group difference determined using repeated measures one-way ANOVA.
z
p < .05.
x
p < .001.
||
Independent samples t test.

documented in these studies, direct comparisons were difﬁcult because
of different injection formulation and different radiographic severity.
The characteristics of the ideal candidate for PRP injection have yet
to be deﬁned. Kon et al showed superior efﬁcacy of PRP in younger
patients with earlier degrees of OA (33). Patel et al reported that
patients with grade 1 knee OA had far better results than those with
grade 2 (17). Previous researches regarding the use of PRP for ankle
had considered only early-stage osteochondral lesions and ankle
chondropathy (14,15). Different from previous studies, we recruited
patients with Kellgren-Lawrence grades 1 to 4 ankle OA. We found
that among the patients with a baseline VAS ≥7.4, the radiographicsevere group (Kellgren-Lawrence grades 3 and 4) had a better VAS
pain reduction at 1 month postinjection; whereas among the patients
with a baseline VAS ≤4.2, the radiographic mild-moderate group
(Kellgren-Lawrence grades 1 and 2) had a better VAS pain reduction
at 1 month. Another interesting ﬁndings were that, among patients
with a baseline VAS of ≥4.2, those with disease duration ≤1 year had a
signiﬁcant better VAS pain reduction at 6 months than those with disease duration >1 year. Future studies with larger treatment group

sizes should better elucidate the factors associated with a favorable
patient response and thus help to identify patients who would beneﬁt
the most from PRP in the ankles.
To our knowledge, this is the ﬁrst study that evaluates SLS after PRP
injection in patients with ankle OA. SLS test is an objective clinical test
of standing balance. Balance is a fundamental skill for transfer, walking
and many activities of daily living. Pain associated with OA frequently
leads to a reduced activity level and weakening of muscles with a secondary increase of instability and joint degeneration. Reduced muscle
strength and deﬁcits in lower limb proprioception associated with OA
could compromise effective and timely motor responses in maintaining
balance (34,35). In SLS test, only static, and not dynamic balance is challenged. Thus, SLS may not be adequate test for examining the dynamic
balance requirements necessary for ambulation and independent
mobility. Although the mechanism by which PRP results in improvement on SLS remained unknown, we thought pain reduction might be
one of the major contributing factors. More research on the impact of
PRP on balance may allow the mechanism to be elucidated and thus
permit more effective management of patients with ankle OA.
In this study, all adverse events were mild and self-limiting. The
absence of serious adverse events, noted in previous studies and in the
present trial, suggests that PRP represents a safe treatment for patients
with ankle OA.
There were several limitations. First, this was a single-center study
and we recruited patients with ankle OA only. The result cannot be generalized to all the OA populations. Second, the sample size was small
and the 6-month follow-up time was short. It is unclear how long the
clinical beneﬁts would have been maintained. Third, because of budget
limit, we did not have a control group. Therefore, we were unable to
determine what proportion of the improvement may have been due to
a placebo effect. There is a strong placebo effect from joint injections,
which may cause a nearly 30% pain reduction during the ﬁrst few
weeks (36). The placebo effect would mostly be seen in the early periods, thus the late ﬁndings of this study at 3 and 6 months may reﬂect
reliable results for PRP injections. Despite our appreciation of the limitations of this investigation, we believe that the results of this study
could be useful in the future development of prospective cohort studies
and randomized controlled trials that focus on the use of PRP in
patients with ankle OA. Further research including a sham control, corticosteroid or hyaluronate injection group is of great interest. Combined
therapies with other treatment options, such as intraarticular steroid
injections, or therapeutic exercise may help determine the best treatment plan for patients with ankle OA.
In conclusion, a single intraarticular injection of PRP is safe and
effective for patients with ankle OA for 6 months. We recommend additional randomized controlled studies with longer follow-up to help
conﬁrm our results.
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