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Summary

Osteoarthritis (OA) is a chronic degenerative joint disease
characterized by pain and progressive functional limitation.
Viscosupplementation with intra-articular (IA) hyaluronic
acid (HA) could be a treatment option in OA, however rec-
ommendations made in different international guidelines
for the non-surgical management of OA are not always
concordant with regard to the role of IA injection therapies.
Results from a recent Italian Consensus Conference under-
line how IA-HA to treat OA represents a widely used thera-
py in Italy. Specifically high molecular weight HA, cross-
linked HA, and mobile reticulum HA are considered very
useful to treat the OA joints from a great number of expert
in ltaly. These kinds of HA could reduce the NSAIDs intake,
furthermore high-molecular weight and mobile reticulum
HA are considered to be able to delay or avoid a joint pros-
thetic implant. This mini review highlights the results ob-
tained from the Italian Consensus Conference “Appropri-
ateness of clinical and organizational criteria for intra-artic-
ular injection therapies in osteoarthritis” and give further
indication about innovation in IA-HA therapies.
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Introduction

Osteoarthritis (OA) is a chronic degenerative joint disease cha-
racterized by progressive damage of articular cartilage and un-
derlying bone. It is among the most common causes of pain and
disability in European countries (1). Its estimated prevalence is 35%
among people aged 50-59 years, and 55% for people over 70 years
of age (2), while the lifetime risk for knee and hip OA is 45 (3) and
25% (4), respectively. The most important symptom of OA is pain,
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accompanied by morning stiffness, usually of short duration, that
increases during movements and reduces with rest. Moreover, joint
damage causes a progressive functional limitation (5). Intra-arti-
cular (IA) injections represent a therapy that is often used in the
management of OA to deliver the therapeutic agent directly into
the joint space. |A injection therapies seems to have a good sa-
fety profile and several products can be used (6), including steroids
(7-10), hyaluronic acid (HA) (11, 12), platelet-rich plasma (PRP)
(13) and polymerized collagen (14). Viscosupplementation (VS) with
IA-HA represents a well-established treatment option especially in
knee OA and it is included in the medical guidelines for treatment
of the disease in this joint, but it could be applied, theoretically, to
all synovial joints in order to reduce pain, improve joint function and
delay joint damage. Interestingly, recommendations made in dif-
ferent international guidelines for the non-surgical management of
OA are not always concordant with regard to the use of IA injec-
tion therapies (15). It should be borne in mind, however, that the
results and recommendations made by the various organs are of-
ten biased by significant conflicts of interest, as showed by Printz
et al. (16). Moreover, the therapeutic products used for OA are ge-
nerally considered as a class, rather than as single products. For
example, none of the guidelines makes any clear distinction between
all the different formulations of HA, thereby possibly reducing the
perceived impact of these products on the management of OA. La-
stly, information on the optimal setting for IA injections is rarely pro-
vided in the recent guidelines for the management of OA. For all
these reasons, it is crucial that the clinical issues and management
of A injections used to treat OA be defined on the basis of expe-
riences shared by clinicians who have a high level of expertise in
the use of these injections.

Results from “Appropriateness of clinical and organizational
criteria for intra-articular injection therapies in osteoarthri-
tis” a Delphi method consensus conference

From these points of view the Department of Physical Medicine and
Rehabilitation of “Sapienza” University of Rome has developed a
Delphi method Consensus Conference, on Appropriateness of cli-
nical and organizational criteria for intra-articular injection thera-
pies in osteoarthritis (17). A committee of 10 experts from Italian
universities, public hospitals, territorial services, research institu-
tes and patient associations was set up. The Consensus Board re-
viewed the literature and, on the basis of the drugs/medical devi-
ces currently available for |A injection therapies, developed the con-
sensus’ questionnaires. By analysing data from the questionnai-
res, the Board identified those statements that attained a wide con-
sensus (more than 66%), which led to the definition of the re-
commendations. Analysing the Consensus results, IA injections are
useful for mild to moderate OA of the hip, knee, ankle and shoul-
der. On the other side, the panel of experts agreed that IA injec-
tions are not useful to treat cervical and lumbar spine with OA. A
consensus was not reached, both for agreement nor for disa-
greement as regards other sites, usually treated with |A injection
therapies, like trapezium-metacarpal joint (17). The experts found
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that IA injections are suitable for grade 1l/lll OA as diagnosed ac-
cordingly to the Kellgren and Lawrence classification (17,18).

Furthermore, to select the most appropriate therapeutic product
for 1A injection therapy, the main variables taken into account by
the experts were the safety profile, the rapid symptom relief, the
long-term effect, the interaction with other therapies and also the
scientific evidence of efficacy. Moreover, the choice of the product
to be injected was also found to be influenced by the location of
the OA process. In hip OA, experts believe that high-molecular
weight HA (the distinction between high-, medium- and low-mo-
lecular weight HA was based on the product manufacturers’ in-
dications) and mobile reticulum (a partially hydrophobized deri-
vative of HA stabilized by side-chain hydrophobic interactions) (19)
HA are considered to be the most appropriate products. It is in-
teresting to notice how there is no consensus on therapies that
are widely used in everyday clinical practice, such as IA injection
therapy with corticosteroids, polymerized collagen and PRP (17).
Consequently, no recommendations could be made regarding their
use. Consensus recommendations were not found on the possi-
ble exclusion criteria for |A injection therapy. It may be specula-
ted, therefore, that the decision to exclude or not to exclude a pa-
tient from IA injection therapies needs to be evaluated on an in-
dividual basis. This hypothesis is confirmed by the agreement ex-
pressed by the experts regarding the low likelihood of minor or major
side effects following IA injections, this is in line with the good sa-
fety profile reported for these treatment modalities. In particular,
both corticosteroids and HA-IA injections are considered to relieve
patients’ symptoms. From these point of views, high-molecular wei-
ght, mobile reticulum and cross-linked HAs are, according to the
interviewed experts, the products that most effectively reduce the
systemic use of analgesic or NSAIDs, moreover IA injections with
HA are considered to be valid as a means of controlling the objec-
tive manifestations of OA (17). This finding is supported by the ex-
perts’ opinion about high-molecular weight and mobile reticulum
HA, which are considered to be capable to delay or avoid a joint
prosthetic implant (20). Considering radiologic or ultrasound gui-
dance for IA injections, it is assumed to be necessary for hip 1A
injections, but not for knee IA injections. In addiction to these con-
siderations, there is not a widespread consensus in the literatu-
re regarding the need for radiologic or ultrasound guidance when
performing IA injections. However, as opposed to unguided pro-
cedures, guided IA injections are reported to be more accurate
and safer. Indeed, guided IA injections could permit a better cli-
nical outcome in terms of joint function improvement and in a de-
creased risk of damage due to procedure accuracy. Moreover, it
should be borne in mind that imaging techniques used for IA injec-
tion are obviously extremely important in the global management
of OA patients, particularly if a differential diagnosis is needed (17).

Hyaluronic acid: injection therapies innovations

Osteoarthritis (OA) is characterized by joint pain and stiffness with
accompanying disability and loss of quality of life. All joint tissues,
including capsule, synovium, intra-articular ligaments and menisci,
bone and cartilage are involved in OA. The articular cartilage within
affected joints is degraded and lost, thus ceasing to function as
a frictionless bearing surface. While it is the ultimate loss of car-
tilage that often necessitates the need for joint replacement, sub-
chondral bone lesions and synovial/joint capsule inflammation and
fibrosis appear to be the major causes of OA pain. Current treat-
ments for OA are often limited and are either pain-relieving or in-
volve joint replacement at end-stage disease. Actually the chal-
lenge is to find treatments that could exhibit potential of structural
modifications to restore function. HA is a non-sulfated glycosa-
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minoglycan consisting of alternately repeating D-glucuronic
acid and N-acetylglucosamine units. HA exists naturally in various
animal tissues, the highest amounts of HA in the human body are
found in the extracellular matrix of soft connective tissues (21).
HA could bind to specific receptors expressed in many cells, such
as the cluster determinant 44 (CD44), the intracellular adhesion
molecule-1 (ICAM-1) and the receptor for hyaluronate-mediated
motility (RHAMM) (22, 23). The consequences of these con-
nections is to stimulate cell functional activities such as cell mi-
gration and proliferation (24). In osteoarthritic joints synovial fluid
always contains a lower concentration of HA than in healthy joints,
so |A injections therapy with exogenous kind of HA can restore
its viscoelastic properties. Globally, data indicate that IA-HA pro-
vide OA pain relief that is comparable to or greater than that ob-
served with conventional treatment, NSAID medications, intra-
articular corticosteroids, arthroscopic lavage, physical therapy and
exercise (25). In patients with OA NSAIDs consumption, in or-
der to reduce pain, is often inappropriate and strongly related to
both high gastrointestinal and cardiovascular morbidity and in-
creasing mortality rate. Instead, HA-IA treatment is well tolera-
ted and is associated with a low incidence of adverse effects (26).
Recent meta-analyses have concluded that IA-HA treatment for
OA should be considered as a longer-term therapy than other treat-
ments, with a clinically relevant effect size equivalent or greater
than other analgesics (27, 28). Furthermore, treatment with re-
peated cycles of IA-HA seems to delay surgical interventions
in knee and hip osteoarthritis as shown by several studies (29-
31). Despite this evidence, the mechanism(s) by which HA alle-
viates joint pain remains not clear. In vivo and in vitro studies have
shown various physiological effects of exogenous HA that
should contrast the mechanisms involved in OA pathogenesis.
Indeed, exogenous HA can enhance chondrocyte synthesis of
endogenous HA and proteoglycans prevent the degradation of
cartilage and promote its regeneration. Moreover, HA can reduce
the production of proinflammatory mediators and matrix metal-
loproteinases, and could reduce nerve impulses and nerve sen-
sitivity associated with OA pain. In fact, IA-HA therapy can lead
to modulation of nociceptors (32), reduction of synovial/capsu-
lar fibrosis (33), increased synthesis of higher molecular weight
endogenous HA by the resident synoviocytes (33, 34), and re-
duction in inflammatory mediators including prostaglandin-E2, IL-
1 and IL-6 (35-37). Furthermore, there is significant evidence that
IA-HA injections could reduce the rate of cartilage degeneration
in animal models of OA (38-40) but whether the same could hap-
pen in humans is unclear. Amelioration of cartilage degradation
by HA is thought to occur through enhancement of chondrocy-
te aggrecan synthesis (41, 42), reduction of matrix degrading enzy-
me [matrix metalloproteinases (MMPs) (43) and disintegrin and
metalloproteinase with thrombospondin motifs (ADAMTS) (44)],
and modification of inflammatory cytokine expression and acti-
vity (32). The latter could also being implicated in symptom mo-
dification. From these points of view it is interestingly to note how
a hexadecylamide derivative of HA (mobile reticulum HA) has su-
perior beneficial effects on human osteoarthritic chondrocytes and
synoviocytes than unmodified hyaluronan (45). In fact the more
recent types of HA are formulated to act not only on the syno-
vial fluid constitution or on joints physical characteristics, but also
on joints biologic structure, especially on its cartilaginous surfa-
ce. Moreover, a recent research (45) showed how hexadecyla-
mide derivative of HA (mobile reticulum HA) could ameliorate IL-
1-induced expression and/or activity of key matrix degrading enzy-
mes (MMP1, MMP13, ADAMTSS5), and inflammatory mediators
(IL6, PTGS2) by chondrocytes and synovial fibroblasts. This is
associated in part with a greater inhibition of cell signalling mo-
lecule (JNK, p38 and NFkB) phosphorylation in chondrocytes, to-
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gether suggesting mechanisms whereby the hexadecylamide de-
rivative of HA (mobile reticulum HA) may be beneficial. Further-
more these kind of HA could also ideally be used as a hydrogel
seeded with bone marrow-derived mesenchymal stem cells (BM-
SCs), as a method of regenerating these tissues for OA therapy.
The delivery of autologous chondrocytes (46) or mesenchymal
stem cells (MSCs) (47) for cartilage regeneration has shown some
promising results. MSCs in particular have received much attention
for their potential role in cartilage regeneration, as they are mul-
tipotent cells capable of differentiating into cartilage, bone, mu-
scle, fat and marrow stroma in response to appropriate signal-
ling pathways. HA scaffolds have been well established as a bio-
material (48) for MSC delivery. HA hydrogels have been used to
induce MSC osteogenesis, adipogenesis and keratinogenesis (48)
in vitro. Chung et al. reported that delivery of MSCs in HA hy-
drogels promoted chondrogenic gene expression (49). Finally HA
is known to directly interact with the fibrin precursor fibrinogen
through reversible complex ionic interactions (50).

In addition to these considerations about IA-HA injection thera-
pies for OA, HA is recently been used as peri-tendineous injec-
tion to treat tendinopathies as the epicondylitis (51), the patellar
tendinopathy and the insertional Achilles tendinopathy (52).
Finally, the more recent treatments for osteoarthritic joints, and
other musculoskeletal conditions, should be studied not only with
conventional radiology but also from a biomechanical point of view
in order to understand joint’s kinematic and kinetic thee dimen-
sional alterations due to the pathological process. This kind of stu-
dies could be conducted in a laboratory of movement analysis (53),
or using a wearable inertial sensor in order to assess joint mobi-
lity and muscle strength (54).

Conclusion

HA is an useful tool in the management of patients with osteoarth-
ritis, literature data seem to indicate its ability to reduce pain and
improve joint function, with a potential structure modifying activity.
Results from a recent Consensus Conference, on Appropriateness
of clinical and organizational criteria for intra-articular injection the-
rapies in osteoarthritis (17), showed how in hip OA, experts be-
lieve that high-molecular weight HA and mobile reticulum (19) HA
are considered to be the most appropriate products. Furthermo-
re, IA injections using high molecular weight HA, cross-linked HA,
and mobile reticulum HA are also considered very effective from
a great number of expert in ltaly, to treat OA. In fact, these kind
of HA could reduce the NSAIDs intake, furthermore high-molecular
weight and mobile reticulum HA are considered to be able to de-
lay or avoid a joint prosthetic implant. Furthermore hexadecyla-
mide derivative of HA (mobile reticulum HA) has superior bene-
ficial effects on human osteoarthritic chondrocytes and synoviocytes
than unmodified hyaluronan. Imaging techniques used for IA injec-
tion guidance may be extremely important in the management of
patients with OA, specifically the radiologic guidance represent
a fundamental help in order to perform hip joint injections (17).
Further research are needed to evaluate the long-term clinical ef-
fect of 1A injection with MSC using HA as scaffold. Moreover, HA
peri-tendineous injections could be used with success to treat ten-
dinopathies as the epicondylitis (51), the patellar tendinopathy and
the insertional Achilles tendinopathy (52). In conclusion, considering
its clinical and structural effectiveness and its tolerability, therapy
with HA can be considered as a long-term therapy.
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