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Abstract

Osteoarthritis (OA) is the most common form of arthritis in the general population, accounting for more pain and functional disability than any other
musculoskeletal disease. There remains a paucity of effective and safe pharmacologic options for the management of OA, with oral and topical nonsteroidal
anti-inflammatory drugs (NSAIDs) being the primary medications recommended. Therefore, nutraceuticals and supplements have emerged as possible adjuncts
or alternatives. Undenatured collagen type Il has been studied for its potential benefits during OA supportive care in preclinical and clinical studies,
demonstrating positive results with substantially lower therapeutic doses. This review article aims to provide a scientific rationale for a treatment algorithm
for the management of OA, including analgesics and nutraceuticals such as undenatured collagen type Il and other nutrients.
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57.38+12.16.2 The prevalence of primary knee OA is
reported to be higher in big cities compared with villages,
small cities, and towns (33.2% vs. 29.9% vs. 18.3% vs.

1. Introduction

Globally, osteoarthritis is a leading cause of chronic pain and

disability and is the most common musculoskeletal disorder
with a growing prevalence due to aging populations and
increased obesity. The Global Burden of Disease (GBD)
study 2021, reported an alarming increase in age-
standardized incidence rate of 15% between 1990 and 2021.
Furthermore, in 2021, the burden of hip OA in India was 3.6
million, knee OA was 48.4 million, and hand OA was 25.5
million. The prevalence of OA was highest in the 60-64 age
group (11.9 million), while the incidence of OA was highest
in the 50-54 age group (1.04 million).! A study in rural India
reported that the community prevalence of knee OA was
34.6%, with a mean Western Ontario and McMaster
Universities  Arthritis  Index (WOMAC) score of

19.3%).3

There are several methods for OA staging, including
radiographically derived evaluations, joint space narrowing
(JSN) measurements, and the Kellgren-Lawrence (KL)
scoring system:*

0: No radiological findings of osteoarthritis

I: Doubtful narrowing of (JSN) joint space and possible
osteophytic lipping

I1: Definite osteophytes and possible JSN

I1l: Moderate multiple osteophytes, definite narrowing of
joint space, with or without small pseudocystic areas with
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sclerotic walls and possible deformity of bone contour may
be seen

IV: Large osteophytes, marked narrowing of joint space,
severe sclerosis, and definite deformity of bone contour

OA frequently coexists with other chronic conditions
particularly in older populations.> Multimorbidity increases
the complexity of care, and healthcare providers must balance
the management of OA with the treatment of other chronic
conditions.®” Despite this, conventional pharmacological
options only offer symptomatic relief, efficacy is often
limited, and adverse effects are common with long-term use.®
There are no pharmacological agents that alter or slow the
progression of OA. Surgical management is undertaken when
conservative measures fail to control symptoms and cause
significant morbidity to the patients Activities of Daily
Living. Total joint replacement is effective, and prostheses
may last for up to 20 years.® Therefore, there is a growing
interest in exploring nutraceuticals and supplements, as
potential adjuncts in OA support to address unmet needs and
improve patient outcomes.*°

This article reviews the evidence on pharmacological
management of OA using topical, systemic, and intra-
articular pharmacological agents for pain management. An
expert opinion on the wuse of currently available
pharmacological agents, including supplements, for the
management of OA is presented, along with a rational
treatment algorithm to healthcare providers to enable
effective, safe, and individualized treatment to OA patients.

2. Management of OA
2.1. Pharmacological management: Systemic
2.1.1. Paracetamol

Paracetamol or acetaminophen is a common mild analgesic
medication and is included in the World Health
Organization’s List of Essential Medicines. As part of OA
management, paracetamol is commonly recommended for
analgesia at an early stage in the treatment
recommendations.!? Unlike nonsteroidal anti-inflammatory
drugs (NSAIDs), it does not exert anti-inflammatory action.
The central mild analgesic effect is mediated through
interfering with the serotonergic descending pain pathways.
It is also likely that paracetamol might inhibit prostaglandin
synthesis.’> While paracetamol is a widely used over-the-
counter (OTC) analgesic, safety concerns may prevent its use
for the management of chronic pain.'! Recent guidelines from
the National Institute for Health and Care Excellence (NICE)
recommend that paracetamol should be used infrequently for
short-term relief from pain and if other pharmacological
options are not tolerated or ineffective or contraindicated, due
to the lack of strong evidence of benefit. ** However,
guidelines from the American College Rheumatology
conditionally recommend paracetamol for patients with knee,
hip, and/or hand OA. *#

2.1.1.1. Efficacy

A systematic review and meta-analysis of 13 randomized
trials including reported that while paracetamol did not
significantly reduce the intensity of pain, it did have a
significant (yet not clinically important) effect on pain and
disability in patients with knee or hip OA in the short term.®
Combination of paracetamol and NSAID has demonstrated
better short-term pain relief compared with NSAID alone
without increased risk of AEs in patients with OA. The meta-
analysis of 22 studies examining patients with low back pain
and OA. Moderate certainly evidence indicated a reduction
in pain for paracetamol plus aceclofenac vs aceclofenac
(mean difference [MD] -4.7, 95% CI -8.3 to -1.2) and
paracetamol plus etodolac vs etodolac (MD -15.1, 95% CI -
18.5 to -11.8) among OA patients. Similarly, moderate
certainly evidence indicated reduction in pain at intermediate
term for paracetamol plus oral tramadol compared with
placebo OA (MD -6.8, 95% CI -12.7 to -0.9).16

2.1.1.2. Safety

Paracetamol has generally been considered safer than other
analgesics drugs. However, higher doses of paracetamol have
a considerable degree of toxicity and a dose-response trend
has been reported for cardiovascular and renal AEs.™
Furthermore, the incidence of withdrawals due to adverse
effects with paracetamol is significantly higher than that of
placebo (77/1,000 participants vs. 65/1,000 participants, risk
ratio 1.19), as is the incidence of abnormal liver function
(70/1,000 for paracetamol vs. 18/1,000 for placebo, risk ratio
3.79). Thus, patients taking paracetamol are nearly four-fold
more likely to have abnormal liver function.'47

2.1.2. Nonsteroidal anti-inflammatory drugs

Guidelines routinely recommend the use of oral NSAIDs for
the management of OA pain. These drugs are prescribed in
50-60% of OA patients in USA and Europe. '® The use of
NSAIDs has to be balanced with the potential for adverse
effects, through limited duration of use, or use only in
patients with persistent pain while also considering the risk
profile of individuals. The anti-inflammatory and analgesic
effects of NSAIDs are attributed to the inhibition of
cyclooxygenase isoenzymes (COX-1 and COX-2) leading to
reduced levels of prostaglandins. NSAIDs may be selective
(targeting only one isoform of cyclooxygenase) or
nonselective (targeting both isoforms).®

2.1.2.1. Efficacy

A network meta-analysis analyzing 76 randomized controlled
trials (RCTs) evaluated the efficacy of seven NSAIDs,
paracetamol and placebo in patients with OA. A clinically
important pain reduction was noted for diclofenac 150
mg/day, etoricoxib 30 mg/day, 60 mg/day, and 90 mg/day,
and rofecoxib 25 mg/day and 50 mg/day (effect size [ES] -
0.37), with the highest probability of pain reduction noted for
diclofenac 150 mg/day and etoricoxib 60 mg/day.
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Furthermore, diclofenac 150 mg/day and rofecoxib 25
mg/day significantly improved physical function. A dose-
dependent response was noted for the interventions
analyzed.*®

A network meta-analysis reported that diclofenac 150
mg/day, etoricoxib 60 and 90 mg/day, and rofecoxib 25 and
50 mg/day have high efficacy in pain reduction. The
probability of more pronounced treatment effects than the
minimal clinically relevant reduction in pain was >99%,
while it was <53% for opioids. Furthermore, the risk of
treatment dropout due to adverse effects is higher for opioids
compared with NSAIDs (89.5% vs. 29.8%). %

2.1.2.2. Safety

Oral NSAIDs have a risk of adverse effects that is recognized
by the United States Food and Drug Administration (US
FDA) leading to a black box warning on this class of drugs.
There is an increased risk of cardiovascular (CV) and
gastrointestinal (GI) adverse effects. 2! Upper Gl
complications include peptic ulcer perforation and bleeding.
Oral NSAIDs have up to fivefold higher risk of such
complications, and thus, lower doses for limited durations of
treatment are preferred. Diclofenac increases the risk of
major vascular events by 41% while coxibs increase this risk
by 37%. Ibuprofen, but not naproxen, increases the risk of
major coronary events. In addition, naproxen carries a lower
risk of vascular events.??

Older patients have an increased risk of these adverse
events. Polypharmacy is common in older adults and can lead
to drug interactions with NSAIDs. Older patients are more
likely to have CV disease and age-related decline in renal
function, increasing the risk of CV, hematologic, and renal
AEs. Due to this, guidelines recommend topical NSAIDs
over oral NSAIDs for patients aged over 75 years.®

It has been reported that over 40% of patients using oral
NSAID users are at higher risk for cardiovascular AEs, and
over 85% of oral NSAID users are at significant risk for
gastrointestinal AEs. The gastrointestinal AEs resulting from
oral NSAID use are often asymptomatic and thus
unrecognized by patients and providers until they become
clinically significant. 2

2.1.3. Opioids

Opioids act on G protein-coupled opioid receptors, primarily
the p-opioid receptors which inhibits calcium influx and
CAMP production, thus inhibiting the release of
neurotransmitters. Despite the widespread use of opioids,
there is an apparent lack of efficacy as well as a risk of
adverse effects and overdose.? This is reflected in guidelines,
wherein the use of non-tramadol opioids is conditionally
recommended against, and can be used only when
alternatives are exhausted. ** Osteoarthritis Research Society
International (OARSI) guidelines also strongly recommend
against the use of oral as well as transdermal opioids due to

the risk of chemical dependency and the limited impact on
symptom.?®

2.1.3.1. Efficacy

A meta-analysis of 22 studies evaluated the efficacy of
opioids versus placebo in patients with OA. No clinically
relevant benefit of opioids over placebo was noted for pain
relief of 50% or more, disability, and patient global
impression much or very much improved. Opioids did not
have a clinically relevant benefit in improving mean pain
intensity. 2

The Strategies for Prescribing Analgesics Comparative
Effectiveness (SPACE) trial evaluated opioid and nonopioid
medication therapy in patients with chronic back pain or
knee/hip OA pain of moderate or severe intensity despite
analgesic use. Multiple medication options were prescribed
in three steps. Patients in the opioid group received
immediate-release morphine, oxycodone, or hydrocodone/
acetaminophen. Patients in the nonopioid group received
acetaminophen (paracetamol) or a nonsteroidal anti-
inflammatory drug. At 12 months, the treatment groups did
not differ in pain-related function, functional response (>30%
improvement in Brief Pain Inventory [BPI] interference), and
health-related quality-of-life  (HRQoL). However, pain
intensity was significantly improved in the non-opioid group
at 12 months.

2.1.3.2. Safety

Opioids have an increased burden of adverse effects
compared with placebo, including nausea (relative risk [RR]
3.17), constipation (RR 3.57), vomiting (RR 3.65), dizziness
(RR 3.06), somnolence (RR 3.61), fatigue (RR 2.52),
hyperhidrosis (RR 4.85), and pruritus (RR 4.88). Overall, the
risk of experiencing severe adverse effects was 3.12 times
higher for opioids compared with placebo. The rate of
treatment discontinuation due to adverse effects was
significantly higher in the opioid group. %

A meta-analysis by Welsch, et al., also reported that
more patients receiving opioids discontinued treatment due
to adverse effects (26.4% vs. 7.1%, p<0.0001) and therefore,
clinically relevant harm due to opioids was apparent.
Subgroup analysis revealed that the risk difference (RD) for
dropout rates due to adverse effects for pure opioids was 0.25
and for tapentadol and tramadol was 0.12.2% In the SPACE
trial, the opioid group had significantly more adverse effects.
The findings did not support the use of opioid medication for
knee/hip OA pain.?’

2.1.4. Symptomatic slow-acting drugs for OA (SYSDOA):
Chondroitin sulfate and glucosamine

Pharmacological options for the management of OA largely
provide only symptomatic relief without addressing the
pathophysiology of OA, have known adverse effects. This led
to the development of symptomatic slow-acting drugs
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(SYSADOAs) such as chondroitin sulfate (CS) and
glucosamine which have better tolerability and safety
compared to traditional pharmacological options.3%7
Glucosamine and CS are naturally occurring compounds that
are important for the synthesis of proteoglycans which
maintain the integrity of articular cartilage. Chondroitin is
present in the connective tissues and the extracellular matrix
of articular cartilage. 33 CS has a delayed onset of action
and provides symptomatic relief as well as disease
modification by slowing the progression of joint space
narrowing. While several clinical trials have demonstrated
the efficacy of these two molecules, guidelines do not
recommend their use. %

CS has been shown to reduce the number of apoptotic
chondrocytes in studies in vitro and in vivo. It increases the
production of proteoglycans and type Il collagen (anabolic
effect). CS might also have an anti-catabolic effect by
limiting the synthesis/activity of metalloproteases, which are
responsible for the degradation of ECM components. %

Though the ACR had conditionally recommend d the use
of glucosamine in patients with OA, the 2019 guidelines
strongly recommended against the use of glucosamine in
patients with knee, hip, and/or hand OA. While CS is strongly
recommended against for patients with knee and/or hip OA,
it is conditionally recommended for patients with hand OA.*4
NICE guidelines do not recommend the use of glucosamine
due to the lack of sufficient evidence of benefit.3®

2.1.4.1. Efficacy

A clinical trial comparing glucosamine and CS alone and in
combination compared with placebo reported statistically
significant reduction in JSN at 2 years. Monotherapy with
either glucosamine or CS did not significantly reduce JSN or
knee pain at 2 years. JSN at 2 years was 0.12 mm with the
combination compared with 0.22 mm with placebo, but knee
pain did not significantly reduce with the combination
treatment.3®

A meta-analysis reported the effect of glucosamine and
CS in patients with OA. While glucosamine alone and in
combination with CS did not significantly reduce OA pain
compared with placebo, CS monotherapy had a significant
effect on pain. In addition, glucosamine significantly reduced
stiffness and improved function, while chondroitin sulfate
alone and in combination with glucosamine significantly
improved function.®® In contrast, a recent meta-analysis CS
(with decreased pain intensity and improvement in the
physical function), and GS (with significant reduction in the
joint space narrowing) have significant therapeutic benefits.
However, their combination did not significantly improve the
symptoms or modify the disease.*

2.1.4.2. Safety

CS is extracted from animal and fish cartilage and undergoes
purification to minimize the presence of contaminants.

However, other glycosaminoglycans, bacteria, viruses and
prions, and other polysaccharides (hyaluronic acid, dermatan
sulfate, and keratan sulfate) can contaminate preparations of
chondroitin sulfate. Infective contaminant can cause severe
adverse effects, while contaminating proteins can cause
allergic and immunologic reactions.3” Glucosamine, though
well-tolerate, can interact with coumarin anticoagulants*
may worsen glucose intolerance for patients with untreated
or undiagnosed glucose intolerance or diabetes.*
Combinations of CS with glucosamine and vitamins/minerals
have been banned in India due to the lack of therapeutic
justification.*®

2.1.5. Undenatured collagen type Il

The long-term use of drugs for symptomatic relief of pain has
limitations including lack of slowing disease progression,
risk of adverse effects, particularly CV and gastrointestinal
adverse effects, and lack of treatment compliance due to these
adverse effects.® Interest in nutraceuticals led to the
development of undenatured collagen type 1l (UCII, Lonza)
as a supplement with preventive or therapeutic effects in
patients with OA. Collagen is a crucial component of
extracellular matrix (ECM) and connective tissue and it has
been demonstrated that collagen supplementation leads to
accumulation of collagen in cartilage. UCII is resistant to
gastric acid and digestive enzymes. 4

UCII maintains the triple helical structure and preserves
active antigenic epitopes that are effective in OA patients. It
modulates the humoral and cellular response, and presents a
cartilage regeneration benefit. The antigenic epitopes
undergo uptake by dendritic cells leading to the
differentiation of naive T cells to regulatory T cells (Tregs).
Tregs pass through the systemic circulation and exert anti-
inflammatory effects at the articular cartilage. This occurs
through the secretion of anti-inflammatory mediators
(transforming growth factor-beta [TGF-f], interleukin 4 [IL-
4], and interleukin 10 [IL-10]). This reduces joint
inflammation and permits cartilage repair.1%44

2.1.5.1. Efficacy

UCII vs glucosamine + CS: Among patients with unilateral
or bilateral OA of the knee, UCII treatment for 180 days led
to significant reduction in WOMAC scores compared with
the placebo and G + C groups (-39.4% vs. -29.9% vs. -32.5%,
respectively. Furthermore, significant reduction in VAS
score (-38.7% vs. -29.2% vs. -31.1%, respectively) and total
Lequesne’s functional index (LFI) score (-36.7% vs -27.1%
vs. -37.8%) was also reported.*® Treatment with UCII
compared with glucosamine + chondroitin sulfate for 90 days
led to greater improvement in WOMAC scores (33% vs.
14%), decrease in VAS score (40% vs. 15.4%), and reduction
in LFI (20.1% vs. 5.9%).46

UCII vs placebo: Placebo-controlled studies have
demonstrated the favorable effect of UCII on joint health.
Sadigursky, et al., reported that 90 days of UCII treatment led



8

to improved pain using the VAS score (difference from
baseline -3.8+1.8 -1.3+2.0, p<0.001) and WOMAC scores (-
6.6+4.8 vs. -1.0+£3.8, p<0.001), improved fitness using the
WOMAC score (-0.5+£0.9 vs. 0.1+1.1, p=0.001), as well as
improved quality-of-life.#” Supplementation with UCII in

Khanna et al. / IP International Journal of Orthopaedic Rheumatology 2025;11(1):4-16

addition to physiotherapy increases quadriceps muscle
strength, and active and passive knee flexion mobility. UCII
augmented the effect of muscle strengthening exercises. %8
Table 2 summarizes the key clinical trials evaluating the
efficacy of UCII.

Table 1: Summary of key clinical studies evaluating efficacy of paracetamol, NSAIDs, and opioids

Study design | Subjects | Intervention | Outcomes

Paracetamol

Randomized, Moderate to moderately | Paracetamol 1000 mg SR x 2 | Efficacy:

double-blind, severe OA tablets plus 2 placebo tablets | SR 2 x 1000 mg paracetamol BID had 41%

double-dummy,
parallel, phase 3
study?®

twice daily

Paracetamol 665 mg x 2
tablets plus 2 placebo tablets
three times daily

For 12 weeks

change over baseline in WOMAC pain
subscale

Prospective,
randomized,
open-label,
parallel-group,
active-controlled
study°

Patients aged >45 years
with symptomatic knee
OA for >3 months; mild-
to-moderate pain (VAS
score >3) while not taking
analgesics

Paracetamol 650 mg dual-
release (325 mg IR + 325 mg

ER) twice-daily VS,
paracetamol 500 mg IR three
times daily

For 6 weeks

Efficacy:

Paracetamol 650 mg dual release had
significantly greater reduction in pain
intensity vs. paracetamol 500 mg IR at
weeks 2, 4 and 6 (p<0.0001), and greater
improvement in KOOS score

Safety:

Rate of AEs: 5.5% vs. 13.7%

NSAIDs
Systematic 280 trials of NSAID vs. | NSAIDs and placebo Safety:
review and meta- | placebo including Major vascular events were increased by
analysis? 124,513 patients and 474 about 33% for coxib and diclofenac.

trials of NSAID vs.

NSAID including 229,296

patients
SUCCESS-I Age >18 years, hip or | Celecoxib 100 mg twice- | Efficacy:
study: knee or hand OA for>6 | daily vs. celecoxib 200 mg | Both dosages of celecoxib were as effective
Multicenter, months, ; required daily | twice-daily vs. naproxen 500 | as NSAIDs
multinational, anti-inflammatory agents | mg twice-daily vs. diclofenac | Safety:
randomized, or other analgesic therapy; | 50 mg twice-daily More ulcer complications with non-
double-blind, 3- | Functional Capacity | For 12 weeks selective NSAIDs than celecoxib (0.8/100
arm, active- | Classification I-11l patient-years vs 0.1/100 patient years)
comparator CV complications were low and not
trial®! significantly different between the groups
Opioids
Multicenter, Age >18 years, functional | Tramadol ER 100 mg daily; | Efficacy:
randomized, class I-111 primary OA of | uptitration to 200 mg daily | Tramadol group had a greater change in
double-blind, the knee meeting ACR | between days 4-8; uptitration | Arthritis Pain Index VAS over 12 weeks
placebo- diagnostic criteria, | to 300 mg or 400 mg after the | (30.4 mm vs. 17.7 mm), and WOMAC pain
controlled, morning stiffness <30 | first week subscale (120.1 mm vs. 69 mm), WOMAC

parallel-group
trial®2

minutes and/or crepitus,
treatment taken for >75 of
the past 90 days, VAS >40
mm

Placebo control

physical function subscale (407 mm wvs.
208.5 mm), WOMAC stiffness subscale
(48.9 mm vs. 27.3 mm)

Pragmatic,
randomized-
trial?’

Chronic back pain, or hip
or knee OA with
moderate-to-severe pain
despite analgesic use

Opioid group: Morphine,
oxycodone, or
hydrocodone/acetaminophen
IR

Efficacy:
The non-opioid group had significantly
better pain intensity at 12 months
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Nonopioid group:
Paracetamol or NSAID

No significant different in BPI severity,
HRQoL

Safety:

Medication-related symptoms were higher
in the opioid group: 1.8 vs. 0.9

Comparison between drug classes

Randomized,
double-blind,
double-dummy,
parallel-group,
multicenter
clinical trial®

Aged 30-75 years, with
primary knee OA degrees
I or i (KL
classification), history of
knee pain for >3 months in
the last year, current knee
pain =30 mm on VAS
scale, and ACR functional
classes I-111

Paracetamol 1,000 mg plus
placebo tablet three times
daily vs. aceclofenac 100 mg
plus placebo tablet three
times daily
For 6 weeks

Efficacy:

Aceclofenac group had significantly greater
improvement sin VAS (mean treatment
difference 7.64 mm), Lequesne OA index
(mean treatment difference 1.41), patient’s
global assessment (mean treatment
difference 0.33), and physicians global
assessment (mean treatment difference
0.23)

Safety:

Rate of AEs: 32% for aceclofenac vs. 29%
for paracetamol

Rate of AEs related or possible related to
the study drug: 61% for aceclofenac vs.
35.5% for paracetamol

Pragmatic open- | Age >45 years; new | Diclofenac maximum 50 mg | Efficacy:
labelled episode of non-traumatic | three times daily for 12 | No significant difference in daily knee pain
randomised knee pain; knee pain | weeks vs  paracetamol | over 2 weeks and 4 weeks follow-up, and in
controlled trial®* | severity of >2 (on a 0-10 | maximum 1,000 mg three | KOOS pain over 12 weeks follow-up
scale); ACR clinical | times daily for 12 weeks Safety:
criteria for knee OA More patients reported AEs in the
fulfilled diclofenac group: 63.5% vs. 46.2%
Systematic 192  clinical  studies | 90 active preparations or | Efficacy:
review and meta- | including 102,829 | doses (NSAIDs, opioids, and | Compared to the minimal clinically
analysis? patients paracetamol) relevant reduction in pain, (diclofenac 150
mg/day, etoricoxib 60 and 90 mg/day, and
rofecoxib 25 and 50 mg/day) had >99%,
and all opioids had <53% probability of
more pronounced treatment effects
Safety:
Oxymorphone 80 mg/day had the highest
risk of dropouts due to adverse events
(51%) and any adverse event (88%)
Systematic 17 clinical studies 27 active treatment arms | Efficacy
review and meta- (NSAIDs and opioids) No clinically important or statistically
analysis® significant difference among NSAIDs, less

potent opioids, and potent opioids
Trend for NSAIDs to result in larger
WOMAC Pain changes than opioids

ACR: American College of Rheumatology; AE: Adverse effects; BID: Twice-daily; BPI: Brief Pain Inventory; CV:
Cardiovascular; ER: Extended-release; IR: Immediate-release; HRQoL: Health-related quality-of-life; KL: Kellgren-
Lawrence; KOOS: Knee Injury and Osteoarthritis Outcome Score (KOOS); OA: Osteoarthritis; NSAID: Nonsteroidal anti-
inflammatory agent; SR: Sustained-release; VAS: Visual Analog Scale; WOMAC: Western Ontario McMaster Universities

Arthritis Index.
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Table 2: Summary of key clinical studies evaluating efficacy of undenatured collagen type Il

placebo-controlled
study*®

(moderate-to-severe);

BMI 18-30 kg/m?; knee
pain for >3 months; LFI
score 6-10, VAS 40-70
mm; K-L radiograph

glucosamine
1500 mg +
chondroitin 1,200
mg daily vs.
placebo

Study design Subjects Intervention Outcomes

Multicenter, Age 40-75 years with | UCIl 20 mg, two | Efficacy:

randomized, unilateral or bilateral | capsules  once- | UCII group compared with the placebo and G +
double-blind, OA of the knee | daily Vs. | C groups, had significant reduction in WOMAC

(-39.4% vs. -32.5% vs. -29.9%), VAS (-38.7%
vs. -31.1% vs. -29.2%), LFI (-36.7% vs. -37.8%
vs. -27.1%)

score 2 or 3 For 180 days S?fe.ty: .
Similar findings were reported across the groups
Non-interventional Clinically or | UCII 40 mg daily | Efficacy:
real-life study* radiologically diagnosed | For 90 days Significant reduction from baseline in WOMAC
knee OA (-40.11%) and VAS (-52.26%) scores at 90 days
Safety:
Rate of treatment-emergent adverse events:
4.47%
Prospective study®° Age  45-65  years, | UCII 40 mg daily | Efficacy:
moderate or severe OA | For 120 days Reduction in WOMAC mean subscores (-95.5%
in one or both knees, for pain, -60% for stiffness, -80% for physical
BMI 24-30 kg/m?, pain function), mean VAS scores (p=0.002) and LFI
for >3 months, LFI 6— scores (p:0008)
10, VAS 40-70 mm, K-
L score 2-3
Prospective study>! Age >18 years with | UCII 40 mg daily | Efficacy:
grade 2-3 knee OA For 24 weeks Improvement in Leken index vs. baseline

(13.3+3.90 vs. 9.97+4.14), WOMAC score
(39.6+£13.5 vs. 26.5+11.55), right knee joint
cartilage thickness (0.18+0.03 sm vs. 0.20+0.03
sm) and left knee joint cartilage thickness
(0.17+0.03 smvs. 0.20£0.03 sm)

Safety:

No adverse effects related to the study drug

AE: Adverse effects.

2.1.6. Vitamin and minerals
2.1.6.1. Vitamin K2

Vitamin K2 is an important regulator of bone and cartilage
mineralization acting as a cofactor for gamma-carboxylation
of Gla proteins.®? Vitamin K2 activates the expression of
glutathione peroxidase 4 (GPX4) in chondrocytes which in
turn regulates the degradation of extracellular matrix (ECM).
The delayed degradation of ECM, promotion of chondrocyte
proliferation, and increase in type Il collagen accumulation
contributes to the anti-OA affects of vitamin K2. Animal
studies demonstrated that I A injection of vitamin K increases
bone volume/total volume (BV/TV) and cartilage thickness
in the tibia subchondral bone.%® Vitamin K2 deficiency
increases the risk of incident radiographic knee OA by 56%
and cartilage lesions by approximately two-fold.>2

2.1.6.2. Vitamin D3

Inadequate intake of vitamin D is associated with a higher
prevalence of radiographic knee OA, higher levels of pain
and a greater risk of progression.> A 3.3-fold higher risk of
incident Joint space narrowing is reported for adults with low
levels of vitamin D (25(OH)D <75 nmol/L). A greater loss of
joint space over eight years is reported for OA patients with
vitamin D <65 nmol/L compared to those with 25(0OH)D >
75 nmol/L.%

On a physiological level, inadequate vitamin D adversely
affects the structure and function of articular cartilage. This
contributes to the progression of OA with increasing joint
pain, reduced muscle strength and limitations to physical
activity.%® It is possible that vitamin D and the vitamin D
receptor VDR interferes with the activation of the TGFf



pathway, or interact with SMAD3 or MMP13 to ameliorate
OA. The findings of in vivo studies have shown that high-
dose vitamin D supplementation leads to an increase in the
expression of TGFBl and type-1l collagen.®® Table 3
summarizes the key clinical trials evaluating the efficacy of
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vitamin D in management of OA

patients. 545861

Table 3: Summary of key clinical studies evaluating efficacy of vitamin D

and meta-analysis®*

patients

D supplementation: 800
IU to 60,000 1U

Study design Patient selection | Intervention Outcomes
criteria
Systematic  review | 4 RCTs involving 1,136 | Daily dosage of vitamin | Vitamin D  supplementation  was

associated with a significantly greater
reduction in WOMAC pain and
WOMAC function compared with
placebo

Vitamin D Effect on
Osteoarthritis
(VIDEO)
Multicenter
randomized, double-
blind,

study:

Symptomatic knee OA
and low 25-OH(D) 12.5-
60 nmol/L

Cholecalciferol 50,000
IU (1.25 mg) monthly
for 24 months wvs.
placebo control

Efficacy:

Patients achieving 25-OH(D)
nmol/L: 79% vs. 43%

No significant difference in WOMAC
pain and tibial cartilage volume between
the groups at 2 months

>60

placebo-controlled
trial®

evidence of knee OA at
medial tibio-femoral
knee compartment
(Modified KL score 2/3,
JSW >1 mm) and knee
pain for most days of the

placebo-controlled®’ Safety:

Rate of AE: 27% vs. 18%
Double-blind, Aged >50 years, | Cholecalciferol 800 IU | Efficacy:
randomized, ambulatory, radiological | daily vs. placebo No significant difference in the rate of

JSN over three years in the medial
compartment of the index knee between
treatment groups

No significant difference in WOMAC
pain, stiffness, and physical function
between the groups

WOMAC pain subscale

previous month Safety:
Rate of serious AE: 25% vs 27%

Prospective, Knee OA, age >50 years, | Cholecalciferol 60,000 | Efficacy:
randomized double- | BMI <30 kg/m?, | IU/day for 10 days | Patients in the vitamin D group had less
blind, parallel, | morning stiffness <30 | followed by 60,000 IU | knee pain at 12 months on the WOMAC
placebo-controlled minutes, knee pain for 6 | once a month for 12 | (-0.55 vs. 1.16, p<0.001) and on the
pilot trial>® months, WOMAC pain | months vs. placebo one | VAS (-0.26 vs. 0.13, p=0.02) pain scale,

score >4, on | capsule/day for 10 days | and better WOMAC physical function (-

conventional OA | followed by once a | 1.36vs.0.69, p<0.001)

treatment for >6 months | month for 12 months
Single center, | Symptomatic knee OA, | Cholecalciferol 2,000 IU | Efficacy:
randomized, age >45 years, BMI <30 | daily with increments at | No significant difference in knee pain (-
placebo-controlled, | kg/m?, at least mild pain | 4, 8, and 12 months to | 2.3 vs. -1.5) and cartilage volume (-4.3
double-blind, on one of the weight- | target a 25-OH(D) level | vs. -4.3) between the groups
clinical trial® bearing questions of the | between 36-100 ng/mL | Safety:

Rate of AE was not significantly
different between the groups (serious
AEs: 31 vs. 23; no. of participants with
AE: 16 vs. 16)

AE: Adverse effects; BMI: Body mass index;
Osteoarthritis; RCT: Randomized controlled trial; WOMAC; Western Ontario and McMaster Universities Index.

JSW: Joint space widening; KL: Kellgren and Lawrence; OA:
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Deficiency of vitamin D accelerates the development of
age-related knee OA, while vitamin D supplementation can
improve the articular cartilage structure, reduce joint pain,
and enhance functionality and quality of life in OA
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2.1.6.3. Calcium

Calcium salts are suggested to have anti-inflammatory
effects. Animal studies have indicated that calcium gluconate
improves cartilage damage, reduces articular thickness, and
articular stiffness that is characteristic of OA. Calcium
gluconate protects chondrocytes against apoptosis. Anti-
inflammatory action of calcium gluconate is evident through
inhibition of COX-2 expression, which can lower levels of
caspase-3 and chondrocyte death. Thus, calcium gluconate
might slow the progression of OA. 2

2.1.6.4. Zinc

Zinc plays a role in enhancing the growth and maturation of
cartilage and promoting the differentiation of mesenchymal
stem cells into chondrocytes.®® A significant fraction (30%)
of the zinc in the bodly is stored in the bones.®* Zinc stimulates
the synthesis of metallothionein and is required for improving
the activity of vitamin D. Zinc deficiency leads to
disorganization of chondrocytes and inhibition of the
proliferation of chondrocytes. In vitro studies have shown a
40-50% increase in the proliferation of cultured chondrocytes
exposed to low doses of zinc (<0.5 pM).63 In vivo
experiments demonstrated that zinc supplementation at a
dose of 1.6 mg/kg/day can prevent the progression of OA
measured through smooth joint surfaces, lower OARSI
scores and preservation of proteoglycan.®®> Among patients
with OA, increased intake of zinc reduced the likelihood of
deterioration in trabecular number (odds ratio 0.967),
trabecular thickness (OR 0.958), and trabecular separation
(OR 0.967), thus potentially delaying the progression of
subchondral sclerosis.5®

2.1.6.5. Manganese

Manganese acts as a cofactor for enzymes such as
glycosyltransferase which is involved in the synthesis of
components of the ECM including proteoglycan and
collagen. Manganese is involved in the metabolism of
articular cartilage, and is necessary to slow the degeneration
of cartilage. Manganese dioxide exhibits antioxidative effects
which an reduce the oxidative stress in the articular
cartilage.®®

2.1.6.6. Copper

The regeneration of articular cartilage and subchondral bone
is regulated by copper, through activation of the immune
response of cartilage. This facilitates the recovery of cartilage
lesions. Inhibition of the inflammatory response by copper
can ameliorate damage to the cartilage and promote the
proliferation of chondrocytes.8® Animal studies have
demonstrated that copper-containing topical formulation of
indomethacin reduced serum interleukins and improved
mobility and motor function.67 Copper reduces the release of
nitric oxide (NO) which prevents the decomposition of
cartilage matrix proteoglycan. Deficiency of copper can
negatively impact bone strength, and impair cartilage

integrity. Copper supplementation improves collagen cross-
linking and can thus reduce the severity of osteochondrosis
and cartilage lesions.®

3. Pharmacological Management: Topical NSAIDs

Topical NSAIDs are recommended universally by guidelines
as the first treatment option for managing OA pain based on
the efficacy as well as the greater safety compared with oral
NSAIDs. Furthermore, topical NSAIDs can be prescribed to
elderly patients including those with comorbidities and
increased cardiovascular risk in whom oral NSAIDs may be
contraindicated.®® Topical NSAIDs have led to lower
systemic exposure compared with oral NSAIDs while
achieving therapeutic concentrations in target tissue
including muscle, patella, cruciate ligament, and patellar
tenson. Serum concentrations remain in the range of 0.4-2.2%
of that achieved with oral NSAIDs.%8%° Therefore, topical
NSAIDs overcome the safety limitations of oral NSAIDs
while providing symptomatic relief.

3.1. Efficacy and safety

A meta-analysis reported that topical diclofenac, ketoprofen,
and ibuprofen reduce pain, and improve physical function
more effectively than placebo in patients with knee OA (with
moderate effect size).5® Topical and oral NSAIDs are equally
effective in reducing pain, improving function as assessed by
the WOMAC, Osteoarthritis Index, and improving stiffness
in patients with OA.™

A network meta-analysis evaluated topical NSAIDs
against oral paracetamol and oral NSAIDs. Topical NSAIDs
were more effective than paracetamol in improving function
at 4 weeks of treatment, with a 48% lower risk of
gastrointestinal AEs. The risk of cardiovascular AEs and
withdrawal due to AEs was not significantly different. The
risk of death was 41% lower among users of topical NSAIDs
compared with paracetamol (16.9/1,000 person-years Vvs.
28.8/1,000 person-years, rate difference -11.9). Similarly,
topical NSAIDs were associated with a 27% lower risk of
major CV diseases, 19% lower risk of venous
thromboembolism, and 47% lower risk of gastrointestinal
bleeding compared with oral paracetamol. Topical and oral
NSAIDs had a similar impact on pain and function after 4
weeks and 12 weeks of treatment, and topical NSAIDs had a
54% lower risk of gastrointestinal AEs. The risk of death was
41% lower among users of topical NSAIDs compared with
oral NSAIDs (17.3/1,000 person-years vs. 29.5/1,000 person-
years, rate difference -12.2). Similarly, topical NSAIDs were
associated with a 26% lower risk of major CV diseases, 27%
lower risk of venous thromboembolism, and 29% lower risk
of gastrointestinal bleeding compared with oral NSAIDs.
Overall, efficacy of topical NSAIDs was greater than

paracetamol and similar to oral NSAIDs, with greater safety.
71
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Basic principles of management
Combination of treatment modalities (pharmacological and non-pharmacological) is recommended

Lifestyle management (for all grades of OA)

* Weight loss if overweight

¢ Exercises including aerobic, strengthening, and/or resistance exercises depending on the grade of OA
o Weight-bearing exercises are not appropriate for severe OA

Management of comorbidities

* Comorbidities (overweight/obesity, type 1 or 2 diabetes, hypothyroidism, hyperthyroidism, hypertension)
should be managed appropriately

* Vitamin D status should be corrected

STEP 1 (for grade 1, 2, and early grade 3 OA with undisturbing comorbidities)

After making a correct diagnosis and excluding inflammatory arthropathies

If symptomatic:

Undenatured type Il collagen Include as required:
+ paracetamol as required Walking aids (stick, walker, crutches)
Thermal agents
l Bandage tape
Hydrotherapy
If still symptomatic: Mechanotherapy or manual therapy

Add topical NSAIDs depending on the
surgeon’s choice

STEP 2 (for grade 1, 2, and early grade 3 OA with undisturbing comorbidities)

If still uncontrolled, add oral NSAIDs (intermittent or longer cycles)

Risk group Preferred agent m

Normal Gl risk Non-selective NSAID or COX-2 selective
NSAID with PPI
Increased Gl risk or use of low- COX-2 selective NSAID (celecoxib) with PPI Monitor for
dose aspirin complications with
. . . . NSAID
Increased CV risk COX-2 selective NSAID (celecoxib) with PPI
Increased renal risk Avoid NSAIDs if GFR <30 cc/min

If still uncontrolled, intra-articular modalities including hyaluronic acid or regenerative orthobiologic
modalities may be used under aseptic measures based on the surgeon's experience
If corticosteroids are preferred, a single injection of intra-articular corticosteroid (preferably the hexacetonide
salt) may be given once in a year

STEP 3 (for grade 1, 2, and early grade 3 OA with undisturbing comorbidities)

If still uncontrolled, add
* Short-term weak opioids
* Duloxetine (with appropriate dose titration) may be included depending on the case

STEP 4 (for grade 3 and 4 OA)
Management of advanced disease not responding to the above modalities

If severely symptomatic, total joint replacement or arthroplasty or other surgical modalities can be carried
out depending on the case and the surgeon’s experience

COX-2; Cyclooxygenase 2; CV: Cardiovascular; GFR: Glomerular filtration rate; Gl: Gastrointestinal; NSAID: Nonsteroidal

anti-inflammatory drug; OA: Osteoarthritis; PP1: Proton pump inhibitor.
Figure 1: Treatment algorithm for the management of OA
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4. Pharmacological Intra-Articular

Injections

Management:

Intra-articular (1A) injections (including corticosteroids and
hyaluronic acid [HA]) are used to provide short-term relief
from pain, and can improve function as well. 1A injections
are used for patients are unresponsive to oral medication or
do not tolerate oral medication, and to delay or avoid surgical
management.87273

Exogenous HA injections provide lubrication and
mechanical support to the joint. A number of formulations are
available. Cross-linked HA may provide long-lasting
efficacy and reduce joint degradation, improve elasticity and
structural integrity of the joints.® HA inhibits enzymatic
degradation of cartilage and also inhibits nociceptors.
Furthermore, antioxidant action and stimulation of
endogenous HA synthesis have been reported. 1A
corticosteroids provide short-term to medium-term relief
from pain, and reduce synovial inflammation by
downregulating  collagenases and  proinflammatory
mediators. Therefore, 1A corticosteroids can slow the
progression of cartilage damage. 72

NICE guidelines recommend that IA corticosteroid
injections can be considered when other pharmacological
treatments are ineffective or unsuitable, and as a supplement
to exercises.®® The ACR guidelines recommend IA
glucocorticoid injections for patients knee and/or hip OA,
with a conditional recommendation for patients with hand
OA. However, the ACR guidelines recommend against 1A
HA injections due to the failure of establishing benefit and
the possibility of harm.4

4.1. Efficacy and safety

A comparative clinical trial recently evaluated the efficacy of
IA injections of glucocorticoids, HA, platelet-rich plasma,
and placebo in patients with mild or moderate OA of the
knee. The study reported that none of the treatments had
short-term or long-term effects on pain or function compared
to placebo.”® Five weekly 1A injections of sodium
hyaluronate have demonstrated efficacy in improving the 50-
foot walking test compared to placebo (change from baseline
to 25 weeks: 30.85+14.16 vs. 23.62+16.38, p=0.002) in
patients with knee OA. Patients receiving sodium
hyaluronate had significantly better WOMAC pain scores
and WOMAC function scores at 5 weeks compared with
placebo. Sodium hyaluronate was considered well-tolerated,
with all AEs being mild or moderate in intensity.™

A study by Hangody, et al., compared the efficacy of
cross-linked HA with the combination of HA and
triamcinolone hexacetonide in patients with knee OA.
Patients received a single injection of cross-linked HA, HA
plus triamcinolone hexacetonide, or placebo and were
followed up for 26 weeks. The combination of HA plus
triamcinolone  hexacetonide  significantly  improved

WOMAC pain score up to 26 weeks compared with placebo,
and up to 3 weeks compared with cross-linked HA.
Improvement in WOMAC Pain from baseline was 70% and
64% at 12 weeks with combination therapy and monotherapy,
respectively, while it was 72% and 65% at 26 weeks with
combination therapy and monotherapy, respectively. There
were significantly more responders in the combination versus
the placebo group (93% vs. 84% at 26 weeks), and compared
with the monotherapy group (92% vs. 83% at 3 weeks).™

Leopold, et al, compared the frequency of acute local
reactions in patients receiving multiple cycles of 1A Hylan to
those patients receiving only 1 course. It was reported that
multiple cycles led to an 8-fold increase in the risk of local
adverse effects. A post-marketing survey reported that the use
of avian high-molecular weight crosslinked HA injections
caused inflammatory  reactions including  pseudo
sepsis/severe acute inflammatory reactions.’®

5. A Treatment Algorithm for the Management of
Osteoarthritis

A suggested treatment algorithm for the management of OA
is presented in Figure 1.7

6. Conflicts of Interest

Dr. Atul Sharma is on the payrolls of Haleon/
GlaxoSmithKline Asia Private Limited, India.

7. Source of Funding

No external funding was received for the study.

References

1.  Sanchez-Dopazo R, Rathod M, Shandilya A, Vala J, Kalra E, Giri T
et al. Statewide burden of osteoarthritis In India and its trend from
1990-2021: A benchmarking analysis. Arthritis Rheumatol.
2024;76(suppl 9):1880.

2. Kandasamy S, Vadivelu R, Shanmugam S, Mahendran BS.
Exploring the burden of knee osteoarthritis in rural south India:
Community prevalence, risk factors, and functional assessment
among adults aged 40 and above. Cureus. 2024;16(11):e73452.

3. Yadav R, Verma AK, Uppal A, Chahar HS, Patel J, Pal CP.
Prevalence of primary knee osteoarthritis in the urban and rural
population in India. Indian J Rheumatol. 2022;17(3):239-43.

4.  Levens BJ, Kamara E, Hansen E. Osteoarthritis. In: Hansen E, Kiihn
KD. (eds) Essentials of Cemented Knee Arthroplasty. Springer,
Berlin, Heidelberg. 2022

5. Swain S, Sarmanova A, Coupland C, Doherty M, Zhang W.
Comorbidities in osteoarthritis: A systematic review and meta-
analysis of observational studies. Arthritis Care Res.
2019;72(7):991-1000.

6. Marshall DA, Liu X, Barnabe C, Yee K, Faris PD, Barber C et al.
Existing comorbidities in people with osteoarthritis: a retrospective
analysis of a population-based cohort in Alberta, Canada. BMJ
Open. 2019;9(11):e033334.

7. Pati S, MacRae C, Henderson D, Weller D, Guthrie B, Mercer S.
Defining and measuring complex multimorbidity: A critical
analysis. BrJ Gen Pract. 2023;73(733):373-6.

8.  Richard MJ, Driban JB, McAlindon TE. Pharmaceutical treatment
of osteoarthritis. Osteoarthr Cartilage. 2022;31(4):458-66.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Khanna et al. / IP International Journal of Orthopaedic Rheumatology 2025;11(1):4-16 15

Magbool M, Fekadu G, Jiang X, Bekele F, Tolossa T, Turi E et al.
An up to date on clinical prospects and management of
osteoarthritis. Ann Med Surg. 2021;72(72):103077.

Colletti A, Cicero AFG. Nutraceutical approach to chronic
osteoarthritis: From molecular research to clinical evidence. Int J
Mol Sci. 2021;22(23):12920.

Conaghan PG, Arden N, Avouac B, Migliore A, Rizzoli R. Safety of
paracetamol in osteoarthritis: What does the literature say? Drugs
Aging. 2019;36(S1):7-14.

Anderson BJ. Paracetamol (acetaminophen): Mechanisms of action.
Pediatr Anesth. 2018;18(10):915-21.

National Institute for Health and Care excellence. Osteoarthritis in
over 16s: diagnosis and management. 2022.

Kolasinski SL, Neogi T, Hochberg MC, Oatis C, Guyatt G, Block J
et al. 2019 American College of Rheumatology/Arthritis Foundation
guideline for the management of osteoarthritis of the hand, hip, and
knee. Arthritis Rheum. 2020;72(2):220-33.

Machado GC, Maher CG, Ferreira PH, Pinheiro MB, Lin CW, Day
RO et al. Efficacy and safety of paracetamol for spinal pain and
osteoarthritis: Systematic review and meta-analysis of randomised
placebo controlled trials. BMJ. 2015;350:h1225.

Cao Z, Han K, Lu H, Illangamudalige S, Shaheed CA, Chen L et al.
Paracetamol combination therapy for back pain and osteoarthritis: A
systematic review and meta-analyses. Drugs. 2024;84(8):953-67.
Leopoldino AO, Machado GC, Ferreira PH, Pinheiro MB, Day R,
McLachlan AJ et al. Paracetamol versus placebo for knee and hip
osteoarthritis. Cochrane Database Syst Rev. 2019;2(2):CD013273.
Cooper C, Chapurlat R, Al-Daghri N, Herrero-Beaumont G,
Bruyére O, Rannou F et al. Safety of oral non-selective non-steroidal
anti-inflammatory drugs in osteoarthritis: What does the literature
say? Drugs Aging. 2019;36(S1):15-24.

da Costa BR, Reichenbach S, Keller N, Nartey L, Wandel S, Jiini P
et al. Effectiveness of non-steroidal anti-inflammatory drugs for the
treatment of pain in knee and hip osteoarthritis: a network meta-
analysis. Lancet. 2017;390(10090):e21-33.

Costa BR da, Pereira TV, Saadat P, Rudnicki M, Iskander SM,
Bodmer NS et al. Effectiveness and safety of non-steroidal anti-
inflammatory drugs and opioid treatment for knee and hip
osteoarthritis: Network meta-analysis. BMJ. 2021;375:12321.
Pelletier JP, Martel-Pelletier J, Rannou F, Cooper C. Efficacy and
safety of oral NSAIDs and analgesics in the management of
osteoarthritis: Evidence from real-life setting trials and surveys.
Semin Arthritis Rheum. 2016;45(4, Supplement):S22-7.

Coxib and traditional NSAID Trialists’ (CNT) Collaboration.
Vascular and upper gastrointestinal effects of non-steroidal anti-
inflammatory drugs: meta-analyses of individual participant data
from randomised trials. Lancet. 2013;382(9894):769-79.
Balmaceda C. Clinical trial data in support of changing guidelines
in osteoarthritis treatment. J Pain Res. 2014;7:211-8.

D’Arcy Y, Mantyh P, Yaksh T, Donevan S, Hall J, Sadrarhami M et
al. Treating osteoarthritis pain: Mechanisms of action of
acetaminophen, nonsteroidal anti-inflammatory drugs, opioids, and
nerve growth factor antibodies. Postgrad Med. 2021;133(8):879—
94.

Bannuru RR, Osani MC, Vaysbrot EE, Arden NK, Bennell K,
Bierma-Zeinstra SMA et al. OARSI guidelines for the non-surgical
management of knee, hip, and polyarticular osteoarthritis.
Osteoarthritis Cartilage. 2019;27(11):1578-89.

Welsch P, Petzke F, Klose P, Hauser W. Opioids for chronic
osteoarthritis pain: An updated systematic review and meta-analysis
of efficacy, tolerability and safety in randomized placebo-controlled
studies of at least 4 weeks double-blind duration. Eur J Pain.
2020;24(4):685-703.

Krebs EE, Gravely A, Nugent S, Jensen AC, DeRonne B, Goldsmith
ES et al. Effect of opioid vs nonopioid medications on pain-related
function in patients with chronic back pain or hip or knee
osteoarthritis pain. J Am Med Assoc. 2018;319(9):872-82.

Jiang H, Xing X, Zhu H, Dong T. Adverse effects of opioid
analgesics in osteoarthritis treatment: A global meta-analysis, 2000—
2022. China CDC Weekly. 2024;6(25):589-96.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45,

46.

Reed K, Collaku A, Moreira S. Efficacy and safety of twice daily
sustained-release paracetamol formulation for osteoarthritis pain of
the knee or hip: A randomized, double-blind, placebo-controlled,
twelve-week study. Curr Med Res Opin. 2018;34(4):689-99.
Yaligod V, Raj DG, Sharma AB, Swami M, Batra S, Acharya A et
al. Dual release paracetamol in osteoarthritis of knee: A randomized
controlled clinical trial. J Clin Diagn Res. 2014;8(11):LC11-5.
Singh G, Fort JG, Goldstein JL, Levy RA, Hanrahan PS, Bello AE
et al. Celecoxib versus naproxen and diclofenac in osteoarthritis
patients: SUCCESS-I Study. Am J Med. 2006;119(3):255-66.
Babul N, Noveck R, Chipman H, Roth SH, Gana T, Albert K.
Efficacy and safety of extended-release, once-daily tramadol in
chronic pain: A randomized 12-week clinical trial in osteoarthritis
of the knee. J Pain Symptom Manag. 2004;28(1):59-71.
Batlle-Gualda E, Roman Ivorra J, Martin-Mola E, Carbonell Abelld
J, Linares Ferrando LF, Tornero Molina J et al. Aceclofenac vs
paracetamol in the management of symptomatic osteoarthritis of the
knee: A double-blind 6-week randomized controlled trial.
Osteoarthritis Cartilage. 2007;15(8):900-8.

Verkleij SP, Luijsterburg PA, Willemsen SP, Koes BW, Bohnen AM,
Bierma-Zeinstra SM. Effectiveness of diclofenac versus
paracetamol in knee osteoarthritis: A randomised controlled trial in
primary care. BrJ Gen Pract. 2015;65(637):e530-7.

Smith SR, Deshpande BR, Collins JE, Katz JN, Losina E.
Comparative pain reduction of oral non-steroidal anti-inflammatory
drugs and opioids for knee osteoarthritis: Systematic analytic
review. Osteoarthritis Cartilage. 2016;24(6):962-72.

Zhu X, Sang L, Wu D, Rong J, Jiang L. Effectiveness and safety of
glucosamine and chondroitin for the treatment of osteoarthritis: A
meta-analysis of randomized controlled trials. J Ortho Surg Res.
2018;13(1):170.

Brito R, Costa D, Dias C, Cruz P, Barros P. Chondroitin sulfate
supplements for osteoarthritis: A critical review. Cureus.
2023;15(6):¢40192.

Fransen M, Agaliotis M, Nairn L, Votrubec M, Bridgett L, Su S et
al. Glucosamine and chondroitin for knee osteoarthritis: A double-
blind randomised placebo-controlled clinical trial evaluating single
and combination regimens. Ann Rheum Dis. 2014;74(5):851-8.
National Institute for Health and Care Excellence. Overview |
Osteoarthritis in over 16s: diagnosis and management | Guidance |
NICE [Internet]. www.nice.org.uk. 2022. Available from:
http://www.nice.org.uk/guidance/ng226

Rabade A, Viswanatha GL, Nandakumar K, Kishore A. Evaluation
of efficacy and safety of glucosamine sulfate, chondroitin sulfate,
and their combination regimen in the management of knee
osteoarthritis: a  systematic review and meta-analysis.
Inflammopharmacology. 2024;32(3):1759-75.

EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA).
Statement on the safety of glucosamine for patients receiving
coumarin anticoagulants. EF'SA Journal. 2011;9(12):2473.
Marshall PD, Poddar S, Tweed EM, Brandes L. Clinical inquiries:
Do glucosamine and chondroitin worsen blood sugar control in
diabetes? J Fam Pract. 2006;55(12):1091-3.

Central Drugs Standard Control Organization. BAnned drugs list
(FDCs) dated 02.8.2024 [Internet]. 2024 [cited 2025 Jan 15].
Available from: https://www.goa.gov.in/wp-
content/uploads/2024/08/FDC-DRUGS-BANNED.pdf
Martinez-Puig D, Costa-Larrion E, Rubio-Rodriguez N, Gélvez-
Martin P. Collagen supplementation for joint health: The link
between composition and scientific knowledge. Nutrients.
2023;15(6):1332.

Lugo JP, Saiyed ZM, Lane NE. Efficacy and tolerability of an
undenatured type II collagen supplement in modulating knee
osteoarthritis symptoms: A multicenter randomized, double-blind,
placebo-controlled study. Nutrition J. 2015;15(1):14.

Crowley DC, Lau FC, Sharma P, Evans M, Guthrie N, Bagchi M et
al. Safety and efficacy of undenatured type II collagen in the
treatment of osteoarthritis of the knee: A clinical trial. Int J Med Sci.
2009;6(6):312-21.


http://www.nice.org.uk/guidance/ng226
https://www.goa.gov.in/wp-content/uploads/2024/08/FDC-DRUGS-BANNED.pdf
https://www.goa.gov.in/wp-content/uploads/2024/08/FDC-DRUGS-BANNED.pdf

16

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Khanna et al. / IP International Journal of Orthopaedic Rheumatology 2025;11(1):4-16

Sadigursky D, Magnavita V, Sa C, De Sousa Monteiro H, Braghiroli
O, Matos M. Undenatured collagen type II for the treatment of
osteoarthritis of the knee. Acta Ortop Bras. 2022;30(2):¢240572.
Costa AP, Cunha Teixeira V, Pereira M, Mota Ferreira P, Kuplich
PA, Dohnert MB et al. Associated strengthening exercises to
undenatured oral type II collagen UCII. A randomized study in
patients affected by knee osteoarthritis. Muscle Ligaments Tendons
J.2020;10(03):481.

Mehra A, Anand P, Borate M, Paul P, Kamble S, Mehta KD et al. A
non-interventional, prospective, multicentric real life Indian study
to assess safety and effectiveness of un-denatured type 2 collagen in
management of osteoarthritis. Int J Res Orthop. 2019;5(2):315-20.
Azeem MA, Patil R. The study of undenatured type II collagen in
the knee osteoarthritis. Int J Orthop Traumatol Surgical Sci.
2019;5(1):172-5.

Yaramenko O, Fedkov D, Yaramenko K, Comkina M, Mazanko K.
Efficacy, tolerance and influence on cartilage metabolism of
undenatured collagen type I1 UC-II"™ (Mercana) in knee OA. Pain
Joints Spine. 2021;11(3):5-12.

Misra D, Booth SL, Tolstykh I, Felson DT, Nevitt MC, Lewis CE et
al. Vitamin K deficiency is associated with incident knee
osteoarthritis. Am J Med. 2013;126(3):243-8.

He Q, Lin Y, Chen B, Chen C, Zeng J, Dou X et al. Vitamin K2
ameliorates  osteoarthritis by suppressing ferroptosis and
extracellular matrix degradation through activation GPX4’s dual
functions. Biomed Pharmacotherapy. 2024;175:116697.

Gao XR, Chen YS, Deng W. The effect of vitamin D
supplementation on knee osteoarthritis: A meta-analysis of
randomized controlled trials. Int J Surg. 2017;46:14-20.

Park CY. Vitamin D in the prevention and treatment of osteoarthritis:
From clinical interventions to cellular evidence. Nutrients.
2019;11(2):243.

Georgescu B, Cristea AE, Oprea D, Lupu AA, Stanciu LE, Borgazi
E et al. Current evidence on and clinical implications of vitamin D
levels in pain and functional management of knee osteoarthritis: A
systematic review. Clinics Pract. 2024;14(5):1997-2012.

Jin X, Jones G, Cicuttini F, Wluka A, Zhu Z, Han W et al. Effect of
vitamin D supplementation on tibial cartilage volume and knee pain
among patients with symptomatic knee osteoarthritis. J Am Med
Assoc. 2016;315(10):1005.

Arden NK, Cro S, Sheard S, Doré CJ, Bara A, Tebbs SA et al. The
effect of vitamin D supplementation on knee osteoarthritis, the
VIDEO study: A randomised controlled trial. Osteoarthritis
Cartilage. 2016;24(11):1858-66.

Sanghi D, Mishra A, Sharma AC, Singh A, Natu SM, Agarwal S et
al. Does vitamin D improve osteoarthritis of the knee: A randomized
controlled pilot trial. Clin Orthop Relat Res. 2013;471(11):3556-62.
McAlindon T, LaValley M, Schneider E, Nuite M, Lee JY, Price LL
et al. Effect of vitamin D supplementation on progression of knee
pain and cartilage volume loss in patients with symptomatic
osteoarthritis. J Am Med Assoc. 2013;309(2):155-62.

Zhang FF, Driban JB, Lo GH, Price LL, Booth S, Eaton CB, et al.
Vitamin D deficiency is associated with progression of knee
osteoarthritis. J Nutr. 2014;144(12):2002-8.

Kang SJ, Kim JW, Kim KY, Ku SK, Lee YJ. Protective effects of
calcium gluconate on osteoarthritis induced by anterior cruciate
ligament transection and partial medial meniscectomy in Sprague—
Dawley rats. J Orthop Surg Research. 2014;9(1):14.

Li G, Cheng T, Yu X. The impact of trace elements on osteoarthritis.
Front Med. 2021;8:771297.

Tekeoglu I, Sahin MZ, Kamanl A, Nas K. The influence of zinc
levels on osteoarthritis: A comprehensive review. Nutr Res Rev.
2024;23:1-12.

Huang TC, Chang WT, Hu YC, Hsieh BS, Cheng HL, Yen JH et al.
Zinc protects articular chondrocytes through changes in nrf2-

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

mediated antioxidants, cytokines and matrix metalloproteinases.
Nutrients. 2018;10(4):471.

Zheng Z, Luo H, Sun C, Xue Q. The influence of zinc and iron intake
on osteoarthritis patients’ subchondral sclerosis progression: A
prospective observational study using data from the osteoarthritis
Initiative. Heliyon. 2023;9(11):22046-6.

Yassin N, El-Shenawy S, Abdel-Rahman R, Yakoot MM, Hassan M,
Helmy S. Effect of a topical copper indomethacin gel on
inflammatory parameters in a rat model of osteoarthritis. Drug Des
Devel Ther.2015;9:1491-8.

Rannou F, Pelletier JP, Martel-Pelletier J. Efficacy and safety of
topical NSAIDs in the management of osteoarthritis: Evidence from
real-life setting trials and surveys. Semin Arthritis Rheum.
2016;45(4):S18-21.

McPherson ML, Cimino NM. Topical NSAID formulations. Pain
Med. 2013;14(suppl 1):S35-9.

Wang Y, Fan M, Wang H, You Y, Wei C, Liu M et al. Relative safety
and efficacy of topical and oral NSAIDs in the treatment of
osteoarthritis: A systematic review and meta-analysis. Medicine
(Baltimore). 2022;101(36):¢30354.

Zeng C, Doherty M, Persson MSM, Yang Z, Sarmanova A, Zhang
Y et al. Comparative efficacy and safety of acetaminophen, topical
and oral non-steroidal anti-inflammatory drugs for knee
osteoarthritis: evidence from a network meta-analysis of
randomized controlled trials and real-world data. Osteoarthritis
Cartilage. 2021;29(9):1242-51.

Testa G, Giardina SMC, Culmone A, Vescio A, Turchetta M,
Cannavo S et al. Intra-articular injections in knee osteoarthritis: A
review of literature. J Funct Morphol Kinesiol. 2021;6(1):15.
Tschopp M, Pfirrmann CWA, Fucentese SF, Brunner F, Catanzaro
S, Kithne N et al. A randomized trial of intra-articular injection
therapy for knee osteoarthritis. nvest Radiol. 2023;58(5):355-62.
Huang TL, Chang CC, Lee CH, Chen SC, Lai CH, Tsai CL. Intra-
articular injections of sodium hyaluronate (Hyalgan®) in
osteoarthritis of the knee. a randomized, controlled, double-blind,
multicenter trial in the asian population. BMC Musculoskel Disord.
2011;12(1):221.

Hangody L, Szody R, Lukasik P, Zgadzaj W, Lénart E, Dokoupilova
E et al. Intraarticular injection of a cross-linked sodium hyaluronate
combined with triamcinolone hexacetonide (Cingal) to provide
symptomatic relief of osteoarthritis of the knee: A randomized,
double-blind, placebo-controlled multicenter clinical trial.
Cartilage. 2017;9(3):276083.

Leopold S, Warme W, Pettis P, Shott S. Increased frequency of acute
local reaction to intra-articular hylan GF-20 (synvisc) in patients
receiving more than one course of treatment. J Bone Joint Surg Am.
2002;84(9):1619-23.

Bruyere O, Honvo G, Veronese N, Arden NK, Branco J, Curtis EM
et al. An updated algorithm recommendation for the management of
knee osteoarthritis from the European Society for Clinical and
Economic Aspects of Osteoporosis, Osteoarthritis and
Musculoskeletal Diseases (ESCEO). Semin Arthritis Rheum.
2019;49(3):337-50.

Cite this article: Khanna M, Mukherjee AN, Sarkar P, Senthil
V, Gupta R, Lakhar S, Sharma A. Pharmacological management
of osteoarthritis: Position statement of the Indian Orthopaedic
Rheumatology Association. IP Int J Orthop Rheumatol.
2025;11(1):4-16.




