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Chapter 7
Injectable, Biologics, and Stem Cells

Mitchell S. Fourman, Jay V. Kalawadia, and James Bradley

Pathophysiology of Osteoarthritis Pain

Joint pain related to osteoarthritis (OA) is often linked to an initial cartilage injury.
Immunogenic cartilage breakdown products cause inflammation of the synovium,
leading to the release of inflammatory markers and cytokines. Quiescent adult chon-
drocytes are subsequently activated, resulting in the further release of a host of
inflammatory markers—most notably IL-1, IL-8, TNF-alpha, reactive oxygen spe-
cies such as nitric oxide (NO), prostaglandins, matrix metalloproteinases, and leu-
kotrienes [1-6]. This reaction leads to a breakdown of the cartilage matrix,
chondrocyte apoptosis, and the activation of pain nociceptors within the cartilage,
synovium, and subchondral bone [7]. This chronic inflammatory process can be
viewed histologically, as synovial biopsies will demonstrate increased blood vessel
proliferation, vascular endothelial growth factor (VEGF) expression, and increased
mononuclear cell infiltration [8].

Pain within the osteoarthritic joint is unlikely to be immediately related to carti-
lage breakdown, as cartilage lacks nerve endings. However, the synovium, subchon-
dral bone, and periosteum have dense concentrations of nociceptors [9]. Polymodal
Ad and C nociceptors include groups with low firing threshold for normal activity,
while others maintain a high threshold for more injurious stimuli [10, 11]. A lesser-
known third class is the sleeping nociceptor, which does not respond to typical pain
stimuli, but instead to the endogenous stimuli from the injury itself. These in concert
act to create the crescentic pain reaction typical in acute OA flares. An initial pain
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event may result in persistent hyperalgesia for years following the insult, leaving the
patient prone to both central and peripheral sensitization [12, 13]. Resulting neuro-
plasticity may be a strong contributor to the compounding pain complaint central to
chronic osteoarthritis [14].

Different inflammatory cascades are required for each region of the joint to
evoke a pain response. As such, the degree of pain related to synovial inflammation
is location-specific. This is especially true in the knee, where inflammation around
the infrapatellar fat pad has been correlated with increased pain [15]. Further evi-
dence of synovial inflammation due to osteoarthritis includes synovial hyperplasia
[16], lymphocytic infiltrate, fibrosis, and thickening of the synovial capsule [17,
18]. Synovial fibrosis in particular may be a primary contributor to joint pain and
stiffness in OA [19]. Subchondral bone edema is one of the earliest observed signs
of osteoarthritis, and bone marrow edema-like lesions (BML) can be seen on
advanced imaging prior to the onset of clinical symptoms [20]. Areas of the sub-
chondral bone with BMLs have been correlated with increased pain and cartilage
erosion [21]. Current theory suggests that these BMLs allow for the rapid ingrowth
of sensory fibers and vascular channels, leading to increased pain and sensitivity to
inflammatory cytokines [22].

Nonsurgical Management of OA

While conservative management algorithms are often dictated by the individual
physician, consensus guidelines for the management of osteoarthritis by the
American College of Rheumatology (ACR) were released in 2012. These recom-
mendations stratify patients by the severity and anatomic involvement of OA, spe-
cifically of the hand, hip, and knee.

Physical Therapy

The initial management of osteoarthritis includes targeted stretching and strength-
ening with physical therapy. Restrictive motion devices (i.e., splints, orthotics,
braces, taping) for pain control and therapy guidance may provide relief to some
patients although the literature demonstrates varying results on their efficacy [23,
24]. Similarly, aquatic exercise for the management of lower-extremity OA may
help with pain relief and strengthening, although the global utility of these exercises
has been inconsistently demonstrated among various studies [25-27]. For these rea-
sons, the ACR does not recommend a specific exercise modality for hip or knee OA,
but recommends tailored treatment based on the patient’s aerobic capacity [23].
Several alternative therapies not included in consensus recommendations have
been studied extensively. High-level evidence has demonstrated acupuncture to



7 Injectable, Biologics, and Stem Cells 61

provide long-term pain relief for OA, comparable to exercise and off-loading
modalities [28-30]. However, other studies demonstrated no significant improve-
ment when compared to physical therapy [31]. Given this, the American Academy
of Orthopaedic Surgery (AAOS) clinical guidelines state there is inconclusive
proof of efficacy to fully support acupuncture [24]. Other alternative therapies
such as yoga [32], massage [33, 34], and tai chi [35-37] have demonstrated vary-
ing levels of pain improvement for OA. The ACR does not provide any specific
therapeutic recommendations, although acknowledges potential efficacy in
patients with end-stage arthritis who are poor surgical candidates or deny surgical
treatment [23].

Mild to Moderate OA: Pharmacologic Management

The initial therapy for OA includes non-narcotic analgesia and nonsteroidal anti-
inflammatory (NSAID) drugs. Acetaminophen (paracetamol) has been found to
decrease subjective pain scores by more than 4 on a 100-point scale when used as
monotherapy and is, therefore, recommended as baseline analgesia for lower-
extremity OA [38—40]. A maximum daily dose of 4000 mg/day may be taken.
Topical capsaicin is recommended as concurrent first-line therapy in cases of hand
OA [23]. However, the ACR notes that this recommendation is not based on any
validated therapeutic benefit. A meta-analysis of mostly retrospective work found a
modest but significant improvement in pain following 4 weeks of continuous use
[41, 42]. Unfortunately, this was not observed in randomized controlled trials.

NSAID therapy is considered a second-line treatment for lower-extremity OA
and may be administered concurrently with acetaminophen to provide supplemental
pain relief [43]. Given the risk of upper gastrointestinal (GI) complications related
to long-term NSAID use [44], the ACR recommends that patients with a history of
GI complications or concurrently on a prescribed full-dose aspirin use a COX-2
selective inhibitor only or begin a proton pump inhibitor (i.e., pantoprazole) concur-
rently [23, 45, 46]. The therapeutic benefit of selective COX-2 inhibitors has been
found to be equivalent to nonselective NSAIDs, with no difference in complication
rate observed [47]. The ACR contraindicates NSAIDs for patients over the age of
75, in line with previously published recommendations by the American Geriatrics
Society [48].

The ACR has few recommendations for non-injectable monotherapies in the
case of OA pain refractory to acetaminophen and NSAIDs. Pain improvement
with tramadol monotherapy has been inconsistently demonstrated. However, tra-
madol has shown benefit as an adjunct therapy [49]. Randomized controlled trials
show significant improvement in the pain ratings of patients with moderate to
severe OA when tramadol is administered in conjunction with acetaminophen or
NSAIDs [50]. Findings suggest that the analgesic effects of tramadol with
NSAIDs are synergistic.
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Chondroitin Sulfate + Glucosamine

Chondroitin sulfate and glucosamine, an amino sugar and carbohydrate naturally found
within healthy cartilage, have been commonly utilized as an alternative or supplemental
therapy for osteoarthritis. Supporters believe the reduction in chondroitin sulfate con-
centration and chain length seen in OA can be exogenously replenished [51, 52]. Several
clinical trials have focused on the clinical benefits of these supplements.

While available in injectable form, chondroitin sulfate and glucosamine are pre-
dominately taken orally [53]. Randomized controlled trials using chondroitin sul-
fate as an adjunct to NSAID therapy showed both pain and structural improvements,
with a reduced loss of cartilage volume at a 2-year endpoint [54]. Additional studies
have demonstrated a reduction in NSAID use and improvement in mobility with
long-term glucosamine as well [55, 56]. While the conclusions of these clinical tri-
als are encouraging, several other trials refuted their conclusions [57, 58]. A large
randomized controlled trial evaluating chondroitin sulfate and glucosamine as both
monotherapy and adjunct failed to show any improvement in a global cohort com-
pared to NSAID therapy alone [59].

While randomized trials and high-quality meta-analyses have been attempted to
study the benefit of chondroitin sulfate and glucosamine, the inconsistent dosage,
preparation, and administration has made it difficult to demonstrate an irrefutable
clinical benefit. For this reason, the ACR only recommends the use of these supple-
ments as adjuncts to traditional pharmacologic therapies, while the AAOS does not
recommend their usage at all [23, 24]. Given low toxicity of these drugs and over-
the-counter availability, they remain popular alternative therapies for OA [60].

Opioids in Osteoarthritis

Consensus recommendations regarding the role opioids should play in the manage-
ment of OA are inconclusive [24]. A Cochrane review noted a modest pain improve-
ment with opioid therapy, but also noted a high rate of opioid abuse and addiction
[61]. While objective pain improvements have failed to demonstrate clinical signifi-
cance, the high patient perception of opioid efficacy in the USA complicates thera-
peutic guidance [62]. As such prescription rates of opioids are significantly higher
in the USA than in Europe and elsewhere in the world [63, 64].

Injectable Treatments

Intra-articular Corticosteroids

Intra-articular corticosteroids injections (CSI) remain the mainstay of injectable
clinical therapy for moderate to severe osteoarthritis. There exists conflicting evi-
dence supporting their efficacy, and as such, official recommendations have often
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been inconclusive. Recent revisions of the ACR recommendations recommend CSI
for those patients with soft tissue inflammation and joint effusion [23], although the
AAOS clinical guidelines remain inconclusive [24]. Advantages of CSI include a
rapid onset of action, significant long-term local anti-inflammatory effects, and a
limited, although significant, risk of side effects [65, 66].

Mechanism of action: The onset of corticosteroid activity begins upon activation
by the surface receptors of the synovial membrane. The activated corticosteroid acts
on the nuclear steroid receptors directly, reducing the rate of mRNA and protein
synthesis. This in turn inhibits the function of T and B cells as well as phospholipase
A2 and, consequently, arachidonic acid [67, 68]. Besides inhibiting the pro-inflam-
matory milieu produced as a downstream effect of osteoarthritis progression, corti-
costeroids may further exert a disease-modifying role. In vivo animal studies suggest
that CSI decrease the severity of osteophyte formation and cartilage fibrillations
related to OA. These effects were observed in both prophylactic and therapeutic tri-
als [69, 70].

Composition: Corticosteroid preparations are largely derivatives of prednisolone
(Table 7.1). The creation of large particle suspensions poorly soluble in water, such
as with triamcinolone acetonide, allows the drug to remain in the joint for a longer
period and requires hydrolysis by cellular esterases to release its active component
[72, 73]. However, the rate of cellular uptake is slow, leading to a delayed onset of
effect [73]. In contrast, drugs that are “clear,” or non-particulate, suspensions such
as dexamethasone salt are rapidly taken up by cells and, therefore, are faster acting.
However, the drug spends less time within the joint, theoretically reducing the dura-
tion of effect [73]. Recent clinical trials comparing ester and salt preparations have
found that their efficacy and duration may be equivalent, suggesting that pharmaco-
dynamics may not be of clinical significance [74]. Mixed preparations have not
shown any benefit. A randomized trial assessing the benefit of a combination
approach utilizing a mixture of the salt and ester forms of betamethasone has failed
to show any improvement in duration or onset time with this approach compared to
ester-only preparations [72, 75].

Efficacy: CSI have been shown to provide short- to mid-term pain relief in
patients with OA [76]. Some evidence suggests that clinical improvement in pain
and range of motion can be expected from 2 to 12 weeks post-injection, with an
average reduction in pain score of over 20% [65, 77, 78]. A longer duration of
efficacy has been demonstrated in patients with preexisting soft tissue involvement
[79, 80], although soft tissue involvement in general had poorer therapeutic
responses overall [81]. The long-term efficacy and safety of CSI remain a concern.
Randomized trials in patients with knee OA suggest that regular injections every
3 months out to 2 years following initiation resulted in prolonged reductions in
pain and stiffness [82].

Side effects: In addition to the side effect of transiently elevated blood glucose
levels, particularly in diabetics, both local and systemic complications related to
CSI have been described [83]. In vitro studies have demonstrated that direct expo-
sure of corticosteroids to cartilage has a chondrotoxic effect [84, 85]. The clinical
manifestation of this has yet to be determined. Skin atrophy, hypersensitivity, and
hypopigmentation with a classic “linear ray” appearance have long been associated
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with intralesional or intra-articular steroid therapy. The mechanism behind this clin-
ical manifestation is not fully understood, although current theory suggests that the
lymphatic system may play an important role [86]. Tendon rupture and in vitro cel-
lular degeneration following exposure to corticosteroids have been reported. While
this mechanism is also poorly understood, recent findings suggest that increased
apoptosis, transient increases in matrix metalloproteinases (e.g., MMP-3), and an
active inhibition of repair mechanisms may be important contributors to tendon
degeneration [87-89].

Viscosupplementation

In the pro-inflammatory arthritic cascade, the synovial fluid undergoes several com-
positional changes. Synovial fluid, traditionally responsible for the lubrication and
smooth motion of joints, functions due to the presence of hyaluronate. Hyaluronate,
a high-molecular-mass polysaccharide, gives synovial fluid its abilities to act as
shock absorber and lubricant medium. In the osteoarthritic joint, the amount and
quality of hyaluronate are both decreased, in part due to increased degradation rates.
There is some evidence that the degradation of synovial fluid may be slowed or
reversed with viscosupplementation.

Mechanism of action: Viscosupplementation exerts a anti-inflammatory effect on
synovium, inhibiting the release of prostaglandins and the immunologic response
typical in osteoarthritis [90]. Further theories suggesting that cartilage degeneration
may be reversed with viscosupplementation have not borne out conclusively in the
literature.

Composition: Current formulations of hyaluronic acid vary in molecular weight to
modulate elastoviscosity. High-molecular-weight formulations, such as the well-tested
hylan G-F-20, will have higher elastoviscosity compared to low-molecular-weight
preparations. This property appears to be critical to the therapeutic effect of viscosup-
plementation, with an initial randomized trial showing that hylan G-F-20 improved
pain and patient reported outcomes compared to low-molecular-weight preparations
[91]. However, subsequent trials have been inconsistent in replicating this finding [92].
Moreover, studies in animal models suggest that high-molecular-weight hyaluronic
acid may be more effective at binding to its cellular receptor and as a result more effec-
tive at reducing synovial inflammation and stabilizing synovial fluid [93].

Efficacy: Randomized controlled trials and meta-analysis exhibit significant
variability and disagreement as to the efficacy of viscosupplementation. In gen-
eral, many randomized controlled trials suggest that viscosupplementation is
associated with some degree of pain relief in osteoarthritis patients. However,
the degree and duration of pain relief is a source of disagreement. In gen-
eral, trials agree that the longest expected efficacy of viscosupplementation is
5-6 months [94, 95], although Campbell et al. [96] found no improvement at any
time point. Benefits beyond pain have also been proposed, with improvements
demonstrated in gait kinematics following a course of viscosupplementation [97].
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Viscosupplementation has traditionally been given in three separate weekly injec-
tions. However, this methodology has not been well validated in the literature,
with randomized trials finding no significant clinical differences between three
separate injections compared to one alone [98]. Given the disparate evidence,
while some consensus opinions suggest that viscosupplementation may be of
some clinical benefit, they do not establish guidelines for its use as differing trial
metrics make comparison difficult [99]. The AAOS does not recommend visco-
supplementation given the lack of conclusive evidence [24].

Side effects: Proponents of viscosupplementation have pointed to its low toxicity
and paucity of side effects. Meta-analyses have demonstrated that viscosupplemen-
tation is safe, with an increased risk of minor adverse effect rate of less than 1%
[100]. Reported complications include pseudosepsis secondary to an exaggerated
immune reaction against a component of hyaluronic acid with higher rates found in
avian-derived viscosupplementation products [101].

Platelet-Rich Plasma (PRP)

Mechanism of action: The beneficial mechanism behind a platelet concentrate com-
pared with the injection of pure activated growth factor is not fully understood.
However, recent in vitro studies suggest that there is a new class of cytokines pres-
ent only in platelets, dedicated toward inflammatory regulation, protecting host tis-
sues, and promoting angiogenesis [102]. Early studies on the impact of exogenous
PRP on chemotaxis showed an increase in pro-inflammatory IL-1p, as well as phe-
notypic conversion of neutrophils and monocytes. Following this pro-inflammatory
state, PRP may influence the expression of growth factors such as VEGF, TGF-f,
and hepatocyte growth factor (HGF), which in turn inhibit the NF-xB inflammatory
cascade. This may ultimately lead to an induction of immunologic quiescence,
improving the inflammatory cascade seen in osteoarthritic joints. This immunologic
quiescence has also been associated with the in vitro restoration of collagen-2 and
aggrecan function around collagen scaffolds. Further functions of PRP include
angiogenic proliferation via alpha-granules, although the balance between PRP-
induced blood vessel growth and regression is not fully understood. PRP is also
noted for other potentially chondroprotective functions, mediated via matrix metal-
loproteinases, alpha-2-macroglobulins, and overexpression of TGF-f.

Composition: Inconsistency in the preparation and delivery of PRP has made it
difficult to study its efficacy. Currently, there are no standardized recommendations
for the preparation of PRP. It is therefore often influenced by the experience and
decision-making of the practitioner, the cost of the system in both time and labora-
tory expense, and the nature of the individual patient.

PRP is created when whole blood extracted from the patient is spun down in a
centrifuge, removing red blood cells. There are multiple techniques currently
employed to perform blood centrifugation, and a description of each is beyond the
scope of this chapter. However, depending on the method of preparation, the platelet
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concentration and leukocyte levels will vary. Whether leukocytes should be removed
from the platelet concentrate is not fully understood. Leukocyte-poor preparations
may be beneficial in pro-inflammatory processes such as osteoarthritis; leukocyte-rich
preparations may be better suited for chronic tendinopathy. Simplifying biology,
platelets are anabolic sources, while leukocytes are catabolic. While one would expect
leukocytes to counteract the benefit of a platelet concentrate, this has not been fully
demonstrated [103]. Concentrates that contain leukocytes are labeled “L-PRP,” while
pure platelet concentrate is “P-PRP”” The timing of PRP “activation” is not fully stan-
dardized and is also a product of individual technique. Pre-activation of platelets is
stimulated with calcium chloride or thrombin introduced prior to injection. In con-
trast, postinjection activation is accomplished by endogenous tissue factors.

Efficacy: Studies evaluating the objective efficacy of PRP on osteoarthritic pain
and function are varied. Multiple studies comparing a series of three weekly injec-
tions of exogenously activated P-PRP with viscosupplementation showed a signifi-
cant improvement in pain, stiffness, and functional capacity at 5 weeks following
the initiation of therapy [104, 105]. Gobbi et al. [106] noted improvement in symp-
toms beyond 1 year after administration. Other studies, however, have failed to cor-
roborate these findings. Filardo et al. [107] found an improvement among younger
patients with mild osteoarthritis, but their subsequent study failed to find any evi-
dence of the superiority of PRP over viscosupplementation [108]. In those studies
that reported clinical improvement, consistencies included PRP that underwent at
least two centrifugations, at least two injections spaced by 1 week, and exogenous
activation [109].

Collectively, the science surrounding PRP is in the infantile stages. Of the studies
that exist, the methodologies are significantly varied, making generalizations diffi-
cult and meta-analyses limited [110]. Within the last few years, increasing evidence
supports the formulation of PRP plays a substantial role as to its efficacy. Several
factors exist within the PRP such as platelet-derived growth factor (PDGF), trans-
forming growth factor (TGF), vascular endothelial growth factor (VEGF), fibroblast
growth factor (FGF), interleukin-1 (IL-1), and matrix metalloproteinase-9 (MMP-
9) depending on the preparation used [111]. These molecules in the proper concen-
trations have been shown to protect and heal cartilage [112]. Leukocyte-rich versus
leukocyte-poor PRP has been suspected to matter as well. As research is suggesting
the exact composition of PRP matters, it calls into question the results of early stud-
ies which did not take PRP creation, composition, or concentration into account.
Further research is needed to identify the effects of the components of PRP and
produce standardized formulations in order to study its clinical efficacy [113, 114].
As such, the current AAOS consensus recommendation on PRP remain inconclu-
sive [24].

Side effects: Side effects related to PRP therapy may be related to both prepara-
tion and host factors. In a comparison of single and double spinning of PRP, a
greater incidence of swelling and local pain reaction were noted in the double spun
sample [104]. This was consistent between both L-PRP and P-PRP [103]. All side
effects were transient and did not change long-term clinical outcomes. Additional
basic science and clinical studies are needed to further define the mechanisms of
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action and side effect profiles of PRP therapies. Various compositions of PRP and a
lack of well-known mechanisms of action pose important challenges to evaluating
its efficacy, determining its adverse effects profile, and thus standardizing its use.

Stem Cell Therapy

While many cell types have been tested as a potential therapy for osteoarthritis and
other musculoskeletal pathologies, bone marrow-derived stromal cells (BMSCs)
appear prominently in the literature and are best understood.

Mechanism of action: The mechanism of action of BMSCs is thought to be
through the induction of a chondroprotective cascade consisting of anti-inflamma-
tory, antiapoptotic, and immunosuppressive functions, thereby permitting cartilage
regeneration. Systemic mediators are key to chondrocyte differentiation and include
parathyroid hormone-like peptide and basic fibroblast growth factor (FGF).

Composition: Given the lack of regulatory guidance on stem call preparation,
delivery technique is variable. In the case of BMSCs, cells are typically isolated via
bone marrow aspiration from the iliac crest. Cells are spun down to a concentrate in
a manner similar to PRP, followed by resuspension in culture medium. These cells
may be utilized immediately, or frozen in liquid nitrogen for later use. The stem cell
quantity or concentration needed for therapeutic effect is variable, as is the way in
which they are delivered into the osteoarthritic joint. Previously published mecha-
nisms for stem cell delivery range from BMSCs loaded onto a scaffold [115] to the
direct injection of incubated BMSCs [116]. As the cellular environment has been
shown to be critical, most preparations are suspended within a growth factor-rich
milieu. Human studies have utilized 1-12 million cell count preparations, and the
exact cell concentration and count is inconsistently reported and varies widely. How
the cells are cultured and how they are delivered remain an evolving research topic.

Efficacy: Studies utilizing autologous BMSC injection are generally encourag-
ing, although irregularities related to stem cell composition and preparation compli-
cate the interpretation of findings. A close examination of the cartilage defects
post-injection in an in vivo rat model shows evidence of hypertrophic hyaline-like
cartilage growth [117]. A synergy of BMSC therapy with PRP and physical therapy
has been suggested, with synergistic improvement in patient reported knee and
quality-of-life scores [118]. Allogeneic delivery of cultured BMSCs has also shown
promising early findings. A randomized controlled trial delivering 40 million allo-
geneic BMSCs showed a significant increase in pain and function over the 1-year
trial period [119]. While these early studies are encouraging, the lack of high-qual-
ity trials and the lack of standardized preparation protocols complicate a full assess-
ment of the benefits of BMSC therapy [120]. As a result, the AAOS currently has no
consensus opinion on stem cell therapy for osteoarthritis [24].

Side effects: There is a paucity of reported complications when utilizing stem cell
therapy other than donor site morbidity. Long-term outcomes within knees and
shoulders and with a matrix preparation have not been studied extensively owing to
the recent development of stem cell technology. Well-powered randomized con-
trolled trials examining stem cell therapy will be needed as the field develops.
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