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Injections for Knee Osteoarthritis: Corticosteroids,
Viscosupplementation, Platelet-Rich Plasma, and

Autologous Stem Cells

David M. Levy, M.D., Kyle A. Petersen, M.D.,

Margie Scalley Vaught, C.P.C., C.O.C., C.P.C.-I., C.C.S.-P., M.C.S.-P., A.C.S.-E.M., A.C.S.-O.R.,
David R. Christian, B.S., and Brian J. Cole, M.D., M.B.A.
Abstract: This article reviews the benefits of corticosteroid, viscosupplementation, platelet-rich plasma, and autologous
mesenchymal stem cell injections for the treatment of patients with knee osteoarthritis. Integrating injections into both
clinical and surgical practices is complicated given existing health insurance reimbursement policies. This review describes
the outcomes associated with these interventions and appropriate methods of navigating the existing reimbursement
pathways to help providers implement these treatments into their practices.
steoarthritis (OA) of the knee is a degenerative
Ocondition that affects 38% to 47% of the popu-
lation aged older than 60 years.1 OA exacts a significant
economic burden on the American health care system.
The estimated annual cost of OA per patient is $5,700,2
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and in 2004 alone, the cost of total knee arthroplasty
(TKA) to treat OA was $14.6 billion in the United
States.3 OA has an even greater impact on patient
function; it is 1 of the top 5 causes of disability in the
United States4 and is associated with an increase in
morbidity and mortality rates.5 Men and women with
OA have difficulty finding work and performing activ-
ities of daily living and have an increased mortality rate
due to cardiovascular disease and dementia.4

Although its pathophysiology is not fully understood,
OA is defined by irreversible, progressive damage to the
articular cartilage of the knee. There are modifiable and
nonmodifiable risk factors. Nonmodifiable risk factors
include age, race, sex, and potential genetic suscepti-
bility,6,7 whereas the key modifiable risk factors include
patient weight and activity level.6,8 The rate of
obesityddefined as a body mass index over
30dcontinues to rise in the United States, and in a
2012 census, 35% of adults, 57% of black women, and
nearly 17% of persons aged younger than 19 years
were obese.9

Current treatment for OA focuses on relieving
symptoms and improving function, and it usually
begins with patient education on modifiable risk
factors, physical therapy, and oral nonsteroidal anti-
inflammatory drugs. Patients who remain unrespon-
sive to these treatments may be indicated for knee
injections before being indicated for joint replacement
surgery. Today, there are 4 main injection therapies:
corticosteroids, hyaluronic acid (HA), platelet-rich
plasma (PRP), and autologous mesenchymal stem
urgery, Vol 34, No 5 (May), 2018: pp 1730-1743
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cells (MSCs).10-16 This article reviews the existing
literature evaluating the efficacy of injection therapies
in the treatment of knee OA through December 2017.

Injection Therapies

Corticosteroids
Corticosteroids have been used for over 50 years with

varying degrees of success (Table 1).17 The pathophys-
iology of corticosteroids is more understood than that of
most other injectable materials, because corticosteroids
alter B- and T-cell immune function and inhibit phos-
pholipase A2 to decrease expression of inflammatory
cytokines.18 There is also evidence to suggest that
cortisone increases fluid viscosity and HA concentration
within the joint space, which theoretically may help to
treat OA.17,19

Synthetic corticosteroids have more anti-
inflammatory potency than does native cortisol, and
they are derivatives of prednisolone, an analogue of
human cortisol.20 Depo-Medrol (Pfizer, NewYork,NY) is
the injectable formulation of methylprednisolone ace-
tate, and the fluorinated derivatives of prednisolone are
betamethasone, dexamethasone, and triamcinolone.
Triamcinolone (Kenalog; Bristol-Myers Squibb, New
York, NY) is frequently used as an injectable for ortho-
paedic conditions. Methylprednisolone and triamcino-
lone are the 2 most common injectables used for knee
OA. They are equivalent in potency, but triamcinolone is
less water-soluble,20 potentially making it a better
alternative for patients with diabetes who are at risk of
hyperglycemic spurts after injection. Both preparations
contain esters, which require hydrolysis by cellular es-
terases to release the active moiety and last longer than
non-ester preparations.21 The average duration of
benefit ranges from 8 to 56 days for methylprednisolone
and 14 to 66 days for triamcinolone.22-24

Corticosteroids for knee OA are almost always
administered with local anesthetics. Lidocaine has a
rapid onset of action (2-5 minutes) and a duration of 2
or 3 hours, depending on the inclusion of epineph-
rine.25 Because its anesthetic effect wears off so quickly,
clinicians frequently add bupivacaine, which has a
slower onset (5-10 minutes) but a longer duration of
action (4-8 hours).25 Some clinicians prefer to admin-
ister corticosteroid and anesthetics using separate sy-
ringes, but Benzon et al.26 have shown that
corticosteroid crystals do not change in aggregation or
particle size when mixed with local anesthetics. Previ-
ous work has shown that continuous infusion of intra-
articular anesthetics may lead to chondrolysis,27 but no
studies have shown similar long-lasting damage from
single injections of physiological doses.28

When pain relief is achieved from a corticosteroid
injection, the benefit is usually transient, lasting any-
where from 1 week to 24 months.17,29,30 Some
clinicians believe that increased symptoms at baseline
and the presence of an effusion or synovitis improve
the likelihood of response to cortisone injections.20,31

At least 2 studies have suggested that milder OA is a
predictor of a positive response,32,33 but neither study
specified whether Kellgren-Lawrence grades were
assessed on posteroanterior flexion (Rosenberg) views,
which have been shown to be more sensitive for
detecting knee OA.34 Previous research has suggested
that different radiographic views may upgrade the
diagnosed severity of OA.15 Therefore, it is important
that future trials comparing the severity of knee OA
with injection response specify which radiographic
views are used as a correlate to clinical outcomes.
Clinicians should always warn patients that post-

injection flares may develop in 2% to 25% of patients
within a few hours of injection.23,35 These flares may
last 2 to 3 days but do not predict a poor overall
response to therapy.23 Soft-tissue adverse effects are
rare and include skin depigmentation, cutaneous atro-
phy, and fat necrosis.20 Systemic inhibition of the
hypothalamus-pituitary-adrenal axis was shown to last
up to 2 weeks in 7 of 10 athletes after intra-articular
injection.36 The clinical ramifications of this are most
likely negligible, but patients may be cautioned to avoid
severe physical stress within 2 weeks of injection.
Finally, although there is basic-science evidence that
increased numbers of corticosteroid injections may lead
to cartilage breakdown,37 the clinical risk of cartilage
loss after multiple injections is still very low, at 0.7% to
3.0%.38,39 One study found that intra-articular triam-
cinolone may result in significantly greater cartilage loss
and no significant difference in knee pain compared
with intra-articular saline solution administration.40

However, this study reported relatively low amounts
of cartilage volume loss and a dosing frequency that is
greater than most clinicians would provide. In addition,
patients included in this study had relatively advanced
disease at baseline. Furthermore, most clinicians would
stop administering intra-articular injections in the
absence of efficacy. After thorough consideration of the
literature as of 2013, the American Academy of Or-
thopaedic Surgeons (AAOS) stated that there is incon-
clusive evidence to recommend for or against the use of
intra-articular corticosteroids to treat knee OA.41

Despite this, physicians continue to liberally use intra-
articular corticosteroids to treat patients with symp-
tomatic knee OA.

Senior Author’s Clinical Recommendations. In the se-
nior author’s (B.J.C.) practice, corticosteroid injections
are commonly used as the initial first-line treatment for
symptomatic knee OA. We typically use a single
injection consisting of 1 mL of methylprednisolone
(40 mg) and 9 mL of 1% lidocaine because we find
the volume is well tolerated and patients have rapid



Table 1. Corticosteroid Injection Key Points

Key Points

Composition � The injectable formulation is commonly methylprednisolone or triamcinolone.
� Corticosteroids are typically combined with local anesthetic such as lidocaine or bupivacaine.

Mechanism of action � Corticosteroids reduce inflammation by altering B- and T-cell function as well as stimulating HA synthesis.
Efficacy � Synovitis, effusion, or mild OA may predict the therapeutic benefit.

� AAOS has stated that there is inconclusive evidence to recommend for or against the use of intra-articular
corticosteroids to treat knee OA.

Complications � In 3%-25% of patients, a flare may occur in the days after an injection, but this does not interfere with
the therapeutic benefit.

AAOS, American Academy of Orthopaedic Surgeons; HA, hyaluronic acid; OA, osteoarthritis.
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initial relief. We typically recommend corticosteroid
injections as the first-line treatment for patients
presenting with OA that is resistant to other
nonsurgical treatments such as nonsteroidal anti-
inflammatory medications, physical therapy, weight
loss, and an acceptable amount of activity
modification. In addition, it is our preference to
provide treatment earlier in patients who present with
an effusion (which is aspirated at the time of
injection) or suspected synovitis with a corticosteroid
injection to help alleviate their discomfort. Last, we
only allow patients to receive up to 4 injections in a
12-month interval to avoid a potential adverse effect
either locally on the articular cartilage or systemically.
If a patient does not achieve at least 3 months of
meaningful relief, we typically recommend moving on
along the continuum of injection therapy. Notably,
corticosteroid injections remain a reimbursable, point-
of-care service that we typically perform without
ultrasound guidance in the knee.

Viscosupplementation
HA is a complex polysaccharide that was first devel-

oped in 1934 from cattle vitreous humor (Table 2).42

HA is an essential component of proteoglycans, which
entangle between collagen fibers and help trap water to
Table 2. Viscosupplementation Injection Key Points

Composition � The solution contains HA, a com
found in synovial fluid.

Mechanism of action � HA increases the viscosity of in
water, providing increased com

� HA decreases inflammation by
� The Synvisc and Orthovisc HA

of 3 wk, whereas a more recen
Efficacy � The existing literature is variab

� HMW HA has been shown to b
� The AAOS guidelines do not re

Complications � The local adverse reaction rate
� There is an increased rate of fla

of infection after injection.

AAOS, American Academy of Orthopaedic Surgeons; HA, hyaluronic a
osteoarthritis.
provide compressive strength to articular cartilage.43

High-molecular-weight (HMW) HA was developed for
therapeutic use later, in 1971, by Balazs44 and was
approved for general use by the US Food and Drug
Administration (FDA) in 1997. Today, HA is produced
in vitro by bacterial fermentation or rooster combs.45

One of the original studies to show its potentially
beneficial anti-inflammatory properties was performed
by Rydell and Balazs46 and showed decreased synovial
inflammation in an animal model.
Arthritic knees have been previously shown to have

less endogenous HA than knees without OA,47 which
helps to explain why exogenous administration may be
beneficial.48 HA works through a complex mechanism
believed to increase the viscosity of intra-articular fluid,
decrease oxidative stress within the joint, and inhibit
phagocytosis of macrophages, resulting in an anti-
inflammatory benefit.49 In addition, HA has been
shown to inhibit nitric oxide,49 which has been asso-
ciated with OA and causes oxidative stress within the
joint space.50

In the United States, the 2 primary HA derivatives on
the market are Synvisc (Sanofi-Aventis, Bridgewater,
NJ) and Orthovisc (Anika Therapeutics, Bedford, MA),
which are typically administered once per week for
3 weeks. A recent formulation known as Gel-One
Key Points

plex polysaccharide that is an essential component of proteoglycans

tra-articular fluid and entangles between collagen fibers to trap
pressive strength to articular cartilage.
reducing oxidative stress and inhibiting macrophage phagocytosis.
formulations are administered in 3 injections over a period
t formulation, Gel-One, is a single injection.
le regarding the efficacy of HA injections for knee OA.
e more efficacious than LMW HA.
commend the use of HA injections for knee OA.
is between 2% and 4%.
res and granulomatous inflammation yet a low probability

cid; HMW, high molecular weight; LMW, low molecular weight; OA,
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(Zimmer, Warsaw, IN) is a 1-time injection. These
formulations are considered medical devices as opposed
to pharmaceutical agents and are approved by the FDA
for the treatment of knee OA in patients in whom
conservative nonpharmacologic therapy and simple
analgesics have failed.47 Clinicians administering intra-
articular HA injections typically advise their patients of
a local adverse reaction rate of between 2% and 4%.48

There is an increased rate of flares51 and granulomatous
inflammation52 yet a low probability of infection after
HA administration.53 A recent systematic review found
no difference in the adverse event rate between single
injections of HA and placebo, but there may be an
elevated risk with increased numbers of injections.54

Many studies have looked into the efficacy of HA in
the treatment of knee OA. In 2002 Miltner et al.55

showed improved knee function after HA injection, as
evidenced by maximum peak torque improvement and
changes in Lequesne and visual analog scale (VAS) pain
scores. DeCaria et al.56 examined functionality after
intra-articular HA injections and found no difference in
gait velocity compared with placebo but did find that
patients treated with HA had improvements in Western
Ontario and McMaster Universities Arthritic Index
(WOMAC) scores for pain, stiffness, and physical
function. In 2010, Chevalier et al.10 reported significant
improvements in WOMAC pain scale scores in patients
receiving HA compared with placebo for up to 26 weeks
after injection. Kolarz et al.57 showed statistically sig-
nificant improvements in VAS scores, Larson knee joint
function, and maximum walking time for as long as
12 months after 5 weekly HA injections. More recently,
the efficacy of different HA formulations, specifically
HMW and low-molecular-weight HA, has been inves-
tigated. Rutjes et al.52 performed a systematic review
and meta-analysis of clinical trials evaluating HA
injections for OA. When all studies were included, a
statistically but not clinically significant reduction in
pain was observed; however, a subanalysis including
only those studies investigating HMW HA showed pain
reduction was statistically and clinically significant. In
2007 Waddell and Bricker58 studied 1187 grade IV
knees injected with HMW HA and found that the
period until these patients received a TKA was able to
be delayed by a median of over 2 years. In addition,
their follow-up study in 2016 found that HMW HA
injections delayed knee replacement by greater than
7 years in 75% of patients.59 A Cochrane review from
2014 found that viscosupplementation for knee OA
provides pain reduction and an improvement of phys-
ical function with a low risk of harm.60 Furthermore,
HMW HA injections have been shown to have a
beneficial effect on the biochemistry of articular carti-
lage. Shah et al.61 showed increased cartilage proteo-
glycan content at 6 weeks and 3 months after HMW HA
treatment, which correlated with improvement in VAS
pain, WOMAC, and International Knee Documentation
Committee (IKDC) outcome scores. In addition, Wang
et al.62 performed a randomized controlled trial
showing preservation of the articular cartilage at 2 years
after HMW HA treatment compared with placebo.
Various studies have compared the efficacy of intra-

articular corticosteroids with HA for knee OA. A 2006
Cochrane review article found intra-articular HA and
intra-articular corticosteroids to be equally efficacious
from 1 to 4 weeks, but HA was superior 5 to 13 weeks
after injection.63 Another large meta-analysis
comparing these 2 treatment options agreed that HA
was more effective at providing pain relief but failed to
show any difference after 4 weeks.64 In fact, these
authors showed that intra-articular corticosteroids were
more effective from baseline until week 4. This rapid
onset of action by corticosteroids is supported by the
notion that, when triamcinolone is added to viscosup-
plementation, improvements in WOMAC and VAS
scores are seen after 1 week compared with HA alone.65

Nevertheless, after 4 weeks, de Campos et al.65 found
no difference between HA with or without triamcino-
lone. Recent trials comparing the 2 treatments have
found HA to be more effective at reducing pain and
increasing range of motion than triamcinolone alone
but have found no difference in gait.66

Despite overwhelming evidence supporting HA
injections, particularly HMW HA injections, many
physicians have questioned their efficacy and utility.48

A recent double-blind randomized controlled trial
comparing HA versus saline solution found no addi-
tional benefit in terms of WOMAC and VAS scores.67 In
addition, a large meta-analysis concluded that its
benefit was clinically irrelevant, with concern for
possible increased risk of adverse effects.52 This
conclusion is similar to that of the AAOS clinical prac-
tice guidelines for OA of the knee, which do not
recommend using HA for patients with symptomatic
knee OA.42 Previous research has shown greater pain
control and functional improvement with corticoste-
roids compared with HA injections, particularly in the
early stages.68 Further studies are needed to address its
cost-benefit and long-term safety and efficacy. To date,
opinions on the efficacy of HA are highly variable and
subject to one’s interpretation of the literature.

Senior Author’s Clinical Recommendations. The senior
author typically elects to use HA injection regimens that
are performed as 3 injections over a span of 3 weeks.
We recommend HA injections to patients presenting
with chronic, low-grade OA that is often localized to the
medial, lateral, or anterior compartment. In our
experience, patients with mild arthritis often receive
significant relief from viscosupplementation and often
return to the clinic every 6 to 8 months asking for
repeat injections with repeated symptomatic
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improvement. We are less likely to recommend HA
injections for patients with significant inflammation or
suspected synovitis because the anti-inflammatory
effects are less potent than those of corticosteroid or
PRP injections. Finally, patients with advanced “bone-
on-bone” OA and those with symptomatic advanced
patellofemoral OA tend to be less responsive, and we
often offer alternative injection therapies (i.e., PRP
and HA) for those patients.

Platelet-Rich Plasma
PRP has been defined as “a volume of plasma that has

a platelet count above baseline” (Table 3).69 To obtain
PRP, venous blood is drawn from the patient and
centrifuged to separate PRP from red blood cells and
plasma.70 This autologous PRP is then injected into the
affected joint. The first reports of PRP preparations were
in the 1950s and involved studies investigating coagu-
lation.71 In recent years, more attention has been given
to PRP and its vast array of potential clinical
applications.14,69,72

When the platelets degranulate after injection,
growth factors such as transforming growth factor b,
platelet-derived growth factor, epidermal growth fac-
tor, vascular endothelial growth factor, fibroblast
growth factor, and insulin-like growth factor are
released or related to the presence of PRP.73 These
growth factors are believed to have regenerative ca-
pacity.74,75 More important, in OA, they may inhibit
inflammatory effects on chondrocytes by nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-
kB) and interleukin 1 (IL-1).76 Nitric oxide is also
inhibited by PRP, which limits the oxidative stress on
the joint.51 Furthermore, PRP has been shown to in-
crease cartilage synthetic activity to a greater degree
than HA.74 Sundman et al.74 evaluated the in vitro
response of human synovium and cartilage cultured
with medium of PRP. They showed that PRP not only
stimulated endogenous production of HA but also
decreased the production of matrix metalloproteinases
responsible for cartilage catabolism. These results sug-
gest a possible chondroprotective element of PRP and
are bolstered by other studies in the literature.77 Sun
Table 3. PRP Injection Key Points

Composition � PRP is prepared from the
red and white blood cells

Mechanism of action � PRP has been shown to b
Efficacy � Leukocyte-poor PRP may

� PRP may be more therap
� PRP may prevent worsen
� The AAOS guidelines do

Complications � There are some reports o
studies reporting no majo

AAOS, American Academy of Orthopaedic Surgeons; PRP, platelet-rich
et al.75 have shown that growth factors released by
platelets stimulate osteochondral formation in rabbits
with defects of the patellofemoral groove. Despite the
potential for regenerative effects, the likely impact of
PRP in a symptomatic patient with knee OA is due to
its local and, potentially, systemic anti-inflammatory
effects.
Multiple preparations are available that have differing

concentrations of platelets, white blood cells, and
growth factors. Some studies have shown that
leukocyte-rich PRP is associated with an increased rate
of death of synoviocytes and greater inflammation,78

but the ideal balance is yet to be determined. In addi-
tion, other studies have investigated the effect of the
leukocyte concentration on clinical efficacy, suggesting
that leukocyte-poor preparations are more effective at
providing symptomatic relief.79 Although not currently
FDA approved for injections, PRP is often used off-label
and thus not covered by insurance. Most of the
reported adverse events are transient pain and localized
swelling after PRP injection,80,81 but the overall adverse
reaction rate is low, with many studies reporting no
major adverse reactions.11,66 Other studies have shown
no increased risk of adverse reactions compared with
placebo.82 Larger trials are necessary to determine the
event rate and possible long-term adverse reactions.
A recent double-blind randomized controlled trial

found PRP to be more effective than placebo in the
treatment of knee OA.16 These authors have shown
significantly lower WOMAC scores at 6 weeks and
3 months,16 whereas other authors have shown
persistent clinical improvements through 6 and
12 months.14,72,81,83 Some studies have found PRP to
be more efficacious in younger patients with less
cartilage degeneration,72,83 and PRP may play a role in
delaying the progression of OA and the need for joint
replacement.84 Halpern et al.12 have shown that PRP
prevented significant worsening of OA in the patello-
femoral joint specifically. Similarly, 2 recent systematic
reviews have recommended that PRP be considered as
part of the initial management of knee OA,83,84 with
Campbell et al.83 concluding that symptomatic relief
can be achieved for up to 12 months.
Key Points

patient’s venous blood, which is centrifuged to separate PRP from
.
e anti-inflammatory, chondroprotective, and possibly regenerative.
be more efficacious than leukocyte-rich PRP.
eutic in younger patients with mild cartilage loss.
ing of the OA, particularly in the patellofemoral joint.
not recommend for or against the use of PRP for knee OA.
f flares, although the overall adverse reaction rate is low, with many
r adverse reactions.

plasma; OA, osteoarthritis.
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Many authors have studied the efficacy of intra-
articular HA with PRP for the treatment of knee pain.
In 2011 Kon et al.14 showed that younger patients had
greater benefit from PRP than did older patients, and as
a whole, the study showed longer and greater efficacy
of PRP when compared with HA. The suggestion that
patients with early OA respond better to PRP has also
been indicated by other authors who have found a
benefit in lower-grade OA.85 In another randomized
controlled trial, Sánchez et al.86 found the PRP formu-
lation PRGF-Endoret (BTI Biotechnology Institute,
Vitoria-Gasteiz, Spain)dplasma rich in growth
factorsdto be superior to HA in terms of pain relief.
Cerza et al.87 and Spaková et al.81 both reported better
WOMAC scores after PRP injection for up to 24 weeks
and 3 to 6 months, respectively. Furthermore, a sepa-
rate prospective study of 90 patients found PRP to be
less expensive and to be superior to HA at 3 and
6 months regarding functional and pain scores.88 Two
recent meta-analyses likewise concluded that PRP
improved function and pain scores more than did
HA.24,89 A systematic review by Khoshbin et al.13 also
found PRP to be more beneficial than HA in terms of
IKDC and WOMAC scores. Conversely, a randomized
trial in 2015 showed no significant difference in clinical
scores or range of motion between PRP and HA.11

Similarly, a 2017 randomized controlled trial found
no statistically significant difference in outcome scores,
although trends suggested that PRP may be more effi-
cacious than HA and PRP produced a decrease in intra-
articular inflammatory cytokine levels.90 Despite these
findings, recent AAOS guidelines on the management
of knee OA have stated that AAOS cannot recommend
either for or against the use of PRP,42 given the lack of
high-quality trials investigating PRP.

Senior Author’s Clinical Recommendations. In the
senior author’s practice, leukocyte-poor PRP is
commonly used to treat patients with knee OA if
other treatment options have failed. We perform a
blood draw of 15 mL of venous blood, which is then
centrifuged for 5 minutes to isolate approximately 4
to 6 mL of PRP. We typically recommend a series of 3
injections over a span of 3 weeks. When used in
isolation, if patients see no response after the first or
second PRP injection, we will typically recommend
alternative treatments. If they achieve a modest
response early, we encourage consideration of
subsequent injections, up to a maximum of 3, over a
period of 3 to 4 weeks. Notably, there is virtually no
conclusive evidence on the dose or frequency of PRP
in the setting of the treatment of knee OA.
More recently, we have chosen to perform a total of 3

weekly combined PRP-HA injections because basic-
science research has shown that the combination does
not impair the viscosupplementation effects of HA. In
addition, chondrocytes cultured with both PRP and HA
showed increased proliferation rates and glycosamino-
glycan contents compared with those cultured with HA
alone, suggesting that the combined injection may
provide a more therapeutic environment.91-94 We
recommend PRP injections to patients with either
chronic, low-grade arthritis or suspected small focal
chondral defects. In our clinical experience, patients
with advanced arthritis often do not have the same
therapeutic benefit as younger patients with early
arthritis.

Autologous Stem Cells
In the late 1960s, much attention was drawn to the

possibilities of stem cells because of their inherent
ability to differentiate into multiple cell lines
(Table 4).95 More recent studies have shown the
capacity of MSCs to differentiate into osteocytes, adi-
pocytes, myocytes, and most importantly for OA
treatment, cells of chondrogenic lineage.96,97 This abil-
ity to regenerate cartilage is believed to be one of the
key aspects by which stem cells help patients with OA.
In addition, MSCs have the capability to regenerate
subchondral bone, which may help in the repair of the
osteochondral defects seen in OA.98 MSCs can be
isolated from various tissues, including bone marrow,
adipose tissue, and the umbilical cord.99 Given the
current regulatory environment, minimally manipu-
lated autologous sources of MSCs must be administered
at the time of acquisition and include only bone
marrow concentrate and adipose tissue. Notably, the
regulatory pathways and FDA position on the use of
these sources of MSCs remain a dynamic process spe-
cifically related to concerns pertaining to levels of
manipulation and homologous use.
Patients with severe OA requiring a TKA have

decreased in vitro chondrogenic and adipogenic activity
within MSCs when compared with healthy matched
individuals, most likely because of their decreased ca-
pacity to differentiate into precursor cells.100 In addi-
tion, synovial fluid from patients with OA appears to
inhibit the chondrogenic capacity of MSCs from do-
nors.101 The regenerative capability of MSCs may also
replenish the proteoglycan lubricant and hyaline-like
cartilage that naturally minimizes friction in the patel-
lofemoral joint.102 Moreover, MSCs have been shown
to possess potent immunosuppressive and anti-
inflammatory functions97 through the suppression of
T cells within the joint space and inhibition of the
expression of major histocompatibility complex class II
antigens.96 It is likely that the anti-inflammatory effect
rather than the regenerative potential is the mechanism
by which symptoms of OA might be reduced after MSC
injections.



Table 4. Autologous Stem Cell Injection Key Points

Key Points

Composition � Autologous stem cells can be derived from bone marrow, adipose tissue, and the umbilical cord.
Mechanism of action � Autologous stem cells can differentiate into osteogenic and chondrogenic cell lines, which may

help in the treatment of chondral defects.
� Autologous stem cell injections have potent immunosuppressive and anti-inflammatory properties.

Efficacy � Preliminary studies of patients treated with intra-articular injections have shown promising results,
especially in those with low-grade OA.

Complications � The rate of adverse reactions was found to be 3.1%, mostly owing to increased pain and swelling.
� There is a theoretical risk of being carcinogenic, although this has not been proved.

OA, osteoarthritis.
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Before intra-articular MSC injection in humans,
multiple animal studies showed its efficacy and
mechanism.103,104 The first clinical report of MSCs
being used to treat OA, in 2002, used culture-
expanded MSCs and showed regeneration of exten-
sive unicompartmental articular cartilage defects.105

Other studies have since shown the efficacy and
regenerative capability of intra-articular injections of
cultured and stimulated stem cells after microfracture
surgery or high tibial osteotomy.106,107 Centeno
et al.108 used marrow-derived, culture-expanded
MSCs and reported increased range of motion and
VAS pain scores at 6 months, as well as increased
meniscus volume and, most important, no side effects.
Further studies of culture-expanded MSC injections
have shown relief from 6 months to greater than
2 years,89,109 with improvement in pain, crepitus, and
the ability to climb stairs.102,109 Orozco et al.89 con-
ducted a pilot study of 12 patients with knee OA who
were unresponsive to conservative treatment
and treated with intra-articular marrow-derived,
culture-expanded MSC injections. They showed rapid
and progressive improvement in function as well as
cartilage quality. More recently, studies have shifted to
investigate bone marrow aspirate concentrate (BMAC)
as opposed to culture-expanded MSCs because BMAC
meets FDA standards as a minimally manipulated
autologous source of MSCs. Kim et al.110 investigated
BMAC injections for the treatment of knee OA and
similarly observed significant improvements in pain
and functional outcome scores. It is interesting to note
that patients with low-grade OA had significant im-
provements when compared with patients with
higher-grade Kellgren-Lawrence scores. Centeno
et al.111 retrospectively compared patients with knee
OA treated with a BMAC injection and those treated
with a BMAC injection and adipose graft. They re-
ported significant symptomatic improvements in both
groups at 10 months’ follow-up but no difference
between groups. Shapiro et al.112 performed a ran-
domized controlled trial of patients with bilateral knee
OA treated with a BMAC injection in 1 knee and
placebo in the other knee and found significant
improvements in both groups. It is interesting to note
that no difference between the BMAC and placebo
groups was found at 6 months’ follow-up.
Adipose-derived MSCs have also been investigated

for the treatment of knee OA. Ceserani et al.113 per-
formed an in vitro study showing that lipoaspirate has a
high concentration of MSCs that may be capable of
inhibiting the inflammatory function of macrophages.
In addition, an in vitro study by Bosetti et al.114 showed
that lipoaspirate induces native chondrocytes to prolif-
erate and produce extracellular matrix, suggesting that
adipose-derived MSCs are a viable option for treatment
of knee OA. Preliminary clinical studies have also
shown promising results. Koh et al.115 reported that
patients who underwent arthroscopic lavage and
adipose-derived MSC injections had improved or
maintained cartilage and that no patients required a
TKA at 2 years’ follow-up. Russo et al.116 found
adipose-derived MSC injections to be a safe treatment
option with significant improvements in VAS pain
score, IKDC score, Knee Injury and Osteoarthritis
Outcome Score, and Tegner-Lysholm functional
outcome score at 1 year of follow-up. Hudetz et al.117

investigated the outcome of adipose-derived MSC
injections both clinically and radiographically at
12 months postoperatively. Patients reported a signifi-
cant decrease in VAS pain scores, and delayed
gadolinium-enhanced magnetic resonance imaging of
cartilage showed a significant increase in articular
cartilage glycosaminoglycan content.
In 2013 a systematic review investigated the safety

of intra-articular autologous bone marrow MSC in-
jections and found the rate of adverse reactions to be
3.1%, mostly owing to increased pain and swelling.118

Although there is a theoretical concern that autolo-
gous MSCs may be carcinogenic,119 this has not been
definitively proved, and they are considered a safe
treatment option for OA.120 Because of a lack of
randomized controlled trials of intra-articular
injections for OA, there is still uncertainty as to the
number of injections, vehicle of injection, size of
injections, long-term efficacy, or exact mechanism of
action. Recently, Cassano et al.121 found that BMAC
contains high concentrations of IL-1 receptor antago-
nist, a molecule that inhibits the action of IL-1, which
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is a key inflammatory mediator in OA. Despite the
basic-science evidence showing a positive impact in an
osteoarthritic environment on chondrocytes or syno-
vium and in light of these recent findings, the effects
of MSCs in the osteoarthritic knee likely work simi-
larly to the effects of PRP by modulating the local
environment with reduced inflammation and pain
without any truly identified effects on disease
modification.

Senior Author’s Clinical Recommendations. The senior
author prefers to perform autologous stem cell
injections in the operating room with the patient under
general anesthesia to ensure patient comfort and ste-
rility during the invasive stem cell harvest. Alterna-
tively, the use of BMAC or adipose tissue (Lipogems,
Milano, Italy) can be performed in the office setting.
Bone marrowederived MSCs are more commonly
used, although adipose-derived MSCs are becoming
more common in our practice and other practices.
Autologous MSC injections are not our first-line
treatment for knee OA, yet we do use them to treat
patients with symptomatic, small focal chondral
defects with otherwise intact articular cartilage or
those with mild, diffuse cartilage thinning as an
adjunct to arthroscopic treatments. The injection is
administered intra-articularly after a thorough
diagnostic arthroscopy and debridement to remove
any potentially symptomatic chondral flaps, loose
bodies, or meniscal tears. The use in this setting is
currently the subject of a prospective clinical
investigation compared with a control group not
receiving these adjunct treatments.

Integrating Biologics Into Clinical Practice
Reimbursement for these injections remains a

confusing and controversial area. In some regions in the
United States, several carriers do not reimburse for HA
because of considerations related to the interpretation
of outcomes in the literature and the AAOS Appro-
priate Use Criteria and establishment of clinical practice
guidelines published in 2015.122 Efforts are currently
under way to help reverse these negative payment
decisions by orthopaedic specialty societies given the
emergence of recent findings in the literature,
especially in support of HMW HA injections for the
treatment of knee OA.

Office Setting or Stand-alone Procedures
There are rules that govern the use of all the ortho-

biologics discussed in this article in the office that differ
from their use in the operating room. In the office
setting, many injectable treatments other than cortico-
steroids and HA have no formal category I Current
Procedural Terminology (CPT) procedure code or a J
code for agents or disposables used for purposes of
administering the specific injectable (i.e., PRP, bone
marrow aspirate, fat aspiration, or amniotic tissue), and
thus there is a “fee-for-service” pathway whereby pa-
tients can be considered “self-pay” patients for the
purposes of reimbursement. This is true for
government-funded insurance plans (Medicare,
Medicaid, TriCare, and so on) and most private insurers
that do not recognize these injections for OA as a
reimbursable service. Unlike bone marrow aspirate, fat
aspiration with mechanical processing, and amniotic
tissue, if the only procedure being performed is a PRP
injection, CPT tracking code 0232T was specifically
established to track the use of PRP by the Centers for
Medicare & Medicaid Services (CMS). The code as
described includes injection of PRP, image guidance,
harvesting, and preparation and thus is considered an
all-inclusive code. However, there are no relative value
units associated with this code, and most payers and
carriers have noncoverage policies. Procedurally, phy-
sicians should have patients sign an advanced benefi-
ciary notice (ABN) as required by CMS to enable
physicians to remain compliant when simultaneously
accepting Medicare or other government-payer
assignment and billing patients directly for these ser-
vices.123 A patient-signed ABN should document that
the patient understands that he or she is responsible for
the cost. Surgeons are urged to check the policies of
patients with private insurance to make sure that there
is no specific language pertaining to the use and billing
for any of these injections outside of their insurance
plan in the office setting. Many, in the abundance of
caution, will have all patients independent of the payer
sign the ABN or waiver of liability, although by design,
an ABN was specifically developed by CMS for patients
who have Medicare. Thus, a waiver of liability is rec-
ommended for non-Medicare patients.
Proper documentation of the procedure, including

informed consent, the explanation provided to the pa-
tient pertaining to the terms of Medicare or other
government programs, reference to the ABN, and a
step-by-step procedure note, should be performed and
included as part of the patient’s medical record. The
details of this documentation are beyond the scope of
this review.
For non-PRP injections for which no accurate office-

based procedure code exists, there is latitude to
charge the patient directly, assuming the patient’s pol-
icy does not dictate otherwise. This would also depend
on whether the physician is contracted with the given
payer or carrier. If contracted, the provider should
determine whether the service is a noncovered pro-
cedure. In this case, one may be able to bill for the
procedure or substance, the injection, and even image
guidance (fluoroscopy or ultrasound) used during the
course of the injection. If the provider is contracted with
the carrier, then he or she must follow the coverage
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guidelines relevant to these injections if such language
exists. In a noncoverage situation, the provider could
offer a copy of the policy from the carrier to the patient
supporting the notion that this can be a self-pay pro-
cedure. Notably, the rules are very dynamic, and one
should consult with each non-CMS carrier directly
before engaging in self-pay policies and procedures.
Most payers consider these injections investigational or
experimental, given that they lack sufficient published
data to determine safety and efficacy.

Surgical Setting and Use of Injections
When performing a bone marrow or adipose aspira-

tion and injection in the operating room as an isolated
procedure without other procedures for a patient with
CMS or non-CMS coverage and it is considered a non-
covered service, obtaining an ABN or equivalent with a
detailed procedure note including an explanation
related to the billing process can enable the physician to
utilize the procedure in its entirety as a self-pay event.
Notably, a nuance about the ABN is that Medicare
states that it is not really needed for noncovered ser-
vices and is mainly for services that are covered but for
which Medicare has specific medical necessity policies.
In general, given the lack of firm scientific evidence
related to efficacy and the absence of coding guidelines
for these procedures, most carriers will consider them
investigational or experimental, so careful documenta-
tion is required when implementing a self-pay policy.
When used in a surgical setting, the injection of any

substance (PRP, bone marrow aspirate, amniotic tissue,
adipose tissue) into the operative site is generally
considered inclusive of the operative procedure by CMS
guidelines and by the National Correct Coding Initiative
guidelines and thus cannot be billed separately.
Specifically, the guidelines state that “the placement/
injection of cells into the operative site is an inclusive
component of the operative procedure and not sepa-
rately reported.”124 The CPT guidelines specifically
indicate that correct coding includes selection of a
procedure code or service that accurately identifies the
service performed. Therefore, creative coding using
unlisted codes or other similar codes is highly discour-
aged. Notably, these guidelines (National Correct Cod-
ing Initiative guidelines) apply to CMS and federally
funded payers and not routinely to private payers.
Thus, similar to office-based assessment for noncov-
erage, providers should check the patient’s specific
policy to ensure that they can directly bill a patient for
an otherwise noncovered benefit and should strongly
consider having the patient sign a waiver of liability for
injections provided as an adjunct to other surgical
procedures. There are several CPT Assistant articles
(April 2017, October 2016, and December 2013)
regarding injections during surgical procedures of
which one should be aware.
There is a CPT code for bone marrow aspirate harvest
from a separate surgical incision for spinal procedures
(20939), effective January 1, 2018, and CMS will make
separate payments for this code when performed with
other spinal surgical procedures. The “-59”modifiermay
be required, and the multiple-procedure rule would
apply with documentation in the medical record sup-
porting the billing. These rules may or may not apply to
non-CMS payers. Otherwise, there is no specific CPT
code for bonemarrowaspiratewhenused for procedures
other than spinal procedures, and CPT directs one to the
use of unlisted code 20999. As mentioned, with a
government-insured patient, one should not engage in
billing the payer or the patient directly when the pro-
cedure is performed in the operating room. Similarly,
there is a CPT code for fat aspiration (20926), which
could be reported as a separate billable event similar to
20939 or 20999. However, this is not a specific code
meant to cover the entire procedure of adipose aspiration
and processing with injection into the surgical sitedthe
October 2016 CPT Assistant article appears to state that
20926 is all-inclusive.
Providers must carefully weigh the risks of charging

non-CMS patients for these procedures when per-
formed as adjuncts to a surgical procedure. If the
patient’s policy specifically indicates that the policy does
not follow CMS guidelines or considers these proced-
ures investigational or experimental, then, with proper
documentation and a signed ABN or waiver, one can
cautiously conclude that charging the patient directly
for these procedures might be allowed. If, however, a
private payer’s policy considers these types of injections
included in the given surgical procedure, then seeking
payment from the patient would be inappropriate.

Conclusions
We sought to highlight the lack of uniformity in the

existing literature investigating the reported benefits of
corticosteroid, viscosupplementation, PRP, and autolo-
gous stem cell injections in patients with knee OA.
Implementing the use of these injections into clinical
practice is a complicated task given the existing reim-
bursement environment. This review has provided
guidelines for using these treatment modalities, espe-
cially those that are not typically covered by current
health insurance plans and require alternative reim-
bursement pathways. In the senior author’s clinical
experience, many patients receive significant thera-
peutic benefits from corticosteroid, HA, PRP, and
autologous MSC injections when used in the appro-
priate patient population.
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