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Surgeons (ACFAS). Founded in 1942,
ACFAS is a professional society of
more than 6,300 foot and ankle sur-
geons. The College promotes the art
and science of foot, ankle and related
lower extremity surgery, addresses the
concerns of foot and ankle surgeons,
as well as advances and improves the
standards of education and surgical
skill to ensure the highest level of pa-
tient care. For more information on
ACFAS, visit acfas.org or circle #152
on the reader service card.

Abstract

While the use of autologous
platelet preparations for the treatment
of musculoskeletal pathology has been
in vogue over the past decade, there is
a surprising paucity of literature to
justify this, especially in regard to the
foot and ankle. A number of studies
are available for review; however, the
majority are anecdotal case reports or
case series with no control group; and
those that do employ a more scientific
approach often have small sample
sizes. While the rationale behind the
use of this technology has been thor-
oughly examined, one must conclude
that further evaluation is required be-
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fore making a final judgment in regard
to the efficacy for treatment of ten-
donopathy in the foot and ankle. The
author will review the science behind
platelet concentrates, describe com-

the name, the principle remains the
same: a patient’s whole blood is col-
lected peripherally, then centrifuged
to separate the individual compo-
nents. Subsequently, the platelet rich

The goal in development of PRP products

is to achieve a concentration of platelets above the

baseline value for the subject.

mercially available systems, examine
existing literature, and provide a few
case examples.

Introduction

The field of orthobiologics has in-
creased seemingly exponentially over
the past few years, with more compa-
nies offering bone substitutes, colla-
gen matrices, dermal substitutes and
autologous platelet preparations.
Specifically of interest to this paper is
the advent and development of
platelet concentrates, which have
gone by a number names including
platelet rich plasma (PRP), platelet
rich concentrate, platelet releasate,
platelet rich plasma-concentrate re-
lease (PRCR), and autologous condi-
tioned plasma (ACP). Regardless of

component is isolated, which can be
administered clinically to treat a vari-
ety of conditions. The use of this
platelet concentrate has been evaluat-
ed in oral surgery, plastic/cosmetic
surgery, wound healing, orthopaedic
surgery (including bone fusion, frac-
ture care, and tendon healing) as well
as multiple other areas. Some of the
popularity may be due to media cov-
erage of professional athletes receiv-
ing this as an alternative choice to
surgery or extended rehab and signifi-
cant time away from their team.

Platelet Physiology
In addition to their role in clot-
ting, platelets have been shown to re-
lease many proteins responsible for
Continued on page 92
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enhancing tissue regen-
eration and healing
from intracellular alpha
granules. These native
cytokines include trans-
forming growth factor

TABLE |

Growth Factors and Their
Respective Effects on Tissue

centration that defines
“platelet rich”, and the
manufacturers of PRP
systems all achieve dif-
ferent levels of platelets
and growth factors in
their centrifugation pro-
cess (Table 2). The nor-
mal concentration of
platelets is 150,000/uL
to 350,000/uL. Most re-
search suggests at least
1,000,000/uL is needed
to promote an increase
in healing.™

Most of the manu-
facturers of PRP sys-
tems achieve an in-

beta (TGFbeta), vascu- X

lar endothelial growth Growth Factor : Function

flact'or éVEGF)tilpflattelet TGF-beta Promotes formation of extracellular matrix and
erive grow . gc or regulates bone metabolism

(PDGF), insulin-like

growth factor (IGF) and  ppGF Stimulates angiogenesis, promotes cell proliferation

epithelial growth factor and granulation

(EGF), among others."*

Based on the concentra- ~ VEGF Angiogenesis

tion of these growth :

factors, PRP is assumed  |GF i Stimulates fibroblasts ad myoblasts

to stimulat “ -

osumiaied supra EGF Promotes cell differentiation and proliferation

physiologic” response
in an attempt to jump-
start the healing process in chronic
orthopaedic injuries.

At a more basic level, blood con-
tains three main components: plasma,
red blood cells (RBC), and white
blood cells (WBC). These are main-
tained in healthy individuals at a rela-
tively constant ratio of 93%:6%:1%
(RBC, Plasma, WBC, respectively).®
The platelets component of blood is
manufactured in the bone marrow;
they have a short lifespan of 7-10

TABLE 2

.........................................

days. They require thrombin to be ac-
tivated (usually precipitated by an in-
jury) which leads to aggregation, clot-
ting, and subsequent release of the
growth factors from the alpha gran-
ules. These factors then play a variety
of roles in tissue healing (Table 1).'*
The goal in development of PRP
products is to achieve a concentration
of platelets above the baseline value
for the subject. There is not yet a
standardization for the value of con-

Commercially Available
Platelet Concentration Systems
and the Relative Increase

in Concentration of Platelets

Platelet Concentration
System

Magellan*
GPS llleo
Symphony§
ACP &

* Arteriocyte Medical Systems, Cleveland, OH
o BioMet Biologics Inc., Warsaw, IN

§ Depuy Orthopaedics, Warsaw, IN

X Arthrex Inc., Naples, FL
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Increase in Platelets Above
Baseline

2-14x

Up to 9.3x
3-6x

2x

crease of 3-5x in
platelets and will use
one or two centrifugation cycles to
separate the blood products). The sys-
tem offered by Arthrex, Autologous
Concentrated Plasma (ACP) (Arthrex
Inc, Naples, FL) is unique in that
WBCs and neutrophils are specifically
not included while the plasma con-
centrate administered still contains a
supra-physiologic amount of platelets
and associated cytokines.” Previous
literature has suggested that the pres-
ence of WBCs and neutrophils may be
deleterious to wound healing.*®

Tendon Physiology and Healing
Tendon and ligament injuries can
fall into two broad categories of either
acute or chronic. An acute injury im-
plies that a tendon will go through the
normal three phases of healing: in-
flammation, cellular proliferation, and
remodeling.*’ The tendon repair se-
quence begins after formation of a clot
and granuloma at the injury site, fol-
lowed by fibroblasts forming collagen,
mostly type 3.° This gradually increas-
es mechanical strength, and as the
tendon is loaded through elastic defor-
mation (i.e., muscle contracture/joint
movement), a gradual transition to
type 1 collagen is made. When a ten-
don injury becomes chronic, this nor-
mal cycle is disrupted, and the tendon
is frozen in the proliferative phase.
This leads to a degenerative process of
tendonopathy characterized by colla-
gen fiber disruption, mucoid degener-
ation, neo-vascularization, and an ab-
Continued on page 93
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sence of inflammation.** Tendons are,
in general, relatively avascular struc-
tures with a low basal metabolism
that contributes to the prolonged re-
covery after injury."” In vitro studies
have confirmed that application of
PRCR can lead to accelerated prolifer-
ation of tenocytes, as well as Type 1
and 3 collagen.”*®

Autologous platelet preparations
have the potential to interrupt chronic
tendonopathy in several ways. First of
all, this process is mediated by the
administration of supra-physiologic
concentrations of growth factors from
the alpha granules contained in the
PRP injection. As previously noted,
this will introduce an increased
amount of cytokines that will subse-
quently restart the cycle of tendon re-
pair.® This, combined with the me-
chanical injury from injecting in the
form of “micro-tenotomy” or “pepper-
ing” techniques, will serve to create
an inflammatory response to a stag-
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nant healing environment and thus
initiate tendon repair.®

Literature Review

When a systematic search for PRP
(or any of the aforementioned de-
scriptors) is completed, a significant
amount of literature can be found in
regard to tendonopathy. The search
must be narrowed, however, to re-
main relevant to this article. The
number of prospective trials has sig-
nificantly increased over the past
three years to include research in
sports medicine, anterior cruciate lig-
ament repair, rotator cuff repairs,
Achilles tendonopathy, patellar ten-
donopathy, lateral epicondylitis and
plantar fasciosis."**'*2!* Recently, the
quality of this research has improved
to include prospective controlled tri-
als; however, a number of case re-
ports and series with retrospective
data are available as well.

In 2011, Finoff, et al. wrote a two-

part paper. Part 1 was a retrospective
review. Part 2 of their study was to
bring patients back for a prospective
diagnostic ultrasound on patients un-
dergoing percutaneous microtenoto-
my and PRP injection for recalcitrant
tendonopathy.® Their patients had a
variety of involved tendons in both
the upper and lower extremities
(n=10 (24.4%) and (n=31 (75.6%),
respectively. Post-procedurally, they
found that 83 % of subjects were sat-
isfied with the outcome. Although
none of their patients achieved a
sonographically normal tendon, there
were significant improvements in
echotexture, resolution of intratendi-
nous calcifications, and a decrease in
intratendinous neovascularity.

The study was slightly different
from much of the available literature
as it did involve a percutaneous teno-
tomy followed by PRP, while most
other trials simply describe three to

Continued on page 94
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five injection sites for administration
of the PRP into the mid-substance of
the tendon.

Another recent randomized con-
trolled trial (RCT) evaluated the effi-
cacy of PRP in arthroscopic rotator
cuff repair.” This was an RCT of 53
patients divided into a treatment
group (PRP) (n=26) and control
group (n=27), with healing verified
via validated scoring systems as well
as a follow-up MRI. All patients un-
derwent rotator cuff repair, and the
PRP group was found to have lower
pain scores at days 3, 7, 14, and 30
days after surgery. Strength in exter-
nal rotation was also higher at three
months.

The follow-up MRI did not
demonstrate any significance in heal-
ing rate; however, there were nine re-
tears in the PRP group and 12 in the
control group, with an overall healing
rate of 54% (in agreement with previ-
ous literature). Their conclusion was
that PRP could decrease pain and ac-
celerate functional recovery. This
group used the BioMet GPS system
for platelet concentration, and the
PRP was administered after comple-
tion of the repair by injection into the
joint space.

In contrast to the study by Randel-
li, another group was unable to
demonstrate the same accelerated
healing in rotator cuff repairs.® This
was a cohort study of 42 patients,
with 19 in the PRP treatment group
and 23 in the control. The authors
found appreciable differences in pain,
range of motion, strength, or function-
al scores. Differences included the fact
that they did not use a commercially
available PRP system; instead, they
used an automated plateletpheresis
system, and they created a platelet gel
which was then sutured between the
tendon and bone. They do concede
that one of the greatest weaknesses
between all studies about PRP is the
lack of standardization of preparation,
concentration, levels of WBCs in the
gel, and platelet activation.

A recent paper on the application
of PRP in ACL repair was also con-
ducted to evaluate if there was a re-
duction in anterior knee pain, kneel-
ing pain, and donor site morbidity
after patellar tendon graft harvest-
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ing." They also evaluated bone heal-
ing at the final follow-up via MRI and
conducted a clinical exam as well as
validated (VISA) questionnaires.
Forty athletes (all male) underwent
ACL reconstruction with an autolo-
gous bone-patellar tendon-bone graft.
They found a statistically significant
increase in VISA scores in the treat-
ment group in regard to knee pain as
well as filling of the bone defect in
85% (only 60% in the control group).
The authors conclude that application
of PRP can reduce pain in athletes
which could otherwise be an obstacle
to quick return to high-level sport.
The only paper found which
specifically addresses plantar fasciosis
was a pilot study by Barrett and
Erredge in 2004." This was a case se-
ries of just nine patients undergoing
PRP injection for recalcitrant plantar

pre-injection to 95 and 94, respective-
ly. The author concluded that PRP
was more effective and durable for
treating recalcitrant plantar fasciitis.
Treatment of chronic Achilles ten-
donopathy with PRP has been evalu-
ated by a number of authors.*"*"*'” For
the most part, there have been favor-
able results reported in regard to out-
comes; however, the patient sample
size of all combined studies is still
very small and difficult to apply to the
general population. Sanchez, et al.
were the first to report the use of PRP
in a retrospective case control series
of Achilles tendonopathy in twelve
athletes.” The authors found better
functional outcomes and an earlier re-
turn to training in the PRP group
(n=6) with a 12 month follow-up.
They also found a smaller cross-sec-
tional area of the tendons on follow-

Treatment of chronic

Achilles tendonopathy with PRP has been evaluated

by a number of authors.

fasciosis. The authors did compare
pre- and post-procedural ultrasound
to evaluate the thickness of the fascia
and did find that there was a mean
reduction of 2.30mm. Six of the nine
had complete resolution after two
months, and one had dropped from
the study after receiving a corticos-
teroid injection. This was a very limit-
ed study with no control group and
very small sample size, which would
be difficult to generalize to a larger
population. Also no statistical evalua-
tion was performed.

At the most recent American
Academy of Orthopaedic Surgeons
(AAOS) meeting (February 2012), an
abstract was presented by Monto.'* In
this prospective, controlled trial, 36
patients were randomized to an ultra-
sound-guided corticosteroid or PRP
injection. All had failed extensive
conservative treatment for approxi-
mately five months. The AOFAS score
improved from 52 (pre-injection) to
81 at three months, but fell back to 58
at twelve months, whereas in the PRP
group, the scores improved from 37

up MRI. Their series was, of course,
limited by a small sample size and
retrospective design. The same senior
author later reported outcomes associ-
ated with two patients treated for re-
vision Achilles surgery due to tissue
loss." Both patients were athletes
who were able to return to their re-
spective sports at 14 and 28 weeks.
Gaweda, et al. presented a case
series of 14 patients (15 Achilles ten-
dons) who had chronic Achilles ten-
donopathy.” Their treatment protocol
was 3mL of PRP administered with
ultrasound guidance, followed by six
weeks with crutches (six patients had
to undergo a second injection). They
reported significant improvements in
VISA and AOFAS foot and ankle
scores at 18 months. The AOFAS
score increased from 55 to 96 at final
follow-up. In addition, they found im-
provements in the ultrasonic appear-
ance of the tendons with decreased
thickness, reduction of interstitial
tears, and hypo-echoic foci. Of note,
they did report a transient increase in
Continued on page 96
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neovascularization for up to
three months.

DeVos, et al. performed a
level 1 RCT on chronic mid-sub-
stance Achilles tendonopathy, in
which one group received an ul-
trasound guided PRP injection
vs. a saline injection control
group.” The original paper re-
ported 24 week outcomes for 54
patients, and the same data was
used in a later paper reporting
on a one year follow-up.” Both
the PRP and the saline groups
demonstrated statistically signifi-
cant improvements in VISA
scores (21.7 and 20.5 respective-
ly). Both groups received what
could be considered a variation
of a micro-tenotomy, with 15 perfora-
tions during administration of either
the PRP or saline. In addition, both
groups were treated post-procedurally
with an eccentric training program.

Although a level-one RCT, a few
questions remain. First of all, was it
the micro-tenotomy that caused the
improvement in both groups? Second-
ly, since both groups underwent an
eccentric strengthening regimen after
the treatment, does this trial simply
show that the ideal treatment for
Achilles tendonopathy is physical
therapy alone? Investigations have in-
deed shown that both micro-tenotomy
and eccentric training are effective for
mid-portion Achilles tendonopathy.®

Case Examples

The author has used the Autolo-
gous Concentrated Plasma system
(Arthrex Inc., Naples, FL (Figure 1)
for approximately one year for both
chronic plantar fasciosis and mid-
portion Achilles tendonopathy. In all
cases, patients have undergone ex-
tensive conservative treatments for
their respective conditions, including
stretching, strengthening, bracing,
orthotics, physical therapy, etc. If the
patients fail to respond to the conser-
vative measures, and their next step
would be to make a decision for
surgery, they are given the option to
attempt an ultrasound-guided injec-
tion of ACP. The authors preferred
technique includes
administration of a
pre-emptive infiltra-
tion with 0.5%
bupivicaine proxi-
mal to the site of
pathology. Subse-
quently the ACP is
injected with a
“peppering” tech-
nique (approximate-
ly 5-10 individual
depots) into the ten-
don or fascia. Post-
procedurally, they
are to abstain from
NSAIDs for at least
two weeks, and use
tramadol or hy-
drocodone with ac-
etaminophen and

Figure |: Arthrex ACP centrifuge system(a) and syringe(b).

96 | AUGUST 2012 | PODIATRY MANAGEMENT

Figure 2: Ultrasound image demonstrates thickening of the plantar fascia (green arrow) with concomitant heel
spur. The needle is perpendicular to the long axis of the ultrasound probe (yellow arrow).

ice for pain. In both scenarios, they
are protected with a removable frac-
ture boot and crutches. Gradual tran-
sition to shoes and limited activity is
allowed at two weeks with an appro-
priate home exercise program. Re-
turn to low-impact aerobic activi-
ty/exercise is allowed after four to
six weeks.

Plantar Fasciosis

A 48-year-old female had been
treated for plantar fasciitis for six
months with no relief. This included
plantar fascia-specific stretching, or-
thotics, NSAIDs, and night splinting.
ACP was offered to her as an alterna-
tive to surgical fasciotomy. Injection
was administered under ultrasound
guidance (Figure 2) followed by two
weeks in a protective fracture boot.
At one month, she was pain free and
transitioned to accommodative shoes
and activities without limitation.

Achilles Tendonopathy

A 53-year-old female presented
with a two-year history of Achilles
pain. She had been treated by another
provider unsuccessfully and had per-
sistent pain in the left Achilles tendon.
After she had gone through physical
therapy as well as bracing without fur-
ther relief, an ACP injection was of-
fered as a last resort prior to surgical
intervention. Using the technique pre-
viously described, she underwent in-
jection therapy (Figure 3). She was
immobilized in a fracture boot for

Continued on page 98
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three weeks post-injection, followed
by an Achilles support sleeve for three
more weeks. At the six week point,
she was pain-free and allowed to re-
turn to activity. She has not had recur-
rence of any pain or limitation (now
at the five-month follow-up).

Conclusions

The only conclusion that can be
made at this time about the use of
PRP for chronic tendonopathy in the
foot and ankle is that more research is
required. The studies that are avail-
able represent only a limited number
of patients, are poorly designed, or
have flaws and cannot be generalized
to larger populations. While it is a
very promising technology, several
questions remain: What is the ideal
concentration of platelets? One injec-
tion, or weekly, or monthly? Mi-
crotenotomy technique or single-dose
administration?
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 Finnoff, JT., Fowler, SP., Lai, JK.,

The only conclusion that can be made
at this time about the use of PRP
for chronic tendonopathy in the foot and ankle

is that more research is required.

This, of course, opens the door
for more research and further investi-
gation into PRP. While the final an-
swer is yet to be revealed, a few
things can be inferred for surgeons
who would like to offer this to their
patients: It is a simple procedure
which can be performed in an outpa-
tient setting or the office; it has a brief
convalescence; the risks are minimal;
and it does not preclude further treat-
ment or surgery if required. The phys-
iology behind the use of autologous
platelets should support the theoreti-
cal advantages of its use clinically,
and there is clearly potential for fu-
ture research. PM
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