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Muscle and Tendon Injuries: The Role of Biological
Interventions to Promote and Assist Healing

and Recovery

Isabel Andia, Ph.D., and Nicola Maffulli, M.D., M.S., Ph.D., F.R.C.S.(Orth)
Purpose: To summarize clinical studies after platelet-rich plasma (PRP) therapy for tendinopathy, plantar fasciopathy,
and muscle injuries; to review PRP formulations used across studies; and to identify knowledge deficits that require further
investigation. Methods: After a systematic review in PubMed, we identified clinical studies assessing PRP efficacy in
tendon and muscle during the past decade. We standardized data extraction by grouping studies based on anatomic
location; summarized patient populations, PRP formulations, and clinical outcomes; and identified knowledge deficits that
require further investigation. Results: Overall, 1,541 patients had been treated with PRP in 58 clinical studies; of these, 26
addressed upper limb tendinopathies and 32 addressed the lower limb (810 patients and 731 patients treated with PRP,
respectively). The quality of research is higher for the upper limb than for the lower limb (23 controlled studies, of which
17 are Level I, v 19 controlled studies, of which 6 are Level I, respectively). Patients have been treated mostly with
leukocyte-plateleterich plasma, except in the arthroscopic management of the rotator cuff. The safety and efficacy of PRP
for muscle injuries has been addressed in 7 studies including 182 patients. Differences across results are mainly attributed
to dissimilarities between tissues and different stages of degeneration, numbers of PRP applications, and protocols.
Conclusions: Given the heterogeneity in tendons and tendinopathies, currently, we are not able to decide whether PRP
therapies are useful. Despite advances in PRP science, data are insufficient and there is a clear need to optimize protocols
and obtain more high-quality clinical data in both tendinopathies and muscle injuries before making treatment recom-
mendations. Level of Evidence: Level IV, systematic review of Level I through IV studies.
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he current demographic changes in developed
Tcountries, including Europe and United States, are
producing an alarming burden of degenerative muscu-
loskeletal conditions. Though not as pervasive as osteo-
articular conditions, tendinopathies are insidious.
Because of its expandingprevalence, tendonpathology is
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becoming a major focus for research aiming to elucidate
its cause and pathogenesis and to identify minimally
invasive biological interventions.1

It is incumbent on anyone interested in implementing
biological interventions such as platelet-rich plasma (PRP)
or cell therapies to understand the characteristics and the
rationale for their application to identify hurdles to ach-
ieve successful tissue repair.2 How to intervene biologi-
cally is chiefly driven by our understanding of the
pathologic processes underlying the condition; thus basic
hypotheses are shared in both PRP and cell therapies. In
tendinopathy the failed-healing hypothesis suggests that
repetitive stresses lead to small injuries within the tendon
that fail to heal before further trauma occurs. Difficulties
in achieving healing arise in tissues characterized by a low
cell number and low extracellular matrix turnover.3

Thus, broadly speaking, tendon regeneration can be
achieved by increasing cell numbers and/or enhancing
tendon cell anabolism (collagen synthesis). As a domi-
nant cell type in tendons, tenocytes are responsive
to molecular environmental stimuli that modulate
urgery, Vol 31, No 5 (May), 2015: pp 999-1015 999
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proliferation and collagen synthesis. Biological therapies,
such as cell therapies, are designed to augment cell
numbers in the injured tissue by exogenous expansion
and grafting. Two biotechnology companies are at the
forefront of cell product development for tendons. An
autologous tenocyte therapydOrtho-ATIdis currently
available fromOrthocell, Murdoch, Australia, and a phase
I/II double-blind randomized trial is planned in the
Netherlands (NCT01343836). In addition, autologous
dermal fibroblasts are manufactured by Innovacell Bio-
technologie AG, Innsbruck, Austria, and have been
explored for tendon augmentation based on their
collagen-producing capabilities. A systematic literature
review of human studies of cell therapy in tendons4 dis-
closed 4 clinical studies. Three of these, sponsored by
Innovacell, examined skin fibroblast injections in 3
anatomic locationsdelbow,5 patellar,6 and Achilles ten-
dons7dshowing safety and potential benefits in the
short-term. In addition, human bone marrow mesen-
chymal stem cells have been safely injected in rotator cuff
tears with promising results in a limited number of pa-
tients.8 The field remains otherwise under-researched.
Alternatively, PRP therapies, designed to modify the

biological milieu and target tenocyte activation, have
been explored in both experimental and clinical studies.
Previous research has shown that tenocytes from ten-
dinopathic tissue, when exposed to PRP releasates,
proliferate and synthesize extracellular matrix mole-
cules (including type I, II, and X collagen; decorin;
aggrecan; and biglycan), essential to tendon func-
tion.9,10 Moreover, PRP provides protection against
oxidative stress and modulates the angiogenic and in-
flammatory conditions of tendons, as well as the
anabolic capabilities of tenocytes.11,12 Several signaling
proteins released from PRPs induce neotendon forma-
tion, including fibroblast growth factor 2, transforming
growth factor b, insulin-like growth factor 1, vascular
endothelial growth factor, platelet-derived growth fac-
tor, and bone morphogenetic protein 2.2 PRP enhances
tendon cell growth and migratory capacity and combats
the oxidative stress leading to cell apoptosis.13,14

PRP can enhance the self-healing potential of tissues
by proper activation of endogenous local stem cells.
Though relatively low in number, tendon stem cells
(TSCs) also play a critical role in tendon regeneration
because of their ability to self-renew and differentiate
into tenocytes, thereby replacing tenocytes lost from
apoptosis.15 Importantly, the number of TSCs may be
reduced in tendinopathy, and the TSCs may differen-
tiate into non-tendon cells.16 Migration and tenogenic
differentiation of PRP-treated tendon precursor cells are
currently emphasized by experimental studies.17,18

Other than increasing cell numbers and differentia-
tion, PRP enhances tendon regeneration by improving
cell anabolism.2 Recent estimates of the rate of
replacement for collagen in the Achilles tendon
concluded that tendon tissue is practically inert.19 Quite
the opposite, the muscle tissue (musculus psoas major),
used as a comparator in this study, exhibits high turn-
over rates (i.e., is constantly being replaced).
The biological mechanisms underlying muscle regen-

eration are similar, but in this context PRP aims primarily
to potentiate migration and differentiation of satellite cells
while modulating inflammation, in doing so tailoring the
microenvironment for efficient repair.20,21 Although
experimental research supports PRP intervention in ten-
dons and muscles, there is a clear need (1) to summarize
clinical results after PRP therapy for tendinopathy and
muscle injuries, (2) to review PRP formulations used
across studies, (3) to provide treatment recommendations
based on the protocols described in the best available
literature, and (4) to identify knowledge deficits that
require further investigation.

Methods

Search for Clinical Data
We searched Medline via PubMed with combinations

of the search terms “platelet rich plasma,” “tendon,”
“rotator cuff,” “epicondylitis,” “fasciitis,” “Achilles,”
“patellar,” “skeletal muscle,” “muscle injuries,” “sports,”
and “human” from January 2003 to August 2014. We
also searched our own files. Only articles published in
English were reviewed.

Study Selection and Data Extraction
We included all original articles describing the use of

PRP in tendon and muscle injuries. All types of man-
agement (i.e., conservative, arthroscopic surgery, or
open surgery) and controlled and uncontrolled studies
were included. Conference proceedings and case re-
ports were excluded.
We extracted and tabulated the following data: study

design, type of participants, type of intervention (i.e.,
PRP formulation and number of injections), follow-up,
and type of outcome measures. Results were synthe-
sized by grouping the studies based on anatomic loca-
tions as upper limb lesions, including epicondylitis and
rotator cuff conditions, and lower limb, including the
patellar tendon, Achilles tendon, and plantar fascia.

Results

Upper Limb Tendon Injuries
Overall, in the reviewed clinical studies, 1,541 pa-

tients were treated for tendinopathy (including plantar
fasciitis). Most research focused on upper limb pathol-
ogy, with 9 controlled studies22-30 and 2 case series on
epicondylitis,31,32 13 controlled studies on arthroscopic
management of the rotator cuff,33-45 2 controlled
studies evaluating conservative management,46,47 and
1 case series48 (Table 1).



Table 1. Platelet-Rich Plasma Therapies in Clinical Studies of Upper Limb Tendinopathy (Epicondylitis and Rotator Cuff Disease)

Study (Year) LOE Study Design and Patient Population
Intervention and PRP

Formulation Outcome Measurements Follow-up Results

Epicondylitis
(conservative
management)

Raeissadat
et al.22 (2014)

I RCT: patients with chronic lateral
epicondylitis receiving PRP (n ¼ 31) or
autologous blood (n ¼ 30)

2 mL of L-PRP (PLT: 4�-6�)
and 2 mL of 1% lidocaine v
2 mL of autologous blood
and 2 mL of 1% lidocaine

VAS, modified Mayo
performance index, and PTT

4 wk, 8
wk, 6 mo,

and
12 mo

Both treatments are effective. PRP is not
superior to autologous blood.

Krogh et al.23

(2013)
I RCT with 3 arms: patients with symptoms

for >3 mo; PRP (n ¼ 20), saline solution
(n ¼ 20), and glucocorticoid (n ¼ 20)

3-4 mL of L-PRP (PLT: 4�-8�,
WBC: 6�), buffered; pH 7.4;
no activation

Saline solution: 3 mL of
glucocorticoid (1 mL of
triamcinolone þ 2 mL of
lidocaine)

PRTEE score (pain and function
analyzed separately), VAS
(pain and pain duration
caused by treatment), US,
and color Doppler activity

3 mo No differences

Mishra et al.24

(2014)
I Multicenter RCT: PRP (n ¼ 116) v

bupivacaine (n ¼ 114)
Patients with symptoms for >3 mo; failed
conventional therapy

3 mL of L-PRP (PLT: 4�-8�,
WBC: 6�), buffered; pH 7.4;
no activation (0.5%
bupivacaine and
epinephrine to block
injection site)

Bupivacaine, 2-3 mL

VAS and PRTEE score 4, 8, 12,
and

24 wk

Significant VAS improvement at 24 wk in
PRP group; fewer patients reporting
tenderness in PRP group at 12 and 24
wk; percent success rate at 24 wk
(reduction <25% in VAS) significantly
higher in PRP group

Omar Aziza
et al.25 (2012)

I RCT: n ¼ 15 per group
Patients with pain and tenderness

L-PRP (PLT: >2�) v
corticosteroid

Volume, activation: NR

VAS and DASH score 6 wk No significant differences between the 2
groups

Creaney et al.26

(2011)
I RCT: PRP (n ¼ 80) v blood (n ¼ 70)

Resistant patients, PRTEE score of 49
1.5 mL of L-PRP (PLT: 2.8�),

single spinning, buffy coat
Monthly US-guided injections

(2) into clefts of hypoechoic
areas (no dry needling)

PRTEE score 6 mo Improvement in both groups at 6 mo but
no difference between groups; higher
proportion of failures (removed for
surgery) in ABI group (12 of 17) v PRP
group (7 of 24); success rate (50%
improvement) at 6 mo of 66% in PRP
group v 72% in ABI group

Peerbooms
et al.27 (2010)
and Gosens
et al.28 (2011)

I RCT: PRP (n ¼ 51) v corticosteroids
(n ¼ 49)

Chronic patients (medial region)

3 mL of L-PRP (PLT: 4�-8�,
WBC: 6�), buffered; pH 7.4

Single-blind injection;
multiple small depots

VAS 12 and
24 mo

PRP reduces pain and improves function
exceeding the effect of corticosteroid
injection.

DASH score 12-24 mo
Thanasas et al.29

(2011)
I RCT: PRP (n ¼ 14) v blood (n ¼ 14)

No previous injections; symptoms for 3 mo
3 mL of L-PRP (PLT: 5.5�,

WBC: 6�), buffered; pH 7.4;
GPS with no activation þ
physiotherapy

Single US-guided injection;
peppering technique

VAS and Liverpool elbow score 6 wk,
3 mo, and

6 mo

Significant improvement in VAS only at 6
wk (3.8 in PRP group v 2.5 in ABI group,
P < .05); no differences in function

(continued)
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Table 1. Continued

Study (Year) LOE Study Design and Patient Population
Intervention and PRP

Formulation Outcome Measurements Follow-up Results

Mishra and
Pavelko30

(2006)

III PRP cohort (n ¼ 15) (prospective) v control
(n ¼ 5) (retrospective)

Recalcitrant (medial and lateral region)

3 mL of L-PRP (PLT: 4�-8�,
WBC: 6�), buffered; pH 7.4;
no activation

Single-blind injection, 5 small
depots in tender area

d 24 mo Significant improvement in PRP group for
pain at 8 wk (Mayo elbow score: þ60%
v þ16%) and at 24 mo (þ93% in VAS
score and function)

Chaudhury
et al.31 (2013)

IV Case series: N ¼ 6
US diagnosis of extensor tendinosis; partial
tear of extensor (<50%)

3 mL of L-PRP (PLT: 4�,
WBC: 4�; Harvest
SmartPrep, Terumo
Cosporation, Tokyo, Japan)

Single US-guided injection

Contrast US: QLAB software
(quantitative; Philips,
Amsterdam, The
Nederlands), MVI, and
microvascular imaging

1 and
6 mo

Improved extensor tendon morphology

Hechtman
et al.32 (2011)

IV Case series: N ¼ 30 patients (N ¼ 31 cases)
Unresponsive to conservative treatment for
�6 mo

3 mL of P-PRP
CaCl2 activation
Single-blind injection/1 skin

portal and 9 penetrations of
tendon

ASES and Nirschl staging for
pain

1 wk, 1
mo, 3 mo,
6 mo,
12 mo,
and 24
mo

Ninety percent of patients met the criteria
for success (25% decrease in worst pain).
PRP improves function and pain,
obviating the need for surgery.

Shoulder:
arthroscopy

Malavolta
et al.33 (2014)

I RCT: n ¼ 27 per group
Complete tears (retraction <3 cm)

10 mL of liquid PRP (1.5 mL of
autologous thrombin and
0.8 mL of 10% CaCl2)

Constant and UCLA scores 3, 6, 12,
and

24 mo

No differences at any time point

VAS 24 mo
Antuña et al.34

(2013)
I Pilot RCT: n ¼ 14 per group

Massive full-thickness tears
P-PRP gel VAS, Constant score, and MRI 1 yr No differences

Ruiz-Moneo
et al.35 (2013)

I RCT: PRP (n ¼ 32) v control (n ¼ 31)
Full-thickness tears

P-PRP gel UCLA score and MRI 1 yr No differences between groups

Jo et al.36

(2013)
II Prospective cohort: n ¼ 24 per group

Massive full-thickness tears
3� P-PRP gel MRI, CSA, CTA, ROM, and

pain
1 yr Differences in overall function and CSA;

better structural outcome and smaller
CSA in PRP group; no other differences

Weber et al.37

(2013)
I RCT: n ¼ 30 per group

All patients underwent an associated
acromioplasty. Seven patients in the
PRFM group underwent associated
biceps tenodesis, and 1 underwent
associated acromioclavicular repair. Five
patients in the control group underwent
biceps tenodesis, and 1 had a superior
labral anteroposterior lesion.

PRFM (P-PRP fibrin) ROM, UCLA score, SST score,
and VAS

3, 6, 9,
and

12 mo

No differences in perioperative morbidity,
structural integrity, or clinical outcome

Gumina et al.38

(2012)
I RCT: n ¼ 40 per group

Large rotator cuff tears
P-PRP gel Constant, MRI, and SST score 13 mo No differences in function but better repair

integrity in PRP group
Rodeo et al.39

(2012)
II RCT: PRP (n ¼ 40) v control (n ¼ 39) P-PRP fibrin (PRFM)

(moderate to low platelet
concentration)

ASES score and Doppler US d Better in control group
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Table 1. Continued

Study (Year) LOE Study Design and Patient Population
Intervention and PRP

Formulation Outcome Measurements Follow-up Results

Bergeson
et al.40 (2012)

III Prospective cohort with historical control:
N ¼ 38/2 per group

High-risk tears

P-PRP fibrin (PRFM)
(moderate to low platelet
concentration)

Constant, WORC, SANE, ASES,
and UCLA scores

1 yr No differences; higher retear rate in PRFM
group; 2 of 16 patients in PRFM group
had infections

Jo et al.41

(2011)
II Prospective cohort: N ¼ 42/2 per group

Full-thickness tears (all sizes)
P-PRP gel ASES, Constant, UCLA, DASH,

SST, and SPADI scores
3, 6, 12,

and
16 mo

No differences in outcomes

Randelli et al.42

(2011)
I RCT: PRP (n ¼ 26) v control (n ¼ 27)

Full-thickness tears
GPS, L-PRP, and high

leukocyte and platelet
concentrations

SST score, UCLA score,
Constant score, and SER

3, 6, 12,
and

24 mo

No differences in any score at any time;
grade 1 and 2 SER better in PRP group at
6, 12, and 24 mo

Castricini
et al.43 (2011)

I RCT: PRP (n ¼ 43) v control (n ¼ 45)
Isolated tears

P-PRP fibrin (moderate to low
platelet concentration)

Constant score and MRI 16 mo No differences between groups

Charousset
et al.44 (2014)

III Case control: n ¼ 27 per group 6 mL of L-PRP and autologous
thrombin

Constant score, UCLA score,
SST score, and MRI

24 mo No differences; no differences in retear rate;
smaller iterative tears in L-PRP group

Barber et al.45

(2011)
III Case control: n ¼ 20 per group

Full-thickness tears
2� P-PRP fibrin (moderate to

low platelet concentration)
MRI, ASES score, SANE score,

and Constant score
31 mo Lower retear rates on MRI; no differences

in other outcomes
Shoulder:
conservative
management

Rha et al.46

(2013)
I RCT: N ¼ 39 with 25% dropout; PRP

(n ¼ 16) v control (n ¼ 14)
Pain >5 of 10 for >6 mo, tendinosis or
partial tear <1 cm (US), unresponsive to
conservative treatments for �3 mo

3 mL of L-PRP, double
spinning

Monthly US-guided 2� PRP
injections þ dry needling v
2� dry needling

SPADI score and US 6 mo Differences in SPADI score between both
groups at 6 wk (34.9 in PRP group v 21.6
in control group), 3 mo (41.2 in PRP
group v 28.2 in control group), and 6 mo
(44.6 in PRP group v 33.3 in control
group) from beginning of treatment;
differences in range of shoulder flexion
between groups at 3 and 6 mo; 2 patients
with partial-thickness tears improved to
tendinosis without tears (US)

Kesikburun
et al.47 (2013)

I RCT: n ¼ 20 per group
Chronic tendinosis or partial tear

5 mL of L-PRP (GPS system),
PRP v saline solution

WORC score, SPADI score,
and VAS

3, 6, 12,
and

24 wk
and 1 yr

No differences between groups

Scarpone et al.48

(2013)
IV Case series: N ¼ 18

Tendinopathy refractory to physical
therapy and corticosteroids

Single injection, 3 mL of 1%
lidocaine and 3.5 mL of PRP

d d VAS improvement at weeks 12 and 52;
functional shoulder test significantly
improved; largest effect on external
rotation at week 12; MRI appearance
improved by 1 to 3 points; 17 patients
were completely satisfied (n ¼ 12) or
satisfied (n ¼ 5) and 1 was unsatisfied

ABI, autologous blood injection; ASES, American Shoulder and Elbow Surgeons; CTA, computed tomographic arthrography; DASH, Disabilities of the Arm, Shoulder and Hand; L-PRP,
leukocyte-plateleterich plasma; LOE, level of evidence; MRI, magnetic resonance imaging; MVI, microvascular imaging; NR, not reported; PLT, platelet concentration; PRFM, platelet-rich
fibrin matrix; P-PRP, pure platelet-rich plasma; PRTEE, Patient-Rated Tennis Elbow Evaluation; RCT, randomized controlled trial; ROM, range of motion; SANE, Single Assessment
Numeric Evaluation; SER, strength in external rotation; SPADI, Shoulder Pain and Disability Index; SST, Simple Shoulder Test; UCLA, University of California, Los Angeles; US, ultraso-
nography; VAS, visual analog scale; WBC, white blood cell concentration; WORC, Western Ontario Rotator Cuff Index.
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Epicondylitis
A successful treatment for epicondylitis is deemed to

improve pain and function in daily activities. PRP has
been compared with corticosteroids, local anesthetics,
and autologous blood. When comparing leukocyte-
plateleterich plasma (L-PRP) with corticosteroids in a
controlled randomized trial, Peerbooms and colleagues
presented positive results at 6 and 12 months27 and 24
months after treatment.28 In contrast, 2 other studies
did not find significant differences at 6 weeks25 or 3
months after treatment.23 However, these results are of
limited clinical value because these studies were pre-
sumably underpowered.
When comparing PRP with an anesthetic (bupiva-

caine), in a multicenter study, Mishra et al.24 found a
higher percentage of responders in the PRP group, 24
weeks after treatment. Two other randomized studies
failed to show that L-PRP was superior to blood in-
jections (control group) at 6 months.26,29 A recent
meta-analysis conducted by our group highlights diffi-
culties in reaching conclusions and recommendations
regarding epicondylitis, given the heterogeneity of the
comparators.49

Upcoming research includes 3-armed studies
comparing PRP injections, steroids, and saline solution
injections (NCT01109446); comparing dextrose pro-
lotherapy, PrT-DMS (prolotherapy, 50% dextrose þ
5% morrhuate sodium), and PRP injection with
traditional conservative management (NCT01476605);
and comparing PRP, whole blood injection, and dry
needle fenestration with traditional conservative
management (NCT01668953). In addition, the num-
ber of injections may be crucial; thus our group is
exploring the efficacy of 2 biweekly injections of pure
PRP associated with needle tenotomy compared with
lidocaine and needle tenotomy.50

Rotator Cuff
Rotator cuff degeneration is prevalent, and repair is

challenging because of the complex biomechanical
environment of the shoulder; moreover, the need to
modify diverse intrinsic and extrinsic factors most often
may require combinatory approaches such as arthro-
scopic surgery and PRP.

Arthroscopic Management. The outcomes of 363 patients
were examined after arthroscopic management in 11
controlled studies.33-45 Chahal et al.51 performed a
systematic review with quantitative synthesis
including 5 of these studies, 2 randomized42,43 and 3
nonrandomized,40,41,45 and could not confirm any
effect on overall retear rates. However, they found a
trend toward lower retear rates when analyzing
small- and medium-sized tears. Later on, 6 controlled
studies had been published but the simple addition of
PRP clots appeared to be insufficient to augment
repair. Jo et al.41 showed a decreased retear rate and
increased cross-sectional area compared with
arthroscopic repair without PRP in patients with
massive tears. Importantly, the amount of PRP used
in their study was 3-fold the amount used in the
other studies (i.e., 3� platelet-rich fibrin matrix
[PRFM] instead of 1� PRFM).

Conservative Management. Flat acromions may not need
surgical decompression and thus are better treated
conservatively. Rha et al.46 conducted a randomized
controlled trial comparing L-PRP plus dry needling
with dry needling alone but failed to show superiority
of L-PRP after 6 months. Kesikburun et al.47

compared a single infiltration of 5 mL of L-PRP into
the subacromial space plus exercise versus exercise
alone in 20 patients but could not find differences in
terms of quality of life, pain, disability, and range of
motion. Currently, there is an active corticosteroid-
controlled study (NCT01688362) that will be helpful
for contrasting posterior glenohumeral injections of
pure PRP (ACP; Arthrex, Naples, FL) and the number
of injections (2 in this forthcoming study).

Lower Limb Tendon Injuries

Patellar Tendinopathy
A total of 208 patients, mostly athletes, were treated

with PRP injections in 2 randomized controlled
studies,52,53 1 cohort study,54 and 5 case series.55-59 All
studies but one56 used changes in Victorian Institute of
Sports AssessmentdPatella (VISA-P) outcome mea-
sures at 6 to 12 months after treatment (1 case series
had a follow-up of up to 4 years). The VISA-P is a pa-
tient self-reported score with an emphasis on pain,
function, and return to sports activities (Table 2).
PRP combined with needling was superior to dry

needling at 12 weeks but not at 26 weeks. However, the
PRP group at 26 weeks included merely 9 patients.52

Another randomized trial included a total of 46 pa-
tients who were treated with 2 injections of pure PRP
every other week; 3 extracorporeal shockwave therapy
sessions were used as a comparator.53 This study
showed VISA-P improvement at 6 and 12 months but
not at 2 months after treatment. The rate of responder
patients was higher for PRP than extracorporeal
shockwave therapy.
Three injections of L-PRP did not show a pain

decrease but showed enhanced function when
compared with physiotherapy.54 More recently, in a
case series of 43 patients, the same authors, using an
identical treatment but with ultrasonography (US)
guidance, reported better results over time (3 to 4
years).56 Corroborating the study of Gosens et al.,58

which compared PRP effects in refractory versus non-
refractory patients, worse outcomes were found in pa-
tients with a longer history of the disease. Otherwise,



Table 2. Platelet-Rich Plasma Therapies in Clinical Studies of Lower Limb Conditions (Patellar Tendinopathy, Achilles Tendon Conditions, and Plantar Fasciitis)

LOE
Study Design and Patient

Population Intervention and PRP Formulation
Outcome

Measurements Follow-up Results

Patellar tendon
(conservative
management)

Dragoo et al.52

(2014)
I RCT: PRP (n ¼ 9) v dry needling

(n ¼ 12)
Persistence of symptoms after 6 wk
(12 sessions) of physical therapy
with eccentric exercises

6 mL of L-PRP (PLT: 4�-8�, WBC:
6�), buffered; pH 7.4; no
activation

Single injection þ dry needling v
dry needling

All patients received 3 mL of
bupivacaine with epinephrine

VISA-P, Tegner,
Lysholm, and SF-12
scores

12 and
26 wk

PRP group superior to dry needling at 12 wk but
not at 26 wk

Vetrano et al.53

(2013)
I RCT: n ¼ 23 per group

Athletes, chronic (>6 mo) and
recalcitrant

2 mL of P-PRP (2 injections 1 wk
apart) v ESWT (3 sessions)

VAS, VISA-P score, and
Blazina scale

2, 6, and
12 mo

VISA-P and VAS better in PRP group at 6 and 12
mo; no differences at 2 mo; Blazina scale better
in PRP group at 12 mo; higher success rates in
PRP group (% responders) at 12 mo

Filardo et al.54

(2010)
III Nonrandomized study: PRP (n ¼ 15)

v physiotherapy (n ¼ 16)
(matched for age, sex and sport
level)

Chronicity >3 mo and recalcitrant
to conservative and surgical
treatment only in PRP group

Blood bank: 5 mL of L-PRP (PLT:
6�, WBC: NR) Activated Ca2þ

mEq/dose
3 blind injections biweekly þ
physical therapy

EQ-VAS and Tegner
score

6 mo No significant improvement in PRP group for EQ-
VAS and pain level; significant improvement in
Tegner score in PRP group (þ39 v 20%)

Charousset
et al.55 (2014)

IV Case series: N ¼ 28, 17 professional
athletes and 11 semiprofessional

3 injections 1 wk apart, P-PRP
(PLT: 2�)

VISA-P score, VAS,
Lysholm score, and
MRI

1 and 3 mo Recovery of normal tendon structure; significant
improvement in all scores at 2 yr

Filardo et al.56

(2013)
IV Case series: N ¼ 43

Athletes, chronic
3 US-guided injections of 5 mL of
L-PRP, biweekly

VISA-P score, Blazina
scale, EQ-VAS,
Tegner score, and US

4 yr VISA-P increased over time. Eighty percent were
satisfied and resumed previous SA.

van Ark et al.57

(2013)
IV Case series: N ¼ 5 patients, 6

tendons
Athletes, symptoms for >12 mo,
VISA-P <80, US
hypoechogenicity, recalcitrant to
�12 wk of eccentric training

P-PRP (PLT: 1.7�) (ACP, Arthrex)
Single US-guided injection þ
physical therapy

VISA-P score, VAS
during DA, and
functional test

6 mo 5 of 6 tendons showed improvement of �30 points
on VISA-P after 6 mo

Gosens et al.58

(2012)
IV Case series: N ¼ 36; subgroups were

refractory (n ¼ 14) v non-
refractory (n ¼ 22)

Resistant to conservative and
surgical treatment (n ¼ 14),
resistant but no injections, no
responders to eccentric exercise in
any group

3 mL of L-PRP (PLT: 4�-8�, WBC:
6�), buffered; pH 7.4; þ
bupivacaine/no activation

Single-blind injection/1 skin portal
and 5 penetrations of tendon

VISA-P score, ADL, and
VAS

18 mo Clinical improvement in refractory and non-
refractory patients; better results in latter group

Volpi et al.59

(2007)
IV Case series: N ¼ 8

Young athletes, third proximal
recalcitrant tendinopathy
for �1 yr

3 mL of L-PRP (PLT: 4�-8�, WBC:
6�), buffered; pH 7.4

GPS III/no activationþ rehabilitation
Single-blind injection

VISA-P score and MRI 4 mo VISA improvement (91%); reduction in
irregularity in 80% of treated tendons
(MRI, 4 mo)
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Table 2. Continued

LOE
Study Design and Patient

Population Intervention and PRP Formulation
Outcome

Measurements Follow-up Results

Achilles tendon:
conservative
management

Kearney et al.60

(2013)
I Pilot randomized trial: n ¼ 10 per

group
Chronic

L-PRP single injection v eccentric
loading

VISA-A score 6 wk, 3 mo,
and 6 mo

76.0 (95% CI, 58.3 to 93.7) and 57.4 (95% CI,
38.1 to 76.7) for exercise group at 6 mo

de Vos et al.61

(2010) and
De Jonge
et al.62 (2011)

I RCT: PRP (n ¼ 27) v saline solution
(n ¼ 27)

Minimal duration of symptoms of 2
mo, excluded if previous full
eccentric program or PRP

4 mL of L-PRP (PLT: 4�-8�, WBC:
6�), buffered; pH 7.4; no
activation and eccentric
exercises

Single US-guided injection

VISA-A score and
Doppler US

6 mo (de Vos
et al.) and
12 mo

(de Jonge
et al.)

No differences in VISA and US improvement were
found; 59% of patients were satisfied in both
groups.

Murawski
et al.63 (2014)

IV Case series: N ¼ 32
Midportion recalcitrant to
conservative treatment

Single PRP injection FAOS and SF-12 score 6 mo Of patients, 78% resumed SA and DA and avoided
intervention.

Filardo et al.64

(2014)
IV Case series: N ¼ 27

Midportion, chronic recalcitrant
3 injections of 5 mL of L-PRP (PLT:
5�, leukocytes: 1.2�) with 2-wk
interval

Blazina scale, VISA-A
score, EQ-VAS, and
Tegner score

2 mo, 6 mo,
and 4.5 yr

Significant improvement at 2 and 6 mo; stable
results at 4.5 yr

Kaniki et al.65

(2014)
III Retrospective comparative study:

PRP (n ¼ 73) v control (n ¼ 72)
2 injections of PRP during first 2
wk after injury

Control: nonoperative treatment,
accelerated rehabilitation

Isokinetic plantar
flexion, ROM,
AOFAS score or calf
circumference, and
Leppilahti score

1 and 2 yr No differences at 1 or 2 yr

Deans et al.66

(2012)
IV Case series: 26 patients, 2 bilateral

Chronic
1 injection in 24 patients, 2
injections in 2 patients, P-PRP þ
rehabilitation

VAS, FAOS, and QOL Minimum,
6 mo

Improvement in all parameters

Gaweda et al.67

(2010)
IV Case series: N ¼ 14 patients, 15

tendons
All patients seeking treatment,
systemic inflammation excluded

3 mL of L-PRP (PLT: 5.5�, WBC:
6�) (Curasan, Kleinostheim,
Germany)

Single US-guided injection into
hypoechogenic areas

AOFAS and VISA scores 6 wk, 3 mo,
6 mo, and
18 mo

Significant improvement in AOFAS (þ41) and
VISA (þ72) scores; reduction of tendon
thickness and hypoechoic areas (US);
improvement in qualitative grayscale US
characteristics

Monto68 (2012) IV Case series: N ¼ 36 patients PRP
Single US-guided injection

d 24 mo The mean AOFAS score increased from 34 (range,
20 to 60) to 92 (range, 87 to 100) by 3 mo after
PRP treatment and remained elevated at 88
(range, 76 to 100) at 24 mo after treatment.

Achilles tendon:
surgical
management

Sánchez et al.69

(2007)
III Prospective cohort with

retrospective controls: PRP
(n ¼ 6) v control (n ¼ 6)

Athletes (recreational and
professional)

P-PRP CSA and VISA-A score 12 mo Reduced CSA in operated v contralateral in PRP
group; faster return to SA

Schepull et al.70

(2011)
II RCT: PRP (n ¼ 16) v control

(n ¼ 14)
L-PRP Elasticity modulus and

heel raise
12 mo Inferior in PRP group
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Table 2. Continued

LOE
Study Design and Patient

Population Intervention and PRP Formulation
Outcome

Measurements Follow-up Results

Achilles and
patellar
tendons
(conservative
management)

Ferrero et al.71

(2012)
IV Case series: Achilles (n ¼ 30) þ

patellar (n ¼ 28) tendons
Competitive and recreational
athletes, resistant to conservative
treatments

Blood bank: 6 mL of L-PRP (PLT:
5�, WBC: 6�)/thrombin
activation

US guided/2 scarifications and 2
injections (3-wk interval)

VISA-P score, VISA-A
score, and US

6 mo Improvement at 6 mo (VISA-P and VISA-A);
reduction in hypoechoic areas and tendon
thickness after 6 mo; intratendinous vascularity
increased at 20 d and 6 mo

Volpi et al.72

(2010)
IV Case series: patella (n ¼ 13 tendons)

and Achilles (n ¼ 4 tendons)
1 epicondylitis, 1 quadriceps
Case series: N ¼ 15 athletes, 19
tendons All with recalcitrant
tendinopathy for �1 yr

Nine young athletes the others
recreational

3 mL of L-PRP (PLT: 4�-8�, WBC:
6�), buffered; pH 7.4; no
activation; GPS and
rehabilitation

Single US-guided injection

VISA-P score and MRI 24 mo Improvement in VISA score (þ37) and reductions
in abnormalities in 80% of treated tendons
(MRI); improvement of clinical symptoms was
maintained for �2 yr after treatment;
improvement less marked in Achilles tendons

Upper and
lower limb
(conservative
management)

Finnoff et al.73

(2011)
IV Prospective and retrospective case

series: N ¼ 41 patients, 10 upper
and 21 lower limbs

Chronic recalcitrant

L-PRP þ tenotomy Changes in pain,
function, and tendon
characteristics

14 mo Mean function improvement, 68%; improvement
in worst pain scores, 58%; 84% had
improvement in echotexture; 82% had
decreased intratendinous vascularity

Plantar fasciitis
(conservative
management)

Monto74 (2014) I Randomized: n ¼ 20 per group
Resistant (4 mo) to conservative
management

3 mL of PRP; control group, Depo-
Medrol cortisone (Pfizer, New
York, NY)

AOFAS score 3, 6, 12, and
24 mo

PRP more effective than cortisone

Shetty et al.75

(2014)
III Prospective comparative study: 30

patients per group
Recalcitrant

8 mL of L-PRP, 1 injection; control,
3 mL, 40 mg triamcinolone, and
2% lidocaine

VAS, AFAS, and FADI 3 mo Better improvement in PRP group

Akşahin et al.76

(2012)
II Cohort study: n ¼ 30 per group

Symptoms for 8-9 mo, unresponsive
to conservative treatments for
�3 mo

3 mL of L-PRP (double spin) þ 2
mL of 2% prilocaine (CaCl2
activated, injected sequentially);
control group,
methylprednisolone

Single-blind injection
Prilocaine in both groups

Roles and Maudsley
score

3 wk and
6 mo

Improvement in patient satisfaction and pain at 6
mo: 3.40 in PRP group and 2.8 in corticosteroid
group; no differences between groups

Omar Aziza
et al.25 (2012)

I Randomized: n ¼ 15 per group
Patients with pain and tenderness

L-PRP (PLT: >2�)
Volume: NR
Activation: NR v corticosteroid

VAS and FHSQ score 6 wk No differences between groups
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Table 2. Continued

LOE
Study Design and Patient

Population Intervention and PRP Formulation
Outcome

Measurements Follow-up Results

Kim and Lee77

(2013)
II Randomized single blind: PRP

(n ¼ 10) v control (n ¼ 11)
Chronicity >6 mo, unresponsive to
conservative treatment

PRP (PLT: 7.6�), 2 injections, 2-wk
interval

Control: dextrose prolotherapy, 2
injections

FFI score 2-6 mo No significant difference: 30.4% in PRP group v
15.1% in control group

Wilson et al.78

(2014)
IV Case series: N ¼ 24 Chronic

recalcitrant
PRP injection 32-wk FAAM, Foot-

SANE score, and SF-
12 score

Improvement in all outcome measures

Martinelli
et al.79 (2013)

IV Case series: N ¼ 14
Chronic recalcitrant fasciitis,
evidence of calcaneal spur
(5 athletes)

Three injections of P-PRP
weekly, <5 mL

Roles and Maudsley
score and VAS

12 mo Significant decrease in VAS; excellent in 9, good in
2, acceptable in 2, and poor in 1

Kumar et al.80

(2013)
IV Case series: N ¼ 44 patients

(50 heels)
Recalcitrant

PRP injection Roles and Maudsley
score, VAS, and
AOFAS score

3 and 6 mo Significant improvement in MRI, VAS, and
AOFAS score at 6 mo

O’Malley et al.81

(2013)
IV Case series: N ¼ 23

Chronic 6 mo
2-3 mL of L-PRP (1-2 injections; if
2 injections, 4-wk interval)

FAOS, SF-12 score,
VAS, QOL, DA, and
SA

4 wk Significant improvement in QOL, VAS, and SF-12
score; of 23 patients, 5 went on to endoscopic
release

Ragab and
Othman82

(2012)

IV Case series: N ¼ 25 5 mL of PRP (6�-8�) Functional limitations 2 wk, 3 mo,
6 mo, and

1 yr

US showed decreased thickness of medial and
central bands; no functional limitations in 60%;
minimal limitations in 32%

Barret and
Erredge83

(2004)

IV Case series: N ¼ 9
No cortisone within 90 d before PRP

3 mL of L-PRP, needling and 1-2
US-guided injections within
hypoechoic areas

d 12 mo Of patients, 77.8% were successfully treated. Six
patients achieved complete resolution of pain
within 2 mo; 1 patient, after a second injection.

ADL, activities of daily living; AFAS, Foot & Ankle Score; AOFAS, American Orthopaedic Foot and Ankle Score; CaCl2, calcium chloride; CI, confidence interval; DA, daily activities; EQ-VAS,
EuroQol visual analog score; ESWT, extracorporeal shockwave therapy; FAAM, foot and ankle ability measure scoring; FADI, Foot & Ankle Disability Index; FAOS, foot and ankle outcome
score; FFI, Foot Functional Index; FHSQ, Foot Health Status Questionnaire; L-PRP, leukocyte-plateleterich plasma; LOE, level of evidence; MRI, magnetic resonance imaging; NR, not reported;
P-PRP, pure platelet-rich plasma; PLT, platelet concentration; P-PRP, pure platelet-rich plasma; QOL, quality of life; RCT, randomized controlled trial; ROM, range of motion; SA, sports
activities; SANE, Single Assessment Numeric Evaluation; SF-12, Short Form 12; US, ultrasonography; VAS, visual analog scale; VISA, Victorian Institute of Sports Assessment; VISA-A,
Victorian Institute of Sports AssessmentdAchilles; VISA-P, Victorian Institute of Sports AssessmentdPatella; WBC, white blood cell concentration.
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MUSCLE AND TENDON INJURIES 1009
positive outcomes were sustained over time. However,
this study did not evidence any structural changes as
assessed by US.
All case studies but two55,57 were performed with L-

PRP, but the number of injections varied among the
studies, with 1 injection,52,57-59 2 injections,53 or 3 in-
jections.54-56 A significant clinical improvement in both
pain and function lasting about 6 to 9 months was re-
ported in all uncontrolled studies. Regarding changes in
tendon structure, uncontrolled studies reported a
reduction in tendon irregularities (magnetic resonance
imaging [MRI] assessment)55 and reduction of hypo-
echoic areas as assessed by US.57

Achilles Tendon Injuries
Conservative Management. Two randomized clinical trials
(1 pilot) have compared PRP with an eccentric loading
program versus saline solution injections with an
eccentric loading program.60-62 As expected, the pilot
randomized study confirmed feasibility but was
underpowered (10 patients per group) and thus was
not able to show efficacy.59,60 The completed
randomized clinical trial, involving 27 patients per
group, showed nonsuperiority of buffered L-PRP plus
eccentric exercises over saline solution plus eccentric
exercises.61 Eccentric exercise therapy is an effective
treatment for Achilles tendinopathy; thus, as
expected, head-to-head comparisons between the 2
effective treatments failed to show substantive
differences. Actually, PRP treatment might be better
indicated for recalcitrant tendinopathies that may
necessitate operative intervention once conservative
treatments have been exhausted. What is more, the
authors did not find any tendon change in vascularity
or echogenicity, as assessed by US, 12 months after
PRP.61 This is in sharp contrast to the case series of
tendinopathic Achilles tendons (recalcitrant to
conservative treatments), in which 2 US-guided
injections along with extensive scarification were
effective in reducing pain, enhancing function, and
improving the structure of the tendon as assessed by
US.66,67 We may infer that more than 1 injection is
necessary to recover a degenerated tissue and that a
single PRP injection is insufficient to reduce symptoms
and modify tendon structure. Most Achilles tendons
(81%) were managed with a single injection of 3 to 4
mL of L-PRP (platelet enrichment 4� to 8�).
Still, the results remain controversial because of the

scarcity of Level I evidence in this condition. Even
though clinical and structural improvement was re-
ported in uncontrolled studies with more than 1 PRP
injection, this was not corroborated after 1 single in-
jection. Moreover, as reviewed recently,84 the literature
surrounding other injectable treatments for non-
insertional Achilles tendinopathy is of low quality and
has shown variable results. Currently, PRP cannot be
recommended for Achilles tendinopathy given sub-
stantial knowledge deficits such as the number of doses,
the procedure of application, and the best PRP formu-
lation that fits the demand of the host tissue.

Surgical Management. Complete Achilles tendon tears
are treated surgically. Two controlled studies have
examined the efficacy of PRP in the open surgical
reconstruction of complete tears.69,70 Schepull et al.70

did not find any improvement in the mechanical
properties of the Achilles tendon (elasticity modulus
and heel rise) operated on with PRP; instead, they
found better mechanical behavior of the untreated
tendons. Outcomes as evaluated by the elasticity
modulus and heel raise were inferior in the PRP
group, and function had not been restored 12 months
after surgery in either group, although disability did
not limit patients in everyday activities. In contrast,
Sánchez et al.69 found decreased cross-sectional areas
in PRP-treated groups, pointing to more physiological
healing, along with a faster return to sporting
activities. The differences between these 2 studies
could be attributed to the demographic characteristics
of the patients (age [younger in the study of Sánchez
et al.] or level of sports activities), the surgical
technique, and/or the postoperative rehabilitation
protocols. In addition, there were differences in the
formulation (pure PRP v L-PRP) and in the
application protocol.

Plantar Fasciopathy
We have included plantar fasciitis because, as in

tendons, the fibroblast is the primary cell in the fascia
and the biological concept for PRP application (i.e., cell
activator and modulator of inflammation) is the same.
There were 4 controlled studies with corticoste-
roids,25,74-76 1 controlled study with dextrose prolo-
therapy,77 and 6 uncontrolled studies.78-83 One
randomized controlled study found significant differ-
ences between L-PRP and corticosteroids at 6 weeks25;
positive results have been confirmed after longer
follow-up periods.74 However, Akşahin et al.76 con-
ducted a study that failed to show a difference in effi-
cacy at 3 weeks and 6 months after treatment. PRP was
superior to dextrose prolotherapy in a randomized
single-blind trial but did not reach statistical signifi-
cance: PRP, 9 patients (at final follow-up), versus
dextrose prolotherapy, 10 patients.77 Ongoing clinical
trials controlled with corticosteroids should provide
more information about the efficacy of L-PRP (GPS III,
Biomet Biologics Inc., Warsaw, IN) (NCT00758641)
and pure PRP (ACP; Arthrex) (NCT01614223).

Muscle Injuries
Acceleration of muscle repair is especially relevant in

elite and professional athletes because of public
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attention and economic repercussions. Our search
identified 2 randomized controlled studies,85,86 2 case-
control studies,87,88 and 2 case series.89,90 A pioneered
controlled study was performed not with PRP but with
ACS (i.e., an autologous liquid serum conditioned by
incubation of whole blood with glass beads). ACS
contains signaling proteins including interleukin (IL)
1b, tumor necrosis factor a, IL-7, fibroblast growth
factor 2, IL-1 receptor antagonist, hepatocyte growth
factor, platelet-derived growth factor AB, transforming
growth factor b1, and insulin-like growth factor 1. The
comparator was Traumeel (Heel, Albuquerque, NM)/
Actovegin (Nycomed, Zurich, Switzerland) (3:2) (i.e.,
homeopathic formulation and amino acids). Baseline
characteristics were similar in both groups, that is, tear
severity of grade 2 with detection of bleeding on MRI.
The injected volumes (5 mL) were identical in both
groups. The mean number of treatments per patient
was 5.4 in the ACS group and 8.3 in the reference
group. The experimental group returned to competition
after 16.6 days whereas the control group took 22.3
days to return, as decided after a strength assessment by
standard isokinetic tests. MRI scans taken at 16 days in
both groups confirmed that regression of the edema/
bleeding was faster in the ACS group. Two randomized
clinical trials in patients with hamstring injuries pro-
vided contradictory results. Whereas Reurink et al.85

did not find any difference in the time until patients
could resume sporting activities (42 days for both
groups), A Hamid et al.86 reported a mean time of 26.7
� 7 days in the L-PRP group (combined with rehabili-
tation) versus 42.5 � 20.6 days in the group that fol-
lowed only the rehabilitation program. The treatment
in the former study consisted of 2 injections of 3 mL of
pure PRP that was compared with placebo injections,
whereas the treatment in the latter consisted of a single
injection of L-PRP.
Pain outcome and functional recovery assessments, as

well as sonoelastography assessments, were performed
in 30 consecutive professional athletes randomized to
receive a single L-PRP injection or conventional man-
agement.88 In the short-term (7 to 21 days after treat-
ment), athletes in the PRP group presented significant
improvements in strength and range of motion, as well
as faster disappearance of hypoechoic areas and stiffer
tissue on sonoelastography. Although healing was
faster in the PRP group, both groups tended to converge
at 28 days after treatment.
In a preliminary study with low patient numbers,

Rettig et al.89 examined the effects of PRP injection
associated with rehabilitation in the treatment of
professional National Football League players and the
time to resume competition. They found that the time
needed to return to competition was similar in both
groups (with and without PRP). PRP injections proved
to be safe, and no patient in either group (PRP
or control) reported any relapse at follow-up (6
months).
Three weekly injections of PRP were administered to

53 recreational athletes with grade II lesions, who were
studied retrospectively.90 Outcome measurements
included pain reduction, return to sports, US imaging,
relapse, local infection, or any side effect. The treatment
was satisfactory for all patients except 1 in whom
relapse occurred after 1 year.
Wetzel et al.91 retrospectively reviewed 15 patients

with 17 proximal hamstring injuries, and 12 injuries
that failed conventional treatments were treated with a
PRP injection at the muscle origin. These patients
showed a significant reduction on a visual analog scale
and the Nirschl phase rating scale not found in patients
treated with traditional conservative methods.

Discussion
We have synthesized the current clinical research in

human tendons and muscles, mainly examining PRP
formulations and symptom remission after PRP treat-
ment. Considering the heterogeneity of tendino-
pathies, we have classified tendon studies according to
anatomic locations. Overall, in the literature reviewed,
more than 1,000 patients have been treated for ten-
dinopathy (including plantar fasciitis); most research
focused on upper limb pathology (i.e., rotator cuff and
epicondylitis). An L-PRP formulation was predomi-
nantly used for conservative management, whereas a
clotted gel form of PRP, named “platelet-rich fibrin
matrix,” was typically used during arthroscopic man-
agement. The use of PRP gel as an aid in arthroscopic
repair of the rotator cuff has not met the expectancies
raised by in vitro studies. Yet, there is still open debate
about the dose and the best protocol for PRFM appli-
cation in arthroscopy. This therapy may decrease
the retear rate, but this remains to be confirmed.36

Conservative management including injections
within the supraspinatus or infiltrations within the
subacromial space need further investigation, in
particular the number of injections and the protocol
for application.
Rotator cuff pathology is challenging, patients are

diverse, and different biological interventions or com-
binations may be indicated for different subgroups. The
intrinsic healing potential of the rotator cuff may
depend on the surrounding stem cells that, once acti-
vated, may drive tendon healing.14,92-95 As an illustra-
tion, bone marrowestimulating techniques have been
assayed in a recent clinical trial96; although there were
not significant differences in structural integrity, sub-
group analysis showed better healing in the micro-
fracture group. As shown in the knee, microfractures
could be improved when associated with PRP in-
jections.97 Thus combined biological interventions
intended for stem cell activation may improve current
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results. Moreover, in vivo tissue engineering performed
by a combination of cells, scaffold, and PRP during
surgery has shown promising results.98

Lower limb pathology has been less widely investi-
gated, with 7 controlled studies involving 143 patients,
in 3 different conditions. In general, most clinical
studies showed improvement in pain, function, and
patient satisfaction (except for Achilles tendon studies),
but the quality of the evidence is low, based on case
series with a high risk of bias. However, combined
treatments such as skin fibroblasts and PRP may
improve current results in selected cases.7

PRP injections are deemed to be safe, but we must pay
attention to metabolic comorbidities98,99 because L-PRP
injection provoked an exuberant inflammatory reaction
in a patient with type 1 diabetes.100 In addition, un-
expected poor results have been reported in 3 patients
with recalcitrant patellar tendinopathy referred to a
clinic after they had received PRP treatment
elsewhere.101

There is growing interest in optimizing PRP formu-
lations, that is, platelet and leukocyte counts and the
balance between these counts, as well as the ratio with
respect to plasma proteins. In particular, there is debate
about which factor is pivotal in the formulation. To
some extent, this conflict was resolved by the finding
that different platelet-leukocyte ratios showed a plateau
effect of platelet concentrations, with increasing platelet
concentrations being detrimental to extracellular ma-
trix synthesis.102 Increasing the platelet concentration
within L-PRP preparations results in the delivery of
more anabolic growth factors and decreased proin-
flammatory cytokines, but the biological effect on ten-
dons is diminished metabolism as indicated by a
decrease in the synthesis of both COL1A1 and COL3A1.
Together, this information suggests that minimizing
leukocytes in PRP is more important than maximizing
platelet numbers with respect to decreasing inflamma-
tion and enhancing anabolic signaling.
The self-healing potential of skeletal muscle is

considerably higher than that of tendon, in part
attributed to extensive tissue turnover, as well as sub-
stantial innervation and vascularization.103 The fact
that the World Anti-Doping Agency has allowed free
therapeutic use of PRP since 2011 prompted several
case studies in professional athletes. In the past several
years, 3 case series and a controlled study have been
published.87-90 The quality of PRP research in muscle
injuries has improved with the recent publication of 2
randomized trials in hamstring injuries, with contra-
dictory results that could be attributed to the compari-
son group and/or the PRP formulation and application
protocol.83,85,104

Enhancement of muscle repair by PRP is endorsed by
new experimental data regarding promotion of satellite
cell proliferation105 and differentiation with PRP.
Furthermore, reinnervation of muscle is crucial to
functional recovery of muscle injuries. Sensory
improvement after intraneural or perineural injection
of PRP has been reported in peroneal nerve palsy and in
leprosy peripheral neuropathy.106,107 In addition, mo-
lecular mechanisms underlying the antinociceptive ac-
tivity of PRP by triggering the production of analgesic
mediators such as endocannabinoids have been shown
in vivo and in vitro.108 Taken together, all these studies
evidence advancement in PRP science. However, opti-
mization of treatment procedures grounded in sound
experimental research data is of utmost importance to
profit from this technology.
Given the heterogeneity in tendons and tendino-

pathies, currently, we are not ready to decide whether
PRP therapies are useful or not. Tendons in the upper
and lower limbs may have different biochemical and
physiological behaviors, and this may explain the
discrepancies in response to PRP administration be-
tween tendons, as well as the importance of activating
cells in the paratenon to enhance healing capabilities.
Despite greater costs, increasing the number of in-
terventions may be crucial to achieve tendon
regeneration.109,110

Limitations
There are several limitations of our review. First, we

have provided a comprehensive description of current
literature to obtain a broad picture of clinical research in
tendon pathology, fasciopathy, and muscle injuries to
identify major weaknesses; we did not intend to
perform any quantitative synthesis of current data.
Second, we have not evaluated the methodologic
quality of the included studies; rather, we assigned a
level of evidence based on study design and available
data in the literature. Lastly, PRPs are described as pure
PRP or L-PRP, but we could not capture full differences
between intraepure PRP and intraeL-PRP formula-
tions because of a lack of sufficient description in most
studies.
Realistically, a substantial amount of research is still

necessary to bring PRP therapies into conservative
management of muscle injuries and tendinopathies
because findings indicating potential benefit are
controversial, given the heterogeneity in formulations
and application protocols. Although it needs further
confirmation, the clinical evidence suggests that rotator
cuff arthroscopy augmentation with PRFM does not
provide clinical benefits whereas local injection of PRP
may be beneficial to patients with chronic epicondylitis,
patellar tendinopathy, Achilles tendinopathy, and
plantar fasciitis refractory to other nonsurgical treat-
ments. However, data are insufficient, and the need to
optimize protocols is clear, obtaining reliable data on
effectiveness parameters from clinical trials and routine
pragmatic data.
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Conclusions
Given the heterogeneity in tendons and tendino-

pathies, currently, we are not able to decide whether
PRP therapies are useful. Despite advances in PRP sci-
ence, data are insufficient and there is a clear need to
optimize protocols and obtain more high-quality clin-
ical data in both tendinopathies and muscle injuries
before making treatment recommendations.
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