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Abstract
» The glenohumeral (GH) joint ranks third on the list of the large joints that
are most commonly affected by osteoarthritis, after the knee and the hip.

» General nonsurgical modalities, including changes in daily activities,
physical therapy, pharmacotherapy, and corticosteroid injections,
constitute the mainstay of treatment. Most of these options, however,
have shown moderate and short-term effectiveness.

» Arthroplasty techniques have proven to be successful for elderly
patients. Nevertheless, replacement options are not optimal for
younger patients because their functional demands are higher and
prostheses have a finite life span.

» This has led to the search for new nonoperative treatment options to
target this subgroup of patients. It has been suggested that orthobiologic
therapies, including platelet-rich plasma (PRP) and cell therapies, present
great promise and opportunity for the treatment of GH osteoarthritis.

» Despite the promising results that have been shown by cell therapies
and PRP for treating degenerative joint conditions, additional studies
are needed to provide more definitive conclusions.

W
ithan estimated preva-
lence of 10% in men
and 18% in women
who are over 60 years of

age, osteoarthritis constitutes the most
widespread musculoskeletal disease in the
world1. The glenohumeral (GH) joint
ranks third on the list of the most com-
monly affected large joints after the knee
and the hip2. Nonetheless, the number of
studies addressing the progression of
arthritic changes in the shoulder are scarce.
Leyland et al. conducted a cohort study that
followed the progression of radiographic
knee osteoarthritis for 15 years; they found

the annual rate of disease progression to be
2.8%3. Whether the shoulder follows
a similar path or not remains unclear.
Unfortunately, to date, no reported inter-
ventions that are capable of reversing or
slowing the natural progression of early
osteoarthritis have been found.

In order to reduce pain, enhance func-
tionality, and potentially minimize disease
progression, a nonoperative management
approach should be adopted before consid-
ering other, invasive alternatives4,5. Evidence
supporting the use of nonarthroplasty treat-
ments for GH osteoarthritis is scarce com-
pared with the guidelines provided by the
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American Academy of Orthopaedic Sur-
geons (AAOS) in relation to the use of
nonarthroplasty treatments for knee
osteoarthritis,which strongly recommend
the use of nonsteroidal anti-inflammatory
drugs (NSAIDs), as well as low-impact
rehabilitation, wellness activity, weight
loss, and education6. On the other hand,
for the initial treatment of GH osteoar-
thritis, the AAOS has failed to either rec-
ommend or discourage pharmacotherapy
or injectable corticosteroids, and has
instead offered a “limited” recommenda-
tion in relation to the use of injectable
viscosupplementation7. Nonetheless,
general nonsurgical modalities, including
changes in daily activities and sports par-
ticipation, pharmacotherapy, intra-
articular injections, and physical therapy,
remain the mainstay of nonoperative
management4,5. Apart from their poten-
tial to improve patient symptoms, these
approaches have the advantages of being
inexpensive and posing a minimal risk.
When disease and symptoms progress,
current shoulder arthroplasty techniques
have been shown to be reproducibly suc-
cessful in elderly patients with GH oste-
oarthritis who have not had success with
nonoperative treatment. Replacement
options fail to be so auspicious in younger
patients who present with
osteoarthritis4,5. In this sense, prosthetic
replacement may be precluded by the
superior demands for activity and the
higher functional expectations from
young patients8. Moreover, the possible
occurrence of adverse outcomes as well as
the limited life span of a prosthesis have
led to the search for new nonoperative
treatment options to target, especially for
this subgroup of patients8.

Given some early success in the use
of autologous orthobiologic therapies
for joints such as the knee, we review the
role for similar treatments in the GH
joint3,5. In this context, orthobiologic
therapies present great promise and
opportunity9. For example, different
formulations obtained through density
separation (centrifugation) of blood
(platelet-rich plasma [PRP]) and bone
marrow (bone marrow aspirate concen-
trate [BMAC]) appear as promising

alternatives because of their ability to
modulate inflammation10. Addition-
ally, cells obtained from adipose tissue
have been proposed11. The multiple
cytokines, anti-inflammatory factors,
and bioactive molecules present in these
preparations constitute vital regulators
in a microenvironment with a complex
healing process; thus, they may help to
treat degenerative joint conditions12,13.
However, there are multiple challenges
and remaining questions regarding the
use, safety, and efficacy of
orthobiologics.

This narrative review provides a
comprehensive analysis of the patho-
physiology ofGHosteoarthritis and the
basic science underlying the potential
use of injectable autologous PRP and
clinically available cell therapies that are
targeted for its treatment. Further-
more, a complete description of the
recommended techniques for the
application and a summary of the ex-
isting clinical evidence supporting the
use of orthobiologics in shoulder oste-
oarthritis are provided.

Etiology of GH Osteoarthritis
GH osteoarthritis can be broadly classi-
fied into primary and secondary osteo-
arthritis. The former represents about
90% of the cases; it usually affects
patients who are$60 years old and is
characterized by damage to the articular
cartilage and dense subchondral bone,
osteophytes, posterior glenoid erosion,
and posterior displacement of the
humeral head, without prior injury or
surgery14. Various risk factors have been
associated with the development of
shoulder osteoarthritis, including obe-
sity, injuries resulting from shoulder
overuse, occupations requiring excessive
use of the upper limbs, the practice of
overhead sports, and a history of previ-
ous trauma or dislocation14,15.

Patients who are,60 years old
usually present with secondary causes
of GH osteoarthritis4,15. Secondary
osteoarthritis may result from GH dis-
locations and subluxations through os-
teochondral fractures and subchondral
bone injury involving the glenoid and

the humeral head4.Hovelius and Saeboe
conducted a study that followed 223
shoulders for 25 years after primary
anterior dislocation16. Of the total
number of shoulders that did not expe-
rience recurrence, 18% had moderate-
to-severe arthropathy. In the patients
who experienced recurrent dislocations,
osteoarthritis developed in 39%of those
who had been treated nonoperatively
and in 26% of those who had surgically
stabilized shoulders16.

Atraumatic osteonecrosis also can
lead to secondary osteoarthritis. It is
worth noting that, after the hip, the
proximal aspect of the humerus ranks
second as the most commonly affected
site in the body in terms of osteone-
crosis17.Multiple risk factors have been
associated with proximal humeral
osteonecrosis, including the use of sys-
temic corticosteroids, chemotherapy/
radiation, alcohol abuse, hematopoietic
diseases, human immunodeficiency
virus (HIV), and treatment with cyto-
toxic drugs18.

Proximal humeral or glenoid
malunion also can trigger secondary
osteoarthritis due to aberrant joint
biomechanics or posttraumatic
osteonecrosis19,20.

During surgical intervention
about the shoulder, iatrogenic causes
can result in osteoarthritic sequelae,
including capsulorrhaphy arthropathy,
which consists of the rapid posterior
chondral wear that is caused by anterior
capsule overtightening and the resul-
tant compressive joint forces and loss of
external rotation21. Iatrogenic post-
arthroscopic chondrolysis also has been
described and can lead to early GH
osteoarthritis in young patients22. This
condition has been related to the use of
intra-articular pain pumps that deliver
local anesthetics22, nonabsorbable
prominent suture anchors, and thermal
devices22-24.

Finally, other possible but less
common causes of secondary shoulder
osteoarthritis include inflammatory
arthropathy25, radiofrequency/thermal
capsulorrhaphy26, and sequelae from a
previously infected joint27.
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Physiopathology of
Shoulder Osteoarthritis
Osteoarthritis is a complex multifac-
torial condition. Its pathogenesis is
associated with the critical roles played
by cartilage, subchondral bone, and
synovium1. Subchondral bone changes
are correlated with articular cartilage
degeneration. In this sense, bone volume
and trabecular thickness increase as car-
tilage degeneration progresses28,29.
With osteoarthritis, the bone becomes
stiffer. This may reduce its ability to
absorb impact loads, thus causing more
cartilage stress28,29.

Type-II collagen, the main struc-
tural protein of cartilage, constitutes a
meshwork that is stabilized by other
collagen types and noncollagenous pro-
teins, including the cartilage oligomeric
matrix protein. In addition, it provides
cartilage with tensile strength30. Within
this framework, proteoglycans bring
water to the cartilage, thus providing
compressive resistance30. Cartilage
destruction in osteoarthritis is not
only caused by mechanical wear. In
fact, it may also be influenced by var-
ious proteases, including matrix met-
alloproteinases (MMPs) such as
ADAMTS (A Disintegrin and Metal-
loproteinase with Thrombospondin
motifs)-4, ADAMTS-5, and MMP-
1331,32. ADAMTS-4 and ADAMTS-5,
also referred to as aggrecanases, are
capable of destroying the aggrecan,
which is themost commonproteoglycan
found in articular cartilage. It is involved
in load distribution in the joints during
movement and provides hydration and
elasticity to cartilage tissue31,32. In turn,
collagenases, particularly MMP-13,
have the ability to degrade the most
abundant collagen in cartilage, type-II
collagen, which, as mentioned above,
is responsible for its tensile strength33,34.
A crucial factor involved in the devel-
opment of osteoarthritis is the over-
expression of MMPs31,32.

Chondrocytes synthesize and
break down the matrix that is regulated
by cytokines and growth factors. In
arthritis, their balance may be compro-
mised30. When they are activated,

chondrocytes produce various inflam-
matory response proteins, including
cytokines, such as interleukin (IL)-1b,
IL-6, and tumor necrosis factor (TNF)-
a, as well as matrix-degrading enzymes,
such as theMMPs and a disintegrin30,35.
Both at early and late stages of osteoar-
thritis, IL-l plays a key role35. This
multifunctional proinflammatory cyto-
kine produces various effects, which
include cartilage breakdown, lympho-
kine production, interference with
growth factor activity, or reduction of
the synthesis of the key matrix compo-
nents such as aggrecan35. IL-1b also
induces reactive oxygen species (ROS) as
well as lipid peroxidation, which have
been associated with cartilage matrix
degradation35. Chondrocytes produce
ROS, including hydrogen peroxide,
superoxide anions, andhydroxyl radicals
in response to IL-1, and are capable of
inducing collagen and aggrecan degra-
dation in chondrocytes36. In addition,
activated macrophages and neutrophils
participating in inflammatory responses
may generate ROS36. IL-1 and TNF-a
stimulate nitric oxide production, a
potent mediator that is produced by
articular chondrocytes during inflam-
matory reactions by inhibiting proteo-
glycan synthesis, enhancing MMP
production, or increasing oxidant stress
to arthritis disease in joints37. NF-kB
cells (nuclear factor kappa-light-chain-
enhancer of activated B cells), one of the
key regulatory mechanisms involved in
regulating and controlling expression of
cytokines, are critical in immune func-
tion, namely inflammation38. The
stimulus of NF-kB is known to lead to
the expression of TNF-a and IL-1b8.

Since it stimulates proteolytic
enzyme secretion from chondrocytes
and synovial fibroblasts, TNF-a, an
effective proinflammatory cytokine,
plays a major role in inflammation and
matrix degradation37. IL-1 and TNF-a
both induce production of IL-6, and
higher levels of these cytokines might
lead to the development of osteoar-
thritis37. Interferon-g (IFN-g) is pro-
duced as a result of inflammation and
worsens the inflammatory process like

arthritis37,39. Finally, patients with
osteoarthritis have been found to
exhibit elevated levels of transforming
growth factor beta (TGF-b) activity in
their synovial fluid. In turn, cells are
triggered to form osteophytes when
TGF-b is released by tissue damage
and inflammation40.

PRP for Osteoarthritis: Basic
Science Background
PRP consists of a sample of autologous
blood with platelet concentrations
above baseline values, which has been
produced through the separation of
whole blood by centrifugation13. PRP is
considered to beminimallymanipulated
and falls under the scope of section 361
(Public Health Service Act, 21 Code of
Federal Regulation 1271) of minimally
manipulated therapies. In addition to
platelets, and depending on the prepa-
ration protocol, PRP contains varying
levels of blood components such as leu-
kocytes (namely monocytes and neu-
trophils) and red blood cells. Hence,
platelet, leukocyte, and red blood cell
concentrations in each individual PRP
preparation may vary depending on the
system and the protocol that are utilized.
In addition, substantial variations in
blood component concentrations have
been reported, even in the same patient
over a 2-week period41,42. The majority
of the characteristics shown by platelets
are determined by the megakaryocytes
from which they arise. The membrane
bodies of the alpha granules are made in
megakaryocytes43. However, some of
the granule contents of the platelets
actually are taken up from the plasma43.
Specifically, the alpha granules of plate-
lets contain numerous platelet proteins
and growth factors43. During megakar-
yocyte development, the granule body
itself is made early, before the demarca-
tion membrane system44. Part of the
granule contents, including platelet-
derived growth factor (PDGF), TGF-b,
and platelet factor 4, are synthesized in
themegakaryocyte and then transported
to the alpha granules43. However, there
are other proteins, including fibrinogen,
albumin, and immunoglobulin G
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(IgG), that enter the alpha granules by
endocytosis44.

The term “platelet-rich plasma”
includes a wide spectrum of PRP
preparation protocols and formula-
tions45. Several authors have attempted
to characterize and classify the various
techniques available in the market in
terms of preparation (centrifugation
speed and use of anticoagulant), content
(platelets, leukocytes, and growth fac-
tors), and applications45-48. However,
no consensus has been reached thus far
among experts in the field. As an exam-
ple, in the last 6 years, 5 different clas-
sifications have been described45-48.
Comparing the results of different
studies poses a challenge since there are
multiple PRP classification systems
available. Therefore, it is essential to
achieve a consensus among experts in the
field to define a unique and standardized
classification for the reporting of PRP
use in future studies.

The rationale underlying the use of
PRP is that growth factors are released as
soon as platelets are activated, with
approximately 70% of them being
released within the first 10 minutes fol-
lowing activation49. Specifically, plate-
lets possess biologically active growth
factors inside alpha granules, which have
the potential to reduce joint inflamma-
tion, decrease cartilage breakdown, and
promote tissue repair50. It is believed
that such elevated concentrations of
growth factors, as well as bioactive
proteins, may induce healing. These
factors include TGF-b, insulin-like
growth factor, PDGF, basic fibroblast
growth factor, and vascular endothe-
lial growth factor51. Chondrogenesis
and stem cell proliferation have been
shown to be positively affected by PRP
by means of the effects of the various
growth factors51.Moreover, it has been
shown that PRP may increase anti-
inflammatory mediators and decrease
proinflammatory ones13. In turn, the
transactivation of NF-kB, the critical
regulator of the inflammatory process,
has been found to be reduced52-54. In
addition, the expression of the inflam-
matory enzymes cyclooxygenase 2 and

4 (COX-2 and COX-4), the dis-
integrins, and the MMPs are reduced
by PRP52-54. Of note, most of the
claimed mechanisms of action of PRP
have been shown in vitro and are still to
be determined in vivo.

The efficacy of PRP to treat oste-
oarthritis may lie in its observed ability
to inhibit catabolic processes55. The
MMP enzymes have the potential to
cause multiple extracellular matrix
protein degradation and may prevent
the development of matrix formation
during the healing process55. In addi-
tion, since PRP has the ability to sub-
stantially reduce MMP-3 andMMP-13
activity, matrix formation may be
improved and the healing process
may be facilitated56,57. As a result of
these combined effects, PRP consti-
tutes a potential injectable alternative
for treating shoulder osteoarthritis.
Finally, the combination of PRP and
hyaluronic acid has been suggested to
have a synergistic action. A study con-
ducted by Chen et al. reported that
cartilage regeneration might be pro-
moted and osteoarthritis inflammation
might be inhibited by means of a syn-
ergistic effect of hyaluronic acid com-
bined with PRP. This, however, has yet
to be proven clinically58.

Finally, there are some limitations
related to PRP therapy that have not yet
been resolved. Most clinical studies
evaluating PRP fail to adequately report
scientific details that are critical to the
outcome59,60. Although expert consen-
sus has been suggested in relation to the
minimum requirements to bemet when
reporting clinical studies evaluating
PRP, its use has not yet been universally
adopted60. Furthermore, since it is
challenging to compare the results
among studies because of the variety of
PRP classification systems, the reporting
of blood-derived products in orthopae-
dics encounters limitations59,60. A uni-
versally accepted system for describing
autologous blood preparations is likely
to improve communication among
researchers. Lastly, the role of some of
the components present in PRP that
have been shown to influence clinical

outcomes in other joints have not yet
been studied in the shoulder. For
example, the growth factor and cyto-
kines delivered in the target tissue are
strongly influenced by leukocyte con-
centrations61. It has been shown that, in
the treatment of knee osteoarthritis,
leukocyte-poor PRP (LP-PRP) is more
effective than leukocyte-rich PRP (LR-
PRP) for intra-articular injection62.
However, the relation between leuko-
cyte concentrations and functional out-
comes has not been specifically studied
in shoulder osteoarthritis.

PRP for Shoulder Osteoarthritis:
Clinical Outcomes
Clinical studies evaluating theuseofPRP
injections to treat GH osteoarthritis are
scarce. In 2013, Freitag and Barnard
described a case report in which 3 intra-
articular PRP injections (each 1 week
apart)were administered to a62-year-old
woman under ultrasound guidance63.
The patient experienced a reduction in
theVAS (visual analogue scale) from6 to
1, which lasted for the full follow-up
period of 42 weeks. Moreover, an
improvement in the DASH (Disabilities
of the Arm, Shoulder and Hand) score
also was observed, decreasing from 65 at
preinjection to a score of 5 at week 4263.
Lo et al. evaluated the results of using
human dermal matrix allograft and PRP
to perform hemiarthroplasty and bio-
logic resurfacing of the glenoid in 55
patients64. In their study, hemiarthro-
plasty with biologic resurfacing led to
positive midterm outcomes with satis-
factory revision rates. Specifically, an
average postoperative American Shoul-
der and Elbow Surgeons (ASES) score of
76 was obtained, while the Western
Ontario Osteoarthritis of the Shoulder
index score was 76% and the VAS score
was 2.4. Five cases (9.1%)were revised to
anatomic total shoulder arthroplasty
with implantation of a glenoid compo-
nent. However, the lack of a control
group constituted an important limita-
tion of this study. Therefore, isolating
PRP’s individual effects from those of the
acellular human dermal allograft is
challenging64.
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To our knowledge, no other peer-
reviewed studies on PRP for shoulder
osteoarthritis are available. However,
there are studies documenting excellent
results in the knee. In 2019, Han et al.
evaluated 14 randomized controlled
trials comparing PRP with hyaluronic
acid for knee osteoarthritis. A total of
1,314 patients were included65. Ac-
cording to that meta-analysis, PRP
injections were more effective in reduc-
ing pain than hyaluronic acid injections
in patients with knee osteoarthritis at
6 and 12 months of follow-up with
useof theWesternOntario andMcMaster
Universities Osteoarthritis Index
(WOMAC) pain score and the VAS
pain score. In addition, the PRP group
exhibited better functional improve-
ment, as shown by the WOMAC
function score at 3, 6, and 12months65.

Interestingly, the combination of
PRP and hyaluronic acid has been re-
ported to have a potential synergistic
effect in the treatment of knee osteoar-
thritis66. Since PRP and hyaluronic acid
have different biologic mechanisms,
their combination may help to control
the delivery and presentation of signal-
ing molecules66. In a recent study, hya-
luronic acid combined with PRP
significantly reduced pain and func-
tional limitation at 1 year post-treatment
(p, 0.05) compared with hyaluronic
acid alone67. This is an interesting
finding that could be useful for the
management of shoulder osteoarthritis.
Finally, the number of injections that
should be applied has sparked contro-
versy. A randomized prospective study
recently conducted by Kavadar et al.
aimed at investigating how many PRP
injections (1, 2, or 3) administered at 2-
week intervals constituted the most
effective approach to treat moderate
knee osteoarthritis. The authors con-
cluded that 2 injections were the mini-
mum required for successfully treating
the symptoms (p, 0.001)68.

In conclusion, despite the fact that
the basic science rationale supports the
use of PRP for degenerative joint con-
ditions and that favorable clinical out-
comes have been achieved in patients

with knee osteoarthritis, the clinical
effect of using PRP in patients with
shoulder osteoarthritis has yet to be
proved. Therefore, the need to deter-
mine the effectiveness of PRP injections
and whether they should be recom-
mended as a standard of care in treating
patients with GH osteoarthritis requires
additional research through reliable and
sizeable randomized double-blind pla-
cebo-controlled trials.

Cell Therapies for Osteoarthritis:
Basic Science Background
Current human cell and cell-derived
products for orthopaedic use are
described in Figure 1. BMAC is
becoming increasingly popular as a
treatment for osteoarthritis since it is
included among the limited number of
approaches capable of delivering pro-
genitor cells that are currently in line
with the recommendations of the U.S.
Food and Drug Administration and it
can be used in a single-stage proce-
dure69. Similar to PRP, BMAC requires
minimal manipulation and falls under
the scope of section 361 (Public Health
Service Act, 21 Code of Federal Regu-
lation1271),which addressesminimally
manipulated therapies70. Similar to PRP
manufacturing from whole blood, bone
marrow is first harvested and then
undergoes centrifugation in order to
separate cellular components into dif-
ferent layers. Mononucleated cells,
which include white blood cells, con-
nective tissue stem and progenitor
cells, hematopoietic stem cells, and
platelets, are concentrated in 1 layer,
while red blood cells are concentrated in
another71. Even though stem and pro-
genitor cells account for only 0.001% to
0.01% of the total number of cells in
BMAC, they are of particular interest
because they can contribute to tissue
regeneration directly (by differentiating
damaged cell types) and indirectly (by
limiting inflammation, stimulating
angiogenesis, and recruiting local tissue-
specific progenitors)72. Unfortunately,
the reports of BMAC preparation pro-
tocols used in clinical trials related to the
treatment of musculoskeletal disease are

substantially inconsistent71. Piuzzi et al.
performed a systematic literature review
in order to assess the level of reporting in
relation toBMACpreparation protocols
and the BMAC composition that was
used in the treatment ofmusculoskeletal
diseases in published clinical studies71.
The authors reported that most of the
studies failed to provide enough infor-
mation to allow the protocol to be re-
produced and that quantitative metrics
of the BMAC final product composition
were only provided in 30% of the
studies71.

The mechanisms by which
BMAC might regulate inflammatory
processes are not yet fully understood.
On one hand, BMAC contains higher
levels of IL-1 receptor antagonist and
IL-1b. These growth factors play key
roles in regeneration through immune
response modulation (inflammation
reduction)12,13. On the other hand, the
high concentration of leukocytes in
BMAC may result in more inflamma-
tory symptoms after the injection73.
Furthermore, other BMAC cell types
may play a therapeutic role. When
analyzing the use of stem cells for
degenerative conditions, it is critical to
understand how age-related changes
may affect stem cell function. Cassano
et al. evaluated the effects of aging on the
therapeutic potential of stem cells and
showed that despite their promising
short-term effects in degenerative
orthopaedic pathologies, stem cell ther-
apies do not seem to be capable of
reversing age-related tissue degenera-
tion73. Since PRP has been previously
demonstrated to have therapeutic
effects, BMAC’s beneficial effects also
may be substantially influenced by PRP-
released factors74,75.

Finally, adipose tissue is another
major source of cells, considering that
it can be easily accessed and harvested
and that few complications have been
reported with the procedure13,76.
Adipose-derived therapies can be
divided into 2 types: minimally manip-
ulated (micronized fat) and more than
minimally manipulated (adipose-derived
stem cells [ADSCs]). Mesenchymal stem
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cells (MSCs) that are derived from adi-
pose tissue are known as adipose-ADSCs.
ADSCs have gained popularity during
the last decade because they are abun-
dant and easy to access and because
they have a comparable regenerative
capability compared with bonemarrow-
derived mesenchymal stem cells
(BMSCs)11. The major source of
ADSCs is the abdominal fat pad,
which can be harvested via liposuction
in lipoaspirate form11,77. In order to
digest the extracellular matrix, colla-
genase is added once the fat particles
have been isolated. Following chemi-
cal disruption, the adipose sample is
centrifuged for purification11,77. After
centrifugation, cells are resuspended

in culture media, plated in flasks, and
incubated for 24 to 48 hours77. The
multiplemolecules that are secreted by
ADSCs have proved to be key fac-
tors in tissue regeneration and anti-
inflammatory effects13,78,79. ADSCs
require a 2-step procedure before
administration, including adipose har-
vest. In addition, they are generally
considered pharmaceutical products
that currently require strict clinical trials
and regulatory approval72. Burrow et al.
demonstrated that adipose cells possess
an enhanced proliferative capacity and
are capable of retaining multipotency
longer than donor-matched marrow
MSCs during expansion76. Along with
the anti-inflammatory effects, ADSCs

secrete various critical molecules in-
volved in tissue regeneration, includ-
ing collagens and collagen maturation
enzymes,matricellular proteins,MMPs,
and macrophage-colony stimulating
factor, which may affect the metabolism
of the extracellular matrix in osteoar-
thritic cartilage. This may constitute an
advantage for osteoarthritic cartilage
since homeostasis is restored between
MMPs and the tissue inhibitors of
metalloproteinases (TIMPs)78,79.

Cell Therapies for Shoulder
Osteoarthritis: Clinical Outcomes
Clinical evidence regarding the use of the
BMAC injection to treat GH osteoar-
thritis is scarce. Centeno et al. published

Fig. 1

Conceptual representation of current human cell and cell-derived products for orthopaedic use. *GCFS5 granulocyte colony-stimulating factor. **Limited access worldwide,
although some options are available in countries with little/no regulation. &&Practice in the United States requires adherence tominimal manipulation, not more than rinsing,
sizing, and shaping, as outlined in the U.S. FDA Same Surgical Procedure Exception (SSPE). ***Multiple devices are available that utilize enzymatic digestion of SVF cells from
adipocytes. Considered by the FDA to be more than minimal manipulation and thus outside the scope of SSPE; would require FDA IND or BLA to comply with current U.S.
regulatory framework. BMAC5 bone marrow aspirate concentrate, FDA5 U.S. Food and Drug Administration, MSCs5mesenchymal stem cells, IND5 Investigational New
Drug, and cGMP5 current good manufacturing process.
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the longest series of patients who under-
went treatment with autologous bone
marrow concentrate in order to treat
shoulder rotator cuff tears and osteoar-
thritis. From a total of 115 patients, 34
(29.6%) were diagnosed with osteoar-
thritis alone80. In order to guide the
placement of the intra-articular needle for
the BMAC injection, ultrasound or flu-
oroscopywas used. The assessment of the
clinical outcomes was performed serially
over time, using the numeric pain scale
(NPS)81, the DASH score, and a subjec-
tive improvement rating scale. Specifi-
cally in the patients belonging to the
osteoarthritis subgroup, a significant
improvement was observed in the 3 out-
come scores (p, 0.05)81.

Striano et al. conducted a study to
evaluate 18 patients with osteoarthritis
and refractory shoulder pain who were
treated with microfragmented adipose
tissue82. Significant improvement was
observed at the 1-year follow-up in the
NPS and the ASES scores: the average
improvement that was registered in the
NPS went from 7.5 to 3.6 (p, 0.001),
and the average improvement in theASES
score went from 33.7 to 69.2 at 1 year
(p, 0.001). There were no reports indi-
cating any postprocedural complications
or serious adverse events. A limitation of
this studywas that75%of thepatientshad
a concomitant partial or full-thickness
rotator cuff tear.Therefore, it is impossible
to know if the original cause of the pain
was the osteoarthritis or the tendon tear.

It is important to highlight that
although acromioclavicular (AC) joint
osteoarthritis is a common cause of
shoulder pain that is associated with
GH osteoarthritis, it is still an under-
diagnosed condition. Freitag et al. con-
ducted the first case report evaluating the
use of MSC therapy to treat AC joint
arthritis83. An autologous ADSC prepa-
rationwas used as part ofMSCtherapy to
treat a 43-year-old patient with painful
AC joint osteoarthritis. Both pain and
functional improvements were reported
by the patient as assessed by the DASH
score and the NPS. As shown in the
images taken at 12 months, structural
improvement was observed, with a

reduction in subchondral edema, sub-
chondral cysts, and synovitis83.

The number of studies on the use
of cell-based therapies, especially autol-
ogous BMAC therapy, to treat sympto-
matic knee osteoarthritis recently has
grown69,84-86. The currently available
studies comparing BMAC injections
with hyaluronic acid injections or pla-
cebo controls for knee osteoarthritis
have shown promising results69,83,85,86.
Rather than direct modification of the
cartilage, immunomodulation and pro-
duction of anti-inflammatory mediators
constitute the claimed mechanism of
action. Thus, much like a corticosteroid
injection, symptomatic relief after
BMAC injection may be consistent, but
only temporary and without evidence of
cartilage regeneration85. It should be
noted that, although a potential benefit
has been observed for knee osteoarthri-
tis, this finding may not be reproducible
in other joints.

Despite the promising results
shown by BMAC in the treatment of
degenerative joint conditions and ob-
taining early benefits in the treatment of
GH joint osteoarthritis, it will not be
possible to draw definitive conclusions
until additional studies are conducted.

Finally, intra-articular injection of
ADSCs also has shown favorable out-
comes in the treatment of knee osteo-
arthritis. Spasovski et al. treated 9
patients with knee osteoarthritis with
only 1 ADSC intra-articular injection at
a concentration of 0.5 to 1.03 107

cells87. At 18 months of follow-up, the
results revealed a substantial improve-
ment as assessed by the Tegner and Ly-
sholm score, the Knee Society score, and
the VAS. In turn, Freitag et al. ran-
domized 30 patients with symptomatic
knee osteoarthritis in order to divide
them into 3 groups. Intra-articular
ADSC therapy was given to 2 treatment
groups that received either 1 injection
(1003 106 ADSCs) or 2 injections
(1003 106 ADSCs at baseline and 6
months), while the third group served as
a control. At the end of the 12-month
follow-up period, clinically substantial
pain and functional improvements were

observed in the 2 treatment groups that
received ADSCs88.

Meticulous Level-I studies with
properly conducted power analyses that
directly compare BMAC and ADSC
techniques with placebo or other thera-
pies are necessary to further evaluate
their effectiveness and safety in the care
of osteoarthritis.

Overview
Evidence supporting the use of nonsur-
gical therapies to treatGHosteoarthritis is
scarce. In addition, most of the available
optionshave shownonlypartial andshort-
term relief of symptoms. The capacity of
PRP and cell therapies to regulate the
healing environment that has been dem-
onstrated in basic science studies and the
favorable clinical outcomes that have been
achieved in patients with knee osteoar-
thritis make orthobiologic therapies a
promising alternative. Although the few
clinical studies that have been developed
thus far showed favorable outcomes and
minimal complications, there is a need for
more robust prospective randomized trials
to compare PRP and cell therapies with
placebo or other treatments to further
evaluate their effectiveness and safety in
the care of GH osteoarthritis.

NOTE:
Portions of this work were funded
through a grant from The Louis V.
Gerstner Jr. Fund at Vanguard Chari-
table. The authors thank Charlie A.
Shelton for her editorial assistance.

Luciano A. Rossi, MD1,
Nicolás S. Piuzzi, MD1,2,
Shane A. Shapiro, MD3,4

1Hospital Italiano de Buenos Aires,
Buenos Aires, Argentina

2Department of Orthopaedic Surgery,
Cleveland Clinic, Cleveland, Ohio

3Department of Orthopedic Surgery,
Mayo Clinic, Jacksonville, Florida

4Mayo Clinic Center for Regenerative
Medicine, Rochester, Minnesota

Email address for L.A. Rossi:
luciano.rossi@hospitalitaliano.org.ar

G l e n o h um e r a l O s t e o a r t h r i t i s : T h e Ro l e f o r O r t h o b i o l o g i c T h e r a p i e s |

FEBRUARY 2020 · VOLUME 8, ISSUE 2 · e0075 7

mailto:luciano.rossi@hospitalitaliano.org.ar


ORCID iD for L.A. Rossi:
0000-0002-1397-2402
ORCID iD for N.S. Piuzzi:
0000-0003-3007-7538
ORCID iD for S.A. Shapiro:
0000-0001-5753-0625

References
1.Glyn-Jones S, PalmerAJR, Agricola R, Price AJ,
Vincent TL, Weinans H, Carr AJ. Osteoarthritis.
Lancet. 2015 Jul 25;386(9991):376-87. Epub
2015 Mar 4.

2. Zhang Y, Jordan JM. Epidemiology of
osteoarthritis. Clin Geriatr Med. 2010 Aug;26(3):
355-69.

3. Leyland KM, Hart DJ, Javaid MK, Judge A,
Kiran A, Soni A, Goulston LM, Cooper C, Spector
TD, Arden NK. The natural history of radio-
graphic knee osteoarthritis: a fourteen-year
population-based cohort study. Arthritis
Rheum. 2012 Jul;64(7):2243-51.

4. Saltzman BM, Leroux TS, Verma NN, Romeo
AA. Glenohumeral osteoarthritis in the young
patient. J Am Acad Orthop Surg. 2018 Sep 1;
26(17):e361-70.

5. Ansok CB, Muh SJ. Optimal management of
glenohumeral osteoarthritis. Orthop Res Rev.
2018 Feb 23;10:9-18.

6. BrownGA. AAOS Clinical practice guideline:
treatment of osteoarthritis of the knee:
evidence-based guideline, 2nd edition. J Am
Acad Orthop Surg. 2013;21(9):577-579.

7. Izquierdo R, Voloshin I, Edwards S, Freehill
MQ, StanwoodW,Wiater JM,Watters WC 3rd,
Goldberg MJ, Keith M, Turkelson CM, Wies JL,
Anderson S, Boyer K, Raymond L, Sluka P;
American Academy of Orthopedic Surgeons.
Treatment of glenohumeral osteoarthritis.
J Am Acad Orthop Surg. 2010 Jun;18(6):
375-82.

8. Roberson TA, Bentley JC, Griscom JT,
KissenberthMJ, Tolan SJ, Hawkins RJ, Tokish JM.
Outcomes of total shoulder arthroplasty in
patients younger than 65 years: a systematic
review. J Shoulder Elbow Surg. 2017 Jul;26(7):
1298-306. Epub 2017 Feb 10.

9. Piuzzi NS, Dominici M, Long M, Pascual-
Garrido C, Rodeo S, Huard J, Guicheux J,
McFarland R, Goodrich LR, Maddens S, Robey
PG, Bauer TW, Barrett J, Barry F, Karli D, Chu CR,
Weiss DJ, Martin I, Jorgensen C, Muschler GF.
Proceedings of the signature series symposium
“cellular therapies for orthopaedics and
musculoskeletal disease proven and unproven
therapies-promise, facts and fantasy,” interna-
tional society for cellular therapies, montreal,
canada, may 2, 2018. Cytotherapy. 2018 Nov;
20(11):1381-400. Epub 2018 Oct 10.

10. Chu CR, Rodeo S, Bhutani N, Goodrich LR,
Huard J, Irrgang J, LaPrade RF, Lattermann C,
Lu Y,MandelbaumB,Mao J,McIntyre L,Mishra
A, Muschler GF, Piuzzi NS, Potter H, Spindler K,
Tokish JM, Tuan R, Zaslav K, Maloney W.
Optimizing clinical use of biologics in ortho-
paedic surgery: consensus recommendations
from the 2018 AAOS/NIH U-13 conference. J
Am Acad Orthop Surg. 2019 Jan 15;27(2):
e50-63.

11. Francis SL, Duchi S, Onofrillo C, Di Bella C,
Choong PFM. Adipose-derived mesenchymal
stem cells in the use of cartilage tissue
engineering: the need for a rapid isolation
procedure. Stem Cells Int. 2018 Apr 3;2018:
8947548.

12. Zlotnicki JP, Geeslin AG, Murray IR,
Petrigliano FA, LaPrade RF, Mann BJ, Musahl V.
Biologic treatments for sports injuries ii think
tank-current concepts, future research, and
barriers to advancement, part 3: articular car-
tilage. Orthop J Sports Med. 2016 Apr 15;4(4):
2325967116642433.

13. LaPradeRF,GeeslinAG,Murray IR,MusahlV,
Zlotnicki JP, Petrigliano F, Mann BJ. Biologic
treatments for sports injuries ii think tank-
current concepts, future research, and barriers
to advancement, part 1: biologics overview,
ligament injury, tendinopathy. Am J Sports
Med. 2016 Dec;44(12):3270-83. Epub 2016 Mar
29.

14. Macı́as-Hernández SI, Morones-Alba JD,
Miranda-Duarte A, Coronado-Zarco R, Soria-
Bastida MLA, Nava-Bringas T, Cruz-Medina E,
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