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INTRODUCTION

Osteoarthritis (OA) is the most prevalent long term
chronic inflammatory joint disease, commonly
affecting joints in the knees, hands, feet, hips,
fingers, and/or lower spinal regions causing
gradual loss of cartilage.[1] It is characterized by
the deterioration of cartilage in joints which results
in bones to rub together and creates stiffness,
pain, and impaired movement.[2] Symptomatic
OA is defined as the presence of radiographic
OA plus symptoms including pain, aching, and
not all individuals with radiographic OA present
with symptomatic OA. The individual feels
pain, stiffness and aching. Radiographic OA is
diagnosed based on non uniform joint space lost,
osteophyte formation, cyst formation and sub-
chondral sclerosis on x-ray. It is possible to have
symptomatic OA without radiographic OA and
vice versa. Post-traumatic OA develops after
joint injury. Injury may be in the form of fracture,
cartilage damage, acute ligament sprain, or chronic
ligamentous instability (or a combination of
these). Osteoarthritis is classified into two groups.
[3,4] Primary osteoarthritis can be localised or
generalised, the latter more commonly found in
postmenopausal women, with development of
Heberden’s nodes.[5] Secondary osteoarthritis has
an underlying cause, such as trauma, obesity, Paget’s
disease, or inflammatory arthritis.[6] It is one of the
ten most disabling diseases in developed countries.
[11] Globally, the number of persons disabled by
OA has more than doubled over the past 25 years.
Increases in the prevalence and the metric of ‘years
lived with disability’ from 140.5 per 10,000 and 7.3
million to 301.6 per 10,000 and 16.3 million were
observed between 1990 and 2016, respectively.[3,4]
In addition, there is emerging evidence that the
prevalence of knee OA has doubled since the mid-
20th century. The 2010 Global Burden of Disease
Study reports that the burden of musculoskeletal
disorders is much larger than estimated in previous
assessments and accounts for 6.8% of DALYs
(Disability Adjusted Life Years) worldwide[12,13].
An estimated 10% to 15% of all adults aged over
60 have some degree of OA, with prevalence higher
among women than men. The prevalence of OA is
increasing due to population ageing and an increase
in related factors such as obesity.[14]According
to the United Nations, by 2050 people aged over
60 will account for more than 20% of the world’s
population by OA.[15]

During the development of OA, the metabolism and
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structure of the entire joint progressively changes,
with damaged cartilage, remodeled subchondral
bone and chronic inflammation of the synovium.
[7,8] These metabolic and structural changes
to the joint adversely affect joint biomechanics
which leads to pain and impaired weight-bearing
activities, joint stiffness, limited ranges of motion
and decreased physical function. [9] As there is
limited capacity to repair and restore cartilage
[10], at present there is no effective treatment for
OA. Modern definitions of OA propose that it is
a chronic low-grade inflammatory disease with
gradually altering immune-metabolism of joints.
[14,17] It also suggests that increased oxidative
stress contributes to the progression of OA.[18]
In OA, exposure to inflammatory cytokines such
as interleukin-13 (IL-1PB) increases oxidative
stress by stimulating the production of reactive
oxygen species (ROS) and nitric oxide (NO) in
chondrocytes and synoviocytes, resulting in an
imbalance of anabolic synthesis and catabolic
breakdown of the cartilage matrix, leading to a
loss of cartilage.[14,18] Thus, strategies that lead
to reductions in inflammatory cytokines and
oxidative stress appear to slow the progression of
OA, indicating the potential of increasing intake of
antioxidants for OA management.[19,20]

Scientific investigations for development of
diagnostic tools and effective treatments

Osteoarthritis can be diagnosed by physical
examination and, where necessary, with x-ray, MRI
scan and arthroscopy. However, these diagnostic
tools have low sensitivity and specificity.[15] There
are no biomarkers for OA that can be used in clinical
practice at this time. The treatment of OA involves
treating the associated pain and inflammation;
improve function and quality of life of patients by
symptom-modifying pharmaceutical drugs (e.g.,
pain killers), lifestyle modifications (e.g., weight
loss and exercise); viscosupplementation with intra-
articular hyaluronate injections; intra-articular
corticosteroid  injections; joint  replacement
surgery.[16,17] The use of magnetic resonance
imaging to detect the presence of cartilage and
bone marrow lesions, osteophytes, and eftfusion is
gaining popularity, though no standard magnetic
resonance imaging-based definition of OA exists.
Commonly, OA is graded radiographically using
the Kellgren-Lawrence (K-L) scale.[7] The K-L
scale ranges from 0 to 4 based on the presence
and degree of osteophytes, joint-space narrowing,
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sclerosis, and deformity, with grades of 2 or higher
indicating the presence of radiographic OA. The
K-L scale does not consider symptoms when
defining OA severity. OA is basically related to
ageing, but it is also associated with a variety of
other both modifiable and non modifiable risk
factors, including: obesity, lack of exercise, genetic
predisposition, bone density, occupational injury,
joint trauma and instability, gender, metabolic and
endocrine diseases.

The Osteoarthritis Initiative (OAI) is a multi-center,
longitudinal, prospective observational study of
knee osteoarthritis (OA). The OAI maintains a
natural history database for osteoarthritis that
includes clinical evaluation data, radiological
(x-ray and magnetic resonance) images, and
a biospecimen repository from 4796 men and
women ages 45-79 enrolled between February 2004
and May 2006. Four 3.0 Tesla MRI scanners, one at
each clinical center, were dedicated to imaging the
knees of OAI participants annually over four years.
The seven-year project recruited participants who
had, and those who are at high risk for developing,
symptomatic knee osteoarthritis. All data and
images collected are available to researchers
worldwide to help quicken the pace of biomarker
identification, scientific investigation and OA
drug development. Access to biospecimens is by
application to the National Institute of Arthritis,
Musculoskeletal and Skin Diseases (NIAMS). [10]

Risk factors of OA

Approximately 30%-65% of the risk of osteoarthritis
(OA) is genetically determined.[4, 5, 7]A recent
review by Warner et al highlighted the main
findings from genetic association studies on OA to
date. They reported that genome-wide associated
scan (GWAS) studies have so far identified 21
independent susceptibility loci for OA. Since
this review’s publication, the single nucleotide
polymorphism (SNP) rs4238326 in the ALDH1A2
gene was linked with knee osteoarthritis (KOA)
risk in a Chinese sample study. This is relevant, as
genetic variants within the ALDH1A2 gene was
only previously linked with hand OA in European
populations.[37]Data from the Chingford studyalso
found that the SNP rs11688000 in the neurokinin
1 receptor gene (TACRI1) was associated with
decreased risk of symptomatic OA. [27]

Injury/Surgery: Anterior cruciate ligament (ACL)
injury, meniscal tear (MT), and direct articular
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cartilage damage following injury have all been
linked to subsequent knee osteoarthritis (KOA)
development namely post traumatic osteoarthritis
(PTOA).[4,5,7,12] Three classes of chondral and
osteochondral injuries can be identified based on
the type of tissue damage and the repair response:
damage to the joint surface that does not cause
visible mechanical disruption of the articular
surface, but does cause chondral damage and
may cause subchondral bone injury; mechanical
disruption of the articular surface limited to
articular cartilage; and mechanical disruption of
articular cartilage and subchondral bone.

People who sustain a knee injury are 4.2 times more
likely to develop osteoarthritis (OA) than those
without a history of knee injury.[12]

A systematic review by Luc et al showed that overall
rates of OA development were higher in patients
after ACL reconstruction (44%) than in those
who remained ACL deficient (37%), with an odds
ratio (OR) of 1.29 (95% confidence interval [CI]
Y% 1.06, 1.52). Prevalence of PTOA was greater in
ACL-reconstructed individuals through the first 2
decades after injury; however, PTOA prevalence
was 34% greater in ACL-deficient compared with
-reconstructed patients in the third decade after
injury.[12] Stein et al reported radiographic changes
in 19.2% of patients after medial meniscal repair
compared with 60% of patients after partial medial
meniscectomy at 8-year follow up. These data
indicate a greater risk of PTOA development as the
amount of meniscus that is removed increases. [12]

Joint loads/Alignment: In an OAI study, varus
thrust (i.e., first appearance/ worsening of varus
alignment during stance) was associated with
KOA progression, but not KOA incidence. In the
Multicenter Osteoarthritis Study (MOST), varus
thrust increased the odds of worsening medial
bone marrow lesions (BMLs) and medial cartilage
loss as well as the odds of incident medial BMLs
of the knee among those with KOA and those with
increased risk of KOA, respectively. [17]

Bone/Joint Shape: Contributing to the body of
evidence, a recent population-based OA cohort
study in France used 5 measures to describe hip
morphology. Among all measures, acetabular
index was most strongly associated with the
severity and progression of hip OA. In addition,
the Rotterdam Study found that those with cam
deformity or acetabular dysplasia had double
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the risk of developing hip OA compared to those
without deformity. [18]

Muscle Strength: The association between muscle
strength and OA may vary depending on the
muscles and joints being studied. In an examination
of anterior cruciate ligament (ACL) injured knees,
high thigh muscle cross-sectional area (CSA)
and high muscle/fat ratio had a protective effect
against KOA prevalence. On the other hand,
among OAI subjects without radiographic KOA
and with minimal extension strength variability,
higher total extensor CSA and vastusmedialis CSA
were found to increase patellofemoral cartilage
loss over time. There was also a strong positive
association between extensor-flexor CSA ratio and
patellofemoral cartilage deterioration. Similarly,
higher knee extensor strength in adolescent men
was associated with greater risk of KOA by middle
age in a longitudinal study of Swedish registries.
However, in a cross-sectional study of hip muscle
strength and joints of subjects with hip OA, greater
isometric strength of hip and thigh muscle groups
was associated with better self-reported physical
function. [17, 18]

Age and Sex: The exact mechanism is not
known, but is likely related to a combination of
changes in the capacity for joint tissues to adapt to
biomechanical insults, and age being a proxy for
the accumulation of a sufficient set of risk factors
over the years. There is seen a decline in OA at older
ages. [18, 19]

Female sex is associated with higher prevalence
and greater severity of OA.[20] The increase in OA
prevalence and incidence at the time of menopause
has led to hypotheses regarding the role of estrogen
in OA, such as the loss of estrogen potentially
unmasking the symptoms of OA by enhancing pain
sensitivity. However, results from observational
studies and clinical trials have been conflicting
regarding estrogen effects on OA and perhaps could
be explained by other factors (reduced volume of
cartilage, bone loss or lack of muscle strength).[21]

In the study of Korean population[20], prevalence
progressively increased with age and was the
highest in patients more than 80 years old (female:
63.3%).In this study, the prevalence of symptomatic
knee OA in males was 4.5%. The female group
showed a prevalence of 19% in the knee, which was
significantly greater than in males.

Similar trends were seen in studies of Chinese
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population[21].In  studies of elderly Irish
population[19] prevalence was higher for women
and for those aged 80 years was more than twice
that of those aged 50-60 years.

Obesity: Studies all over the world suggest the
association of OA with obesity. [22] However, in
study of risk factors for radiographic hand OA,
no association was found between overweight/
obesity and hand OA in either cross-sectional
or longitudinal analyses.[23] In a meta-analysis,
those who were obese or overweight had 2.96
times higher risk of incident knee OA compared
with those who were normal weight (95% CI 2.56-
3.43). Decreasing BMI by 2 units or more over 10
years (~5 kg) was associated with 50% lower risk of
developing symptomatic knee OA among women,
36 findings supported by a recent meta-analysis.
[24] Previous studies reinforced the hypothesis
showing the relation between metabolic syndrome
and OA [25] but recent studies didn’t find significant
association.[27] Though based on previous studies,
association between obesity and hip OA had been
weak, relatively recent cross-sectional study from
Japan and a prospective cohort study from Spain
found an independent association between weight
gain and hip OA diagnosis. [26]

Bone Density and Mass: New evidence suggests
that high systemic bone mineral density (BMD)
predates early structural KOA features; higher
spine and total hip BMD were recently linked
to progression of tibio-femoral cartilage defects
as measured by MRI in adults without clinical
symptoms. [28]Contradicting this low BMD has
been associated cross-sectionally with reduced joint
space width at the hip, which could be a reflection
of effects of existing OA. That is, once symptomatic
OA has developed, an individual may decrease their
physical activity and therefore loading of the joint,
which in turn can contribute to low BMD. [29]

Vitamins/Diet: As vitamin D plays a major role
in cartilage and bone metabolism, it has been
hypothesized that low levels of it may increase OA
risk.[30] After two years studies on test subjects,
effusion synovitis (measured by MRI) remained
stable in the vitamin D group but increased in the
placebo group. Those with consistently sufficient
25-hydroxyvitamin D levels also had less loss of
tibial cartilage volume, less increase in effusion
synovitis, and less decrease in physical functioning
compared to those with consistently insufficient
levels. This supports the role of Vitamin D to
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prevent risks of OA. [31]

Findings from two prospective cohort studies also
showed that higher total fiber intake was related
to lower risk of symptomatic KOA, but its relation
to radiographic KOA was unclear. [27, 32] Finally,
higher adherence to a Mediterranean diet was
associated with lower prevalence of clinical and
radiographic KOA. [33, 34]

Treatment
Pharmacological treatment

Oral NSAIDs: A study published in the Lancet
focused on effectiveness of different NSAIDs
through a network meta-analysis of randomized
controlled trials of any NSAID (1980-2015,
including coxibs), paracetamol, and placebo with
over 100 participants per group. They identified
74 trials with over 58,000 participants, and found
that all NSAID preparations regardless of dose
improved pain vs. placebo; no support for the
effectiveness of paracetamol; [39] the greatest effect
size for diclofenac and etoricoxib (~0.6), concluding
that diclofenac 150 mg per day is the most effective
currently available NSAID for pain and function
in OA. This meta-analysis did not consider safety
outcomes, particularly cardiovascular risk, which
has been noted to be similar between coxibs
and diclofenac leading to reduced utilization of
diclofenac in recent years. Thus, providers should
consider the risk/benefit ratio of these therapies,
and oral NSAIDs should be used at the lowest
effective dose and for the shortest possible time.
[34, 35]

In a German study, overall, 63.4% (95% CI:
63.3%-63.5%) of the studied patients had received
prescriptions for analgesics and 44.1% for NSAIDs.
(36]

Topical NSAIDs: Topical NSAIDs are an
attractive option for OA management given their
safety profile. The Cochrane Review of topical
NSAIDs for musculoskeletal pain was updated
to include more than 10,000 participants in 39
studies (all randomized, double-blind, placebo-
controlled trials in adults with moderate to severe
musculoskeletal pain and at least 10 subjects per
arm). All included studies were of OA and were
moderate to high quality. A study compared a novel
topical NSAID, s-flurbiprofen plaster, to standard
flurbiprofen commercially available in Japan in 633
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individuals with knee OA and suggested a modest
but significant benefit to the investigational drug;
both were shown to be safe. [40, 41]

Intra-articular corticosteroid/Intra-articular
hyaluronic acid: McCabe, et al, in their study
found that all patients reported reduction in pain
at 3-4 weeks post IASI. [42] Investigators from the
OA Trial Bank performed an individual patient data
meta-analysis of published randomized controlled
trials of IASI in hip or knee OA by requesting data
from corresponding authors of all eligible trials.
[43] The authors found that IASI had significant
short- (<4 weeks) and mid- (1-3 months) term
benefits, but no effect on long term- (up to 12
months) outcomes, with no difference in signs of
inflammation.[44, 45]

Zhang, et al, considered the importance of
aspiration of a joint prior to IAHA administration,
randomizing 92 symptomatic knee OA patients to
maximal aspiration and 88 to no aspiration prior
to weekly IAHA for 5 weeks, with 25-week follow-
up. The authors noted that visual analog scale
(VAS) pain with walking and WOMAC function
improved more in the aspiration group, but there
was no difference in global “overall effectiveness” as
rated by the patient or the investigator.[46]

A study by Shen et al found that PRP was superior
to other intra-articular injections in terms of pain
relief and function improvement through 3 to 12
months. Also, the risk of adverse events in PRP-
treated participants was not significantly increased
in comparison with other intra-articular injections.
[47, 48]

Surgical treatment

Total joint replacement: According to a study,
the 2010 prevalence of total hip and total knee
replacement in the total U.S. population was 0.83%
and 1.52%, respectively. Prevalence was higher
among women than among men and increased
with age, reaching 5.26% for total hip replacement
and 10.38% for total knee replacement at eighty
years. [48] These estimates corresponded to 2.5
million individuals (1.4 million women and 1.1
million men) with total hip replacement and
4.7 million individuals (3.0 million women and
1.7 million men) with total knee replacement in
2010. Secular trends indicated a substantial rise in
prevalence over time and a shift to younger ages.
Given the success of total hip and knee replacement
in improving function and quality of life of
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individuals with severe arthritis, the current trends
will likely continue in the coming decades. [49, 50]

Non-Pharmacological treatment

Weight loss: An 18-week program out of Australia,
OA Healthy Weight for Life, enrolled 1383
individuals with a mean age of 64 years and baseline
BMIof 34 kg/m2 (82% were obese). Almostall (94%)
of those enrolled lost at least 2.5% of their baseline
weight, and 1/3 lost more than 10%. The researchers
noted a dose-response relationship between change
in KOOS (Knee Injury and Osteoarthritis Outcome
Score) and percentage weight change, concluding
that loss of at least 7.7% of baseline weight was
needed to achieve a minimal clinically important
difference in WOMAC function (derived from the
KOOS).[51]

A study published in the Journal of the American
Medical Association reported improvements in
several OA-relevant measures in a cohort of 2200
people following bariatric surgery. The median
pre-surgery BMI in this group was 46 kg/m2; 70%
had 3-year follow up where the median weight loss
was 30% of baseline, accompanied by significant
improvements in knee and hip pain and function
by WOMAC. The majority of these patients had
clinically significant improvements in body pain,
physical function, and walking capacity, although
the percent of patients with improvement in
pain decreased between one and three years
postoperatively. [52]

Exercise/Physical activity: Exercise is an integral
component of conservative nonpharmacological
management of osteoarthritis and is advised by
clinical guidelines for all patients, irrespective of
disease severity, age, co-morbidity, pain severity,
or disability (Conaghan et al 2008, Hochberg
et al 2012, Zhang et al 2008). The studies vary
particularly with regard to the type, dosage, mode
of delivery, and duration of the exercise program.
(35, 36]

A recent study discovered an increase in IL10 levels
of synovial fluid after acute resistance exercise
in patients with OA of the knee. IL10 is an anti-
inflammatory cytokine with chondroprotective
properties. It was shown that aquatic exercise was
beneficial only in the beginning and in obese people
whereas land-based aerobic and strengthening
exercises had a continuous effect for as long as they
were carried out. [52]
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Mediterranean diet (MD) and other supplements:
The findings of a systematic review on MD in relation
to OA indicate positive associations between MD
and improved quality of life in participants with
OA. Biomarkers of inflammation and cartilage
degradation related to OA were also analyzed and
significant differences were detected for IL1-a (p =
0.019), which was lower in the diet group. However,
the epidemiological evidence is limited, and longer
interventions are required to evaluate the long-term
efficacy of the MD for improving symptomatology
and preventing OA. [37, 38]

A review demonstrates that the most widely used
supplements (eg, glucosamine and chondroitin)
are not clinically effective in reducing pain and
improving physical function at short term in
patients with OA. No supplements demonstrated
clinically important effects for pain at medium
term and long term except for green-lipped mussel
extract and undenatured type II collagen, which
suggested clinically meaningful effects on pain
reduction at medium term. [51]

Contradicting this, a study by Zhu et al, suggests
that oral chondroitin in recommended dosage
is more effective than placebo on relieving pain
and improving physical function. Compared with
placebo, glucosamine showed significant effect on
the outcome of stiffness. [52] Hence, further studies
are necessary to come to a definitive conclusion.

CONCLUSION

Definitive treatment hasnt been found yet, but
treatment of OA is available and is preventable.
Pharmacological treatment includes NSAIDs,
non-pharmacological includes exercise, physical
activity and diet whereas surgical method includes
total joint replacement. But, none of the mentioned
treatment promises 100% cure of OA. Incidence
and prevalence was high among people with joint
problems; be it malalignment, shape of the bone,
their density or a recent surgery. ACL injury,
meniscal tear (MT), and direct articular cartilage
damage was found to be linked to subsequent KOA
development. The risk was high among old people
and in women after menopause, people who are
obese and the people with poor diet.
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