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The positive effects in these intraoperative ap-
plications have stimulated the use of PRP in 
the sports medicine outpatient clinic setting, 
mostly for chronic tendinopathies and often in 
a collaborative setting involving a musculosk-
eletal radiologist who assists in diagnosis, im-
aging-guided injection of PRP, and follow-up.

The recent explosion of the clinical use of 
PRP has outpaced evidence-based research. 
Few randomized controlled studies and small-
er anecdotal case reports document clinical 
success of PRP. This article will detail the bi-
ology of PRP, critically review the existing ef-
ficacy studies, and discuss future research ap-
plications that need to be performed if PRP is 
to be adopted as a mainstay treatment method 
for common musculoskeletal injuries.

Biology of PRP
The average platelet concentration of 

whole blood is 200,000 per µL (normal range 
150,000–350,000 per µL) [7]. Platelets are 
small anucleated cytoplasmic fragments of 
megakaryocytes that are commonly thought 
of as the responsible agents for hemostasis. 
Although the platelet is central to the coag-
ulation cascade, it is also essential to tissue 
healing. The first step of the healing process 
is clot formation and platelet activation [7]. 
After platelet activation, many growth and 
differentiation factors are released from the 
α-granules, which are storage units found in 
platelets [9]. Ninety-five percent of the exist-
ing factors are released within 10 minutes of 
clot formation, whereas the rest of the growth 
factors are released as they are formed over 
several days [10]. In vivo and in vitro research 
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C
hronic musculoskeletal injuries 
involving tendon, muscle, liga-
ment, and bone have long eluded 
the use of standardized therapeu-

tic protocols, regardless of cause. Ultrasound-
guided fenestration or tenotomy has been used 
with success as a potential treatment of chron-
ic tendinopathies [1, 2]. In addition, research-
ers have tested the efficacy of a wide array of 
injectable agents, from relatively simple solu-
tions such as hyperosmolar dextrose [3] (pro-
lotherapy) to complex orthobiologic agents 
such as bone morphogenic protein [4], but 
none have met with uniform success. Platelet-
rich plasma (PRP) injection has emerged as a 
treatment alternative for many musculoskele-
tal conditions. Although concentrated platelet 
therapy, which includes PRP, has been used 
for 20 years, it has recently been popularized 
by the media after its positive effects were re-
ported to be responsible for an American pro-
fessional football player’s accelerated return 
to play and subsequent victory in the 2009 Su-
per Bowl [5].

PRP is defined as a platelet concentration 
higher than the physiologic platelet concen-
tration found in healthy whole blood [6, 7]. 
Some authors have adopted a more objective 
definition of five times the platelet concentra-
tion of whole blood [8]. The ability to con-
centrate platelets allows a higher concentra-
tion of the bioactive growth factors reported 
to promote healing. There are currently many 
clinical applications of PRP, including bone 
healing in oral maxillofacial surgery, postop-
erative wound healing, and postoperative rota-
tor cuff repair integrity in orthopedic surgery. 
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also suggest that PRP induces overexpres-
sion of additional endogenous growth factors 
beyond what is contained within the platelet 
concentrate [11, 12].

Wound healing involves an intricate pro-
cess that is often categorized into three over-
lapping phases: inflammation, proliferation, 
and remodeling (Fig. 1). Once tissue injury 
occurs, a hematoma forms at the site of tissue 
damage, platelets adhere to exposed collagen 
creating a clot, and the inflammatory phase 
begins with activation of platelets resulting 
in release of growth, bioactive, and hemo-
static factors [13] (Table 1). Each factor plays 

a unique but codependent role in the early 
stages of the intrinsic and extrinsic pathways 
of the clotting cascade. Access to the wound 
site by neutrophils and macrophages occurs 
within hours of injury and likely serves to 
provide phagocytosis of tissue debris [14]. 
Within a few days of injury, the proliferative 
phase begins that is characterized by angio-
genesis, collagen deposition, granulation tis-
sue formation, epithelialization, and wound 
contraction. Finally, spanning from several 
weeks to months after an injury, the remod-
eling phase involves collagen maturation and 
apoptosis of excess cells [15–17].

The potential benefits of PRP are thought 
to rely on the intrinsic properties and inter-
play between the concentrated growth fac-
tors [6–8, 18]. Some of these important 
growth factors include platelet-derived en-
dothelial growth factor, transforming growth 
factor–β, vascular endothelial growth factor, 
fibroblast growth factor, epidermal growth 
factor, and insulin-like growth factor -1. The 
complex interactions of these growth and 
differentiation factors, along with adhesive 
protein factors such as fibronectin and vit-
ronectin, are what is responsible for the heal-
ing response; promoting the long regenera-
tive process of chemotaxis, cell proliferation, 
removal of tissue debris, angiogenesis, extra-
cellular matrix formation, osteoid produc-
tion, and collagen synthesis [7, 8, 19, 20].

Preparation of PRP
Before the PRP injection, the patient is in-

formed of the procedure and potential risks 
and benefits similar to other interventional 
procedures. Risks related to the interventional 
procedure include infection, hemorrhage, and 
soft-tissue injury. The use of sterile technique 
and a probe cover if using ultrasound guidance 
is warranted. In general, PRP is avoided when 
there are signs of local inflammation or infec-
tion or if there is a history of malignancy. The 
patient is also educated with regard to short-
term and long-term expectations. Because the 
injection of PRP induces local inflammation, 
pain should be expected after the procedure. 
Nonsteroidal antiinflammatory drugs are also 
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Fig. 1—Diagram shows wound healing cascade, outlining intricate process of three overlapping phases of 
healing: inflammation, proliferation, and remodeling.

TABLE 1:  Synopsis of Growth Factors Contained in Platelet-Rich Plasma [13]

Growth Factor Source Function

Transforming growth factor-β Platelets, extracellular matrix of bone, cartilage 
matrix, activated TH1 cells and natural killer 
cells, macrophages or monocytes and 
neutrophils

Stimulates undifferentiated mesenchymal cell proliferation; 
regulates endothelial, fibroblastic, and osteoblastic mitogen-
esis; regulates collagen synthesis and collagenase secretion; 
regulates mitogenic effects of other growth factors; stimulates 
endothelial chemotaxis and angiogenesis; inhibits macrophage 
and lymphocyte proliferation

Basic fibroblast growth factor Platelets, macrophages, mesenchymal cells, 
chondrocytes, osteoblasts

Promotes growth and differentiation of chondrocytes and 
osteoblasts; mitogenetic for mesenchymal cells, chondrocytes, 
and osteoblasts

Platelet-derived growth factor a and b Platelets, osteoblasts, endothelial cells, 
macrophages, monocytes, smooth muscle cells

Mitogenetic for mesenchymal cells and osteoblasts; stimulates 
chemotaxis and mitogenesis in fibroblast, glial, or smooth 
muscle cells; regulates collagenase secretion and collagen 
synthesis; stimulates macrophage and neutrophil chemotaxis

Epidermal growth factor Platelets, macrophages, monocytes Stimulates endothelial chemotaxis or angiogenesis; regulates 
collagenase secretion; stimulates epithelial or mesenchymal 
mitogenesis

Vascular endothelial growth factor Platelets, endothelial cells Increases angiogenesis and vessel permeability; stimulates 
mitogenesis for endothelial cells

Connective tissue growth factor Platelets through endocytosis from extracellular 
environment in bone marrow

Promotes angiogenesis, cartilage regeneration, fibrosis, and 
platelet adhesion
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avoided 2 weeks prior and at least 2 weeks af-
ter the procedure so as to not inhibit the ef-
fects of growth factors and the healing re-
sponse. Although the follow-up protocol may 
vary, physical therapy at least 2 weeks after 
the procedure is often considered.

The working definition of PRP is 1,000,000 
per µL platelet count, which is five times the 
normal concentration found in whole blood 
[21, 22]. PRP is commonly prepared in the 
laboratory, operating suite, outpatient sports 
medicine clinic, or radiology setting using a 
centrifuge. There are different types of cen-
trifuge methods: the gravitational platelet se-
questration technique, which requires only a 
tabletop centrifuge system [6, 18], takes less 
than 30 minutes; the cell separator, which 
generally requires a full unit of whole blood 
[23]; and smaller compact office systems. 
Centrifuge systems may differ in the abili-
ty to separate RBCs from platelets affecting 
concentration, separating leukocytes from 
platelets, or shearing platelets during the 
centrifugation process leading to premature 
platelet activation and degranulation [18]. 
Standardizing the concentration and compo-
sition of PRP is difficult with such variabil-
ity in the centrifugation market. No study, to 
our knowledge, has compared the effective-
ness of different PRP preparation systems or 
platelet concentrations against one another 
for any indication.

Preparation of PRP begins with venipunc-
ture and subsequent collection of a product-
specific volume of autologous whole blood 
from the patient into a syringe containing an 
anticoagulant, typically at the point of care. 
Centrifugation separates the whole blood 
into three layers: RBCs (bottom layer, spe-
cific gravity = 1.09), platelet-poor plasma 
(top layer, specific gravity = 1.03), and plate-
let concentrate that contains WBCs (mid-
dle layer, specific gravity = 1.06) [18] (Fig. 
2). Typically the RBC layer is discarded af-
ter the first spin and a second spin yields a 
more concentrated platelet layer. The PRP 
amount is approximately 10% of the volume 
of whole blood originally collected; about 3 
mL of PRP can be collected from 30 mL of 
whole blood after a 15-minute spin at 3,200 
revolutions per minute [23]. Once prepared, 
the PRP is maintained in a sterile environ-
ment and immediately used during an out-
patient procedure or surgery. PRP is typi-
cally administered with a syringe through 
a 20- or 22-gauge needle either under ultra-
sound guidance or using anatomic landmark 
guidance in the clinic. The needle-induced 

bleeding during injection provides the clot-
ting factor thrombin needed to activate plate-
lets. Needle fenestration of the tendon may 
also be considered before the PRP injection. 
Exposure to collagen within the tissue fur-
ther activates platelets. Bovine thrombin, 
calcium, or soluble type-I collagen have also 
been used to activate platelets but usually in 
the intraoperative setting [23]. Typically, the 
use of local anesthetic in the region of the 
PRP injection is avoided because the effect 
on PRP success is not clear.

Four categories of platelet concentrate prep-
aration are recognized: leukocyte-poor or 
pure platelet-rich plasma, leukocyte platelet-
rich plasma, pure platelet-rich fibrin clot, and 
leukocyte platelet-rich fibrin clot [18]. Factors 
such as centrifugation force and duration of 
centrifugation can yield different platelet con-
centration levels and composition. However, 
each has different biologic effects and poten-
tial uses. To our knowledge, no evidence-based 
classification scheme or guidelines specifying 
optimal use has been reported.

In Vitro and Animal Studies Using PRP
The first published in vitro study showed 

that PRP stimulated the proliferation of cell 
types such as osteoblasts, fibroblasts, teno-
cytes, chondrocytes, and mesenchymal stem 
cells [4, 18, 23]. Lucarelli and colleagues [24] 
showed that PRP had a positive effect on hu-
man stem cell proliferation and markedly in-
creased cell numbers with increasing PRP con-
centration from 1% to 10%. Another in vitro 
study of cultured human tenocytes showed that 
PRP promoted tendon regeneration by induc-
ing proliferation and total collagen production 
[25]. However, other in vitro studies have re-
ported contrasting results [26]. The ability of 

PRP to differentiate cell lines is also contro-
versial. One study showed that PRP can stim-
ulate stem cell differentiation into osteoblasts, 
but others had mixed results [27].

Several animal studies using PRP have 
produced promising results. Bone healing 
was enhanced with respect to stronger cal-
lus formation in rabbit calvaria defects and in 
mandibular reconstruction in goats [28, 29]. 
The mechanism, according to Tomoyasu and 
colleagues [27], may be from a positive ef-
fect of PRP on osteoblastic differentiation.

Animal studies have also shown a positive 
effect on tendon healing. PRP injected into 
rat patellar tendons was found to be safe and 
had the potential of increasing early tendon 
healing activity by stimulating type I and III 
collagen required for repair and remodeling 
of tendons [30]. However, other animal stud-
ies have shown contrasting results. Aghaloo 
and colleagues [31] found no significant dif-
ference in bone graft strength between au-
togenous rabbit bone, PRP alone, or autoge-
nous rabbit bone and PRP combined. Chaput 
and colleagues [26] showed that PRP did not 
play a significant role in increasing bone in-
growth of PRP-treated implants in the dis-
tal femur of rabbits. Further investigation is 
needed using standardized PRP concentra-
tion and composition to help clarify biologic 
effects using animal models.

Clinical Studies Using PRP
Common musculoskeletal injuries account 

for nearly 100 million office visits annually in 
primary care and orthopedic clinic settings in 
the United States [7]. PRP is seen by many 
orthopedic, primary care, and sports medi-
cine physicians as a new treatment option for 
tendon, muscle, and bone injuries. Radiolo-

RBC
γ = 1.09

PRP
γ = 1.06

PPP
γ = 1.03γ

Fig. 2—Diagram of platelet-rich plasma preparation. Centrifugation separates whole blood into three layers 
according to specific gravity (Y) (x axis): RBCs (bottom layer, specific gravity = 1.09), platelet-poor plasma 
(PPP) (top layer, specific gravity = 1.03), and platelet concentrate that contains leukocytes (PRP) (middle layer, 
specific gravity = 1.06) [17].
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gy clinics, especially those offering musculo
skeletal ultrasound services in a collaborative 
sports medicine environment, are seeing sig-
nificant increases in the volume of ultrasound-
guided treatments for chronic tendinopathies, 
plantar fasciitis, and acute ligamentous and 
muscle injuries.

Clinical studies have reported that PRP 
use can shorten recovery time, enhance bone 
strength, produce bone healing in a short-
er time, decrease the wound infection rate, 
and reduce surgery-related swelling and pain 
[18, 23]. However, most of these have been 
small nonrandomized studies or anecdotal 
case reports. The popularity and increased 
use of PRP is outpacing available scientific 
evidence [6, 32]; its use has especially in-
creased after receiving media attention for 
its use in a professional athlete whose accel-
erated return to play in the Super Bowl was 
credited to PRP treatment [6].

An early clinical application of PRP was 
adding autologous fibrin made from concen-
trated platelets to cancellous bone during 
maxillofacial reconstructive surgery. Serial 
radiographic examinations showed consoli-
dation of the bone at 4 weeks opposed to 8 
weeks in control subjects [33], which was 
attributed to platelet enhancement of osteo-
conduction [33]. Further studies detailing the 
clinical applications of PRP besides maxillo-
facial surgery have also included plastic sur-
gery, heart bypass surgery, dermatology, and 
orthopedics. The clinical applications are 
also starting to permeate radiology practices 
associated with sports medicine clinics. PRP 
injections are now commonly used to treat 
chronic tendinopathies, including lateral epi-
condylosis (tennis elbow), plantar fasciitis, 
and Achilles and patellar tendinopathies. On-
site sports medicine clinics are also offer-
ing PRP treatments for acute injuries such as 
acute muscle tears, medial collateral ligament 
tears, and ankle sprains. A growing number 
of prospective randomized controlled trials 
have assessed the effects of PRP.

Tennis Elbow
Lateral epicondylosis is commonly re-

ferred to as “tennis elbow.” It is the most 
common cause of elbow pain in skeletally 
mature athletes, occurring in more than 50% 
of tennis players [34] and resulting in weak-
ness, pain, and suboptimal performance in 
athletes. It is characterized as repetitive mi-
crotrauma with mucoid degeneration of the 
common extensor tendon where it attaches 
to the lateral epicondyle of the humerus. Ul-

trasound is useful in evaluating lateral elbow 
pain, especially in helping to evaluate the ex-
tent of tissue damage in patients refractory 
to conservative management [35]. A patho-
logic tendon may show hypoechogenicity, an 
increase in caliber, fibrillar disruption, [36, 
37], or hyperemia on Doppler evaluation [38, 
39]. Using clinical outcome measures, Mish-
ra et al. [40] reported in a small (n = 15) ran-
domized clinical trial of PRP treatment for 
chronic elbow tendinosis that subjects receiv-
ing PRP in a single injection session had an 
81% improvement in pain scores at 6 months 
and up to 93% at 25 months compared with 
their baseline status. A recent larger double-
blind randomized controlled trial (n = 100) 
[41] comparing PRP with corticosteroid injec-
tions found a statistically and clinically sig-
nificant difference in disease specific qual-
ity of life in pain scores favoring the PRP 
group. Interestingly, the PRP group progres-
sively improved at 1 year compared with the 
steroid group, which declined after an ini-
tial short-term improvement, suggesting that 
progressive healing may be responsible for 
clinical improvement in the PRP subjects. 
However, ultrasound evaluation was not used 
in either study, so tissue-specific healing is 
not known.

Research involving imaging studies will 
help to confirm disease-specific tissue heal-
ing. Diagnostic imaging before PRP treat-
ment will also help confirm the clinical di-
agnosis and establish baseline findings. In 
addition, ultrasound guidance for PRP treat-
ments will ensure precise targeting of dis-
eased tissue (Fig. 3).

Achilles Tendinopathy
Chronic Achilles tendinopathy is a com-

mon overuse injury characterized by degen-
eration and abnormal tissue repair that affects 
athletes and middle-aged individuals. Achil-
les tendinopathy can progress to debilitating 
pain with significant health and economic 
cost to society [42, 43]. There is generally 
no effective definitive nonsurgical treatment; 
and 25–45% eventually require surgery, sig-
nificantly adding to the cost [42] and mor-
bidity. PRP injections may offer a treatment 
option although current trials are limited. In 
a study comparing PRP to blinded sham sa-
line injections, de Vos and colleagues [44] 
reported significant improvement in both sa-
line and PRP groups that slightly favored the 
PRP subjects but not by a statistically signif-
icant margin. However, the study was lim-
ited by a short follow-up period (24 weeks) 
and small sample size (n = 27) and was con-
founded by eccentric exercise performed in 
both groups, which has been reported to be 
an effective treatment of Achilles tendinopa-
thy [45]. Saline injection may not be the best 
placebo because it is likely active for tendi-
nopathy; injecting saline into the tendon al-
ters the pressure–volume relationship in a 
given space, thereby disrupting pathologic 
vascular and neural ingrowth [45], and in-
jection-related needle trauma produces local 
bleeding, which is a known irritant and re-
cruiter of platelets in both groups. One study 
suggested that dry needling, or percutaneous 
tenotomy, may be an effective alternative 
for treating chronic tendinopathy, including 
Achilles tendinopathy [46].

Fig. 3—Ultrasound of common extensor tendon during needle placement in 45-year-old man with lateral 
elbow pain. Ultrasound evaluation before and during platelet-rich plasma treatment enables precise needle 
placement into abnormal areas of tendon, which include hypoechogenicity (arrow) or hyperemia (not shown). 
Note 22-gauge, 1.5-inch needle (arrowheads) within substance of common extensor tendon. Osteophyte 
(pentagon) is commonly seen in setting of tennis elbow. R = radial head, LE = lateral epicondyle.
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Plantar Fasciitis
Plantar fasciitis is a musculoskeletal dis-

order affecting the fascial enthesis and is the 
most common cause of inferior heel pain [47–
50]. Plantar fasciitis is an important cause of 
pain and disability among athletes but also is 
prevalent in the general population, especial-
ly sedentary individuals, affecting an estimat-
ed two million Americans annually [51–53]. 
The cause of chronic plantar fasciitis may re-
late to a chronic degenerative condition from 
repetitive stress injury [54]. These degenera-
tive features are comparable to the tendinosis 
seen in tennis elbow [39], Achilles tendinop-
athy [55, 56], and patellar tendon (Jumper’s 
knee) [57]. Currently, there is no uniformly 

effective treatment of plantar fasciitis, and no 
conventional therapy directly addresses the 
underlying pathophysiology of the degenera-
tive tissue [54, 58]. Again, patients who have 
failed conservative management may be ideal 
candidates for PRP therapy, possibly circum-
venting the need for surgery (Fig. 4).

Barrett and Erredge [59] reported com-
plete resolution of symptoms at 1 year in ap-
proximately 78% of subjects with plantar fas-
ciitis treated with PRP. However, the study 
was limited by a small sample size and lack 
of a control group. Larger-scale randomized 
controlled studies are needed to help eluci-
date PRP as a viable treatment of this com-
mon musculoskeletal injury.

Postprocedure care data are limited and 
without standardization. Typically, after PRP 
treatment patients are kept nonweightbearing 
for 48 hours and in a weightbearing boot for 
2 weeks with a gradual return to activity over 
the course of 6–8 weeks. However, some stud-
ies have shown a benefit to early rehabilitation 
with early stretching exercise to mechanically 
induce healing [6]. Mechanical stimulation in 
one study of repaired animal tendons resulted 
in an increase force to failure. This increased 
strength was attributed to PRP effects allow-
ing mechanical stimulation earlier in the heal-
ing process, thereby increasing the growth 
rate of tendon regeneration [60, 61]. Standard-
ized postprocedure protocols for the various 
musculoskeletal conditions treated with PRP 
need to be established.

Acute Ligament Injuries
Despite limited evidence, PRP use for acute 

musculoskeletal injuries has also continued to 
gain popularity. In a recent review, Foster and 
colleagues [6] discussed an unpublished ret-
rospective study involving professional soccer 
players with grade 2 acute medial collateral lig-
ament injuries showing an accelerated return 
to play by 27% in the PRP treated group com-
pared with a control group treated with stan-
dard rest and rehabilitation. Here too, the sam-
ple size was small (n = 22). Similarly, a pilot 
study by Frei and colleagues [62] described 
the use of calcium-activated PRP for type 3 
ankle syndesmotic injuries in 11 patients. In-
vestigators found an average time of healing 
of 5.18 weeks, with five patients achieving 
a full recovery without residual instability 
at 4 weeks, which differed from previously 

A

A

Fig. 4—Healing plantar fascia after platelet-rich plasma (PRP) treatment in 24-year-old male athlete.
A, Sagittal STIR MR image of plantar fascia shows increased thickness at origin, intrasubstance, and 
perifascial edema (arrowheads) and associated bone marrow edema (arrow).
B, Sagittal T2-weighted with fat saturation MR image obtained 2 months after PRP treatment shows decreased 
thickness and improvement in intrasubstance signal and perifascial edema (arrowheads) but persistent 
associated bone marrow edema (arrow).

Fig. 5—Ultrasound-guided needle placement in medial collateral ligament (MCL) injury in 20-year-old female soccer player. Star indicates medial femoral condyle (star).
A, Coronal proton density–weighted fat saturation MR image shows thickening of proximal MCL (arrowheads) from an acute or chronic sprain injury.
B, Corresponding ultrasound image (rotated 90° clockwise) shows needle placement (arrowheads) into proximal portion of MCL (arrows). 

B

B
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published reports showing an average return 
to play of 8 weeks after conservative standard 
of care treatment [63]. Despite the small sam-
ple size, lack of imaging guidance, and absence 
of a control group, these early results suggest 
PRP may have an effect on augmenting liga-
ment healing and reducing dynamic instabili-
ty. Ultrasound guidance can offer precise nee-
dle placement (Fig. 5) for ligament injuries and 
monitor healing, which adds value to both the 
patient and clinical colleagues.

Acute Muscle Injuries
Acute muscle injuries (strains) are com-

mon athletic injuries, especially among elite 
athletes. The mechanism of injury is usually 
a direct blow to the muscle or from uncom-
pensated eccentric loading during muscle 
contraction [6]. Muscle strains of the thigh 
were the most common diagnosis (16%) in a 
survey study of the 2007 International Asso-
ciation of Athletics Federation World Cham-
pionships [64]. Other common muscle group 
injuries include gastrocnemius and quadri-
ceps. Characterizing the severity of muscle 
injury by size and location is important, and 
imaging can play a vital role in prescribing 
treatment (Fig. 6), monitoring rehabilitation, 
and stratifying risk for reinjury. The risk of 
reinjury is high. For example, there is a 30% 
reinjury rate within 1 year of initial ham-
string injuries [65].

Preliminary clinical data supporting the use 
of PRP for acute muscle injuries includes work 
by Cugat et al. (presented at the 2005 meeting 
of the International Society of Arthroscopy, 
Knee Surgery, and Orthopedic Sports Medi-

cine) who found a quicker return to play by 
up to 50% in those treated with PRP under 
direct ultrasound guidance after aspiration 
of the hematoma [6]. Follow-up clinical and 
sonographic outcome measures documented 
progressive healing of the injured muscle [6]. 
However, the study had a small sample size, 
was retrospective, and compared with previ-
ously published data on return to play instead 
of a control group. Validation of the potential 
role of PRP as an adjunct to standard rest, ice, 
compression, and elevation therapy will re-
quire further well-designed studies.

Discussion
Musculoskeletal injuries are prevalent 

among both athletes and sedentary individ-
uals. Although most heal with conservative 
care, a substantial percentage of injuries are 
refractory to conservative care. Given the 
vast array of musculoskeletal injuries seen in 
daily practices, lack of consensus regarding 
standard treatment, and high cost to patients 
and society in loss of quality of life and ab-
senteeism from work and sport, any prom-
ising advancements in minimally invasive 
therapies, such as PRP, deserve consideration 
and thorough investigation. Although PRP 
therapy has been in existence for the past 
20 years, it has only recently been popular-
ized in the United States, in part from exten-
sive media attention [5]. Many PRP studies 
have shown promising results for augment-
ing the natural healing response capable of 
producing stronger bone, regenerating ten-
don and muscle, and increasing the vascular-
ity of tissue, all in a shorter time period [18, 

23]. However, a definitive statement regard-
ing appropriate indications cannot be made 
because studies are few and have often been 
limited by methodologic shortcomings.

The most recent randomized controlled 
trials suggest that PRP is a promising ther-
apy for chronic tendinopathy, a broad cat-
egory of injuries with shared underlying 
pathophysiology [40, 41, 44]. Tendinopathy 
likely occurs from chronic repetitive stress 
in an area of relative hypovascularity. Un-
like the acute inflammatory phase, the vast 
majority of overuse chronic musculoskele-
tal conditions, such as tennis elbow, Achil-
les tendinopathy, and plantar fasciitis, show 
no histopathologic evidence of inflammatory 
cells [54]. No consensus about best treatment 
exists and no conventional therapy directly 
addresses the underlying pathophysiology of 
degenerative tissue [54, 58]. The proposed 
mechanism of action of PRP, assisting the 
natural healing response at the tissue level 
through augmented platelets and subsequent 
growth factors, may disrupt the vicious cycle 
of tendinopathy and allow normal healing to 
progress [66].

PRP may be even more effective for acute 
injuries, such as muscle tears, medial collat-
eral ligament and ankle sprains, and acute 
hamstring injuries. Such injuries are ex-
tremely common in sports and account for 
significant time lost and cost to society [6, 
64]. These injuries are often slow to heal and 
are prone to reinjury [65]. These acute inju-
ries are often treated at the sports medicine 
complex or even in the athletic facility. PRP 
is well positioned as a potential acute-phase 

A

Fig. 6—Platelet-rich plasma (PRP) treatment in acute adductor muscle injury in 20-year-old male athlete.
A, Axial T2-weighted fat saturation MR image of proximal thighs shows grade 2 tear (arrow) of left adductor longus muscle with associated edema.
B, Ultrasound image at site of tear shows needle placement (arrowheads) during PRP treatment. Needle tip is within torn distal end of muscle fiber. There is also 
associated thickening of adjacent fascia (arrows).

B
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therapy because the centrifugation system is 
portable and easy to use and preparation of 
PRP is quick with very minimal risk. Cur-
rent studies have not reported any complica-
tions with PRP use [23, 41, 44].

Investigators also advocate the use of ul-
trasound-guidance to ensure precise needle 
placement as well as real-time visualization 
of the needle during fenestration in prepar-
ing the injection site [6]. In addition, areas of 
neovascularization of inflammation can be 
specifically targeted during Doppler interro-
gation of the diseased tissue. MRI or ultra-
sound can also be used to monitor the healing 
effects of PRP-treated diseased tissue (Fig. 7) 
and should be used in future research studies 
to document changes in tissue morphology 
and structure after PRP therapy. Studies in-
volving ultrasound have reported a decrease 
in thickness and cross-sectional area and nor-
malization of the hypoechogenic portions of 
the tendon after treatment [7]. In hamstring 
injuries, MRI plays an important role in char-
acterizing severity of muscle injury by size 
and location to help stratify treatment op-
tions, monitor healing during rehabilitation, 
and prescribe risk for reinjury [67].

Other PRP studies have had contradicto-
ry results. Some animal and clinical studies 
have shown no benefit with PRP use. How-
ever, critics state that these studies were con-
ducted without a standard PRP dose and pos-
sibly inadequate concentration levels. Some 
investigators have argued that the composi-
tion of PRP, such as leukocyte-rich or leuko-
cyte-poor PRP, may lead to different healing 
responses. Nevertheless, larger-scale ran-

domized controlled trials are needed before 
PRP can be adopted as a mainstream treat-
ment. Both basic science and clinical re-
search designed to help develop a standard 
PRP concentration, dose, and composition 
would help clarify the current mixed results 
found in the literature. In addition, develop-
ing a standard postprocedure protocol that 
involves short-term immobilization followed 
by appropriate rehabilitation may also be im-
portant in promoting rather than inhibiting 
the healing effects of PRP.

Research Direction
Despite our current understanding of the 

healing process, complete knowledge of the 
complex codependent biologic properties 
of PRP is largely unknown, and there is yet 
much to be understood of the clinical effects 
of its various applications [23]. Future ba-
sic science research should address the bio-
logic activity of PRP in various wound envi-
ronments. For example, what is the optimum 
concentration of PRP to maximize healing? 
Is there an inhibitory concentration level? 
Does the PRP remain within the tendon or 
muscle injected? Is PRP as effective in the 
acute setting as it seems to be in the chron-
ic tendinopathy setting? Is the mechanism of 
action similar in each setting? When is the 
best time to treat an acute injury of muscle, 
tendon, or ligament? What is the optimal 
PRP composition and injection protocol? 
How important is tendon fenestration or ten-
otomy in conjunction with PRP? And lastly, 
a preliminary study showed that efficacy of 
PRP may be pH-dependent, which may be 

seen in different wound environments [68] 
and needs further investigation.

Basic science research for elucidating op-
timal PRP concentration and composition are 
needed. Most studies involving PRP have not 
used a standard protocol of centrifugation, 
platelet activation, or PRP composition. For ex-
ample, the leukocyte component of PRP has 
not been fully studied. Some authors [18] rec-
ommend removing leukocytes to make a more 
pure PRP concentrate, without clear support-
ing evidence. Leukocytes have been shown 
to release oxygen-free radicals and may re-
sult in secondary tissue damage in the setting 
of muscle injuries [69, 70]. However, several 
recent studies have suggested the importance 
of keeping leukocytes in the PRP concentrate 
[15]. Leukocytes may provide an antiinfec-
tious environment, promote vascular endothe-
lial growth factor, and regulate immunity. Leu-
kocyte use in PRP has also decreased wound 
infection rates and did not adversely affect out-
comes of PRP use in joint surgery [18]. Recent 
studies have shown that leukocyte use in PRP 
is able to promote the regenerating and remod-
eling process in tendons [71]. Further studies 
are needed to help differentiate the individu-
al and synergistic effects of platelets and leu-
kocytes to optimize the PRP composition and 
utility of various platelet-rich preparations.

No evidence-based classification scheme 
or guidelines specifying optimal use of PRP 
have been reported. Establishing a classifica-
tion scheme for the different platelet prepa-
rations will help guide further investigations 
in optimizing an effective platelet concentra-
tion and composition.

A

Fig. 7—Healing patellar tendinopathy after platelet-rich plasma (PRP) treatment in 23-year-old male athlete. P = inferior patella.
A, Long-axis Doppler ultrasound image shows thickening, hypoechogenicity (arrowheads), and hyperemia (arrow) of proximal patellar tendon.
B, Long-axis Doppler ultrasound image obtained 6 months after PRP treatment shows decreased hyperemia, less hypoechogenicity (arrowheads), and normalization of 
parallel collagen fibers (arrows) of proximal patellar tendon.
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Billing and Reimbursement Issues
An additional issue with regard to the use 

of PRP is related to billing and the potential 
lack of reimbursement for the procedure. The 
Current Procedural Terminology code for 
PRP injection, which was implemented July 
1, 2010, is 0232 T (Injection[s], platelet-rich 
plasma, any tissue, including image guidance, 
harvesting, and preparation when performed). 
This category 3 code is a temporary code used 
for emerging technologies, services, and pro-
cedures that allows data collection to be used 
to document widespread usage for Food and 
Drug Administration approval [72]. Patients 
must be made aware that a PRP injection may 
not be fully reimbursed and ultimately they 
may be held responsible for payment of the 
procedure. It should be noted that the 0232 T 
billing code also includes imaging guidance, 
harvesting, and preparation; therefore, these 
aspects of the procedure cannot be billed sep-
arately. Establishment of this temporary bill-
ing code creates problems when attempting to 
provide patient care; however, this also em-
phasizes the importance of further research 
to provide additional information with regard 
to the potential effectiveness of PRP so that a 
permanent code can be established.

Conclusion
The application of a promising treatment 

method for musculoskeletal injuries is always 
met with considerable enthusiasm, often out-
pacing basic science and clinical studies. A 
growing number of orthopedic surgeons and 
sports medicine physicians are using PRP 
and are eager to establish its mainstream 
presence, which has spilled over to radiol-
ogy practices that can offer MRI or ultra-
sound assessment of soft-tissue injuries and 
guide treatment. However, enthusiasm does 
not replace scientific evidence. The potential 
role of PRP in healing musculoskeletal inju-
ries, especially in the high-level athlete, is an 
exciting frontier that may even lead to new-
er improved therapies, but a healthy amount 
of caution should be maintained until clini-
cal evidence is established. Further studies 
are needed to establish effectiveness, indica-
tions, and protocols for PRP application in 
the treatment of musculoskeletal injuries.
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