
Platelet-rich Plasma and Bone Marrow–derived
Mesenchymal Stem Cells in Sports Medicine

Alberto Gobbi, MD* and Matthew Fishman, MDw

Abstract: Regenerative medicine is a fast-growing field in ortho-
pedic sports medicine. Platelet-rich plasma contains multiple fac-
tors that have been shown to augment healing, thereby stimulating
its use in multiple areas of acute and chronic injuries. Mesenchymal
stem cells have pluripotent potential to form into tissues pertinent
to orthopedics, such as cartilage and bone. As such, there is been a
surge in the research directed toward steering those stem cells into a
particular lineage as part of treatment for a variety of soft-tissue,
cartilage, and bone pathologies. Overall, there are promising
reports of their potential success, but there is a need for continued
investigation into the efficacy of platelet-rich plasma and stem cells
in sports medicine.
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PLATELET-RICH PLASMA (PRP)
PRP is an above-baseline concentration of platelets in

plasma derived from centrifugation of autologous blood.1

Circulating platelets contain products in their a-granules
that are thought to enhance the healing properties of soft
tissues. These include growth factors important for cell
proliferation, differentiation, and neovascularization.2,3

PRP has also been shown to contain cell adhesion mole-
cules and chemotactic properties that help recruit mesen-
chymal stem cells (MSCs) and fibroblasts to the repair site.4

The rationale, therefore, behind PRP is to concentrate the
healing potential of platelets for use as a treatment
modality of various conditions.

PRP is produced by centrifugation of autologous
whole blood into red blood cells, white blood cells, and
plasma containing platelets. The steps involved significantly
vary among the several commercial products available. The
variability has an ultimate effect on the final composition of
PRP, particularly the platelet concentration.5 More is not
always better, as lower and higher platelet concentrations
may have a negative effect on neovascularization.6 Not only
does platelet concentration vary, but so does the white
blood cell concentration, which likely has a clinical effect; it
has been shown in equine models that leukocyte-poor PRP
may be more favorable for tendon healing.7 The advantage
of leukocyte-poor PRP over leukocyte-rich PRP has sim-
ilarly been shown in the treatment of human knee
osteoarthritis.8

Further variability comes from the clotting method
used for activation and secretion of the contents of a-

granules. Some commercial preparations use thrombin,
which has been shown to cause secretion of most of the
growth factors within 1 hour. To slow the delivery of
growth factors, some preparations use calcium chloride
which extends that period of time up to 1 week.3 The
clotting ingredients themselves may have direct clinical
effects, as Han et al9 showed thrombin to be detrimental to
bone osteoinductivity. Overall, the great variability in the
end products of PRP makes it difficult to directly compare
PRP products from different commercial preparations; this
in turn confounds the results of the clinical studies to date.

Soft-Tissue Healing
Although it is beyond the scope of this article to eval-

uate the use of PRP in various soft-tissue pathologies, such as
lateral epicondylitis and Achilles and patellar tendinopathy,
the use of PRP in rotator cuff pathology may be pertinent to
the prevention of articular cartilage degeneration associated
with rotator cuff tear arthropathy. For chronic rotator cuff
tendinopathy, Kesikburun et al10 found no difference in pain,
range of motion, or quality of life after PRP injection com-
pared with placebo. Several randomized, controlled trials
published on the augmentation of rotator cuff repair with
PRP have conflicting results. Jo and colleagues reported on
medium to large rotator cuff tears treated with or without
PRP augmentation. Their results favored PRP augmentation,
yielding a decreased retear rate (3.0% vs. 20.0%) and
increased cross-sectional area of the supraspinatus muscle 1
year postoperatively. However, overall satisfaction and
function was not significantly different.11 Zhao et al12 per-
formed a meta-analysis of 8 randomized, controlled trials
evaluating PRP augmentation of rotator cuff repairs and
found no overall significant difference in retear rates or
clinical scores when compared with rotator cuff repairs
without PRP augmentation.12

Cartilage Defects
Numerous studies exist evaluating the use of PRP

augmentation as part of treatment of cartilage defects in
both animal and human models. Milano and colleagues
evaluated the effect of PRP with microfracture in full-
thickness chondral defects created in sheep. Six months
after treatment, they found improved cartilage repair
healing in sheep who received microfracture plus PRP
compared with microfracture alone.13 Multiple studies have
also shown improved cartilage-healing characteristics of
rabbit cartilage defects treated with collagen scaffolds and
PRP compared with scaffolds alone.14,15 Beyond its use
with microfracture, PRP has also been shown to improve
osteochondral transplantation. Smyth et al16 augmented
osteochondral transplantation in rabbits with either PRP or
saline and found improved graft integration and histologic
scoring in rabbits who underwent PRP augmentation
compared with saline. Siclari and colleagues investigated
the use of PRP and scaffolds in humans. Although without
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comparison, the treatment group, which consisted of 52
patients with articular cartilage lesions of the knee who
underwent surgical implantation of scaffolds augmented
with PRP, experienced significant improvements in out-
come scores starting at 3 months postoperatively that per-
sisted through final follow-up of 12 months.17

More research is needed, however, as some inves-
tigations dispute the effect of PRP. Kon and colleagues
evaluated treatments of osteochondral defects in sheep with
hydroxyapatite-collagen scaffolds with or without PRP
compared with no treatment. They found improved bone
regeneration and cartilage integration in the treatment
group with a scaffold alone compared with a scaffold aug-
mented with PRP.18 In addition, Serra et al19 evaluated the
use of PRP for full-thickness cartilage defects in rabbits and
found no significant difference in macroscopic or micro-
scopic evaluation at 19 weeks.

Osteoarthritis
Several systematic reviews and meta-analyses evalu-

ating PRP as treatment for knee osteoarthritis have been
published with favorable results.20–22 Evaluating the effect
of repeated cycles of PRP injections, Gobbi and colleagues
randomly chose patients with early osteoarthritis to receive
either 1 cycle (series of 3 PRP injections 1mo apart) or 2
cycles, with the second series of 3 PRP injections occurring
1 year after the first cycle. They found that both groups
significantly improved at 12 months, but those who
received the second cycle showed more improvement than
the control at 18 months.23 In a systematic review of 3
overlapping meta-analyses, Campbell and colleagues found
that intra-articular PRP injections produced superior clin-
ical results over either placebo or hyaluronic acid injections
starting at 2 months postinjection all the way to 12-month
follow-up. All studies found significantly improved Western
Ontario and McMaster University Arthritis Index and
International Knee Documentation Committee scores.24

Furthermore, plasma rich in growth factors, not just PRP,
has been shown to significantly reduce pain while not sac-
rificing safety as treatment for knee osteoarthritis.25

Selecting for the effect of leukocyte concentration on
PRP’s effectiveness, Riboh and colleagues investigated 9-
level 1 or 2 studies and found leukocyte-poor PRP yielded
improved clinical results in the form of Western Ontario
and McMaster University Arthritis Index scores when
compared with placebo and hyaluronic acid. Interestingly,
there were more adverse reactions reported in the PRP
group, regardless of the leukocyte concentration8; this effect
from PRP has also been shown by Khoshbin et al.20

Although the majority of uses have shown PRP to be
safe with minimal side effects, there has been literature
suggesting higher rates of adverse reactions when used for
the treatment of knee osteoarthritis. This, and the con-
flicting clinical results, should encourage us to continue to
seek the highest quality evidence to determine the true
effectiveness of PRP. Today, it serves as an important tool
in the armamentarium of the sports medicine physician as
the potential role of PRP continues to grow and be further
developed.

BONE MARROW–DERIVED MSCs
The popularity of MSCs originates from their pluri-

potent potential to differentiate into fat, cartilage, and
bone.26,27 Osteogenic derived stem cells by way of bone

marrow aspiration yields a mixture of hematopoietic and
nonhematopoietic precursors, red and white blood cells,
and platelets.28 When centrifuged and concentrated, the
nonhematopoietic precursors and platelets can be isolated.
This isolate contains a variable number of stem cells
depending on the source of the harvest. Autologous harvest
from bone marrow of the iliac crest has been shown to
provide the greatest number of bone-forming MSCs com-
pared with other osseous sources.29 Once harvested, the
aspirate contents are either subjected to a 1-step cen-
trifugation process to yield bone marrow aspirate concen-
trate (BMAC) or the aspirate can be further expanded to
increase the concentration of MSCs.30 The ability of these
stem cells to differentiate into a particular lineage and the
paracrine ability of stem cells to release growth factors are
of interest in the treatment of orthopedic conditions, par-
ticularly because the pluripotent potential of the stem cells
include tissues pertinent to orthopedics.31 Several appli-
cable areas include its use in the treatment of meniscus and
rotator cuff tears as well as cartilage defects and osteo-
arthritis of the knee.26

Soft-Tissue Healing
For meniscus and rotator cuff healing, animal studies

have yielded promising results that have yet to be inves-
tigated extensively in the human population. In a rabbit
model, Angele and colleagues treated meniscal defects with
either blank scaffolds, scaffolds with bone marrow–derived
MSCs, or nothing. The control groups showed fibrous
healing patterns, whereas the group that received scaffolds
with bone marrow–derived MSCs showed a higher pro-
portion of menisci that healed with meniscus-like fibro-
cartilage.32 Zellner and colleagues similarly created a
meniscal repair model by using scaffolds with or without
PRP, cultured MSCs, noncultured MSCs, and bone mar-
row to treat circular defects in the avascular zone of rabbit
menisci. Although defects treated with scaffolds augmented
with cultured MSCs showed fibrocartilage repair tissue, the
defects treated with scaffolds augmented with noncultured
MSCs showed complete integration of the scaffold with
meniscus-like repair tissue.33 In a human cohort, Vangsness
et al34 used allogeneic stem cells and found increased
meniscal volume in knees treated with stem cells after
partial medial meniscectomy compared with knees not
treated with stem cells. Further investigation is needed in
terms of the human clinical application of MSCs for the
treatment of meniscus tears.

Stem cells have also been investigated for their
potential in stimulating rotator cuff healing. Yokoya et al35

found more type 1 collagen and increased tensile strength at
the repair site of rabbit infraspinatus tendons treated with a
scaffold and MSCs compared with blank scaffolds, sug-
gesting improved healing response in tendons augmented
with MSCs. Gulotta and colleagues36–39 have also pub-
lished several reports on their work with MSCs in an ani-
mal rotator cuff model. Early on, their group found no
difference in collagen fiber organization or biomechanical
strength in repairs augmented with bone marrow–derived
MSCs compared with controls.36,37 In subsequent studies,
however, they transduced MSCs with membrane type 1
matrix metalloproteinase and scleraxis, both important
factors for tendon development during embryogenesis. In
doing so, their group was able to improve not only the
formation of fibrocartilage but also the biomechanical
properties of the tendons at the repair sites.38,39
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Translating stem cell use to humans, Hernigou and
colleagues found a significant difference in healing rates and
prevention of retears with the use of bone marrow–derived
MSCs. At 6 months, 100% of the tears treated with MSCs
healed versus just 67% without MSCs. Furthermore, at
over 10-year follow-up, retears were only noted in 13% of
those treated with MSCs compared with 54% of those not
treated with MSCs.40 Although potentially promising,
continued clinical investigation of the use of MSCs during
rotator cuff repair is needed.

Cartilage Defects
In the animal setting, Wakitani and colleagues eval-

uated cartilage defects created in rabbit knees that were
either left untreated or treated with type 1 collagen gel
augmented with bone marrow–derived or periosteal-
derived MSCs. Not only finding that the reparative tissue of
MSC-treated defects was more similar to normal cartilage,
they also found complete repair of subchondral bone in
defects treated with MSCs.41 Hui and colleagues treated
osteochondritis dissecans in rabbits with a periosteal graft,
mosaicplasty, cultured chondrocytes, or cultured MSCs. At
36 weeks, they noted improved healing characteristics in
not only the cultured chondrocyte group but similarly
improved characteristics in the cultured MSC group.42

In the human population, several reports exist on the
clinical application of scaffolds augmented with bone
marrow–derived MSCs for cartilage lesions of the
knee.43–48 Gobbi and colleagues followed a group of 25
patients with full-thickness chondral defects of the knee
treated with implantation of a type 1/3 collagen matrix
augmented with bone marrow–derived MSCs. At final
follow-up, there was significant improvement in multiple
clinical scores. Complete filling of the defect as shown by
magnetic resonance imaging was found in 80% of the
patients. This work by Gobbi et al45 provides evidence
supporting the effectiveness of a 1-step procedure for car-
tilage treatment of full-thickness defects of the knee, thus
serving as a form of “biologic arthroplasty.”

Further supporting the use of bone marrow–derived
MSCs, Gobbi and colleagues directly compared BMAC
with matrix-induced autologous chondrocyte implantation
(MACI) for patellofemoral lesions in 37 patients. Although
there was no significant difference in clinical scores meas-
ured at 2 years, both groups significantly improved. Mag-
netic resonance imaging evaluation showed complete filling
of the defects in 81% of the BMAC-treated patients and
76% of the MACI-treated patients. After 2 years, there was
an increase in clinical scores of the BMAC group and an
insignificant decrease in clinical scores of the MACI group.
These results support the use of bone marrow–derived
MSCs as a treatment option for patellofemoral defects.46

Osteoarthritis
Injected MSCs might have the ability to adhere to

cartilage injury sites in animals. In a porcine model, Lee
and colleagues created partial thickness cartilage defects
and subsequently injected either saline or hyaluronic acid in
the control groups and bone marrow–derived MSCs with
hyaluronic acid in the experimental group. Not only did
they observe accumulation of the carboxyfluorescein-
labeled MSCs at the cartilage defect sites but also improved
cartilage healing in the experimental group compared with
the control.49 In an equine population, Fortier and col-
leagues created full-thickness defects in the femoral lateral

trochlear ridge and performed marrow stimulation with or
without the injection of autologous BMAC. They found
increased type 2 collagen and glycosaminoglycans as well as
improved integration of repair tissue, collagen fiber ori-
entation, and defect filling in the BMAC group compared
with the control group.50

Investigating its use in humans, Wakitani and col-
leagues evaluated 24 knees that underwent tibial osteotomy
for medial unicompartmental osteoarthritis. Half of the
knees received a collagen gel augmented with bone
marrow–derived MSCs under a periosteal patch, whereas
the other half received untreated collagen gels under a
periosteal patch. During repeat arthroscopy, investigators
found improved healing of the cartilage defects treated with
bone marrow–derived MSCs. Clinically, however, there
were no differences in outcome measures.51 One clinical
factor to consider is the potential effect of age on bone
marrow–derived MSCs. Stolzing and colleagues found
decreased cell numbers and decreased overall capacity of
the MSCs derived from older individuals. This may hinder
the effectiveness of bone marrow–derived MSCs.52 How-
ever, several human studies suggest a potential role of
injected MSCs in the treatment of knee osteoarthritis par-
ticularly as evidenced by significant improvements in mul-
tiple clinical scores and decreased subchondral bone edema
and increased cartilage healing.53

From basic science to clinical investigations, the use of
PRP and bone marrow–derived MSCs for treatment of
various pathologies pertinent to sports medicine has gar-
nered continued popularity. Particular to articular cartilage
injury, the ultimate goal is to regenerate normal hyaline
cartilage. MSCs have the potential to differentiate into
particular cell lineages, which creates the theoretical
potential to use them for targeted therapy in specific
pathologic conditions. Until that capability is achieved, we
continue to use PRP and MSCs in the capacity available.
The current literature shows some promise in their clinical
potential, but much is to be learned. As such, there is a
continued need for high-quality basic science and clinical
investigation into the safety and efficacy of both bone
marrow–derived MSCs and PRP in the realm of regener-
ative medicine.
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25. Vaquerizo V, Plasencia MÁ, Arribas I, et al. Comparison of
intra-articular injections of plasma rich in growth factors
(PRGF-Endoret) versus Durolane hyaluronic acid in the
treatment of patients with symptomatic osteoarthritis: a
randomized controlled trial. Arthroscopy. 2013;29:1635–1643.

26. Anz AW, Hackel JG, Nilssen EC, et al. Application of biologics
in the treatment of the rotator cuff, meniscus, cartilage, and
osteoarthritis. J Am Acad Orthop Surg. 2014;22:68–79.

27. Johnstone B, Hering TM, Caplan AI, et al. In vitro chondro-
genesis of bone marrow-derived mesenchymal progenitor cells.
Exp Cell Res. 1998;238:265–272.

28. Hung S-C, Chen N-J, Hsieh S-L, et al. Isolation and
characterization of size-sieved stem cells from human bone
marrow. Stem Cells. 2002;20:249–258.

29. Hyer CF, Berlet GC, Bussewitz BW, et al. Quantitative
assessment of the yield of osteoblastic connective tissue
progenitors in bone marrow aspirate from the iliac crest, tibia,
and calcaneus. J Bone Jt Surg. 2013;95:1312–1316.

30. Veronesi F, Giavaresi G, Tschon M, et al. Clinical use of bone
marrow, bone marrow concentrate, and expanded bone
marrow mesenchymal stem cells in cartilage disease. Stem
Cells Dev. 2013;22:181–192.

31. Caplan AI. New era of cell-based orthopedic therapies. Tissue
Eng Part B Rev. 2009;15:195–200.

32. Angele P, Johnstone B, Kujat R, et al. Stem cell based tissue
engineering for meniscus repair. J Biomed Mater Res A.
2008;85:445–455.

33. Zellner J, Mueller M, Berner A, et al. Role of mesenchymal
stem cells in tissue engineering of meniscus. J Biomed Mater
Res A. 2010;94:1150–1161.

34. Vangsness CT, Farr J, Boyd J, et al. Adult human mesenchymal
stem cells delivered via intra-articular injection to the knee
following partial medial meniscectomy: a randomized, double-
blind, controlled study. J Bone Jt Surg. 2014;96:90–98.

35. Yokoya S, Mochizuki Y, Natsu K, et al. Rotator cuff
regeneration using a bioabsorbable material with bone
marrow-derived mesenchymal stem cells in a rabbit model.
Am J Sports Med. 2012;40:1259–1268.

36. Gulotta LV, Kovacevic D, Ehteshami JR, et al. Application of
bone marrow-derived mesenchymal stem cells in a rotator cuff
repair model. Am J Sports Med. 2009;37:2126–2133.

37. Gulotta LV, Kovacevic D, Packer JD, et al. Adenoviral-
mediated gene transfer of human bone morphogenetic protein-
13 does not improve rotator cuff healing in a rat model. Am J
Sports Med. 2011;39:180–187.

38. Gulotta LV, Kovacevic D, Montgomery S, et al. Stem cells
genetically modified with the developmental gene MT1-MMP
improve regeneration of the supraspinatus tendon-to-bone
insertion site. Am J Sports Med. 2010;38:1429–1437.

39. Gulotta LV, Kovacevic D, Packer JD, et al. Bone marrow-
derived mesenchymal stem cells transduced with scleraxis
improve rotator cuff healing in a rat model. Am J Sports
Med. 2011;39:1282–1289.

40. Hernigou P, Flouzat Lachaniette CH, Delambre J, et al. Biologic
augmentation of rotator cuff repair with mesenchymal stem cells
during arthroscopy improves healing and prevents further tears:
a case-controlled study. Int Orthop. 2014;38:1811–1818.

41. Wakitani S, Goto T, Pineda SJ, et al. Mesenchymal cell-based
repair of large, full-thickness defects of articular cartilage.
J Bone Joint Surg Am. 1994;76:579–592.

42. Hui JH, Chen F, Thambyah A, et al. Treatment of chondral
lesions in advanced osteochondritis dissecans: a comparative
study of the efficacy of chondrocytes, mesenchymal stem cells,
periosteal graft, and mosaicplasty (osteochondral autograft) in
animal models. J Pediatr Orthop. 2012;24:427–433.

43. Gobbi A, Karnatzikos G, Scotti C, et al. One-step cartilage
repair with bone marrow aspirate concentrated cells and
collagen matrix in full-thickness knee cartilage lesions: results
at 2-year follow-up. Cartilage. 2011;2:286–299.

44. Enea D, Cecconi S, Calcagno S, et al. Single-stage cartilage
repair in the knee with microfracture covered with a resorbable
polymer-based matrix and autologous bone marrow concen-
trate. Knee. 2013;20:562–569.

45. Gobbi A, Karnatzikos G, Sankineani SR. One-step surgery
with multipotent stem cells for the treatment of large full-
thickness chondral defects of the knee. Am J Sports Med.
2014;42:648–657.

Gobbi and Fishman Sports Med Arthrosc Rev � Volume 24, Number 2, June 2016

72 | www.sportsmedarthro.com Copyright r 2016 Wolters Kluwer Health, Inc. All rights reserved.

Copyright r 2016 Wolters Kluwer Health, Inc. All rights reserved.

doi: 10.1177/0363546513497925
doi: 10.1177/0363546513497925


46. Gobbi A, Chaurasia S, Karnatzikos G, et al. Matrix-induced
autologous chondrocyte implantation versus multipotent stem cells
for the treatment of large patellofemoral chondral lesions: a
nonrandomized prospective trial. Cartilage. 2014;6:82–97.

47. Buda R, Vannini F, Cavallo M, et al. One-step bone marrow-
derived cell transplantation in talarosteochondral lesions: mid-
term results. Joints. 2010;1:102–107.

48. Kennedy JG, Murawski CD. The treatment of osteochondral
lesions of the talus with autologous osteochondral trans-
plantation and bone marrow aspirate concentrate: surgical
technique. Cartilage. 2011;2:327–336.

49. Lee KBL, Hui JHP, Song IC, et al. Injectable mesenchymal
stem cell therapy for large cartilage defects—a porcine model.
Stem Cells. 2007;25:2964–2971.

50. Fortier LA, Potter HG, Rickey EJ, et al. Concentrated bone
marrow aspirate improves full-thickness cartilage repair
compared with microfracture in the equine model. J Bone
Joint Surg Am. 2010;92:1927–1937.

51. Wakitani S, Imoto K, Yamamoto T, et al. Human autologous
culture expanded bone marrow-mesenchymal cell transplanta-
tion for repair of cartilage defects in osteoarthritic knees.
Osteoarthr Cartil. 2002;10:199–206.

52. Stolzing A, Jones E, McGonagle D, et al. Age-related changes in
human bone marrow-derived mesenchymal stem cells: conse-
quences for cell therapies. Mech Ageing Dev. 2008;129:163–173.

53. Wolfstadt JI, Cole BJ, Ogilvie-Harris DJ, et al. Current
concepts: the role of mesenchymal stem cells in the manage-
ment of knee osteoarthritis. Sports Health. 2015;7:38–44.

Sports Med Arthrosc Rev � Volume 24, Number 2, June 2016 PRP and MSCs in Sports Medicine

Copyright r 2016 Wolters Kluwer Health, Inc. All rights reserved. www.sportsmedarthro.com | 73

Copyright r 2016 Wolters Kluwer Health, Inc. All rights reserved.




