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1. INTRODUCTION

Osteoarthritis (OA) is a degenerative joint disease that frequently affects the hands and
weight-bearing joints of the body. Also, OA is considered as one of the main causes of
functional disability in adults. The patient with OA is suffering not only from persistent pain,
stiffness, and limited mobility. However, it also directly affects their quality of life with physical
and/or mental co-morbidity. OA substantially increases health care expenditures which are
estimated at around $ 128 billion [1]. When considering productivity loss due to OA, estimates
are between 0.25 and 0.50% of the Gross Domestic Product (GDP) [1].

OA is poorly understood because of its vast complexity and interplay of various
biological factors such as genetic alterations, sex hormone deficit, and aging. Much recent
evidence has focused on molecular markers that are implicated in the stress-induced senescent
state of chondrocytes. The term “Chondrosenescence” has been currently used to describe the
age-dependent deterioration of chondrocyte function.

The therapeutic approaches for OA are limited because of its complex pathophysiology.
According to the Osteoarthritis Research Society International (OARSI) Guidelines and
recommendations for OA management, a core set of evidence based-modalities of therapy has
been established. These modalities included non-pharmacological such as patient education and
awareness, physical exercise, and rehabilitation aids. The pharmacological modalities vary from
the prescription of acetaminophen, non-selective NSAIDs and selective COX-2 inhibitors agents,
and even opioid prescription. NSAIDs are the most prescribed agents for OA. Despite NSAIDs'
established effectiveness in relieving the pain with OA, their long-term use is associated with
potentially harmful adverse effects. Besides, there is wide heterogeneity in their personalized
response because of the pharmacogenomics interactions [2].

The other potential non-operative therapeutic methods are chondroitin sulfate,
glucosamine, and intraarticular injections of visco-supplements, CS, or blood-derived products.
However, there is a controversy about their complete efficacy and long-term safety in improving
the patients symptomatically. Remarkably, physical therapy such as mind-body exercise,
strength training exercises, and aerobic exercises has all shown some promising results in
improving the OA prognosis as long as the patients are consistently compliant with their physical
therapy regimen.  Nutritional supplements such as dimethyl sulphoxide and
methylsulfonylmethane (MSM, present in green plants, fruits, and vegetables) have been tried
with limited success. Over the last decades, there is an ongoing trend to use Intra-articular
injections of either CS, analgesics/anti-inflammatory drugs, polymerized collagen, anti-cytokine

drugs, or hyaluronic acid as alternative modalities to maximize the topical effect and minimize
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the systemic adverse effects [3]. Each injection has been shown to lower the pain in patients in
some form, though hyaluronic acid treatments seem to be the safest and last the longest.

This paper aimed to highlights the current advances of Hyaluronic acid-based therapy for
osteoarthritic patients. The literature search was performed through several search databases
such as PubMed, Embase, and Web of science using wide-spectrum Keywords: Hyaluronic acid,
hyaluronate injection, visco-supplements; intraarticular; knee, ankle, hip; osteoarthritis, cartilage
degeneration. All prospective randomized controlled and retrospective observational cohort trials

investigating the efficacy and safety of intra-articular injection of HA were considered for

inclusion.



2. REVIEW OF THE LITERATURE
2.1. EPIDEMIOLOGY AND SOCIO-ECONOMIC BURDEN OF

OSTEOARTHRITIS (OA)

Most of the published data on prevalence derive from population-based radiographic
surveys. Plain radiographs are insensitive to early disease, and therefore, these studies tend to
underestimate disease occurrence. In a survey of individuals with neither radiographic signs nor
symptoms of OA, by magnetic resonance imaging, a more sensitive indicator of joint damage,
abnormalities thought to be associated with knee OA was detected in 89% of cases [4]. Estimates
of the occurrence of OA vary in part according to the definition used to categorize disease and
also characteristics of the study population including age [5].

In the Framingham study, the prevalence of radiographic knee OA (age 63-94 years) was
estimated as 33%, with the prevalence slightly greater in women than in men (34% vs 31%). The
prevalence of symptomatic knee OA in the same study was 9.5% and significantly greater in
women than in men (11.4% vs 6.8%) [6]. Focusing on knee symptoms, data from the UK
suggest that one in four people aged 55 years and older report a significant episode of knee pain
in the past year, with half of those (12.5%) reporting some associated disability. In the
Framingham study, the prevalence of both symptomatic and radiographic OA increased with
age, although there was a less marked increase in men. Among women, the prevalence of
symptomatic knee OA increased from 7.6% in those aged less than 70 years, increasing to 15.8%
in those aged 80 years and older. Data from a large Dutch survey, which included a wider age
range, confirm an increase in the prevalence of radiographic knee OA, with age beginning at
approximately 45 years in both men and women, with a greater apparent increase with age in
women than in men [7]. There is also some evidence from the Framingham study of a trend for
20 years towards an increase in the prevalence of symptomatic, although, interestingly, without
any increase in the prevalence of radiographic knee OA [8].

There is a relative paucity of data concerning the prevalence of hip OA. Using data from
the Framingham study, the age-standardized prevalence of radiographic hip OA in men and
women over the age of 50 years was 19.6% and of the symptomatic hip, OA was 4.2%. In this
study, the prevalence of radiographic OA was greater in men than in women (24.7% vs 13.6%),
while the prevalence of symptomatic hip OA was broadly similar (5.2% vs 3.0%) [9]. Data from
other studies, however, suggest parity in the radiographic prevalence of the disease in men and
women. The hand is the peripheral joint site most frequently affected by OA. Using data from
the Framingham study (mean age 58.9 years), the age-standardized prevalence of radiographic
OA was slightly higher in women (44.2%) than in men (37.7%). The gender effect was more
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marked for symptomatic OA (15.9% vs. 8.2%) and also erosive OA (9.9% vs 3.3%). Concerning
OA at other joint sites, the prevalence of hand OA increases with age in both men and women
[10].

Incidence Using data from the Fallon Community Health Plan, a health maintenance
organization in Central Massachusetts, among adults aged 20e89 years, the age- and sex-
standardized incidence of knee OA was 240/100,000 person-years, hip OA was 88/100,000
person-years, and hand OA was 100/100,000 person-years. Incidence increased with age,
however, with a leveling off or decline at older ages (>80 years) and with rates greater in women
than in men, especially after the age of 50 years [11]. Data from Chingford suggest an annual
cumulative incidence of 2.3% of radiographic knee OA in women, whereas, in the Framingham
study, the cumulative incidence of hand OA for 9 years was 34.6% for women and 33.7% for
men [10].

Lifetime risk Using data from the Johnston County OA project, it is has been estimated
that 40% of adults from the age of 45 years will develop symptomatic hand OA by the age of 85
years for those who live up to that age; this is similar to the corresponding risk of symptomatic
knee OA (45%), which is greater than that for hip OA (25%). Using data based on self-report,
however, from the US National Health Interview Survey, the lifetime risk of symptomatic knee

OA from the age of 25 years was significantly lower at 14% [12].
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Figure 1: Osteoarthritis incidence

Age-specific and gender-specific incidence (per 1000 person-years) of knee osteoarthritis (blue), hand osteoarthritis (green), and
hip osteoarthritis (red).1 These data are representative of the general population from Catalonia (Spain).



2.2. ETIOLOGICAL ISSUES AND PATHOGENESIS OF OA

Age is one of the most evident risk factors for OA. The increasing incidence of OA with
age is a result of cumulative exposure to various risk factors and biological age-related changes
in the joint structures.

For knee OA, strong evidence indicates a variety of moderate to strong risk factors,
including female sex, obesity, and previous knee injury. Knee malalignment is also a moderate
to the strong risk factor and knee extensor muscle weakness is likely to be a weak risk factor. For
hip OA, risk factors such as female sex and obesity are less pronounced, but hip deformities such
as cam deformity or acetabular dysplasia moderately to strongly increase risk. Cam deformity
and mild dysplasia increase the risk of OA especially in the middle aged (55-65 years), but not
in the older population (65 years and older), whereas severe dysplasia is strongly associated with
hip OA and leads to its development at an early age (less than 50 years) [13].

Heavy work activities are risk factors for both hip and knee OA; employment in farming
or the construction industry is especially associated with hip OA, and work that involves
frequent kneeling and heavy lifting is associated with knee OA. Several high-impact sports (eg,
football, handball, hockey, wrestling, weight-lifting, and long-distance running) have been
reported as moderately to strongly associated with an increased risk of hip OA or knee OA, often
with a dose-response dependency. For knee OA, the increased risk with sport is partly because of
knee injuries; for hip OA, the risk might be associated with the presence of cam impingement,
which can develop during sporting activities in adolescents [13].

The contribution of genetics in OA is estimated to be between 40% and 80%, with a
stronger genetic contribution in hand and hip OA than for knee OA. Rare mutations in
monogenetic disorders associated with OA have a large effect, resulting in early-onset OA. In
contrast, late-onset OA is often multifactorial and caused by many common DNA variants
together with other risk factors. The effect size of these common variants is generally small [14].

The complex pathogenesis of OA involves mechanical, inflammatory, and metabolic
factors, which ultimately lead to structural destruction and failure of the synovial joint. The
disease is an active dynamic alteration arising from an imbalance between the repair and
destruction of joint tissues, and not a passive degenerative disease or so-called wear-and-tear
disease as commonly described.

During the OA process, cartilage composition changes and the cartilage loses its
integrity. The compositional changes alter the cartilage material properties and increase its
susceptibility to disruption by physical forces. Initially, erosions are only at the surface; then
later more deep cartilage fissures are followed by the expansion of the calcified cartilage zone. In



an attempt at repair, the hypertrophic chondrocytes exhibit increased synthetic activity, but in
doing so generate matrix degradation products and pro-inflammatory mediators that deregulate
chondrocyte function and act on the adjacent synovium to stimulate proliferative and
proinflammatory responses. Proliferating synoviocytes also release pro-inflammatory products;
this process is accompanied by tissue hypertrophy and increased vascularity. In the subchondral
bone, bone turnover is increased, and vascular invasion takes place, going from the subchondral
bone, through the tidemark, and into the cartilage. This bone remodeling and repair is also
associated with the development of subchondral bone marrow lesions. The osteophytes that
develop at the joint margins through reactivation of endochondral ossification are strongly
affected by inflammatory biological factors, but also by overload and abnormal joint kinematics
[15].

OA is typically described as a heterogeneous disease with a wide range of underlying
pathways, which lead to similar outcomes of joint destruction.45 In this context, OA can be
considered as a syndrome rather than a single disease. Each of the common OA risk factors
might instigate a different mechanistic pathway leading to OA, such that the mediators that
promote the development of OA in older adults might be different from those that promote OA
after a joint injury in a younger adult or obese individuals. Several stratifications have been
proposed based on specific pathological processes to classify different mechanistic subgroups,
which include an increased inflammatory component, mechanical overload, metabolic
alterations, and cell senescence [16]. These mechanistic phenotypes probably overlap and
warrant further validation.

Patients with OA experience pain as the most disabling symptom. Pain is a major driver
of clinical decision making and health service use and is best framed within a biopsychosocial
model (figure 2). Morning stiffness, reduced range of motion, crepitus, joint instability (buckling
or giving-way), swelling, muscle weakness, fatigue, and pain-related psychological distress are

also seen frequently in patients with OA [13].
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Figure 2: The cause of pain in osteoarthritis within a biopsychosocial model

2.3.GENERAL OA PRESENTATION AND THE UNDERLYING PATHOGENESIS

Pain, stiffness, disability, and fatigue are indicative of all subtypes of OA. However, their
prevalence and severity vary widely between patients. Patients in a different setting, such as
from primary, secondary, or tertiary care, report different levels of symptoms and signs and

therefore the setting has to be taken into account when studying symptoms and signs.

2.3.1. Pain

Pain is multidimensional and varies throughout the day. Usually, pain aggravates during
the day with the use and activities of the OA joint and declines at the end of the day. Pain can be
located in the OA joint or beyond and has many origins. Local pain can be ascribed to structural
changes and local processes in the OA joint, so-called nociceptive pain. Hyaline articular
cartilage is not innervated and cartilage deterioration in itself cannot generate pain, but the other
joint tissues synovium, subchondral bone, joint capsule, and periosteum, can. Mild synovial
inflammation is prevalent in OA and could lead to pain via inflammatory mediators such as
cytokines and prostaglandins, as ultrasonography studies. Another local source of pain is the
subchondral bone, where processes of fibrosis and trabecular bone turnover visualized as ‘bone
marrow lesions’ on MRI are associated with pain [17]; also bony enlargements at the joint
margins are suggested to be associated with pain. Local nociceptive pain can also be generated
or aggravated by extra-articular structures that are secondary to OA, such as bursitis, tendinitis,

or tension on ligaments [15].
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Another type of pain, originating from changes in the central nervous system— so-called
central pain—is recognized to be frequent in OA. Central pain is characterized by its multifocal
or widespread character, diffuse hyperalgesia, allodynia, lower thresholds for pain, and the
association with other centrally mediated factors, such as fatigue, sleep disturbance, and

depression. Central pain is familial and genetic factors seem to be involved [18].

2.3.2. Stiffness

The majority of patients with OA experience stiffness. Stiffness occurs after awakening
in the morning and in general its duration is relatively short. In studies in 100 and 50 patients
with knee or hip OA and hand OA, respectively, that investigated the multidimensionality of
discomfort in OA patients the mean duration of morning stiffness was 14.5 minutes and 38
minutes respectively. Furthermore, stiffness occurs frequently after prolonged activities, such as
sitting or lying [19]. Stiffness in OA often follows a circadian rhythm, with the highest levels in
the morning, suggesting an inflammatory influence [20]. Stiffness after inactivity is considered
to be mechanically driven, although the association between self-reported stiffness and
radiographic OA severity is relatively poor, as is also the case for the association with other self-

reported symptoms.

2.3.3. Disability

Pain and deformities in the joint and surrounding tissues through the OA process result in
loss of functioning. A wide spectrum of problems can be observed in patients with OA,
depending on the joints affected and on the stage of the condition. The International
Classification of Function, Disability, and Health (ICF) approved by the World Health
Organization offers a multidimensional framework to define this spectrum of typical problems in
the functioning of patients with OA. For OA, preliminary ICF core sets have been defined that
have been validated [21]. Impairments due to OA are decreased joint mobility, malalignment,
dislocation, decreased strength, abnormal muscle function, and abnormal gait pattern (limping).
As a consequence, the execution of tasks and actions can be limited and harm participation and
involvement in life situations. Domains that can be limited in patients with OA are mobility,
self-care, domestic life, intimate relationships, remunerative employment, community life, and

recreation and leisure [22].

2.3.4. Joint tenderness

Joint tenderness is the result of pressure or joint movement during physical examination.
Pressure on the knee— also called bony tenderness— is part of the classification criteria set for
knee OA. An index for joint tenderness has been developed by Doyle and colleagues, which was
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a modification of the widely used Ritchie index for rheumatoid arthritis. The Doyle index
assesses 48 joints or joint groups, based on the pattern of joint involvement in OA. Tenderness is
graded by pressure on the lateral joint margin or by passive joint movement on a four-point
scale; the total score ranges from 0 to 144. Joints with the prosthesis are not graded and not
included in the score. The reliability of the score is good and it is easy to perform. Modifications

of the Doyle index, only incorporating the hands or knees and hips, have been investigated [23].

2.3.5. Fatigue and sleep disturbances

Patients experience considerable amounts of fatigue with an important impact on their
lives [24]. Clinically relevant levels of fatigue are reported by 40— 66% of patients with knee or
hip OA consulting outpatient clinics. OA-related fatigue has been linked with older age, greater
pain, worse health status, psychological factors, such as depression and physical function [25].

Individuals with OA often suffer from poor sleep. In a community-based cohort of the
knee and hip OA patients, 70% reported poor sleep. Sleep disturbances included both difficulty
in falling asleep, interruption of sleep, and early morning awakening. Poor sleep was associated
with (nocturnal) pain, greater OA severity, and psychosocial factors, and is an important
contributor to fatigue [26].

2.4. JOINT-SPECIFIC SYMPTOMS AND CLINICAL SIGNS

OA can affect any joint in the body and is especially prevalent in the hands, knees, hips,
facet joints, and big toes. Many symptoms or signs are joint-specific, such as bony enlargements,
malalignment, and deformity decreased range of motion and decreased performance, the

presence of soft tissue swelling with or without effusion or warmth.

2.4.1. Knee OA

Knee pain in early OA is experienced during activities, like walking, stair climbing, and
bending. In more advanced stages, knee OA is also experienced at rest. Patients with knee OA
experience limitations in function, such as in getting out of a chair, ascending and descending
stairs, walking, kneeling, or squatting. These symptoms and signs can be the result of OA in the
different compartments of the knee; both isolated tibiofemoral and patellofemoral OA are
associated with pain and decreased function. However, symptoms and signs do not seem to be
specific for patellofemoral or tibiofemoral OA. Patterns and localization of knee pain in OA are
rather unclear. A knee pain map was developed to assess knee pain in more detail. A study using
the interviewer-administered knee pain map showed that in most painful knees with OA or at
risk for OA, the pain is localized (pointed out by one or two fingers), especially at the medial

joint line, patella, or lateral joint line; regional or diffuse knee pain is less frequent. Especially
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regional knee pain is reported by women, diffuse knee pain by people with a higher body mass
index (BMI), and localized knee pain by younger individuals [27].

Crepitus in the knee is an audible grinding noise or palpable vibration in the knee that is
detected by the hand of the examiner on the knee of the patient. Crepitus can be assessed during
active motion of the knee or passive flexion or extension of the knee. Crepitus can be assessed
specifically for different compartments of the knee, being the patella, medial and lateral
tibiofemoral joints, or as general crepitus. The reliability to assess crepitus differs considerably
between studies. In a study by Cibere and colleagues investigating the reliability of different
forms of crepitus, general passive crepitus was most reliable. Crepitus on active motion assessed
with the hand of the examiner on the patella was present in 44.2% of 891 participants aged 45
years or older from the community. Crepitus seems especially associated with patellofemoral
OA, although its value to diagnose patellofemoral OA is unclear [28].

Bony enlargement and decreased range of motion, together with crepitus, are among the
most useful signs to diagnose knee OA. Bony enlargement can be palpated at the joint line
during physical examination. It can be assessed fairly reliable. The underlying origin for bony
enlargement is not so clear, since it has been scarcely investigated. In a recent study comparing
physical examination with structural abnormalities on radiographs or MRI, no associations with
bony enlargements were found [29]. Knee flexion in knee OA is decreased. In a community-
dwelling elderly population, restricted knee flexion was associated with knee pain, female sex,
and BMLI. In a cohort of patients with early symptomatic knee, OA impaired knee flexion was
associated with severe pain on knee flexion, bony enlargement, medial tibiofemoral osteophytes,
crepitus, and BMI. The range of motion can be assessed by a goniometer. In more advanced
stages of knee OA, a flexion contracture or fixed knee flexion deformity can be found; the knee
cannot fully extend to 0° which results in a leg length difference. Fixed flexion deformity will
affect muscle function and gait. A flexion contracture can be reliably assessed [22].

Alignment of the knee is defined by the line from the hip (mid femoral head) to (mid)
ankle. Varus alignment is represented by a line that passes medial to the knee, whereas valgus
alignment is represented by a line lateral of the knee. Both varus and valgus malalignment are
prevalent signs. In a population-based study in elderly patients, radiographic varus and valgus
alignment were observed in 26% and 36% of knees, respectively. Alignment is an important
biomechanical factor of loading; a shift from a neutral alignment disturbs the load distribution of
the knee. Static alignment is seldom measured clinically, although it has been shown that
alignment can be measured by a goniometer, at the inspection, or by condylar distance in a
reliable way. Usually, it is assessed on radiographs, preferably on full- limb radiographs, but

alternatively on AP radiographs. Longitudinal studies have shown that radiographically defined
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malalignment is associated with the development and progression of knee OA [30]. Varus
malalignment in particular plays an unfavorable role in overweight and obese people.

Instability of the knee is the sudden loss of postural support across the knee at the time of
weight-bearing and this experience by patients is assessed by their self-report of ‘giving way,
buckling or shifting of their knee’. In the community, it is reported by 10% of the adults,
especially in those with radiographic signs of knee OA, knee pain, or decreased quadriceps
strength. In patients with knee OA, the prevalence is higher and reported by the majority. Knee
instability contributes to decreased physical function [31].

Effusion and warmth can be found during the physical examination, and are thought to
reflect inflammation or a ‘flare’ in the OA knee joint. During a ‘flare’ these signs are often
accompanied by increases in pain and morning stiffness. In a European study of 600 patients
with painful knee OA, 34% had joint effusion during physical examination. Studies investigating
the reliability to assess effusion and soft tissue swelling during the physical exam are variable:
some report moderate reliability between observers, whereas others show good reliability.
Effusion assessed during a physical exam is associated with effusion assessed with
ultrasonography [32]. Warmth is less well studied and appears less reliable.

To measure knee pain or physical function in knee OA many questionnaires are
available, some more used than others. The most widely used are the KOOS and the subscales of
the WOMAC. Multiple single- and multi-activity measures exist to assess actual physical
function in patients with knee OA. However, not all these tests have been evaluated sufficiently
for their metric properties. In a systematic review summarizing performance-based tests for
evaluation of patients with either knee or hip OA, the best evidence was found for the 40-meter
self-paced walk test, the 30-second chair—stand the test, and the Timed Up and Go test. The best-
rated multi-activity measures were the Stratford Battery, Physical Activity Restrictions, and the
Functional Assessment System [33]. The recommended minimal set by OARSI includes the 30-

second chair—stand test, 40-metre fast-paced walk test, and a stair-climb test [34].

Clinical and laboratory Clinical and radiographic Clinical
Knee pain + Knee pain + Knee pain +
At least 5 of 9: At least 1 of 3: At least 3 of 6:
e Age > 50 years e Age > 50 years e Age > 50 years
e Stiffness < 30 min e Stiffness <30 min e Stiffness < 30 min
o Crepitus o Crepitus o Crepitus
e Bony tenderness + Osteophytes e Bony tenderness
e Bony enlargement e Bony enlargement
e No palpable warmth ¢ No palpable warmth
e ESR <40 mm/ hour
e RF<1:40
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e SFOA

Table 1: American College of Rheumatology classification criteria sets for knee osteoarthritis

ESR, erythrocyte sedimentation rate; RF, rheumatoid factor; SF OA, synovial fluid signs of osteoarthritis (clear, viscous, or
white blood cell count < 2000/ mma3).

2.4.2. Hip OA

Hip OA can result in pain at rest and on movement in the hip region and can have an
intermittent or constant character, as described above. However, due to its deep location and the
presence of many extra-articular structures in the pelvic and inguinal region as potential causes
of pain, it can be difficult to distinguish intra-articular pain that results from OA in the hip joint.
Pain in the groin and thigh region is generally considered as associated with hip OA. Pain in the
knee or lower leg, and in the buttock, can also be the result of hip OA— referred pain—
although alternative explanations, such as lumbosacral spondylosis or knee OA, have to be
considered [35]. Specific symptoms and signs of functional disability due to hip OA are
limitations, such as joint mobility (limping), walking, stair climbing, bending to the floor, and
putting on socks.

Hip OA results in limitations in all movements of the hip joint; limitations in internal
rotation and flexion are used to classify OA. Active or passive movement of the hip joint may be
painful. Hip movement in healthy elderly patients depends on sex, BMI, and ethnicity, and also
varies between individuals. Therefore, a comparison of left to right in a patient is helpful to
assess a decreased range of motion. The range of motion can be assessed with a two-arm
goniometer. Internal rotation and flexion are considered the most reliable measures. Deformities
in end-stage hip OA result in fixed flexion with exorotation, accompanied by a shortening of the
affected extremity.

Decreased muscle strength, as assessed by a dynamometer, of the affected extremity is
seen in hip OA, also with muscle atrophy. Knee and hip extensors and flexors especially are
involved and to lesser extent hip adductors and abductors [36]. In severe hip OA, a positive
Trendelenburg sign can be seen. Both decreased range of motion and muscle weakness adds to
disability in hip OA.

To measure hip pain and physical function in OA many questionnaires are available,
some more used than others. The most widely used for hip OA are the Hip Injury Osteoarthritis
Outcome Score-short form (HOOS-PS) and the subscales of the WOMAC. The recommended
performance-based tests to evaluate actual physical function in patients with hip OA are similar

to those recommended to evaluate knee OA [33].
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Clinical and laboratory Clinical, laboratory, and radiographic

Hip pain + Hip pain +

e Hip internal rotation < 15° at least 2 of the following 3 features:

e ESR < 45 mm/ hour (if not available, e ESR<20mm
substitute hip e Radiographic femoral or acetabular
flexion < 115°) osteophytes
OR e Radiographic joint space narrowing
Hip internal rotation > 15° superior, axial and/ or medial)

Pain on hip internal rotation
Morning stiffness of the hip <60 min
e Age > 50 years

Table 2: American College of Rheumatology classification criteria sets for hip osteoarthritis

ESR, erythrocyte sedimentation rate.

2.4.3. Hand OA

In general, hand OA is a polyarticular disease, which affects distal interphalangeal joints
(DIPJs) most frequently, less frequently first carpometacarpal joints (CMCJs) and proximal
interphalangeal joints (PIPJs), and the least frequently metacarpophalangeal (MCPJs). OA in the
wrist is rarely seen. The involvement follows a specific pattern: clustering is seen primarily
symmetrically and by row (DIPJ, PIPJs, MCPJs), and to a lesser extent by ray OA in the thumb
base, the first CMCJ with or without scapho-trapezoid joint OA, can co-occur with other joints
in the first ray: the first interphalangeal joint (IPJ), first MCPJ, first CMCJ and scapho-trapezoid
joint, or with OA at other sites in the hand [37].

Important symptoms in hand OA are hand pain and a decrease in physical function,
affecting daily activities such as writing, carrying, household activities, and handling small
objects. The severity of these symptoms differs between subsets of hand OA. In community-
based studies, people with erosive OA had more pain and more hand disability [38] than people
with non-erosive radiographic hand OA. Patients with erosive OA also experience worse hand
mobility and less satisfaction with hand function and aesthetics than those with non-erosive hand
OA. Both erosions and nodes seem to contribute to this high clinical burden. The contribution of
thumb base OA to hand pain and disability is controversial. Patients, from both primary and
secondary care, with combined finger and thumb base OA report most pain and disability.
Moreover, hand pain and reduced grip strength were especially associated with radiographic
thumb base OA, when compared with OA in other hand joint groups [39].

Bony enlargements and/ or nodes and deformities being lateral deviation of IPJs or
subluxation and adduction of the first CMCJs are typical clinical hallmarks of hand OA. These
signs occur with or without symptoms. Nodes have been associated with underlying structural
abnormalities, such as osteophytes on radiographs. Several hypotheses about their formation in

hand OA are available, such as the notion that these nodes are traction spurs, which can fuse
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with osteophytes. Bony enlargements in DIPJs and PIPJs— Heberden’s and Bouchard’s nodes,
respectively— can be reliably assessed during physical examination [40].

In hand OA, hand strength, as assessed by grip strength or pinch grip strength, and hand
mobility are decreased. Also, clinical signs of synovitis can be found in hand OA, especially in
erosive or inflammatory hand OA, with soft tissue swelling and overlying redness accompanied
by pain.

To diagnose thumb base OA, the grind test (compressing the joint axially whilst rotating
the thumb) was suggested; the reliability for confirming or excluding the diagnosis was moderate
(specificity 80%, sensitivity 53%). To assess hand pain or physical function in hand OA several
questionnaires are available. The most widely used for hand pain is the AUSCAN pain subscale
and for function the Functional Index for Hand OA (FIHOA) [179] and the AUSCAN function
subscale. Multiple tests exist to assess the performance of the hands in patients with OA, such as
the Grip Ability Test, Moberg Pickup Test, Arthritis Hand Function Test, and the Jebsen—Taylor
Hand Function Test. The metric properties of these tests are not extensively tested in patients
with hand OA [41].

v

Clinical A
Pain, aching, or stiffness + 3 of 4 of the following features:
Hard tissue enlargements of 2 or more of 10 selected joints
Hard tissue enlargements of 2 or more DIP joints

Fewer than 3 swollen MCP joints

o Deformity of at least 1 of 10 selected joints
Table 3: American College of Rheumatology classification criteria for hand osteoarthritis

DIP, distal interphalangeal; MCP, metacarpal phalangeal.

2.4.4. Facet joint OA

OA in the synovial facet joints is associated with other degenerative processes in the
spine, being the degeneration of the disc and formation of vertebral osteophytes. Degenerative
abnormalities in the spine are highly prevalent and especially seen in the cervical and lumbar
region.

Low back pain and neck pain are highly prevalent with high impact, as evidenced by
their position in the top ten of causes of living with disability in the Global Burden of Disease
Study 2010. In a recent systematic review with meta-analysis, radiographic disc degeneration
and to a lesser extent radiographic vertebral osteophytes were shown to be associated with low
back pain [42]. However, in the same review, no association with radiographic facet joint OA
was seen. Epidemiological studies using computed tomography scanning, which is better suited
to visualize facet joint OA, in the community, had equivocal results [43]. However, facet joints

are well innervated and studies using irritating injections in the facet joints of normal volunteers
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and injections with anesthetics to block pain in patients with painful facet joint OA, suggest that
facet joint OA is associated with pain in the neck or lower back with some degree of radiation
into the upper or lower limbs. Osteophytes and deformities at the facet joint can cause
impingement of spinal nerve roots, which can result in radicular pain or neurogenic claudication.
Pain resulting from neurogenic claudication is especially seen with walking or extending of the

back and relieved by bending of the waist, such as during bicycling.

2.4.5. Shoulder and elbow OA

OA in the shoulder can affect the acromioclavicular and glenohumeral joints especially in
the elderly and lead to self-reported shoulder pain (in acromioclavicular OA superiorly) and joint
tenderness on palpation. Glenohumeral OA is associated with crepitus, decreased range of
motion (flexion and external rotation), and altered scapulohumeral rhythm. Shoulder pain is
associated with decreased range of motion. In acromioclavicular OA, pain can be elicited by the
cross-body adduction test [44].

OA in the elbow joint—humeroulnar, humeroradial, or radioulnar—is rare, and
especially seen in middle-aged men. In the literature, case series of patients with elbow OA are
presented, Nodes or bony enlargements with deformities in hand osteoarthritis. mostly to
evaluate surgical procedures. Patients report pain on use, during motion or in full extension or
flexion, and morning and inactivity stiffness. In an early stage, loss of terminal extension
develops, and later on, flexion and extension are further restricted; supination and pronation can
be restricted as well. Locking during movement and crepitus can be experienced. Clinical signs
of synovitis can be seen. In the end stages, patients report paraesthesia in the small and ring
fingers, indicative of irritation of the ulnar nerve or decreased sensibility and weakness due to
ulnar neuropathy [45].

2.4.6. Ankle and foot OA

OA in the foot is highly frequent and results in foot pain, aggravated by walking, and
disability. It preferentially affects the first metatarsophalangeal joints (MTPJ), often bilateral,
and less frequently the other MTPJs, PIPJs, and midfoot; the latter often in conjunction with pes
planes. Bony enlargements at the first MTPJ can be palpated accompanied by decreased range of
motion (hallux rigidus). Hallux valgus, angulation of the big toe, is highly frequent and
suggested to be a component of generalized OA. Bony enlargements and malalignment can lead
to a bunion or bursitis overlying the first MTPJ at the medial site due to pressure from shoes.
Ankle OA is rare and mostly secondary to trauma. Symptoms include pain, stiffness, and
disability. Signs are gait abnormalities, limping, hindfoot malalignment (varus or valgus), and

decreased dorsal and plantar flexion, and decreased inversion and eversion. Besides, decreased
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standing balance and lower muscle atrophy are suggested. Finally, deviations in ankle joint

alignment due to knee OA resulting in changed ankle mechanics can be seen [46].

2.5. IMAGING FOR OA

The increasing importance of imaging in OA for diagnosis, prognostication, and follow-
up is well recognized by both clinicians and OA researchers. While conventional radiography is
the gold standard imaging technique for the evaluation of known or suspected OA in clinical
practice and research, it has limitations that have become apparent in the course of large MRI-
based knee OA studies [4]. Pathological changes may be evident in all structures of a joint with
OA although traditionally researchers have viewed articular cartilage as the central feature and as

the primary target for intervention and measurement.

2.5.1.1.Conventional radiography

Radiography is the simplest, least expensive, and most commonly deployed imaging
modality for OA. It enables the detection of OA-associated bony features such as osteophytes,
subchondral sclerosis, and cysts [47]. Radiography can also determine joint space width (JSW),
which is a surrogate for cartilage thickness and meniscal integrity in knees, but direct
visualization of these articular structures is not possible. Despite this limitation, slowing of
radiographically detected joint space narrowing (JSN) remains the only structural endpoint
currently approved by the U.S. Food and Drug Administration (FDA) to demonstrate the
efficacy of disease-modifying OA drugs in phase Il clinical trials. OA is radiographically
defined by the presence of marginal osteophytes. Worsening of JSN is the most commonly used
criterion for the assessment of structural OA progression and the total loss of JSW (‘‘bone-on-
bone’’ appearance) is one of the indicators for joint replacement.

We now know cartilage loss is not the only contributor to JSN but that changes in the
meniscus such as meniscal extrusion and meniscal substance loss are also causative factors. The
lack of sensitivity and specificity of radiography for the detection of OA associated articular
tissue damage and its poor sensitivity to change longitudinally are other limitations of
radiography. Changes in knee positioning can also be problematic in longitudinal studies and can
affect the quantitative measurement of various radiographic parameters including JSW. Despite
these limitations, radiography is still the gold standard for establishing an imaging-based

diagnosis of OA and for the assessment of structural modification in clinical trials of knee OA.

2.5.1.2.0ther radiography-based techniques
Interestingly, two older methods — tomosynthesis and bone texture analysis — have

experienced a revival recently. Tomosynthesis generates an arbitrary number of cross-sectional
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images from a single pass of the X-ray tube. A recent study showed that tomosynthesis is more
sensitive in the detection of osteophytes and subchondral cysts than radiography, using 3T MRI
as the reference. Moreover, tomosynthesis was shown to offer excellent intrareader reliability
regardless of the reader experience. Quantification of JSW using tomosynthesis has also been
reported. Bone texture analysis extracts from conventional radiographs information on the two-
dimensional trabecular bone texture that relates directly to three-dimensional bone structure. It
has been shown that bone texture may be a predictor of the progression of tibiofemoral OA [48].

2.5.1.3.MRI

Because of the high cost, MRI is not routinely used in the clinical management of OA
patients. However, MRI has become a key imaging tool for OA research thanks to its ability to
assess pathology in structures not visualized by radiography i.e. articular cartilage, menisci,
ligaments, synovium, capsular structures, fluid collections, and bone marrow. With MRI the
joint can be evaluated as a whole organ and multiple tissue changes can be monitored
simultaneously; pathologic changes of pre-radiographic OA can be detected, and biochemical
changes within joint tissues such as cartilage can be assessed before morphologic changes
become evident. An MRI-based definition of OA is available [49]. Also, with MRI, OA can be
classified into hypertrophic and atrophic phenotypes, according to the size of osteophytes and
concomitant presence or absence of JSN. Importantly, the use of MRI has led to significant
findings of the association of pain with bone marrow lesions and synovitis, with implications for
future OA clinical trials. Fig. 3 shows an example of typical large bone marrow lesions that are
commonly seen in conjunction with severe cartilage damage and may be responsible for pain in
OA [50].

2.5.1.4.Ultrasound

Ultrasound imaging enables real-time, multiplanar imaging at a latively low cost. It offers
a reliable assessment of OA-associated features, including inflammatory and structural
abnormalities, without contrast administration or exposure to radiation [51]. Limitations of
ultrasound include that it is an operator-dependent technique and that the physical properties of
sound limit its ability to assess deep articular structures and the subchondral bone. Ultrasound is
useful for the evaluation of cortical erosive changes and synovitis in inflammatory arthritis. In
OA, the major advantage of ultrasound over conventional radiography is the ability to detect
synovial pathology.

Current generation ultrasound technology can detect synovial hypertrophy, increased
vascularity, and the presence of synovial fluid in joints affected by OA [49]. The Outcome

Measures in Rheumatoid Arthritis Clinical Trials (OMERACT) Ultrasonography Taskforce
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defined synovial hypertrophy on ultrasound as ‘abnormal hypoechoic (relative to subdermal fat,
but sometimes maybe isoechoic or hyperechoic) intra-articular tissue that is non-displaceable
and poorly compressible and which may exhibit Doppler’. Although this definition was
developed for use in rheumatoid arthritis, it may also be applied to OA because the difference in
synovial inflammation between OA and rheumatoid arthritis is largely quantitative rather than
qualitative [51]. Ultrasound has been increasingly deployed for the assessment of hand OA.
Kortekaas et al. showed that ultrasound-detected osteophytes and JSN are associated with hand
pain. The same group of investigators also showed that ultrasound-detected signs of
inflammation are associated with the development of erosions in hand OA, implicating
inflammation plays a role in its pathogenesis and could be a therapeutic target [51].

Ultrasound can be used to evaluate the therapeutic efficacy. A decrease in pain correlated
with a decrease in synovial thickening and power Doppler ultrasound score before and after
weekly ultrasound-guided intra-articular injections of hyaluronic acid [52]. Real-time fusion of
ultrasound and MR imaging in hand and wrist OA have been attempted and found a high
concordance of the bony profile visualization at the level of osteophytes

2.5.1.5.Nuclear medicine

Nuclear medicine imaging with radiotracers enables imaging of active metabolism and
visualization of bone turnover changes seen with osteophyte formation, subchondral sclerosis,
subchondral cyst formation, and bone marrow lesions as well as sites of synovitis. Scintigraphy
with 99mTc-hydroxy ethane diphosphonate (HDP) and positron emission tomography (PET)
with 2-18F-fluoro-2-deoxy-D-glucose (18FDG) or 18F-fluoride (18F) have been used to assess
OA.. Bone scintigraphy can provide a full-body survey that helps to discriminate between soft
tissues and bone origin of pain and to locate the site of pain in patients with complex symptoms.
18FDG-PET can demonstrate the site of synovitis and bone marrow lesions associated with OA.
Additionally, there have been increasing research efforts to apply SPECT/CT for imaging of OA.
A major limitation of radioisotope methods is poor anatomical resolution but there are ways to
overcome it. Hybrid technologies such as PET-CT and PET-MR imaging combine functional
imaging with high-resolution anatomical imaging. However, nuclear medicine imaging is not

commonly applied to imaging of OA in a routine clinical setting [53].

2.5.1.6.CT
CT is excellent for depicting cortical bone and soft tissue calcifications and has an
established role in assessing facet joint OA of the spine. Using a CT-based semiquantitative
grading system of facet joint OA, studies have shown a high prevalence of facet joint OA which

increases with age, and is most common at the L4-L5 spinal level as well as associations
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between obesity with a higher prevalence of facet joint OA and that between increasing age with
a higher prevalence of disc narrowing, facet joint OA, and degenerative spondylolisthesis.
lonizing radiation and the limited ability of soft tissue evaluation limit the routine use of CT in

clinical imaging of OA.

2.5.1.7.CT and MR arthrography

With CT or MR arthrography, assessment of cartilage damage is possible with high
anatomical resolution in a multiplanar fashion [54]. CT arthrography is currently the most
accurate method for evaluating superficial and focal cartilage damage, offering high spatial
resolution and high contrast between the low attenuating cartilage and high-attenuating
superficial (contrast material filling the joint space) and deep (subchondral bone) boundaries. CT
can also depict subchondral bone sclerosis and osteophytes. For subchondral changes, MR
arthrography allows delineation of subchondral bone marrow lesions on the fluid-sensitive
sequences with fat suppression. Both techniques enable visualization of central osteophytes,
which are associated with more severe changes of OA than marginal osteophytes. Due to the
high cost, invasive nature, and potential risk, albeit low, associated with intra-articular injection,

arthrographic examinations are rarely used in large scale clinical or epidemiological OA studies.

2.6. NEW APPROACHES IN THE DIAGNOSIS OF OA

2.6.1. Biochemical markers in OA

Biomarkers are defined as characteristics that are objectively measured and evaluated as
an indicator of normal biological processes, pathogenic processes, or pharmacology responses.
For OA, biomarkers are important tools to understand the pathophysiology of the disease as well
as its distinct stages and phenotypes, develop drugs and other therapeutics, predict progression,
and develop personalized evidence-based action plans. They encompass not only biochemical
substances measured in blood, urine, and SF, but also gene-based and image markers especially
from magnetic resonance such as cartilage thickness, synovitis, bone shape, and bone marrow
lesions.

According to the BIPED classification proposed by Bauer et al. in 2006 and later
expanded to BIPEDS in 2011, a biomarker can be classified into one or more categories
according to its relevance. This classification improves communication and application of
biomarkers in the study of OA and is divided into Burden of disease, Investigative, Prognostic,

Efficacy of intervention, Diagnostic, and Safety.
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Biochemical markers can also be categorized according to which process in OA
pathogenesis they are related, such as bone remodeling, cartilage synthesis or degradation, and
synovial activity [55] (Figure 3).
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Figure 3: Potential biochemical markers in OA and their relation to joint metabolism.

Reproduced from Annals of the Rheumatic Diseases, Value of biomarkers in osteoarthritis: current status and perspectives, M
Lotz etal., 72,

2.6.1.1.Markers of cartilage degradation and synthesis

In general, the majority of studies have investigated the performance of biochemical
markers in the OA knee followed by the hip. Among all tests available, markers of cartilage
degradation were the most extensively studied [56]. Markers of collagen turnover in cartilage
may reflect collagen type Il degradation (CTX- Il, HELIX- I, C2C, Coll 2- 1, Coll 2- INO2, and
TIINE), synthesis (PILTANP and PI1ICP), or collagen type 1 and 2 degradations (C1,2C). There are
several other biomarkers involved in cartilage metabolisms such as non-collagenous proteins of
cartilage (cartilage oligomeric matrix protein (COMP)), glycosaminoglycans (keratan sulfate and
chondroitin sulfate 846 (CS846)), and metalloproteinases.

Among the most commonly investigated biomarkers, CTX- Il, C2C, COMP, and PIIANP
were associated with the presence of OA in the knee and hip while CTX- Il also showed a
positive correlation to the total body burden of OA. CTX- Il was associated with low PIIANP
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levels in the early stages of knee OA, highlighting the dissociation between collagen type II
synthesis and degradation in this stage. An increase in Coll 2- 1 and Coll 2- 1INO2 levels over 1
year was also able to predict progression in knee OA. A few studies have shown a decrease in
CTX- Il levels after different interventions but its role as an indicator of treatment efficacy in the

practice is yet to be defined [57].

2.6.1.2.Markers of synovial activity
This category includes PIIINP (synovium synthesis), hyaluronic acid, and glycosyl-
galactosyl pyridinyl (synovium degradation (Glc- Gal- Pyd)). Serum hyaluronic acid (sHA),
serum PHIINP, and urinary Glc- Gal- Pyd was increased in OA patients compared to controls and
urinary Glc- Gal- Pyd was associated with pain in knee OA, indicating the relationship between
pain and synovitis. Moreover, SHA was shown to be an indicator of the total body burden of the

disease and is associated with knee OA progression [58].

2.6.1.3.Markers of bone remodeling

Bone turnover has been characterized by three types of biomarkers: indicators of bone
reabsorption (C- and N-terminal type | collagen telopeptides (CTX-1 and NTX-1, respectively)),
bone formation (procollagen type | N-propeptide (P1NP)), and mineralization (osteocalcin).
Serum P1NP has demonstrated diagnostic value and predicted OA progression in the early stages
of knee OA, particularly progressive osteophytosis. Furthermore, the combination of high levels
of P1NP to increased markers of bone reabsorption enhanced the ability of PLNP to predict
cartilage loss assessed by MRI, reflecting the role of high bone remodeling in OA progression.
This same association was found for higher levels of osteocalcin and increased bone
reabsorption markers. Another study has shown that CTX-1 and NTX-1 were elevated in
progressive knee OA and not in non-progressors, suggesting that altered bone turnover may be a
diagnostic and therapeutic target in patients with progressive OA. Recently, the CHECK (Cohort
Hip and Cohort Knee) study of early OA noted similarities between CTX- Il and bone markers

suggesting that CTX- 1l may reflect the metabolism of bone rather than cartilage [59].

2.6.1.4.Adipokines in OA
White adipose tissue has emerged as a dynamic organ that releases inflammatory
adipokines such as leptin, adiponectin, resistin, and visfatin that are involved in rheumatic
diseases. Adipokines exert modulatory actions on cartilage, synovium, bone, and various cells,
through directly inducing joint structural deterioration or regulating local inflammatory

processes, leading to metabolic dysfunction in OA patients [60].
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Leptin is produced predominantly in adipose tissue and has been reported to be positively
correlated with body mass index, fat mass, and body weight among people with OA. A strong
synergistic relationship between leptin and pro-inflammatory cytokines has been discovered in
OA, as leptin enhanced the expression of inducible nitric oxide synthase (iNOS), COX2,
prostaglandin E2 (PGE2), interleukin-6 (IL6), and IL8 in cartilage. The elevated expressions of
leptin and its receptor isoform (Ob- Rb) have detrimental effects on chondrocyte proliferation by
inducing MMPs and IL1B production and are correlated with the degree of cartilage degradation
[61]. The significant associations between obesity measures and osteoarthritic structural
outcomes are largely mediated by leptin, suggesting it has a catabolic effect. It also exerts
anabolic activity in chondrocytes by inducing the production of growth factors including insulin-
like growth factor 1 (IGF1) and transforming growth factor-beta (TGFp) [62].

Adiponectin is involved in cartilage homeostasis by increasing tissue inhibitor of
metalloprotease (TIMP)-2 and decreasing IL1B-induced MMP3. Additionally, adiponectin
upregulates IL10 in human macrophages to increase TIMP1 levels and to prevent extracellular
matrix degradation [63].

2.6.2. Novel omics-based biomarkers
2.6.2.1.Transcriptomics

Transcriptomics of whole blood Gene expression profiling (GEP) of blood has already
been described as having utility in OA [64]. This is a potentially important novel source of
biomarkers compared with traditional protein measurement in serum or plasma. The same group
has investigated whether MRI-graded effusion in knee OA was associated with blood GEP,
cross-sectionally in 2 large cohorts (Rotterdam, GARP) measuring GEP in RNA extracted from
whole blood, or PBMCs respectively [65]). This was a meta-analysis with adjustment for
confounders. Using pathway analysis including STRING, 178 recognized unique genes were
described. Pathways strongly represented included Response to stress and Antigen
processing/Presentation of exogenous antigens. Genes identified included NFATc1, known to be
important during the adaptive immune response; and Clorf38, present in monocytes, dendritic,
NK, T, and cells. It is not clear if these measurements are just a surrogate for effusion itself (as

there is a correlation with this), or could act as an independent predictor of inflammation.

2.6.2.2.Proteomics
Via mass spectrometry (MS), urinary peptides were sought which acted as diagnostic
biomarkers for 3 common joint conditions (rheumatoid arthritis, psoriatic arthritis, OA) with
healthy and inflammatory bowel disease control groups [65]. There were relatively low numbers

(33 in each training group, 85 for validation). Receiving operating curve (ROC) curves using 45
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biomarkers per classifier were developed, then tested blind in the validation set. In OA, there
was an area under the curve (AUC) of 0.9; reduced urinary collagen alpha-1 chain fragments
were seen. However, these were individuals with advanced OA: how this finding holds in larger
numbers and in earlier stages of OA, where the diagnostic challenge is greater, will be important.
A further discovery study using gold-nanoparticle-based MALDI profiling of urine from those
with knee OA has also been reported [66].

Multiple Reaction Monitoring (MRM) targeted 14 candidate proteins from Fernandez
Puente and colleagues’ previous studies. MRM is a quantitative proteomic approach, comparing
with co-elution of a known isotope-labeled peptide. Following optimization, 35 peptides
representing these proteins were selected. The validation study was carried out in 5 different
sample types, including chondrocytes, tissue, synovial fluid, and serum (tackling some of the
challenges of investigating certain targets or matrices by immunoassay). The candidates'
haptoglobin, von Willebrand Factor, and Serum Amyloid P were verified by MRM to be
significantly upregulated in 116 OA sera versus controls. Elevation of von Willebrand Factor
was also confirmed by bead immunoassay in 38 independent sera.

2.6.2.3.Metabolomics

Tandem MS with MRM gave data on 168 plasma metabolites in Newfoundland OA
study samples [67]. In the discovery set, 18 metabolites were associated with knee OA, which
dropped to 6 in the subsequent validation set. All metabolites were lower in OA plasma
compared with controls, lowest P-value <6.5x10-4. Arginine was 65% lower in OA (AUC 0.98).
Arginine is a semi-essential amino acid and collagen precursor. This finding was felt most likely
due to over-activity of arginase catabolism rather than dietary.

Arginine is a natural inhibitor of cathepsins; increased cathepsin activity in late-stage
osteoarthritic cartilage is shown in support of this proposed mechanism. In a follow on the study,
lysophosphatidylcholine to phosphatidylcholine ratio (identified from this metabolomics
approach) was shown to predict knee OA. Subjects with a ratio >0.09 were twice as likely to
undergo joint replacement as those with a low ratio, over 10 years. Two other independent
reports support a role for cathepsin K in OA pathogenesis, relating it to knee pain and to

effective degradation of collagen Il in vitro and in vivo [68].

2.7. CONTEMPORARY PRINCIPLES OF OA TREATMENT

Overall, the key management strategies for OA, as illustrated in Figure 4 are in broad
agreement across the guidelines of the various stakeholder organizations, which include large

professional societies, research societies, and governmental organizations.
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2.7.1. Key treatment strategies

In the guidelines, non-pharmacological methods such as education and self-management,
exercise, weight loss if overweight or obese, and walking aids as indicated, are widely
recommended and seen as first-line treatment [69]. Experts and patients have reached a
consensus on multiple aspects that are important in the education of patients, such as information
about the different treatment approach (eg, the importance of regular physical activity,
individualized exercise, and to lose weight if overweight, but also about surgery information
about the disease, about the pathophysiology, and the diagnostic imaging [70].

Exercise therapy is particularly helpful in decreasing pain and improving joint motion,
for which high-quality evidence has been available in the past decade, with estimated effect sizes
of 0.4-0.5 for hip OA and knee OA. Exercise therapy (consisting of strengthening exercise and
general aerobic exercise) is now seen as one of the key elements of OA management, although
the challenge is to get this therapy widely implemented and to enhance long-term adherence. In a
systematic review, several modifiable barriers and facilitators to intentional exercise have been
identified, related to the circumstances of a person’s situation or environment that either
discourage or encourage the development of exercise skills and abilities, independence, social
competence, and adaptive behavior. Negative beliefs about the consequences of exercise are also
barriers [71].

For weight-loss interventions in patients who are overweight or obese, the evidence is
only available for knee OA, with an effect size of 0.37 but not for hip OA [72]. Several trials
indicate a dose-response association between the amount of weight loss and the effect on pain
and function. The Arthritis, Diet and Activity Promotion and Intensive Diet and Exercise for
Anrthritis trials showed that the combination of dietary weight management and exercise yield
better effects on pain and function than either diet or exercise alone. The challenge for this

intervention is the maintenance of weight loss in the long term [73].
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Figure 4: NICE overview figure showing core treatments at the center, first-line analgesics in the middle ring, and other options
to consider in the outer ring. National Clinical Guideline Centre. Osteoarthritis: Care and Management in Adults. Clinical
Guideline CG177. 2014. National Institute for Health and Care Excellence. 2014.

2.7.2. Pain medication

Pharmacological methods most often recommended in the guidelines include
paracetamol and NSAIDs [69]. Paracetamol was historically the first-line pain medication for
OA; however, in 2017 a meta-analysis84 concluded that given the very small effect sizes of
paracetamol (less than 0.2) compared with placebo, along with safety concerns, it is of little use
as a single agent for the treatment of OA. Other first-line methods such as topical NSAIDs were
shown to be effective for pain relief in OA compared with placebo in a 2018 meta-analysis, with
(corrected) mean effect sizes of 0.30 for pain relief and 0.35 for function.85 For topical NSAIDs,
so far no serious gastrointestinal or renal adverse events have been observed in trials or the
general population [74].

Oral NSAIDs are effective in terms of clinically relevant improvement of both pain and
function, for which the effect sizes in the available studies vary across different NSAIDs and
doses.84 However, safety (particularly relating to gastrointestinal and cardiovascular events) is
an important consideration in selecting the preparation and dose for individual patients, and the
use of oral NSAIDs is preferably restricted to short-term use (as needed) at the smallest dose

possible.
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Intra-articular CS are recommended for hip and knee OA for patients who have not
responded to oral or topical analgesics [75]. However, the most recent Cochrane review in 2015
(86) concluded that the evidence for clinically important benefits of intra-articular CS for knee
OA at up to 6 weeks ([corrected] mean effect size 0.41) remains unclear because of the overall
low quality of trials. An individual patient data (IPD) meta-analysis provided clear evidence that
patients with more severe pain responded much better to intra-articular corticosteroid injections
than those with less pain and compared with placebo. The results also indicated, although only of
borderline significance, that people with signs of joint inflammation responded better than those
without signs of such inflammation compared with placebo [76]. The controversy surrounding
this treatment has been raised after a randomized study in 2017 indicated that a 3-monthly intra-
articular injection with CS in patients with knee OA resulted in slightly more loss of cartilage
volume over 2 years than did the placebo treatment; however, whether such slight differences
affect long-term clinical outcomes is unknown.

Duloxetine, mentioned in some guidelines to consider for refractory pain, is a serotonin
and norepinephrine reuptake inhibitor with an antidepressant, central pain inhibitory, and
anxiolytic activities [72]. For knee OA, a meta-analysis of three trials suggested that duloxetine
compared with a placebo control resulted in a clinically relevant reduction in symptoms, and had
acceptable adverse effects for the type of treatment after about 3 months of treatment. Since
2017, two large trials in China and Japan have added to the evidence that duloxetine reduces
pain and improves function. Whether this kind of intervention is especially effective in patients
with neuropathic or central pain involvement needs further investigation.

A meta-analysis showed that tramadol or tramadol plus paracetamol produces symptom
relief, and improves function in patients with OA, but that these benefits are small. For non-
tramadol opiates, a 2014 meta-analysis showed that the small mean benefit of these drugs occurs
with significant increases in the risk of adverse events; for the pain outcome, in particular,
observed effects (mean effect size for pain relief 0.28) were of questionable clinical relevance
[77].

Direct comparisons between opiates and non-opiates for the relief of OA pain or lower
back pain showed a greater effect with non-opiates and more side-effects from opiates [78].
Although most guidelines were uncertain about the use of opiates until 2014 more recently, the
small gain weighted against the side-effects, and the risk of addiction and overdosage, has led to

an overall discouragement of prescribing these products to patients with OA.

2.7.3. Other treatments
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Controversy in the guidelines remains about the use of knee braces and heel wedges, and
acupuncture, intraarticular hyaluronans, and glucosamine or chondroitin are typically not
recommended [69]. That high quality and larger studies show low efficacy also seems to be the
case for chondroitin and glucosamine compared with placebo, even for the most effective
(strongest potency) crystalline glucosamine sulfate product [79]. Acupuncture is likely to have
little or no effect in reducing pain compared with sham treatment. For wedged insoles, the
evidence is scarce and conflicting, but the only large-high-quality study for this intervention did
not find a significant effect on pain or function of wedged insoles compared with neutral insoles
[80].

2.7.4. Surgical treatment

Joint replacement surgery is a clinically relevant and cost-effective treatment for end-
stage OA. Joint replacement, however, can only be considered cost-effective if the procedure is
restricted to patients with more severely affected functional status. Outcomes from total joint
replacement can be optimised if patient selection identifies marked joint space narrowing. Most
improvement will be made in patients with complete joint space loss and evident bone attrition.
Up to 25% of patients presenting for total joint replacement continue to complain of pain and
disability 1 year after well performed surgery [13].

Knee osteotomy has been shown to have benefits for pain and function, although
randomised comparisons with non-surgical treatments are unavailable at present. Its use is
restricted for people with unicompartmental knee OA (often varus malaligned) as the procedure
induces a load transfer from the diseased compartment to the healthy compartment. Osteotomy is
mainly considered for young and active patients with OA of moderate radiographic severity, and
can postpone joint replacement surgery for up to 10 years in more than 85% of patients.

Arthroscopic knee surgery, the most common elective orthopaedic procedure, continues
to be widely used for the management of knee OA, despite no rigorous evidence of efficacy.
Notably, several studies have shown that knee arthroscopy has minimal benefit, if any, and a
clear risk of harm compared with sham surgery or less invasive treatments for knee OA or

degenerative meniscal tears [13].

2.7.5. New pain treatments

Several new pain treatments are in development. For almost a decade, nerve growth
factor (NGF) antibodies have been tested and yielded promising results concerning pain
reduction in patients with hip and knee OA. Chen and colleagues did a meta-analysis of ten
studies that compared tanezumab (a humanized monoclonal antibody against NGF) with placebo

[81]. Tanezumab was statistically superior to placebo, but borderline clinically relevant, and
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these effects were not dose-dependent. Two other studies in the analysis showed that tanezumab
was significantly superior to active treatments like NSAIDs or opiates (oxycodone). Safety
concerns put the clinical trials on hold in 2010. The trials were resumed in 2015 with restricted
dosages (5 mg) and restricted co-intervention with NSAIDs, to limit the serious side-effect of

rapidly progressive OA.

2.7.6. Prevention

Although OA is one of the most common diseases, primary prevention is still in its
infancy. Some of the risk factors for OA are not modifiable and only define a high-risk group;
others can either be prevented or modified. Factors that make knee OA a high risk and for which
overwhelming evidence exists are obesity and previous knee injury. The relevance of a risk
factor for prevention can be established by the (PAF), which depends on both the strength of the
risk and the prevalence of the risk factor. A meta-analysis estimated that 5% of new cases of
knee OA or knee pain were attributed to self-reported previous knee injuries [82]. This PAF
might be different for proven meniscal or ligament injury. The evidence suggests that a
neuromuscular training program in high-injury sports can reduce knee injuries by 45-83%. In the
long term, such a program should also diminish the development of knee OA.

The PAF associated with overweight or obesity differs greatly between continents,
largely depending on the prevalence of obesity. Meta-analyses in 2011, and 2014, showed that
for obesity, the PAF ranged from 8% in China to 50% in the USA,; and for overweight, it ranged
from 13% in China to 30% in Norway, and in developed countries from 24% to 30%. Indications
for the preventive effect of weight reduction are based on observational studies; a seminal study
of the Framingham cohort estimated that the reduction in body weight from the obese group to
the overweight group, and from the overweight group to the normal weight group reduced the
incidence of knee OA by 21% in men and 33% in women.

To date, only one published randomized controlled trial focused on the prevention of
knee OA, evaluating a diet and exercise program aimed at reducing body weight among middle-
aged, overweight women. This study was unable to show a preventive effect of the intervention
on knee OA development, probably because of low compliance and a limited contrast in weight
loss between the intervention and control groups [83]. In posthoc analyses, a 5 kg or 5% weight
loss during the first year resulted in a three times reduction in incident clinical knee OA after 6
years, and a 2.5 times reduction in radiographic knee OA development. More high-quality trials

studying the preventive effects of interventions among people at high risk of OA are needed.
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2.7.7. Analysis of international guidelines recommendations regarding OA

management

There are many clinical guidelines for both diagnosis and management of OA. A
systematic review undertaken in 2006 identified 23 treatment guidelines on OA from the
literature [3]. Six were based predominantly on opinion, five were based primarily on evidence,
and twelve were based on both. Thirteen guidelines had been developed for specific care settings
(five for primary care, three for rheumatology, three for physiotherapy, and two for orthopedics),
but ten did not specify the target users.

In the development of hybrid guidelines by the European League Against Rheumatism
(EULAR) OA Task Force, expert consensus on the most important propositions was followed by
a systematic search for published supporting research evidence, before assigning a strength and
confidence of recommendation for each treatment proposition. These were based on a combined
consideration of the research evidence and clinical expertise after also considering risks and
benefits, including potential adverse effects and the cost of each treatment modality [10]. This
method is clinically driven and evidence supported. The sequence of steps was modified slightly
for the development of the OARSI Treatment Guidelines [3,12,20]. An initial systematic review
of research evidence was undertaken before the development of expert consensus based on a
combined consideration of the research evidence and the clinical expertise of the members of the
committee. This was then followed by the assignment of strength and confidence of
recommendation for each proposition as before. It is evidence-driven and clinically supported.
Similar methods have been adopted by other organizations such as the National Institute of
Health and Care Excelence (NICE) [2,21] and the American Colege of Reumatologists (ACR)
[22].

NICE published its first clinical guidance for people with OA, containing its target
diagram of core and option treatments that has been widely used in clinical practice its
guidelines in 2012, expanding the joint coverage from just the hip and knee [23] to now also
include the hand [22]. EULAR is unique in developing separate evidence-based
recommendations for each of the hand [11], hip [10], and knee [24,25], both for diagnosis
[26,27], and management [11,24]. EULAR also published in 2013 a more detailed guideline
focused solely on non-pharmacological management of knee and hip OA to better guide
practitioners in core elements of management [28]. In contrast, OARSI initially undertook a
systematic review of all available treatments for knee and hip OA to produce a combined
treatment guideline for both sites [7,12,20] but subsequently restricted its more recently updated
guideline to non-surgical treatments for knee OA in recognition of the differences in etiology,

clinical presentation, progression, and management of OA at different joint sites [9]. Besides, in
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this update, OARSI also provides further stratification according to several affected joints and
comorbidities in an attempt to optimize individual patient management. For example, topical
NSAIDs are not recommended for people with multiple joint OA, selective COX2 inhibitors are
not recommended in patients with cardiovascular comorbidity, etc. [9].

The differences between these major treatment guidelines are summarized in Table 4.
Despite the differences between guidelines they all tend to concur in recommending the
following:

1. Education, self-management, exercise, and weight reduction if obese as the core
set of treatments for all patients with OA at any site

2. Consideration of paracetamol and/ or topical NSAID before other drugs.
However, there is growing evidence that paracetamol is not as safe as previously
thought [29] and it should be used with caution, especially in full dose (i.e. 4 ¢
per day) and for long- term treatment (i.e. >3 months) [30]

3. Treatment may be stratified according to joint involvement, comorbidities, and
clinical presentations such as the severity of pain and functional limitation

4. An individualized package of care tailored to individual patient characteristics,
rather than a uniform treatment algorithm, although evidence to support this is

still sparse.
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Table 4: The comparison among the main guidelines recommendations for OA non-surgical treatment

NICE

QARSI

EULAR

ACR

Country

UK

Global

Europe

us

Target audience

All who manage OA

All who manage OA

Rheumatologjsts

Rheumatologjsts

Target joints

Knee, hip, and hand

Knee

Specific joint

Knee, hip, and hands

Stakeholders All specialties plus Rheumatologists, orthopaedics, Rheumatologists, orthopaedics, and allied Rheumatologists
patients and GPs health professionals

Methods

Systematic review Yes Yes Yes Yes

Delphi No Yes Yes No

Cost-effective Yes Yes No No

assessment

Treatment algorithm Yes No No Mo

Stratification Yes by joint Yes by joint and co-morbidity Yes by joint Yes by joint

Exercise Yes Yes Yes ‘Yes (knee and hip)

Education Yes Yes Yes Yes

Weight loss Yes Yes Yes Yes (knee and hip)

Acupuncture Mo Yes ? 7

Paracetamol First-line drug 7 Firstline drug Yes

Topical NSAIDs Yes (hand and knee) Yes Yes (hand and knee) Yes

Oral NSAIDs Yes Yes Yes Yes

Opioids Yes 7 Yes Yes

Duloxetine - Yes - Yes

Glucosamine No 7 ? 7

Chondroitin Mo 7 7 7

|A-steroid Yes Yes Yes Yes

IAHA No 7 ? Yes

Lavage Mo No 7 7

TR Yes - Yes -

While we await new treatment developments, applying the right treatment for the right
patient at the right time has been a research agenda for many organizations including Arthritis
Research UK, EULAR, and more recently, OARSI. All guidelines recognize that guidance on
treatment varies between joint sites because of differences in terms of etiopathogenesis of OA,
prognosis, and suitability of certain treatments to only some sites (e.g. topical preparations).
only EULAR has

recommendations for hand, hip, and knee OA to better accommodate stratification by joint site

However, as discussed above, strategically produced separate
whereas other guidelines tend to give guidance for any joint site without specifying much
difference between them. In practice, however, the vast majority of RCTs relate to knee OA,
with fewer on hip OA and then hand OA, and very few indeed on OA at other joint sites. This
means that advice on many treatments for joints other than the knee is often extrapolated and
justified based on knee OA research data with support from expert experience. Although always
a caveat to such recommendations, such a pragmatic approach seems sensible since it is

impractical to expect RCT data on all relevant treatments at all joint sites affected by OA.
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3. RESULTS
3.1. INTRAARTICULAR METHODS OF THE OA TREATMENT

3.1.1. Corticosteroids injection

The leading societies on OA management continue to debate the usefulness of intra-
articular (I-CS) injections, and each comes to a different conclusion. Nonetheless, I-CS
injections have been widely used for decades to treat knee OA, and specialists and general
practitioners across the country perform this procedure daily. Steroids act as local anti-
inflammatory medications and are thought to counteract the inflammatory processes in knee OA
by altering T- and B-cell immune function [84]. Synthetic CS exhibit more anti-inflammatory
effects than their native counterparts, and methylprednisolone acetate and triamcinolone are the
most commonly used I-CS for knee OA [85].

Many clinicians believe that the benefits of I-CS continue to outweigh the risk of
complications. Yet, the evidence in the literature makes the use of I-CS injections controversial.
A recent Cochrane review regarding I-CS for knee OA assessed 27 low-quality and
heterogeneous RCT's that included 1767 patients [84]. At one month post-injection, pain scores
in the I-CS group compared to placebo improved by only 1.0cm on the VAS score,
corresponding to a number needed to treat of 8 (95% CI 6-13). Furthermore, at 13 weeks, steroid
injections provided an even smaller benefit in pain control, and the effect was absent by 26
weeks. The Cochrane review also used the WOMAC to assess function after 1-CS injection.
Overall, a moderate improvement at 1-2 weeks was detected, but the effect declined by 4-6
weeks and was all gone by 13 weeks. The authors concluded that the poor quality heterogeneous
studies make it difficult to determine if there is an early benefit in pain relief or function with I-
CS compared to placebo [84]. Thus, despite speculation of early pain relief, the effect is not
long-lasting.

Adverse events in I-CS injections do occur. A post-injection flare-up of pain can occur in
2-25% of patients and last for a few days [86]. Also, there may be a progression of the KNEE
OA, with a 2017 RCT determining that intra-articular injection with triamcinolone resulted in
greater cartilage volume loss when compared to intra-articular saline injection at two years.
Systemic side effects of CS include elevated blood pressure, hyperglycemia, and alterations in
mood and energy.

Triamcinolone, which is less water-soluble than methylprednisolone, maybe a better
alternative for those with diabetes and in whom the risk of post-injection hyperglycemic spikes
should be minimized. Skin depigmentation, fat necrosis, and cutaneous atrophy are also possible

after I-CS but are observed much less commonly [86]. Despite a theoretical concern for
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infection, many older studies done over 40 years ago have debunked this risk. Interestingly, a
newer study in 2017 suggested that I-CS before TKA might increase the risk of postoperative
infection. With the growing evidence of 1-CS having only a mild and transient effect on pain
relief, one must question the sustainability of this therapy in modern-day evidence-based

medicine.

3.1.2. Platelet-rich Plasma

Platelet-rich plasma (PRP) is a product of regenerative medicine that is gaining much
clinical interest. PRP is autologous plasma that has been prepared to contain a higher
concentration of platelets than in vivo plasma. While there is no standardized concentration of
platelets in PRP, it is generally accepted that it should contain somewhere between 2 and 8 times
the concentration of platelets as autologous serum [87]. When platelets are activated, they
rapidly release numerous growth factors, such as TGF-p and IGF-1, from their a-granules.
Together with coagulation factors, cytokines, and other platelet proteins, these growth factors are
thought to act on chondrocytes and enhance the chondrocyte cartilaginous matrix as well as
diminish the inflammatory effects of certain cytokines involved in the process of OA. Certain
growth factors continue to increase at various time points after I-PRP, insinuating that PRP
stimulates endogenous pathways rather than simply delivering a one-time hit of growth factors.
PRP is obtained by centrifuging autologous patient blood, using either a one or a two-spin
approach.

I-PRP begins to provide pain control about 2 months after injection and may last as long
as 12 months. There is some suggestion based on a guinea pig model that multiple, weekly I-
PRP injections provide more sustained benefit than a single I-PRP injection. There is a paucity
of high-quality data comparing I-PRP use in knee OA to I-CS as well as to NSAIDs, which
remain the only treatment modality recommended by the AAOS in 2013 [88]. A 2019 double-
blind, level 1 randomized control study conducted by Di Martino et al. in Bologna over five years
demonstrated that both I-HA and I-PRP had similar efficacy and duration of effect [89].

3.1.3. Prolotherapy

Often included in regenerative therapies, prolotherapy is a relatively uncommon
treatment for treating KNEE OA with very little scientific evidence. However, as a relatively
simple and inexpensive treatment modality with a high safety profile, prolotherapy is something
that could easily be performed in the primary care setting and is thus worth our consideration. A
hypertonic irritating solution is used to treat the affected knee and can be injected both peri- and
intra-articular. Often this is dextrose, and it is injected both intra- and peri-articular. A small

study published in 2017 showed no significant changes in WOMAC and VAS scores between
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patients treated with either intra- or peri-articular prolotherapy [90]. There are some variabilities
in the method of peri-articular administration of the dextrose, but the two key techniques are
either Lyftogt's technique or Hackett's technique [91]. In Lyftogt's technique, dextrose is injected
into subcutaneous tissues. In contrast, Hackett's technique involves injecting dextrose into the
fibro-osseous junction of ligaments or tendons. A small benefit has been observed when a
combination of both techniques is performed [91].

The exact mechanism of prolotherapy is not well understood, but it is thought to induce a
pro-inflammatory response that results in the release of growth factors and cytokines, ultimately
resulting in a regenerative process within the affected joint. Injection of the hyperosmolar
dextrose solution might also hyperpolarize nociceptive pain fibers by forcing open potassium
channels, resulting in reduced pain perception [91].

The efficacy of prolotherapy is also unclear; multiple systemic reviews and meta-
analyses have attempted to examine the same and have been marred by the low quality and
heterogeneity of the available studies. Sit et al. examined three randomized control trials and one
quasi-randomized trial to conclude that prolotherapy led to reduced WOMAC scores in patients
with KNEE OA compared to exercise [92]. Unfortunately, all confidence intervals crossed one,
calling into question the robustness of this claim. In sum, prolotherapy likely provides at least
some benefit, although the quality of available data makes this statement hard to prove and it

certainly does not cause harm.

3.1.4. Stem Cell Therapy

Over the last decade, stem cells have emerged as a therapy for the treatment of pain and
regeneration of cartilage. There have been attempts to use stem cells to reverse the damages of
knee OA. As the pathophysiology of knee OA is considered both degenerative and
inflammatory, stem cell therapies are hoped to promote tissue regeneration by enhancing local
growth factors and promoting an anti-inflammatory immune response [93]. Mesenchymal stem
cells (MSC) are easily harvested from adipose tissue, bone marrow, and even placental tissue,
and therefore most research has focused on this cell progenitor. MSC produces growth factors
such as TGF, VEGF, and FGF that allow for the induction of various cell types and tissue repair.
IGF, IL-6, as well as the abovementioned growth factors also play a role in preventing cell
apoptosis [93]. Through a complex process, MSCs exert their effect by promoting an anti-
inflammatory and immunosuppressive role [94]. They also have the potential to differentiate into
chondrocytes and therefore have a theoretical advantage in joint repair. It is speculated that
MSCs can attract cells to degenerative sites and lead to a proliferation of functional cartilage.
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MSC may also repopulate cell progenitors to reduce inflammation or further degradation. Yet,
the exact mechanism of action remains unaddressed in the clinical literature.

A review of the literature before 2015 reported mostly beneficial effects of stem cell
therapy in knee OA, but these reviews were determined to be poorly designed systematic trials
and included animal models. In 2016, Chala et al. conducted a systematic review and included 6
studies (and 300 knees)—three studies on the treatment of OA and three studies on the treatment
of focal cartilage defects. Despite positive results in each trial in reducing pain and improving
function, they varied concerning cell sources, cell characterization, additional adjuvant therapies,
and assessment tools [95]

Studies have proven the safety and tolerability of this therapy with no reported infections
or adverse events. However, questions and cautions surround every other aspect of this therapy.
Little is known regarding the specific indications for stem cell therapy in knee OA, optimal cell
sources, or preparation and delivery methods that allow for consistent cell culture. Procuring
stem cells through allogeneic placental tissue raises ethical questions, and autologous
procurement from bone or fat may require an anesthetic due to its invasive nature. MSCs that are
taken from patients with end-stage OA lack the differentiation and proliferation potential as
those taken from people without OA and may not be as effective. Long-term studies are needed

to assess both effect and safety of stem cell therapies in KNEE OA.

3.1.5. Botulinum toxin A

Botulinum toxin A (BTA) is a neurotoxin that was produced by the bacterium
Clostridium botulinum. BTA is mainly used in the treatment of neuromuscular disorders. Many
animal experimental studies have found that intra-articular injection of BTA can relieve the pain
of OA to a certain extent [96]. Although the exact mechanism of action is not clear, BTA inhibits
the release of neurotransmitters to decrease central sensitization may be an important factor.
Moreover, the study found that BTA can also inhibit the release of mediators involved in
nociception, such as substance P, calcitonin gene-related peptide, and glutamate. In a
randomized controlled trial of botulinum toxin A, HA, and saline. The injection of botulinum
toxin type A or HA significantly relieved pain and improved knee function. Meanwhile, it was

suggested that botulinum toxin type A plus therapeutic exercise seems to get better results [97].

3.1.6. Genicular Nerve Blocks

Radiofrequency ablation (RF) of the genicular nerves is a minimally invasive technique
to treat KNEE OA. The procedure creates a high-frequency current created by an electrode at the
needle tip. A current passes from the electrode through a grounding pad placed on the body. The

electromagnetic field created at the distal end of the needle produces heat that causes protein
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denaturation and/or cell necrosis depending on the temperature, duration, and vicinity of the
active needle tip to the nerve [95, 96]. Pain relief is achieved by inhibiting the genicular nerve
fibers that innervate the knee joint.

Despite this therapy being available for decades, there is limited evidence in the literature
describing its benefit. A retrospective small trial reviewing pulsed RF for knee OA in 29 patients
found a significant improvement in WOMAC scores after 12 weeks without adverse events.
Similar results with RF ablation in 26 patients found average pain relief improvement by 67%
based on the Visual Analog Scale at 3 months, and for those who had a good effect with the
procedure continued to described pain relief at 6 months. Neither of these small trials had a

control group, and a small sample size makes it difficult to implement in clinical practice [98].

3.2. VISCOSUPPLEMENTATION IN THE TREATMENT OF OA

3.2.1. Pathogenic arguments of viscosupplementation in the treatment of OA

The composition of SF is similar to dialysate of blood serum as it has the same
electrolyte and other lower molecular substances. The composition of protein and hyaluronate is
the main difference between SF and blood serum. In healthy joints, soft articular cartilage and
SF are closely functionalized to provide some of the lowest coefficients of friction found in
nature. SF provides shock absorption, lubrication, and nutrition to the adjacent articular
cartridge. Non-Newtonian behavior with shear thinning, elasticity, and high viscosity are
characteristics of normal SF. Synovial fluid is mainly composed of four constituents i.e. serum
albumin (egg white), HA, lubricin (mucinous glycoproteins), and globulin. HA contained in SF
majorly determines its rheological properties. SF is secreted into the joint cavity by the inner
membrane of the synovial joint (synovial membrane). The quantity of SF in joints is varied
according to its size e.g. knee joint contains about 3.5 ml SF. Its physical appearance is
transparent with slight straw yellowish [99].

The complex nature of human musculoskeletal movements requires SF to provide a
lubrication boundary to the elasto-hydrodynamic lubrication regime. In a boundary lubrication
regime, a monolayer or thin film of lubricant exists in between mating surfaces. It exists in heavy
load and low shear rate conditions. Mixed and elasto-hydrodynamic regimes have relatively
lower friction coefficients, due to the presence of a thicker layer of lubricant.

Lubricin and HA are the main macromolecules responsible for synovial fluid lubrication.
The high viscosity of synovial fluid enables it to an easy transition from boundary lubrication to
elasto-hydrodynamic regime [100]. This transition is possible due to HA-lubricin interaction, by
increasing viscosity at the cartilage surface and hence improving load-carrying capacity.
Boundary lubrication in SF is mainly provided by lubricin. In SF, the carboxy-terminus of
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lubricin brings it to the articular surface, and water is drawn through hydrophilic
oligosaccharides brush to lower boundary lubrication coefficient [99].

Synovial fluid has the property to increase its thickness almost abruptly to more than 3
times under shearing and form dense aggregates. These aggregates have sufficient long life and
provide effective surface protection. Their shear-induced self-replenishing mechanism is
responsible for the effective functioning of joint lubrication. The identification of the role of HA,
lubricin, or albumin individually or as a group, and also their effect on SF aggregation between
cartilage surfaces constitute a field of continuous research [99].

Hyaluronate is a high molecular weight, ubiquitous molecule that naturally occurs within
the cartilage and synovial fluid. It is composed of alternating N-acetyl-d-glucosamine and d-
glucuronic acid residues attached by p(1-4) and p(1-3) bonds with molecular mass ranging from
6500 to 10,900 kDa. Its rheological characteristics involved in the main function of synovial
fluid to serve as a lubricant, scavenger for free radicals, and the regulation of cellular activities
such as binding of proteins [101]. Its functions in the joint include lubrication, serving as a space
filler to allow the joint to stay open, and the regulation of cellular activities such as binding of
proteins [101].

During the progression of OA, the endogenous HA in the joint is depolymerized from
being of high molecular weight (6500-10,900 kDa) into a lower molecular weight (2700-4500
kDa), which consequently diminishes the mechanical and viscoelastic properties of the synovial
fluid in the affected joint. Thus, exogenous HA injections have been clinically used to mitigate
the macerated functions of the depolymerized endogenous HA of OA patients [102]. Although
the exogenous HA does not restore and replace the full properties and activities of the
depolymerized endogenous HA of the synovial fluid it may induce satisfactory pain relief via
several mechanisms. These mechanisms include synthesis of proteoglycan and/or
glycosaminoglycan, anti-inflammatory effect, and viscoelasticity maintenance. Nevertheless,
there is clear heterogeneity in the Therapeutic trajectory for OA patients following HA
injections. As some studies reporting an overall beneficial effect while others report that there is
only a small benefit.

One of the potential reasons for the variable effect of HA treatments on OA patients is
the levels of hyaluronidases in a patient’s synovial fluid. Hyaluronidases are a family of enzymes
that degrade HA through cleaving the B(1-4) linkages of HA, fracturing the large molecule into

smaller pieces before degrading it [2].

3.2.2. Hyaluronic acid (HA) and its preparations for the treatment of OA
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HA is being administrated into OA patients via two main ways either oral administration
or local injection. Several preparations of injectable HA used for clinical use include Synvisc®
and Synvisc-One® (Genzyme); Gel-One® (Zimmer); Hyalgan® (Fidia); Supartz FX™
(Bioventus); Orthovisc® (Anika); Euflexxa®, previously named Nuflexxa (Savient);
Monovisc® (Anika Therapeutics); and Gel-Syn™ (Institut Biochimique SA) [103]. Each
product differs in many characteristics, including the source (animal versus bacterial bio-
fermentation using modified organisms), mean molecular weight ranging from (500 to 6000
kDa), distribution of molecular weight, molecular structure (linear, cross-linked, or both),
method of crosslinking, concentration (0.8-30 mg/mL), the volume of injection (0.5-6.0 mL),
and posology. Although Animal source of HA (rooster combs) was considered as a traditional
source for many years. However, many investigations have been performed to develop
alternatives for obtaining HA, such as bio-fermentation using genetically modified organisms.
This modified bacterial source is currently used as the main source as it’s associated with lower

costs and fewer side effects [2].

3.2.3. HA-based tissue engineering

HA serves as a valuable material to create hydrogels that assist in healing because of its
non-immunogenic properties, controlled biodegradability, biocompatible polymerization
chemistry, and multiple different reaction sites. However, native HA is not useful and must be
first cross-linked to provide stability and improve the functionality of the gels. To crosslink HA,
different methods such as water-soluble carbodiimide crosslinking, polyvalent hydrazide
crosslinking, divinyl sulfone crosslinking, disulfide crosslinking, and photo-crosslinking through
glycidyl methacrylate-HA conjugation have been used [104].

Cross-linked HA hydrogels have several applications in the field of bioengineering.
These include processes such as cell delivery, molecule delivery, cartilage tissue engineering,
and the development of micro-device systems [105]. Hydrogel scaffolds can be embedded with
MSCs to boost the efficacy of the regenerative capacity of MSCs. When paired with an HA
hydrogel, MSCs have been shown to undergo chondrogenic differentiation, which leads to neo-
cartilage formation and recovery of some of the degraded cartilage of patients with OA.
However, these MSCs also undergo hypertrophic phenotype changes as an adverse effect of
being within the hydrogel scaffold, which leads to extensive calcification of the neo-cartilage
matrix [106]. To combat the calcification and hypertrophic changes thus leading towards more
chondrogenesis, specific HA hydrogel scaffolds are being engineered that facilitate the latter
process and hinder the former processes [106].
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The most common molecule paired with HA scaffolds is growth factors, which recently
can recruit endogenous stem cells to a defect site and allow for de novo tissue regeneration. With
cartilage tissue engineering, chondrocytes can be encapsulated into hydrogel networks to treat
the damaged cartilage tissue. Taking advantage of the spatial control of certain types of HA
hydrogels, microdevice systems are being developed that can encapsulate viable embryonic stem
cells and then retrieved later using mechanical disruption [105]. These stem cells could then be
used for the treatment of diseases such as OA.

HA hydrogels are sometimes synthesized into scaffolds that can aid in the creation of
new tissue [107]. In general, the scaffolds’ modes of action are dependent on their physical
properties, mass transport properties, and biological properties. Specifically for HA, those stated
properties are dependent on things such as the molecular weight of HA, whether HA is
composited with another polymer, degree of grafting, crosslinker type, and crosslink densities, as
well as interaction with cell surface receptors [107]. With all these mechanisms in mind, it’s easy
to see how valuable HA is for creating scaffolds because of its natural properties that can be

modified in a variety of different ways.

3.2.4. Guidelines recommendations for the use of intra-articular HA (IAHA) in OA

The European Society for Clinical and Economic Aspects of Osteoporosis and OA
(ESCEDO) treatment algorithm recommends IAHA for advanced pharmacological management of
knee OA in patients who remain severely symptomatic despite use of NSAIDs. While there is
increasing evidence that HA injections provide a significant benefit in knee OA, the level of
recommendation afforded to HA by international and national societies varies (Table 1). The
EULAR guidelines recommend IA HA based upon level 1B evidence for both pain reduction
and joint functional improvement (5). Both the ACR guidelines and ESCEO algorithm
recommend IA HA in patients whose symptoms persist despite prior treatments. The 2014
OARSI guidelines give an ,uncertain® recommendation to IA HA. This ,uncertain®
classification “is not intended to be a negative recommendation or preclude use of that therapy.
Rather it indicates a role for physician patient interaction in determining whether this treatment
may have merit in the context of its risk: benefit profile and the individual characteristics,
comorbidities and preferences of the patient”, leading to the prescription of 1A HA for specific
clinical phenotypes and not for all individuals with knee OA. Besides, surprisingly and against
all the evidence from literature and daily clinical practice, OARSI guidelines attributed to IAHA
injection a “risk score” superior to the “risk score” of 1A corticosteroid injection in knee OA

patients with comorbidities. However, the 2019 update of OARSI guidelines offer a level 1B
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recommendation for IAHA treatment in knee OA. Except for knee OA, no guideline

recommended this type of therapy for hip, ankle, hand and polyarticular OA.

Table 5: Recommendations for the use of intra-articular hyaluronic acid for knee osteoarthritis.

Recommendations of IA-HA

Guideline  Knee OA Hip OA Ankle Hand OA Polyarticular
Committee OA OA
ESCEO Weak - - - -
2019 [108] recommendation in
persistent
symptomatic patients
if still symptomatic
after intermittent or
longer cycles of oral

NSAIDs.
EULAR Evidence to support - - Not -
2000/2018  efficacy. recommended

[109,110] Limitations: logistic
and cost issues.

ACR 2012  No recommendation  No - Not -
[111] in the initial recommendations recommended
management. were made
Conditionally

recommended if no
satisfactory response
to prior treatments.

OARSI Conditionally Generally, not - - Generally,
2019 [112] = recommended for indicated not indicated
longer term

treatment (Level 1B)

3.2.5. Reviews and meta-analyses evaluating the efficacy of IAHA in OA

3.2.5.1. Knee OA

Numerous meta-analyses have investigated the evidence for the efficacy of IAHA in
treating the symptoms of knee OA. Table 6 summarizes the meta-analyses published to date and
their main characteristics.

The Cochrane review of 2006 included 76 trials of a number of different HA products
mostly administered at weekly intervals for 3 to 5 weeks, in comparison with placebo, IA CS,
NSAIDs and other therapies (8). The analysis found that viscosupplementation is an effective
treatment for OA of the knee. Beneficial effects on pain, function and patient global assessment
at different post-injection time periods were noted, but especially at 5 to 13 weeks post-injection

which showed a percent improvement from baseline of 28 to 54% for pain and 9 to 32% for
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function (8). It was noted that the magnitude of the clinical effect was different for different
products, and considerable heterogeneity of outcomes was found between trials.

A recent network meta-analysis was performed on 137 studies comprising 33,243
participants using a Bayesian random-effects model to determine the comparative effectiveness
of pharmacological interventions for knee OA. For pain, all interventions significantly
outperformed oral placebo, with the exception of paracetamol; the most efficacious treatment
was found to be IAHA with an effect size (ES) of 0.63 (95% credible interval [Crl] 0.39 to 0.88).
The least effective treatment was paracetamol (ES 0.18; 95% Crl 0.04 to 0.33). For function, all
interventions with the exception of IA CS and paracetamol were significantly superior to oral
placebo, and for stiffness most of the treatments did not differ significantly from one another. It
was notable that the use of the IA delivery method itself was found to have a significant effect,
with an ES of 0.29 (95% Crl 0.04 to 0.54) for IA placebo compared with oral placebo.
Nonetheless, when compared with IA placebo, a statistically significant ES of 0.34 (Crl 0.26 to
0.42) was observed for IAHA on pain at 3 months, which is of the magnitude observed in
conventional meta-analyses e.g., ES on pain of 0.46 (95% confidence interval [CI] 0.28 to 0.65)
at week 8 in the Bannuru meta-analysis, and ES of 0.37 (95% CI 0.46 to 0.28) in the Rutjes
meta-analysis.

One further analysis of trials directly comparing IAHA and NSAIDs suggests that the
effect of IAHA is not significantly different from continuous oral NSAIDs in the short term, at 4
and 12 weeks for pain, function and stiffness in knee OA. Injection site pain was the most
common adverse event (AE) reported in the HA group, and gastrointestinal (GI) adverse events
were more common in the NSAIDs group. Given the favorable safety profile of IAHA over
NSAIDs, this result suggests that IAHA might be a good alternative to NSAIDs for knee OA,
especially for older patients or in those at greater risk for NSAID-induced AEs. IAHA has a
long-lasting effect on pain in OA.

A recent analysis of 29 studies (n=4,866) of US-approved IAHA injections versus
placebo found a large treatment effect from 4 weeks up to 26 weeks for knee pain and function
compared to pre-injection values (10). Compared to saline controls, standardized mean
difference (SMD) with IAHA was maintained at 0.38 for knee pain and 0.32 for knee function at
weeks 14 to 26 (p<0.0.001), which equates to a moderate but true effect. A therapeutic trajectory
of IAHA versus placebo found that IAHA is efficacious by 4 weeks (ES 0.31; 95% CI 0.17 to
0.45), reaching a peak in effectiveness at 8 weeks (ES 0.46; 95% CI 0.28 to 0.65), and with a
residual detectable effect for knee OA pain at 6 months post-intervention (ES 0.21; 95% CI 0.10
to 0.31). In addition, IAHA induces longer-lasting pain control compared with 1A CS. Analysis

of 7 head-to-head RCTs of 606 participants, found that the pattern of relative efficacy varied
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over time following injection. From baseline to week 4, 1A CS were relatively more effective for

pain than IAHA, but by week 4 the two approaches had equal efficacy, and beyond week 8 up to

26 weeks IAHA had greater efficacy.

Author (year) No. of

Lo (2003)

Wang (2004)
Arrich (2005)

Modawal
(2005)
Bellamy
(2006)
Medina
(2006)
Reichenback
(2007)

Bannuru
(2009)

Bannary
(2011)
Colen (2012)

Rutjes (2012)

Miller (2013)

Bannuru
(2014)
Bannuru
(2015)

Main outcome

papers

22 Pain change at
M1-4

20 Pain change

22 Pain during
movement VAS

11 Pain VAS

40 Pain/function
(WMD or SMD)
Pain

13 Pain at endpoint

7 Pain change from
baseline

54 Pain change from
baseline

74 Pain change from
baseline

71 Pain difference
vs. control at
endpoint

29 Pain at endpoint

5 Pain at endpoint

52 Pain/function at
M3; SMD

Results, quantification of the
effect (95% CI)
ES: 0.32 (0.17 to 0.47)

Pooled change +

Mean change: -7mm at W22—
30

Between group difference: -18
mm at W8-12

-28% to 54% reduction in pain
at W5-13

ES: on between group
difference -0.27 in favor of
Hylan, but more postinjection
flares

ES: 0.22 (-0.05 to 0.49) at W8
in favor of IAHA ES: 0.39
(0.18 to 0.59) at W26 in favor
of IAHA

ES: 0.46 (0.28 to 0.65) at W8
0.21 (0.10 to 0.31) at W24
-30% pain over IA placebo
effect (-10mm on VAS)

ES: -0.37 (-0.46 to -0.28)

SMD: 0.38-0.43 for pain; 0.32-
0.34 for function

Hedges*s g: -0.07 (-0.24 to
0.10)

ES: IA vs. oral placebo 0.29
(0.04 to 0.54) > paracetamol
HA vs. 1A placebo 0.34 (0.26
to 0.42)
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Conclusion
Intermediate

Positive
Negative

Positive
moderate
Positive
Positive
Discourage

hylan use

Positive from
W8

Positive
Intermediate

Positive but
discussed

Positive
No difference

Positive



Table 6: Characteristics and results of the meta-analyses published on intra-articular hyaluronic acid injections in knee OA

Abbreviations: ES, effect size; HA, hyaluronic acid; 1A, intra-articular; M, month; MW, molecular weight;SMD, standardized
mean difference; VAS, visual analog scale; W, week; WMD; weighted mean difference

The conclusion of the meta-analysis of 26 clinical trials indicated that HA injection
would be considered as the best conservative line for hip OA with substantial pain relief and
function amelioration. However, there is no clear evidence to prove its ability to modify the
morphological or radiological changes of the pathological hip.

A recent meta-analysis including nine clinical trials exploring the effectiveness of IAHA
injection for the treatment of ankle OA and investigating the effects of modified regimens of
HA. Its results suggest that IAHA administration can significantly reduce pain for patients with
ankle OA. Besides, IAHA was likely superior to other conservative therapy. They suggested the
use of multiple doses with an appropriate injection volume would achieve maximum therapeutic
effects [113].

3.2.5.2. Hip OA

There is less credible evidence of using of intra-articular injections of HA to treat hip
OA. A recent meta-analysis (2017) examined the therapeutic effects and risk of adverse events
of HA administration for hip OA based on the result of 8 RCTs. Thus, the pooled effect size of
improved pain scores from pretreatment was —0.72 (P < 0.05). The standardized mean difference
of Lequesne's and WOMAC index significantly improved after treatment. Also, the pooled effect
size of improved pain scores compared HA with different controls was 0.03 (95%ClI; —-0.20 to
0.26; P < 0.05). The SMD of improved Lequesne's index and WOMAC was —0.24 (95%Cl, —
0.50 to 0.02; P > 0.05) and —0.13 (95%Cl, 0.64 to 0.37; P > 0.05). There were no significant
differences between HA and control group in adverse events. The authors concluded that IAHA
in hip OA can significantly reduce pain and improve functional recovery when compared with
the condition before treatment. However, there seems no significant difference between HA and
saline or other treatments [114].

A more recent paper published in 2020 including 39 studies on a total of 5,864 patients
receiving injections of HA showed inconsistent evidence across studies regarding the
effectiveness of HA compared to other intra-articular injections. The formulation of the
administered viscosupplementation did not appear to influence outcomes. Furthermore, rates of
conversion to THA were relatively low when evaluating 1- to 4-year follow-up intervals. The
authors concluded that the included studies consistently demonstrated that HA can achieve
satisfactory pain reduction and functional improvement. However, there was not enough
evidence in the current literature regarding whether HA is superior to placebo or other types of

intra-articular injections.
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3.2.5.3. Ankle OA

A Cochrane systematic review and meta-analysis in 2015 including 6 randomised
controlled trials (RCTs) evaluated the efficiency of IAHA in 240 participants diagnosed with
ankle OA. The pooled analysis of two trials found that the Ankle Osteoarthritis Scale (AQS)
total score (measuring pain and physical function) was reduced by 12% at six months; this
evidence was graded as low quality, due to limitations in study design and imprecision of results:
a small population size. When comparing HA to exercise therapy the results for pain on a Visual
Analogue Scale (VAS 0 to 10) at 12 months are inconclusive (MD 0.70, 95% CI —2.54 to 1.14).
The American Orthopedic Foot and Ankle Society score (AOFAS score) was 13.10 points (MD)
higher in favour of HA (95% CI 2.97 to 23.23) on a scale of 0 to 100. The evidence was graded
as low.; no participants withdrew due to AEs; no SAEs were found. The RCT comparing four
different dosing schedules for HA (26 participants) showed the best median decrease in pain on
walking VAS (on a scale of 0 to 100) for 3 x 1 ml at 27 weeks with a median decrease of 30.

Currently, there is insufficient data to create a synthesis of the evidence as a base for
future guidelines for ankle OA. Since the aetiology of ankle OA is different, guidelines that are
currently used for hip and knee OA may not be applicable for ankle OA. It is unclear if there is a
benefit or harm for HA as treatment for ankle OA compared to placebo at six months based on a
low quality of evidence. HA can be conditionally recommended if patients have an inadequate
response to simple analgesics. It remains unclear which patients (age, grade of ankle OA) benefit

the most from HA injections and which dosage schedule should be used [115].

3.2.6. Clinical studies on the IAHA efficiency in the treatment of OA

Over the last decades, several clinical trials have been developing many HA preparations
and investigating their efficacy and safety. Although many studies have demonstrated that the
use of IAHA injection would be beneficial, non-surgical option for OA and may delay the need
for joint replacement. However, there is an ongoing controversy over the clinical effectiveness
and sustainability of intra-articular injection of HA for OA patients. Table 5 includes the
characteristics of the most common injectable HA products that are already approved by the
FDA.
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Table 7: Clinical studies evaluating the efficacy of injectable HA in osteoarthritic patients

Authors Years Studytype Joint Patientcharacter- HA injection characteristics Outcome
istics
Number Meanage HA brand HA molecular No. of injec- Comparisongroup Follow Pain improvement
weight (kDa) tions up (months)
HA injections in Hip osteoarthritis
Vad [58] 2003 Prospective Hip 22 56.4 Hylan G-F 20% 6000 3 None 12 VAS pain improved
Berg [75] 2004  Prospective  Hip 3 NA Durolane® 90,000 1 None 3 Not reported
Caglar-Yagci[76] 2005 Prospective Hip 14 653 Hylan G-F 20® 6000 3 None 3 WVAS pain improved
Tikiz [77] 2005 RCT Hip 48 604 Hylan G-F 20% 6000 3 Na hyaluronate 6 WAS pain improved
Quistgaard [78] 2006  RCT Hip 88 66 Hyalgan® 730 3 Saline/prednisclone 3 No difference from saline group
Gaston [79] 2007  Prospective Hip 13 84 Suplasyn NA 3 None 6 Not reported
Rennesson-Rey 2008 Prospective Hip 55 NA Hylan G-F 20® 6000 1 None 6 WAS pain improved
[80]
Richetteetal [81] 2009 RCT Hip 85 &80 Adant® 900 1 Saline 3 WAS pain improved
Migliare et [39] 2009 RCT Hip 42 70 Hyalubrix® 3200 2 Mepivacaine 6 WAS pain improved
Spitzeretal.[82] 2010 RCT Hip 312 59 Hylan G-F 20% 6000 2 Prednisolone
Eyigor [83] 2010 Prospective Hip 21 613 Adant® 900 3 None 6 WAS pain improved
Atchia et al. [84] 2011 RCT Hip 57 69 Durolane® 90,000 1 Saline/prednisolone 2 No difference from saline group
Battagliaetal [57] 2013 RCT Hip 100 53 Hyalubrix® 3200 3 PRP WAS pain improved
Dallari et al. [85] 2016 RCT Hip 80 20-60 Hyalubrix® 3200 3 PRP 12 WOMAC pain improved
HA injections in ankle ostecarthritis
DeGroot etal [86] 2012 RCT Ankle 56 54 Supartz 620-1170 1 Saline 3 VAS pain improved
Cohen et al. [87] 2008 RCT Ankle 28 562 Hyalgan® 500-730 5 Saline 6 WOMAC pain improved
Salk et al. [88] 2006 RCT Ankle 17 578 Hyalgan® 500-730 5 Saline 6 No difference from saline group
Karatosun et al. 2008 RCT Ankle 30 521 Adant® 900 3 Physical therapy 12 WAS pain improved
[89]
Carpenter [90] 2008 Prospective Ankle 26 57 Synvisc-one® 6000 3 Arthroscopy 13 Pain improved
Sunetal [91] 2011  Prospective Ankle 46 517 Hyalgan® 500-730 3 None 6 Pain improved
Lucianietal. [92] 2008 Prospective Ankle 21 45 Synvisc-one® 6000 3 None 18 WAS pain improved
Witteveen et al. 2008 Prospective Ankle 55 55 Synvisc-one® 6000 1 None 3 WAS pain improved
[93]
Sun et al. [94] 2006 Prospective Ankle 75 502 Anz 620-1200 5 None 6 Pain improved
HA injections in knee osteoarthritis
Grecomeoro [95] 1987 RCT Knee 34 65 Hyalgan® 500-730 3 Placebo 15 WAS pain improved
Puhl [98] 1993 RCT Knee 209 61 Supartz 6001200 5 025 mg hyaluro- 2 WAS pain improved
nate/2.5 ml
Henderson [97] 1994 RCT Knee 91 66 Hyalgan® 500-750 5 Placebo 0 No superior effect compared
to placebo group (in mean
joint space width (JSW) of the

medial compartment)
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Authors Years S5tudytype Joint Patient character- HA injection characteristics Outcome
istics
Number Meanage HA brand HA molecular No. of injec- Comparison group Follow Pain improvement
weight (kDa) tions up (months)
Adams [98] 1995 RCT Knee 102 61 Hylan G-F 20® 6000 3 NSAIDs/Arthrocen- 2 WOMAC pain improved
tesis

Lohmander [99] 1996 RCT Knee 240 58 Artzal ™ 1000 5 Placebo 6 VAS pain improved

Altrnan [44] 1998 RCT Knee 495 &4 Hyalgan® 500-730 5 Placebo/NSAIDs 3 WOMACL pain improved

Huskisson [53] 1999 RCT Knee 100 65 Hyalgan® 500-750 5 Placebo 3 VAS pain improved

Brandt [48] 2000 RCT Knee 226 &6 Orthovisc® 1000-2200 3 Placebo 3 VAS pain improved

Bunyaratave] [100] 2001 RCT Knee 49 59 Hyalgan® 500-730 4 Placebo 16 VAS pain improved

Jubb [101] 2003 RCT Knee 408 &4 Hyalgan® 500-730 3 Placebo 35 No superior effect compared
to placebo group (in mean
joint space width (JSW) of the
medial compartment)

Altrnan [44] 2004 RCT Knee 347 &3 Durolane 1000 1 Placebo 3 No superior effect compared to
placebo group

Chevalier [102] 2010 RCT Knee 235 636 Synvisc-one® 6000 1 Placebo 65 WOMACL pain improved

Huang [55] 2011 RCT Knee 100 659 Hyalgan® 500-730 5 Flacebo 625 WOMAC pain improved

Lundsgaard [45] 2008 RCT Knee 84 688 Hyalgan® 500-730 4 Placebo 65 No superior effect compared to
placebo group

Neustadt [50] 2005 RCT Knee 115 584 Orthovisc® 10002200 4 Arthrocenteses 55 WOMACL pain improved

Cubukgu [51] 2004  RCT Knee 30 528 Hylan G-F 20® 6000 8 Flacebo 2 WOMAC pain improved

Day [49] 2003 RCT Knee 116 &2 Arz™ 620-1200 5 Placebo 45 WOMAC pain improved

Petrella [52] 2006 RCT Knee 51 639 HA sodium salt NA 6 Placebo 3 VAS pain improved

Petrella [103] 2002 RCT Knee 54 6855 Suplasyn® MNA 3 Placebo 1 VAS pain improved

Strand etal [104] 2012 RCT Knee 249 a0 Gel-One MA 1 Placebo 3 WOMAC pain improved

Sun [40] 20017 RCT Knee 132 627 HYA-JOINT Plus NA 1 Synvisc-One 6 VAS pain improved
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3.2.7. Timing and duration of the HA treatment

One of the main controversial issues in this field is the timing and duration of injection
and whether it may have an impact on its efficacy and sustainability. Cubukuc et al. [116]
compared the intra-articular 3 weekly injections of Hylan G-F 20 and saline in OA patients.
They reported that the optimal pain relief was noticed in the HA group as early as the 3rd week
while functional improvement was seen at the 8th week.

In 2006, Patrella et al. [54] designed a randomized controlled trial to determine the
difference between three versus 6 consecutive weekly HA injections. They demonstrated that
there are no differences between 3 and 6 HA injections regarding pain, function, and patient
satisfaction.

In 1999, Huskisson et al. demonstrated that 5 weekly intra-articular injections of sodium
hyaluronate (Hyalgan A) would provide a symptomatic improvement that persisted for 6 months.
Recently, two large, controlled randomized clinical trial confirms that 5 weekly IA injections of
HA (Hyalgan) in patients with knee OA provided sustained relief of pain and improved patient
function, and were at least as effective with fewer adverse reactions as continuous treatment with

naproxen for 26 weeks [117].

3.2.8. Evidence for different molecular masses and preparations of hyaluronate
drugs

The influence of HA molecular mass on the clinical and functional efficacy remains
debatable. In 2005, Karatosun and his colleagues reported that there is no statistically significant
difference between intra-articular injections of both high and low molecular weight HA for late-
stage knee OA patients. Both groups experienced a substantial improvement in the outcome
parameters at the latest follow-up.

On the other hand, in a head-to-head clinical trial of 3-weekly injections of intermediate
MW HA (GO-ON® ) versus low MW HA (Hyalgan) in over 400 knee OA patients, the
intermediate MW HA preparation was statistically superior for the primary endpoint of
WOMAC pain subscale score at 6 months after the end of treatment; mean WOMAC pain score
decreased by 22.9+1.4 mm with intermediate MW HA and 18.4£1.5 mm with low MW HA after
6 months (p=0.021) (Figure 5). At six months although both groups exhibited a high proportion
of responders, there were significantly more OARSI/OMERACT responders in the intermediate
MW HA group compared with the low MW HA group (73% versus 58%; p=0.001). A meta-
analysis found no clinically relevant difference in benefit of hylan compared with lower MW HA

preparations (one low MW and one intermediate MW) but with an increased safety risk for
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hylan. Therefore, overall, the current evidence available does not support a superiority of one
kind of MW HA preparation over another, perhaps with the exception of a slightly lower
efficacy for low MW preparations versus intermediate and high MW HA shown in one single

trial which requires further investigation.
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Figure 5: 3 From Berenbaum 2012

Also, Xin et al. designed a clinical study to compare the efficacy and safety of two
different sodium hyaluronate drugs, Adant® and Artz® [118]. The main difference between the
two drugs is the manufacturing process, with Adant® being manufactured by fermentation and
Artz® being manufactured by extraction of cockscomb. The study concluded that both drugs
showed a significant reduction in VAS scores while not showing a significant difference in
efficacy and safety [118].

3.2.9. Which patients are likely to respond best to IAHA?

This is a major issue. Unfortunately, little evidence can be found in the available
literature, either from clinical trials, or surveys of long-term HA use [119]. Summarizing this
limited evidence leads to the following suggestions; IAHA injections seem to be more effective
if the patient:

e Has moderate, radiologically-advanced OA (at a Kellgren-Lawrence grade 2, rather than

3),

e Isnottoo old,
e Has a high level of symptoms. Karlsson et al. showed that patients with a Lequesne index
of at least 10 had a better response.

In addition, the presence of crystals in the joint does not preclude the use of HA
injections, and does not reduce the level of response. Furthermore, a certain level of physical
activity seems to be associated with better results [119].
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3.2.10. Safety of IAHA

IAHA injections are widely reported to be relatively safe, and a meta-analysis of US-
approved HA products on knee OA found no statistically significant difference between IAHA
and saline controls for any safety outcome. Furthermore, the serious AE risk was similar
between IAHA and saline (10). The safety record of IAHA has recently been questioned by a
meta-analysis that reported an increased risk of side effects (serious AEs and local AEs) with
HA that barely reached significance, and was limited to a small select fraction of trials (8 out of
71). It is important to note that the considered studies were of poor methodological and reporting
quality, rendering the findings questionable (42). Pseudoseptic reactions have been reported in a
small number of cases, occurring more often with cross-linked formulations of the highest MW
(43). A meta-analysis on safety found that high MW, cross-linked formulations of HA (hylans)
are twice as likely to cause local adverse reactions (RR 1.91; 95% CI 1.04 to 3.49; 12 =28%) and
post-injection flares (RR 2.04; 95% CI 1.18 to 3.53; 12 =0%) compared with intermediate or low
MW HA.

3.2.11. Cost-effectiveness of IAHA

From the cost-effectiveness stem point, Hyalgan® and Supartz® are considered as
economically feasible to provide rapid pain relief and functional outcomes when compared to
Orthovisc® and Synvisc®. Despite the more number of injections required in Hyalgan® and
Supartz® courses, it still costs healthcare plans less than Synvisc® [120].

3.2.12. Discussions and conclusions

There is good evidence for the efficacy of IAHA in reducing pain and increasing function
in OA as demonstrated in RCTs. While 1A CS show early relief of symptoms, IAHA
demonstrates a greater effect beyond 12 weeks after injection, and with longer lasting benefits up
to 6 months. Evidence from a real-life study of repeat courses of IAHA demonstrates an
improvement in pain or function lasting up to 40 months (12 months after the last treatment
cycle). Other observational studies suggest a reduction in use of concomitant analgesia by up to
50%, and a delay in the need for TKR surgery of around 2 years. This particular outcome should
be further studied in prospective long-term controlled trials or surveys. The clinical benefits of
IAHA on OA may be considered to be 2-fold: (i) mechanical viscosupplementation of the joint
allowing lubrication and shock absorption and (ii) the reestablishment of joint homeostasis
through induction of endogenous HA production, which continues long after the exogenous
injection has left the joint.

The magnitude of the clinical effect for different HA products may vary, and this also

requires further prospective controlled investigations to be established. IAHA injections are
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generally considered to be safe, with only mild to moderate transient local AEs reported on the
whole, although a slightly higher occurrence of local reactions and flares has been reported with
hylans.

Further investigation into the OA patient phenotypes most likely to benefit from IAHA is
warranted. Moreover, further studies are still required to obtain specially designated molecular
mass HA to optimize the clinical effect and extend its applications. Also, more randomized
controlled trials with a large sample to test not only the efficacy of HA versus the other
established therapies of OA but also the different products, dosages, and the optimal number of
injections.

Viscosupplementation with IAHA appears to be a safe and effective treatment and should
be kept as a component of the multi-modal management of OA.
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4. GENERAL CONCLUSIONS

OA is a debilitating disease that affects a large portion of the population. As the general
age of the population continues towards older age, the prevalence of the disease is only going to
go up. Therefore, more research is needed to fully control the disease and its side effects.

HA is a potential bright spot for helping lower the side effects. HA treatment has shown
many beneficial effects in studies and experiments such as intraarticular lubrication, anti-
inflammatory, analgesic and chondroprotective effects, among others. However, considering its
cost it is not always the recommended treatment for OA patients. According to the Osteoarthritis
Research Society International 2012 guideline and the American College of Rheumatology 2013
guidelines, HA treatment is neither recommended or discouraged because of the inconsistency of
clinical studies, while 2019 OARSI guidelines offer a level 1B recommendation for IAHA. For a
plethora of the studies both societies researched, a large placebo effect was seen which limited
the scope of the data. The treatment also does not provide an immediate relief to most patients,
as studies have shown that it takes about 5 weeks before patients feel the full effect of the
treatment. Despite the demonstrated efficacy and the safety of HA products, there are few
associated side effects that mostly limited to local pain and swelling with frequent injections.
Further investigations are still required to obtain specially designated molecular mass HA to
optimize the clinical effect and extend its applications. In addition, more randomized controlled
trials with a large sample to test not only the efficacy of HA versus the other established
therapies of OA, but also the different products, dosages and the optimal number of injections.

HA treatment shows a lot of potentials that will hopefully be discovered through

continued research.
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