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a b s t r a c t

Osteoarthritis is the most common and disabling of the orthopedic diseases. Currently, the conservative
treatment of osteoarthritis is limited to symptomatic treatment, whose goal is to improve function and pain
control. Ankle osteoarthritis is relatively uncommon, in contrast to osteoarthritis of the hip and knee, and the
therapeutic options (both pharmacologic and surgical) are limited, with surgery providing poorer and less
predictable results. The effectiveness of platelet-rich plasma injections for osteoarthritis is still controversial,
especially so for ankle arthritis, owing to the lack of evidence in the present data. We retrospectively evaluated
the mid- to long-term clinical results (mean follow-up of 17.7 months) for platelet-rich plasma injections in 20
patients (20 ankles) with ankle osteoarthritis. We evaluated the presence of pain using the visual analog scale,
function using the Foot and Ankle Disability Index, and subjective satisfaction. The pre- and post-treatment
scores, obtained from the clinical records and from telephone interviews during the follow-up period, were
compared using the Student t test. We found a strong positive effect for 4 platelet-rich plasma injections
(injected once a week) on pain (p ¼ .0001) and function (p ¼ .001), with 80% of patients very satisfied and
satisfied, and only 2 patients (10%) required surgery because of early treatment failure. These results suggest
that the use of platelet-rich plasma injection is a valid and safe alternative to postpone the need for surgery.

� 2016 by the American College of Foot and Ankle Surgeons. All rights reserved.
Symptomatic ankle osteoarthritis (OA) is a relatively uncommon
condition, affecting 1% to 4% of the population (1–3), that leads to
increasing painwithweightbearing and an impaired level of work and
sports activity (4). First-line treatments for such a disabling condition
consist of antiinflammatory drugs or pain killers, physical therapy,
and intra-articular injections (corticosteroid and hyaluronic acid) (5).

Intra-articular platelet-rich plasma (PRP) injections are a newer
solution that could be effective in pain reduction and improving joint
function. Most of the published data regarding PRP have focused on its
effectiveness in knee early-stage chondropathy and arthritis and
degenerative tendinopathy (6,7). The role of PRP injections for ankle
OA remains controversial, and only 2 studies (8,9) have been reported.
The use of PRP injection in orthopedic pathologic entities has been
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debated owing to the poor level of evidence and reliability of many of
the existing studies. Moreover, the most representative target of PRP
has been early-stage chondropathy, although some recent studies on
its effectiveness for medium-advanced knee OA were recently pub-
lished, suggesting a widening of indications (10–14). PRP has been
proved to be effective in improving pain, function, and quality of life in
knee OA; however, to the best of our knowledge, no study has verified
the same outcomes for ankle OA.

The aim of the present study was to assess the clinical effective-
ness and feasibility of PRP injections in post-traumatic medium to
advanced ankle OA to improve symptoms and delay the necessity for
invasive surgical procedures.
Case Series Report

We retrospectively evaluated 20 patients with symptomatic ankle
OA treated with intra-articular PRP injections at our institution from
January 2013 to January 2014. The inclusion criteriawere painful ankle
OA, failure of almost 6 months of previous treatment, the presence of
instrumental signs of medium to advanced OA graded using the
s. All rights reserved.
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Table 1
Baseline data (N ¼ 20 ankles in 20 patients)

Variable Value

Age (yr)
Mean � SD 57.5 � 7.9
Range 41 to 65

Gender
Male 12 (60)
Female 8 (40)

Follow-up (mo)
Mean � SD 17.7 � 6.4
Range 12 to 30

Interval between symptoms to PRP injection (mo)
Mean � SD 26 � 14.7
Range 12 to 60

Kellgren-Lawrence grade
3 11 (55)
4 9 (45)

Abbreviations: PRP, platelet-rich plasma; SD, standard deviation.
Data presented as n (%) or mean � SD and range.

Table 2
Pre- and post-injection outcome scores of study population (N ¼ 20 ankles in 20
patients)

Average SD Range

FADI score
Before treatment 59.22 13.60 37.5 to 74
After treatment 80.21 17.28 46.2 to 100

VAS score
Before treatment 7.8 0.5 7 to 9
After treatment 2.6 2.2 0 to 7

Abbreviations: FADI, Foot Ankle Disability Index; SD, standard deviation; VAS, visual
analog scale.
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Kellgren-Lawrence classification (grade 3 to 4), age <65 years, and
almost 6 months between previous therapies (both conservative and
surgical, except for antiinflammatory drugs and pain killers) and the
first injection of PRP. The exclusion criteria were treatment with
antiinflammatory drugs or pain killers, nonambulation, pregnancy or
lactation, concomitant systemic disease, open wounds or skin ulcers,
the use of anticoagulants, and/or a prolonged bleeding time.

We performed a clinical examination, and each patient underwent
a systematic evaluation of pain using a visual analog scale (VAS) and
of function using the Foot and Ankle Disability Index (FADI). The re-
sults of the VAS and FADI were recorded in a hospital database. All the
patients underwent weightbearing radiographs (anteroposterior,
lateral) to assess the grade of articular degeneration. Only patients
with moderate or advanced OA were included in the present study
(Kellgren-Lawrence stage 3 to 4) (15). From their medical history, all
the patients had reported previous ankle injuries (fracture or sprains)
that had been first treated by physical therapy and hyaluronic acid
injections, and 4 patients had undergone previous arthroscopic
debridement without long-term benefits.

A blood sample of 450mlwas taken from the patients and examined
by the transfusion medicine department. The blood underwent a stan-
dardized protocol of preparation, which consisted of 3 centrifugations
(Hettich Zentrifugen�; Hettich Lab Technology, Tuttlingen, Germany):
the first at 3550 rpm for 12 minutes, the second at 1100 rpm for 10 mi-
nutes, and the last at 2600 rpm for 20 minutes. The final product was
then filtered and frozen (�80�C) in 4 samples for cryopreservation.

The platelet concentration in this type of PRP is 2 to 3 times the
blood platelet count (range 250,000 to 900,000, mean 600,000 cells/
mL), which is considered to be moderately elevated. Moderately
elevated platelet concentrations seem to induce optimal biologic
benefit, with lower platelet concentrations leading to suboptimal ef-
fects and higher platelet concentrations to inhibitory effects (16–19).
The leukocytes were filtered during the preparation, and their con-
centration in the final product was low (<1000 cells/mL).

Our institute protocol provides 4 injections of 3 mL of PRP once a
week for each patient. The injection process is performed under strictly
sterile conditions using an anteromedial approach to the ankle joint by
the same physician (R.T.). No local anesthetic was used to prevent a
possible negative interaction. Immediately after injection, the ankle
joint was moved passively throughout its full range of motion to
disseminate thefluid throughout the joint. Thepatientswere advised to
rest, apply ice, and avoid unnecessary walking for 24 hours. Acet-
aminophen (paracetamol) was recommended as an analgesic, if
needed; however, the patients were instructed to abstain from taking
nonsteroidal antiinflammatory drugs during treatment and for 2weeks
after the last injection topreventpossiblenegative interactionswith the
mechanism action of PRP. The patients were also instructed to stop
sports activity or heavy physical work during the treatment time.

All the patients included in the present study were interviewed by
telephone. Also, the VAS and FADI were administered to retrospec-
tively assess the effectiveness of the treatment at medium- to long-
term follow-up in terms of pain relief, level of activity/self-reported
function, and subjective satisfaction.

The VAS indicates the subjective feeling of pain, with 0 indicating
no pain and 10 indicating the worst pain the patient has ever expe-
rienced (20). The FADI is one of the most accredited evaluative in-
struments to quantify functional disabilities (21,22). It was first
described in 1999 by Martin and Irrgang (23). It is a 26-item ques-
tionnaire that contains 4 pain-related questions and 22 activity-
related questions. The 22 activity-related questions are scored on a
5-point scale from 0 (unable to do) to 4 (no difficulty at all). The 4
pain-related items of the FADI are scored from 0 (unbearable) to 4
(none). The FADI has a total point value of 104 points and is calculated
as percentages, with 100% representing no dysfunction. The patient
self-reported subjective satisfaction was recorded as very satisfied,
satisfied, or partially satisfied or unsatisfied.

The pre- and post-treatment scores were compared using the
Student t test. A p value < .01 was considered statistically significant.

Results

The demographic characteristics of the series and subjective
satisfaction are listed in Table 1. The mean patient age was 57.5 (range
41 to 65) years, with a male prevalence (60%). The mean follow-up
period was 17.7 � 6.4 (range 12 to 30) months, with an average
period between symptoms beginning and treatment of 26 (range
12 to 60) months. The FADI and VAS scores before treatment and at
the follow-up point are listed in Table 2.

The Student t test demonstrated that our protocol for PRP injection
in ankle OA is effective in improving function (FADI) and pain control
(VAS) with high statistical significance (p ¼ .001 and p ¼ .0001,
respectively; Figs. 1 and 2). Also, 18 of the 20 patients (80%) were
satisfied and very satisfied and were able to return to their previous
level of activity. The remaining 2 patients (10%) experienced only par-
tial or temporary benefits (Table 3). No adverse effects or complications
subsequent to the PRP injections were recorded. No statistically sig-
nificant difference was found in the scores of the FADI and VAS be-
tween the subgroup of patients who had undergone arthroscopic
debridement before PRP injection (4 patients) and the 16 patients who
had not (p ¼ .6632 and p ¼ .2663, respectively; Student t test).

Four patients reported poor results from the treatment, and the
mean interval between the end of the treatment and the relapse
of symptoms was 3.75 (range 2 to 6) months. Of these patients, 2
underwent intra-articular injection of autologous adipose-derived
stem cells (Lipogems International SpA, Milan, Italy), 1 underwent
arthroscopy (debridement and removal of an anterior osteophyte),



Fig. 1. Graph showing pre- and post-treatment visual analog scale (VAS) pain scores
(p ¼ .0001) (N ¼ 20).
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and 1 underwent ankle fusion. All 4 patients experienced good
short-term benefits.
Discussion

OA is themost common and disabling of the orthopedic diseases. It
represents an important economic burden owing to its high preva-
lence in the general population and its clinical presentation, which is
characterized by worsening chronic pain and progressive disability
(24). The conservative treatment of OA has been is limited to symp-
tomatic treatment, with the goal of improving function and control-
ling pain. No drugs are capable of inducing clinically relevant
chondroprotective effects (25).

OA of the tibiotalar joint is relatively uncommon compared with
OA of the hip and knee joints. OA of the tibiotalar joint progresses
from early damage to diffuse and severe degeneration and deformity
of the joint (1–3,26,27). The leading causes include trauma, ischemia,
abnormal ossification, and genetic predisposition (28,29). Although
trauma is probably the most likely cause of injury and degenerative
involution of the ankle (70% of reported cases), repetitive micro-
trauma could also be a contributing factor (30). Despite the high
prevalence of ankle trauma and related chondral lesions (31), the rate
of symptomatic and disabling OA is lower than that of the hip and
knee, owing to the different biologic and biomechanical characteristic
of the ankle’s cartilage and subchondral bone (32,33). Cartilage
lesions in many cases will heal spontaneously and remain asymp-
tomatic, or they can develop into subchondral cysts or detach,
Fig. 2. Graph showing pre- and post-treatment Foot Ankle Disability Index (fadi) function
scores (p ¼ .001) (N ¼ 20).
forming intra-articular loose bodies that result in chronic symptoms
of deep joint pain that become worse with weightbearing and exer-
cise (29,34,35). Catching, stiffness, and joint swelling have also been
reported.

The goals of treatment are to improve joint function, reduce pain,
and prevent additional joint degeneration. The nonoperative treat-
ment options are limited (36) and tend to be reserved for grade 1 and
2 chondropathy. The conservative treatment options include rest,
immobilization, limitation of weightbearing, physical therapy, and
intra-articular injections (steroid or hyaluronic acid).

Surgery has been recommended after almost 6 months of un-
successful nonoperative treatment (35,36). The surgical procedures
include curettage and microfracture, retrograde and antegrade
drilling, osteochondral fragment/loose body removal, large frag-
ment fixation, abrasion arthroplasty, bone or cartilage trans-
plantation and, in the latest stages, total arthroplasty and
arthrodesis (27,34,36–40).

In recent years, the musculoskeletal benefits of PRP have been the
focus of considerable interest, most notably in sports medicine and
orthopedics (41–43). Most of the published data on PRP have focused
on its effectiveness to treat degenerative tendinopathy or early-stage
knee chondropathy and arthritis, with its use enlarging to the latest
pathologic stage (6,7,12–14). Regarding the use of PRP for ankle OA,
we found only 2 reports (8,9) that attested to the effectiveness of
intra-articular injection of PRP in the treatment of the painful ankle.
However, they considered only early-stage osteochondral lesions and
ankle chondropathy. The published data are controversial on this
topic owing to the lack of evidence and reliability of many of the
existing studies.

PRP has been proved to reduce pain and improve articular function
and the quality of life in knee OA, resulting in a widening of in-
dications (10–14). However, to the best of our knowledge, no study
has verified the same effects for PRP injection to treat ankle OA.

In the present retrospective study, we found a positive effect for 4
PRP injections (once each week) on pain reduction (p ¼ .0001) and
function improvement (p ¼ .001) at the medium-term follow-up
point (mean 17.7 months), adding promising results to the available
evidence. It is important to note that all the patients involved in the
present study had just been treated with hyaluronic acid and 4 had
previously undergone arthroscopic debridement without significant
long-term benefits. The patients were considered eligible for the
study if the previous treatment had been concluded almost 6 months
before the PRP injections began to minimize bias. No additional
benefit from the treatment was seen in the patients who had un-
dergone arthroscopic debridement before PRP injection, although the
finding is limited by the small number of the patients (n ¼ 4).

Our findings seem to confirm the clinical benefit of PRP injections
for ankle OA, as previously described by Mei-Dan et al (8) for early
osteochondral lesions of the talus and Vannini et al (43) for early-
stage ankle chondropathy. No complications were recorded, and
only 2 patients underwent surgery because of short-term treatment
failure (and only 1 patient underwent ankle fusion), confirming PRP
as a reliable and safe alternative to treat ankle OA to delay invasive
surgical procedures as prosthesis or ankle fusion, especially for
younger patients.
Table 3
Level of self-reported subjective satisfaction after treatment (N ¼ 20 ankles in 20
patients)

Subjective Satisfaction Patients (n)

Less satisfied 4 (20)
Satisfied 9 (45)
Very satisfied 7 (35)

Data in parentheses are percentages.
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The present study had several limitations owing to the small
number of patients and the retrospective design. Nevertheless, the
present study is the first study to evaluate the effectiveness of PRP in
the symptomatic treatment of recalcitrant andmedium- to advanced-
stage ankle OA. Further randomized controlled prospective trials are
needed to strengthen the level of evidence.
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