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Abstract: Plantar fasciitis is the most common cause of heel pain
and can prove difficult to treat in its most chronic and severe forms.
Advanced cases of plantar fasciitis are often associated with ankle
stiffness, heel spurs, and other conditions and can lead to extensive
physical disability and financial loss. Most available traditional
treatments, including orthoses, nonsteroidal anti-inflammatory
drugs, and steroid injections have a paucity of supportive clinical
evidence. More invasive treatments, ranging from corticosteroid
and botulinum-A toxin injections to shockwave therapy and
plantar fasciotomy, have demonstrated varying clinical success in
severe cases but carry the potential for serious complication and
permanent disability. Platelet-rich plasma has recently been dem-
onstrated to be helpful in managing chronic severe tendinopathies
when other techniques have failed. This review examines the
pathophysiology, diagnostic options, nonoperative treatment
modalities, and surgical options currently used for plantar fasciitis.
It also focuses on the clinical rationale and available evidence for
using autologous platelet-rich plasma to treat severe refractory
chronic plantar fasciitis.
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Plantar fasciitis is the most common cause of foot pain,
affecting 10% of the US population and generating 1 to

2 million office visits per year.1,2 The peak incidence of heel
pain occurs between ages 40 and 60 and it is a particularly
common problem in older athletes, runners, military
recruits, and trades people.2,3 Individual risk factors include
obesity, loss of ankle dorsiflexion, and extensive work-
related weight bearing.1 Although 90% of cases resolve
with conservative treatment within a few weeks, there is no
general consensus regarding treatment paradigms, and
severe cases of plantar fasciitis can be disabling. It has been
estimated that the annual economic burden of the disease
ranges between 192 and 376 million dollars.4 Wood first
described the syndrome in 1812, errantly believing it to be a
complication of tuberculosis.5 As clinical recognition of the
problem improved over time, the condition became asso-
ciated with other chronic inflammatory syndromes and was
given many names including plantar fasciosis, jogger’s heel,
plantar fasciitis, heel (calcaneal) spur syndrome, and plan-
tar fasciopathy.6–10

Platelet-rich plasma (PRP) is a bioactive component of
whole blood with platelet concentrations elevated above
baseline and containing high levels of various growth fac-
tors.11 It is postulated that when transplanted into injured
tissue, these platelet nests act as rally points for the

modulation of collagen synthesis and tissue healing by
releasing cytokines and chemoattractants.11,12 Early pain
relief after PRP transplantation may be due to an anti-
inflammatory effect resulting from the inhibition of cyclo-
oxygenase-2 enzymes by the cytokines provided by the
platelets while later benefits may be due to local cellular
proliferation, neoangiogenesis, and increased type 1 collagen
production.11–15 PRP has been shown to be helpful in
treating chronic severe tendinopathies including Achilles
tendinosis and has proven more effective and reliable than
traditional cortisone injections in the treatment of lateral
epicondylitis.12,16,17

This review will examine the pathophysiology, pre-
sentation, diagnosis, and treatment of plantar fasciitis,
while also identifying the current and future role of PRP in
its management.

ANATOMY
The plantar fascia is a durable, longitudinal bundle of

thick fibrous bands that originate off the medial tubercle
of the calcaneus. These bundles condense to form the arch
of the foot before proceeding across the transverse bands of
the deep transverse metatarsal ligaments to insert along the
proximal phalanges. It functions using a windlass mecha-
nism to support and cushion the foot during gait while
efficiently converting potential energy to kinetic energy
during toe-off.18,19

PATHOPHYSIOLOGY
Once thought to be primarily inflammatory in nature,

the source of plantar fasciitis is now believed to be multi-
factorial and there is a distinct absence of inflammatory
tissue in its chronic phase.20–23 Driven by high calcaneal
pressures and the combination of repetitive opposing trac-
tion by the Achilles tendon and the forefoot windlass effect,
microscopic tears occur in the central bundle of the plantar
fascia.21,22 Cumulative cellular damage is exacerbated by a
failed healing pattern that leads to chaotic vascularity with
zones of hyperplasia and hypoplasia.23 Collagen matrix
production collapses while cellular protein and enzyme
production falter. This results in a disruption of the normal
collagen repair cycle and a continuum of cellular damage
similar to that seen in Achilles tendinosis and lateral epi-
condylitis.12,17 Recent research also suggests that there may
be a central nervous system role in chronic tendinopathies
with programmed cell death (apoptosis) and tissue
breakdown.20

HISTORY AND PHYSICAL EXAMINATION
A thorough clinical history and physical examination

are critical in making a correct diagnosis of plantar fasciitis.
The condition typically presents with sharp morning heel
pain and “first-step” pain that improves with use during the
day and often worsens with heavy use.19 Although bilateral
heel pain is seen in 30% of plantar fasciitis cases, other
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symptoms such as numbness, tingling, night pain, swelling,
and radiating pain are rare.24 The symptoms of plantar
fasciitis often begin after exercise or activity modification,
shoe change, weight gain, or minor foot injury.25

The physical examination is marked by localized ten-
derness at the medial tubercle of the calcaneus, loss of ankle
dorsiflexion due to gastrocnemius muscle or Achilles ten-
don tightness, and in more severe cases, increased heel dis-
comfort with passive toe dorsiflexion (the windlass sign).18

Findings of edema, induration, redness, diffuse tenderness,
diminished sensation, motor weakness, or vascular com-
promise, would suggest an alternative diagnosis. A careful
and well-documented physical examination is important
because the differential diagnosis of heel pain is extensive
and includes calcaneal stress fracture, compressive neuro-
pathy, vasculitis, tendon rupture, radiculopathy, tendon
failure, and neoplasm.

IMAGING AND TESTS
The role and clinical impact of imaging in plantar

fasciitis is controversial. Although of limited benefit in
acute cases of plantar fasciitis, plain radiographs of the
hindfoot may confirm calcifications or spur formation in
chronic cases (Fig. 1).26 The clinical importance of calca-
neal spurs is uncertain, but it is clear that they are not the
cause of plantar fasciitis and an adaptive, physiologic
response to chronic traction and irritation in the injury
zone.

Technetium-99 bone scan imaging typically demon-
strates increased uptake along the medial aspect of the
calcaneus in plantar fasciitis while displaying more intense
and diffuse calcaneal uptake in stress fractures.27 A useful
alternative to the low sensitivity of radiographs and
equivocal specificity of bone scintigraphy is magnetic res-
onance imaging (MRI). Highly sensitive and specific MRI
of the hindfoot is useful in confirming the diagnosis of
plantar fasciitis and excluding other possible causes of heel
pain. Typical findings of plantar fasciitis on MRI include
fascial thickening, partial fascial tears, and reactive edema
(Fig. 2).

A more cost-effective and engaging technique for
imaging plantar fasciitis is ultrasonography.28 Although
operator-dependent, the technology allows the rapid, re-

producible, and accurate diagnosis of plantar fasciitis. The
technique is painless and quick. Typical findings seen on
ultrasound are hypoechoic islets and disrupted fascial
bundles. One particular advantage of ultrasound over other
techniques is that it allows cost-effective interval studies to
document the effects of clinical intervention.

In bilateral heel pain cases or in the context of systemic
illness, blood tests may be warranted. A standard sero-
logic workup would consist of a complete blood count,
cellular differential, erythrocyte sedimentation rate, C-reactive
protein, uric acid level, antinuclear antibodies, rheumatoid
factor, human leukocyte antigen-B27, and Lyme disease
antibody testing. Findings of neurologic deficits during
the physical examination prompt further evaluation with
sensory and motor electromyelographic nerve conduction
velocity studies to detect neural disease, peripheral neuro-
pathy, or radiculopathy.

TREATMENT
Although there is no clear consensus on the primary

medical treatment of plantar fasciitis, it generally accepted
that traditional treatment is successful in the majority of
cases. These regimens include rest, heel cord stretching, foot
orthoses, silicone heel lifts, nonsteroidal anti-inflammatory
drugs , eccentric exercise, night splints, and walking boots.
Despite the ubiquitous use of these techniques, there have
been very few randomized trials assessing their efficacy.29–31

The most common secondary level treatment for
recalcitrant plantar fasciitis is the use of corticosteroid
injections. Critical reviews of cortisone injection therapy
have yielded equivocal short-term findings and disappoint-
ing long-term results.32,33 Potentially disabling complica-
tions have also been reported, such as rupture of the plantar
fascia.34 Botulinum toxin-A injection of the calf muscles
and plantar has shown some clinical promise in easing
contractures and improving symptoms in short-term stud-
ies, but there are no long-term data supporting its use.35,36

Extracorporeal shockwave therapy has become an
increasingly available and popular treatment option for
refractory plantar fasciitis. Recent clinical studies have
shown promising short-term effects but the mechanism of
effect remains elusive and long-term results have not sur-
passed more conservative methods such as plantar specific
stretching exercises.10,37–39 The procedure is painful,

FIGURE 1. Stippled calcifications in the plantar fascia seen on a
lateral radiograph.

FIGURE 2. MRI findings in plantar fasciitis of central fascial
thickening, calcaneal spur formation, and reactive osseous
edema. MRI indicates magnetic resonance imaging.
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requires local anesthesia, and can be complicated by post-
treatment bleeding and osseous pain.

Surgical treatments for chronic severe plantar fasciitis,
including plantar fasciotomy with and without neurolysis
of the calcaneal branches of the tibial nerve, have demon-
strated conflicting late clinical results with pain and dis-
ability persisting in many patients.40,41 Potential surgical
complications include infection, skin slough, nerve injury,
and vascular damage. This has led to the adoption of less-
invasive surgical release techniques such as the endoscopic
fasciotomy and bipolar radiofrequency microtenotomy.42,43

These procedures have yet to be fully evaluated in extended
clinical trials.

ROLE OF PRP
Early success in using PRP to treat chronic refractory

tendinopathy has led to consideration for its use in the
management of recalcitrant cases of plantar fasciitis.12,15–17,44

Lopez-Gavito et al45 treated a small mixed group of
patients in an uncontrolled study with a minimum of 12
months of severe chronic plantar fasciitis and/or Achilles
tendinosis and noted American Orthopedic Foot and Ankle
Society (AOFAS) hindfoot score improvement from 39 to
97 by month 4 after PRP treatment. Visual analogue scale
(VAS) scores for pain before treatment dropped from 9
down to 2 after injection. No complications were noted.

In a nonblinded, uncontrolled, prospective preliminary
study, Martinelli et al46 used PRP to treat a group of 14
patients with chronic plantar fasciitis. Three weekly injec-
tions were given and the patients were followed up for 12
months. Average VAS scores decreased from 7.1 to 2.1.
They reported excellent final results in 9 patients, good or
acceptable results in 4, and poor in 1. No complications
were noted in the series.

Ragab and Othman47 examined a larger group of 25
patients who were injected with PRP and were then fol-
lowed up for an average of 10.3 months after treatment.
VAS scores improved from 9.1 pretreatment to 1.6 post-
treatment. Before treatment, 72% of patients noted severe
activity limitations, whereas 28% were moderately limited.
After PRP treatment, 60% had no functional limitations,
32% had mild limitations, and 8% noted moderate limi-
tations. Ultrasonography was completed before and after
PRP treatment and demonstrated decreased plantar fascial
thickening.

Akashin et al48 completed a prospective nonrandom-
ized comparison of PRP and corticosteroid injection for
plantar fasciitis. Sixty patients who had failed 3 months of
conservative care were treated in 2 consecutive groups of 30
each with either 40mg methylprednisolone or 3mL of PRP
and were followed up for 6 months after treatment. The
mean VAS scores dropped from 6.2 to 3.2 in the steroid
group and 7.33 to 3.93 in the PRP group at 6-month follow-
up. The authors concluded that while both treatments
appeared effective, PRP injection appeared to be the safer
of the two (Fig. 3).

The author has completed a prospective, blinded, and
randomized comparison study of PRP and corticosteroid
injection for severe chronic cases of plantar fasciitis (Monto
R, “Platelet-rich plasma is more effective than cortisone for
chronic severe plantar fasciitis,” podium presentation, 2012
Annual Meeting of the American Academy of Orthopedic
Surgeons; manuscript under submission). The study
examined 36 patients who had failed 5 months of

conservative care including rest, heel lift, physical therapy,
nonsteroidal anti-inflammatory drugs, cam walker immo-
bilization, and night splinting. One group received an
ultrasound-guided injection of 40mg depomedrol and the
second group received an ultrasound-guided injection of
3mL PRP (Accelerate System, Exactech Inc.). Both groups
initially performed well. The average pretreatment AOFAS
score in the steroid group was 52 and improved to 81 at
3 months after treatment. The average pretreatment
AOFAS score in the PRP group was 37 and improved to 95
at 3 months after treatment. However, the steroid group
scores degraded with a sharp drop in the AOFAS rating to
74 at 6 months and 58 at 12 months after treatment. In
stark contrast, the PRP group scores remained high with
AOFAS scores of 94 at 6 and 12 months after treatment.
No complications were seen in either group. This is the first
study to confirm the long-term superiority of PRP over
cortisone injection for chronic plantar fasciitis.

DISCUSSION
The search for a uniformly successful treatment for

plantar fasciitis remains both controversial and elusive.
Although the majority of cases are self-limited, a consensus
has yet to be reached on a reliable comprehensive treatment
strategy. As a result, most clinicians still resort to a spec-
ulative collection of traditional conservative treatment
regimens that have limited clinical support in the literature.
Despite the myriad of available treatments, a 10% failure
rate persists. Shockwave treatment, botulinum toxin-A
injection, radiofrequency ablation, and surgical procedures
have each provided some measure of success but also carry
measurable risk for complication and failure. The intro-
duction of PRP into the treatment paradigm as a modu-
lator of angiogenesis and anabolic effects appears to
address the pathophysiology of collagen matrix degrada-
tion and chaotic vascularity seen in plantar fasciitis.49,50 By
combining eccentric exercise and cyclic plantar fascia–
specific stretching with PRP injection, enhanced and
accelerated healing with excellent long-term results can be
achieved in refractory cases.12,51

Future research will focus on optimizing the compo-
sition of PRP and compensating for the high individual
variability of growth factors among individual patients.52,53

Although the procedure has proven to be safe, a better

FIGURE 3. PRP injection set-up using ultrasound needle guid-
ance (right foot). PRP indicates platelet-rich plasma.
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understanding of the systemic effects of PRP will also be
needed as recent work by Wasterlain et al54 has docu-
mented serologic increases in cytokine levels (VEGF) in
patients undergoing PRP treatment.

At the present time, given the limited number of
studies and heterogenous research methods present in the
literature, the use of PRP in the treatment of severe chronic
plantar fasciitis may be considered as an alternative to
surgical care for use in severe refractory cases of plantar
fasciitis where symptoms have persisted longer than 6
months despite prolonged conservative treatment. Patients
who are treated with PRP for plantar fasciitis should con-
tinue a plantar fascia–specific stretching and eccentric
exercise after the injection to optimize their recovery.
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