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R E V I E W

Efficacy and mechanisms of curcumin in the treatment of
osteoarthritis: A scoping review
Xiaodong Ma 1#, Wenjian Zhao 2,3#, Fan Yang 4,5,∗, and Kok-Yong Chin 2∗

Osteoarthritis (OA) is a degenerative joint disease that primarily affects the elderly worldwide. It is characterized by local
inflammation, which can be targeted therapeutically using natural anti-inflammatory compounds such as curcumin. This scoping
review explores the therapeutic effects and mechanisms of curcumin in OA management. A total of 50 relevant original studies
published in English were selected from PubMed, Web of Science, and Scopus using specific search strings, regardless of study type.
These studies demonstrated curcumin’s anti-inflammatory, protective, and anti-apoptotic effects on chondrocytes. Curcumin has been
shown to stimulate chondrocyte proliferation and collagen production while inhibiting matrix metalloproteinase activity.
These mechanisms contribute to curcumin’s ability to alleviate pain and improve joint function in OA patients. While the findings
highlight curcumin’s potential in OA management, further research is needed to enhance its bioavailability and determine optimal
formulations, dosages, and administration routes.
Keywords: Arthritis, curcuminoids, cartilage, chondrocytes, joint.

Introduction
Osteoarthritis (OA) is a common and chronic degenerative joint
disease characterized by progressive changes in articular car-
tilage degradation, subchondral bone sclerosis, osteophyte for-
mation, angiogenesis within the subchondral bone, and joint
inflammation [1]. The condition primarily impacts middle-aged
and elderly individuals, with a higher prevalence in women
compared to men, and its frequency increases significantly with
age [2]. Approximately 303 million individuals worldwide are
affected by OA, with a prevalence rate of around 37% in indi-
viduals aged 50 and above, increasing to approximately 80% in
those aged 75 and older [3].

OA is associated with a high morbidity, which significantly
impacts the quality of life for patients and exerts significant
burdens on families and society. Common symptoms of OA
include joint pain, swelling, stiffness, and limited mobility,
which can progress to joint deformities and loss of function in
severe cases [3, 4]. Initial symptoms of OA are typically mild
but worsen gradually, impacting the ability of patients to per-
form daily activities and work effectively [4]. While the precise
etiology of OA is not yet fully understood, it is recognized as a
complex condition influenced by various factors, such as genet-
ics, age, gender, body mass, and occupational exposures [5, 6].
Pathological processes in OA include degradation of articular
cartilage, inflammation in the synovial membrane, alterations
in subchondral bone structure and modifications in the joint

environment [5–7]. In the pathogenesis of OA, inflammatory
cytokines, including interleukin (IL)-1β, IL-6, and tumor necro-
sis alpha (TNF)-α, are vital in activating downstream signal-
ing pathways, such as nuclear factor kappa B (NF-κB) and
phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt),
which in turn impact chondrocyte function and viability,
ultimately resulting in matrix degradation and chondrocyte
apoptosis [5, 8, 9].

Therapeutic approaches for OA include pharmacother-
apy, physical therapy, or surgical procedures. Pharma-
cological interventions typically consist of nonsteroidal
anti-inflammatory drugs and chondroprotective agents to
manage pain and enhance joint function [10–13]. Physical
therapies, such as extracorporeal shockwave therapy and
intermediate-frequency pulse electrotherapy, improve blood
flow and decrease inflammation [10, 11]. In cases of severe
OA, joint replacement surgery may be warranted. The use
of traditional Chinese Medicine (TCM) in treating OA is on
the rise. TCM treatment emphasizes restoring homeostasis
through herbal remedies, acupuncture, and massage to alleviate
symptoms [12, 13].

Recent advancements in the understanding of the pathologi-
cal mechanisms of OA have significantly influenced the devel-
opment of therapeutic strategies [14]. Research focusing on
the Wnt signaling pathway, the interplay between autophagy
and apoptosis and synovial inflammation has provided new
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opportunities for treating OA [8]. For instance, Wnt signal-
ing activation is essential for cartilage homeostasis. However,
its aberrant activation in OA leads to chondrocyte apoptosis
and matrix degradation [15]. Inhibition of Wnt signaling has
been shown to improve OA in clinical trials [16]. Addition-
ally, the emergence of innovative technologies, such as gene
engineering and cell-based therapies, offers potential for novel
approaches to managing OA [17]. Although the etiology of OA
is complex, a cure has not yet been discovered. Therefore,
the current treatments primarily focus on alleviating symp-
toms, slowing disease progression, and improving quality of
life [8, 14, 17, 18].

Curcumin, a polyphenolic compound derived from turmeric
rhizomes, is well-recognized for its potent anti-inflammatory,
antioxidant, and anticancer properties [19]. It inhibits the
synthesis of diverse proinflammatory cytokines, neutralizes
free radicals, and elicits extensive pharmacological impacts
via numerous signaling cascades [20]. Additionally, curcumin
exhibits neuroprotective and cardioprotective capabilities,
improving cognitive functions and mitigating cardiovascular
ailments [21, 22]. Research indicates that curcumin exhibits
beneficial effects in the management of OA, with clinical data
supporting its ability to reduce symptoms and enhance the
quality of life in patients, particularly in the initial to moderate
phases of the condition [19]. Considering the involvement of
inflammation and antioxidants in the development of OA, cur-
cumin may have the potential as a functional dietary component
for preventing this disease [20].

This review aims to provide a comprehensive understanding
of curcumin’s potential as a disease-modifying intervention for
OA, potentially informing the development of novel therapeutic
strategies. Since many systematic reviews and meta-analyses
on the efficacy of curcumin in treating OA are available [23–27],
this review will focus on the mechanisms through which cur-
cumin may enhance joint health and mitigate the onset of OA
from preclinical studies as well, potentially bridging the gap
between preclinical findings and clinical applications.

Materials and methods
This scoping review adhered to the guidelines outlined in
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) for scoping reviews (Table S1). The
scoping review methodology was specifically chosen to investi-
gate the relationship between curcumin and OA, enabling the
exploration of a diverse range of studies to comprehensively
understand the current research landscape in this area.

Defining research question
The primary research question for this scoping review
was: “What are the protective effects of curcumin against
osteoarthritis?” The population, intervention, comparator,
outcome, and study design (PICOS) criteria for studies included
in this review are summarized in Table 1.

Literature search
A systematic literature search was conducted across three
databases—PubMed, Web of Science, and Scopus—up to

Table 1. PICOS of the current review

Item Description

Population (P) Cellular studies
Animal studies
Human studies

Intervention (I) Curcumin (oral, injection or topical application)

Comparator (C) Placebo, vehicle, analgesics, or no treatment

Outcome (O) Cellular studies: Chondrocyte viability and proliferation
Animal studies: Cartilage or subchondral bone structure
Human studies: Pain and functional scales, radiographic
imaging
Applicable to all studies: Expression of cartilage health,
inflammatory and redox markers, molecular signaling
pathway regulation

Study design (S) All study designs

October 2024. The search strategy utilized a combina-
tion of keywords and Boolean operators: (Osteoarthritis
OR Osteoarthritides OR Osteoarthrosis OR Osteoarthroses
OR “Degenerative arthritis”) AND (Curcumin OR Turmeric OR
Curcuminoid).

Literature selection
Inclusion criteria for articles were: (1) primary studies investi-
gating the effects of curcumin on OA, and (2) studies conducted
using cellular systems, animal models, or human subjects.
Exclusion criteria included: (1) conference abstracts, review
articles, letters to the editor, commentaries, or opinion pieces
lacking original data; (2) studies that did not use pure curcumin
as the treatment; and (3) publications in languages other than
English.

Three authors (X.M., W.Z., and F.Y.) independently
searched the databases using the specified keywords. Retrieved
literature was organized using Endnote version X9 (Clarivate,
Philadelphia, PA, USA). Duplicate items were identified both
automatically by Endnote and manually by the researchers.
The authors screened the titles and abstracts of each article,
retrieving full texts for further evaluation only when deemed
relevant. Decisions regarding inclusion were made through
mutual agreement among the three authors. In cases of
disagreement, input from K.Y.C. was sought.

Data extraction and synthesis
Relevant data were systematically extracted by the authors
(X.M., W.Z., and F.Y.) using structured data extraction sheets.
Extracted information included authorship, publication year,
study methodology, dosage, treatment duration, results, and
limitations. The data were synthesized qualitatively and cate-
gorized into thematic areas for analysis.

Results
Selection of literature
The initial literature search yielded 852 articles from the
PubMed (n = 269), Web of Science (n = 266), and Sco-
pus (n = 317) databases. After eliminating duplicated records
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Figure 1. PRISMA flowchart on the article selection process. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

(n = 600), 252 articles were included for further screen-
ing. Subsequently, 202 articles were excluded from the study
because they did not meet the inclusion criteria (not original
research article = 78; not within the scope = 36; not written
in English = 1, not using pure curcumin = 87). Ultimately, 50
articles that met all the inclusion criteria were included in the
analysis and summarized in Tables 2–4. Figure 1 displays the
flowchart illustrating the selection process.

Study characteristics
This scoping review includes 50 studies published between
2004 and 2024, which investigate the effectiveness and under-
lying mechanisms of curcumin in treating OA. The review
encompasses a range of in vitro and in vivo studies, utilizing
diverse cell types and animal models to evaluate the potential
therapeutic impact of curcumin on OA. Of note, five preclinical
studies adopted both in vitro and in vivo approaches. Human
trials investigating the clinical efficacy of curcumin in patients
with OA are also included.

In vitro studies used primary chondrocytes from humans,
rats, and cows, human osteoarthritic synoviocytes, chondro-
cyte cell lines HC-a and C28/I2, and mesenchymal stem cells for
differentiation experiment. These cells were exposed to proin-
flammatory cytokines (IL-1β), oxidative stressors (tert-butyl
hydroperoxide), and TNF-α to mimic OA-related inflammation
and oxidative stress. Curcumin was given in concentrations of

1.25–50 μM to evaluate its protective effects on chondrocyte
function, with treatment durations tailored to each study’s
goals, typically lasting from 24 h to several weeks. These
studies assessed curcumin’s impact on chondrocyte activities,
showing it inhibited apoptosis, enhanced autophagy, reduced
inflammatory cytokines, and modulated metalloproteinase
(MMP) expression. Curcumin also activated key cellular path-
ways for chondroprotection, including AMPK/PINK1/Parkin
for mitophagy, NF-κB signaling, and Wnt/β-catenin.

Fifteen in vivo studies were performed using male
Wistar or Sprague–Dawley rats (10–12 weeks old) and
C57BL/6 mice (5–6 months old). OA was induced through
methods like intra-articular mono-iodoacetate (MIA) injections
(50–100 μL), anterior cruciate ligament (ACL) transection,
and medial meniscus destabilization. Subjects received cur-
cumin doses of 50–200 mg/kg via oral gavage, intraperi-
toneal, or intra-articular injection for 35–60 days. Curcumin’s
efficacy was evaluated through serum levels of C-reactive
protein and cartilage oligomeric matrix protein, levels of
histone deacetylase 3, MMP1, and MMP13, and inflamma-
tory markers NF-κB, IL-1β, and TNF-α. Motor function and
cartilage protection were evaluated through knee joint rota-
tion time, miR-130a, and PPAR-γ. Curcumin’s impact on
cartilage integrity, inflammation, and pain behaviors was
measured using histological, biochemical, and molecular
assessments.
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n. Eleven human clinical studies have assessed the efficacy and

safety of curcumin for knee OA, employing various designs
like randomized controlled trials and open-label studies. Par-
ticipants were mainly adults with mild to moderate knee OA,
with some studies targeting specific age groups or genders,
and different inclusion criteria regarding age, disease sever-
ity, and exclusion of other inflammatory joint conditions were
applied. Curcumin was given in capsules, ointments, and along-
side other therapies, with daily doses between 500 and 1500 mg
for six weeks to six months. Outcomes measured included
pain intensity via the visual analog scale (VAS) and functional
capacity assessed by the Western Ontario and McMaster Uni-
versities Osteoarthritis Index (WOMAC) and Japanese Knee
Osteoarthritis Measure (JKOM). Some studies also evaluated
systemic oxidative stress markers and the need for extra pain
medications.

Results from in vitro studies
Articular chondrocytes represent the principal cellular con-
stituents of articular cartilage tissue, with their core func-
tion being the synthesis and maintenance of the extracellular
matrix (ECM), which is predominantly composed of collagen
type II alpha 1 chain (Col2α1) and aggrecan (ACAN). These
molecules provide essential mechanical support and elastic-
ity to the cartilage, constituting critical determinants of joint
health. In vitro, articular chondrocytes are commonly utilized
to emulate the articular cartilage milieu, thereby facilitating
the study of disease progression and evaluation of potential
therapeutic interventions [28]. Furthermore, human articular
chondrocytes maintain the cartilage’s structural integrity and
functional capacity. They play a pivotal role in the pathogenesis
of OA, wherein chondrocyte apoptosis contributes significantly
to cartilage degeneration and impairment of joint function [29].

Curcumin has been demonstrated to modulate various sig-
naling pathways involved in the survival and functionality
of chondrocytes. Specifically, curcumin activates the AMP-
K/PINK1/Parkin pathway, facilitating mitophagy and conse-
quently mitigating mitochondrial damage and oxidative stress
in chondrocytes [30]. Furthermore, curcumin’s activation of
the Wnt/β-catenin signaling pathway is associated with the
inhibition of chondrocyte apoptosis and the enhancement of
anabolic processes, including the synthesis of collagen type II
and ACAN [31].

Additionally, it is noteworthy that curcumin has been
identified as an inhibitor of the NF-κB signaling pathway,
which is frequently hyperactivated in OA and plays a sig-
nificant role in promoting inflammation and chondrocyte
catabolic activities [32]. Through the suppression of NF-
κB, curcumin diminishes the expression of inflammatory
cytokines and matrix-degrading enzymes, including MMP-3
and MMP-9, which are recognized for their roles in ECM
degradation [33]. Furthermore, the anti-inflammatory proper-
ties of curcumin are substantiated by its capacity to inhibit
the production of prostaglandin E2 (PGE2), a critical medi-
ator of inflammation, and to enhance the expression of
anti-inflammatory molecules [34]. These combined effects on
inflammatory pathways indicate that curcumin may possess
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Figure 2. The mechanisms of curcumin in protecting joint health. Curcumin activates AMP-activated protein kinase, mitophagy, NF-kB, Wnt and Sirtuin
1 signaling pathways in chondrocytes, thereby upregulating the anabolic processes and downregulating the catabolic processes.

therapeutic potential in maintaining chondrocyte function and
mitigating the progression of OA.

The mechanisms of curcumin in protecting joint health are
summarized in Figure 2.

Results from in vivo studies
OA induction models can be broadly classified into surgical
and non-surgical categories. Surgical models replicate OA-like
conditions by manipulating joint physiology through surgical
procedures. Traditional methods involve resecting ACL, poste-
rior cruciate ligaments, medial collateral ligaments, and medial
menisci in animals. However, modified approaches often sim-
plify these processes. For example, in canine early OA models,
transection of the ACL alone is sufficient to create an early-stage
OA model [35].

Curcumin has shown therapeutic potential in various sur-
gically induced OA models. Feng et al. [36] demonstrated that
post-surgical curcumin administration in rats mitigated car-
tilage surface hardening and joint space narrowing. It also
reduced Osteoarthritis Research Society International (OARSI)
scores, alleviated chondrocyte and proteoglycan loss, and inhib-
ited OA progression in a dose-dependent manner. Similarly,
Zhang and Zeng [37] found that curcumin treatment lowered
OARSI scores in rat models, reduced Safranin O staining loss,
cartilage fibrosis, and synovitis, and improved subchondral
bone plate thickness.

Sun et al. [38] reported that curcumin significantly reduced
histopathological OA scores in murine models, using a maxi-
mum scoring method to assess severity. Yan et al. [39] further
observed that intra-articular curcumin preserved the cartilage

matrix, maintained the structural integrity of cartilage tis-
sue, and improved cartilage lesions caused by ACL transection
(ACLT) or ACLT combined with lipopolysaccharide administra-
tion. In a study by Nakahata et al. [40], intra-articular admin-
istration of 30 mg/mL curcumin monoglucuronide (tBP1901)
in rats with destabilized medial meniscus (DMM)-induced OA
reduced acute-phase synovial inflammation and cartilage dam-
age while regulating subchondral bone changes in chronic
post-traumatic OA. Wang et al. [41] discovered that a six-week
oral curcumin treatment enhanced articular cartilage integrity
in DMM-induced mice by inhibiting the NF-κB/HIF-2α path-
way. Ye et al. [42] used Hulth surgery to establish knee OA
models and found that a 35-day curcumin feeding regimen sup-
ported quadriceps muscle regeneration by reducing reactive
oxygen species (ROS) via the sirtuin 3 and superoxide dismu-
tase (SOD) 2 pathway.

Non-surgical models induce OA through joint immo-
bilization, forced motion, or chemical agents. Chemical
induction methods, such as intra-articular injections of
papain, hyaluronidase, collagenase, or iodoacetic acid (MIA),
are widely used. Studies by Saber et al. [43] and Zhang
et al. [43, 44] reported that curcumin reduced Mankin
scores, knee swelling, and improved pain thresholds and
joint mobility in MIA-induced OA models. Jin et al. [30]
further showed that curcumin significantly reduced Mankin
and OARSI scores, attenuated cartilage degeneration, and
promoted chondrocyte proliferation. Park et al. [45] treated
MIA-induced OA in male Wistar rats with Theracurmin®
for five weeks, resulting in improved weight-bearing bal-
ance, lower Mankin scores, reduced cartilage damage, and
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Figure 3. The joint protecting effects of curcumin as demonstrated in animal models. Curcumin protects against osteoarthritis by reducing inflamma-
tory signaling, improving antioxidant defence and chondrocyte autophagy and mitophagy. Thus, joint structural integrity is preserved in the supplemented
animals.

suppression of nitrotyrosine, TNF-α, phosphorylated NF-κB,
and cleaved caspase-3 expression.

Other studies using yeast polysaccharides as an OA-inducing
agent highlighted curcumin’s effects on cartilage. Nicoliche
et al. [46] and Nonose et al. [47] found that curcumin reduced
cartilage superficial and middle-layer thickness but increased
chondrocyte density in these layers. The number of deep-layer
chondrocytes remained unaffected. Notably, curcumin alle-
viated joint inflammation within 6 h of administration but
showed no significant anti-inflammatory effects after 12–24 h,
potentially due to its low oral bioavailability and rapid systemic
metabolism.

The joint-protective effects of curcumin across various ani-
mal OA models are summarized in Figure 3.

Results from clinical studies
The selected studies were randomized controlled trials (RCTs)
with sample sizes ranging from 40 to 85 participants, primar-
ily employing double-blinded designs to enhance reliability.
Curcumin dosages varied from 500 mg to 1500 mg and were
administered via oral capsules, ointments, or bio-optimized
turmeric extracts over treatment periods spanning three days
to six months.

Most studies demonstrated that curcumin significantly
reduced pain and improved function in OA patients com-
pared to placebo, as evidenced by Visual Analog Scale (VAS)
and Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC) scores. For example, Panahi et al. [48] found

that curcumin supplementation improved WOMAC global,
pain, and physical function scores, though stiffness scores
remained unchanged. Similarly, Nakagawa et al. [49] reported
that patients receiving Theracurmin® experienced notably
lower VAS scores, indicating reduced pain. Shep et al. [50]
observed that curcumin was as effective as diclofenac for pain
relief, with additional benefits of reducing bloating and aiding
weight loss. Hashemzadeh et al. [51] reported that nanocur-
cumin significantly improved WOMAC scores, particularly in
pain and physical function domains, compared to placebo.

Regarding its mechanism of action, curcumin’s antioxidant
effects were highlighted by Panahi et al. [48], which showed
increased serum SOD activity and reduced malondialdehyde
(MDA) levels, reflecting improved redox status. Calderón-
Pérez et al. [52] demonstrated curcumin’s anti-inflammatory
effects, evidenced by a significant decrease in high-sensitivity
C-reactive protein (hsCRP) levels in patients treated with
B-Turmactive, a curcumin-based product.

From a safety perspective, most studies reported that
adverse events in the curcumin groups were similar to or
fewer than those in the placebo groups [48, 53, 54]. The stan-
dard oral dosage of 500–1500 mg daily was generally well
tolerated, with long-term studies (over six months) showing
sustained effectiveness and few serious adverse events. How-
ever, Henrotin et al. [55] noted a higher incidence of abdomi-
nal discomfort and diarrhea among high-dose curcumin users,
suggesting that elevated doses should be approached with
caution.
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Discussion
OA is a dynamic disease process characterized by pathophys-
iological changes involving all components of the joint tissue
microenvironment, resulting from complex pathological reac-
tions within the osteoarticular milieu [3, 4]. During the early
stages of OA, the primary pathological alterations consist of car-
tilage injury, microcracks, and abnormal bone remodeling [56].
Healthy articular cartilage is encapsulated by an ECM com-
posed of water, type II collagen, and glycoproteins, which col-
lectively maintain its structure and function [57]. However,
as age advances or under mechanical stress, chondrocytes
may undergo inflammatory responses and apoptosis, leading to
degradation of the cartilaginous matrix [2]. As OA progresses
further into its intermediate and late stages, the pathology
primarily manifests as subchondral bone neovascularisation,
neural invasion into the cartilage, sclerosis of the subchon-
dral bone, and osteophyte formation [2, 4, 5]. Angiogenesis and
nerve growth often coexist, with new blood vessel formation,
altering the hypoxic environment within chondrocytes, dis-
rupting the balance between synthesis and degradation, and
accelerating cartilage damage [5].

Chondrocytes play multifaceted roles in the pathogenesis
of OA [58]. Firstly, they maintain the structural integrity and
functionality of articular cartilage by synthesizing and main-
taining the ECM [59]. When injured or subjected to inflam-
matory stimuli, chondrocytes release inflammatory mediators
and matrix-degrading enzymes, such as MMPs and A disinte-
grin and metalloproteinase with thrombospondin, contribut-
ing to further matrix degradation and subsequent cartilage
degeneration [60]. Moreover, chondrocytes undergoing oxida-
tive stress may undergo apoptosis via pathways like PI3K/Akt,
exacerbating cartilage damage [61]. Thus, chondrocytes are
central players in OA development, with their injury and dys-
function contributing to matrix degradation and joint inflam-
mation and pain, underscoring the importance of chondrocyte
protection and repair strategies as potential key treatments for
OA [60, 62].

Curcumin, a natural compound extracted from turmeric
rhizomes, has attracted significant attention in the fields of
OA prevention and therapy due to its unique pharmacological
activities and broad biological effects [20]. In OA treatment,
curcumin exerts various actions, including alleviation of pain,
antioxidants, anti-inflammatory and anti-apoptotic, regulation
of critical signaling pathways, and promotion of cartilage tissue
repair [19, 20].

In terms of its antioxidant properties, curcumin exhibits
outstanding performance in the OA environment by inhibit-
ing the Nrf2/ARE signaling pathway, thereby enhancing the
activity of endogenous antioxidant enzymes like SOD, effec-
tively reducing ROS production and suppressing oxidative
stress-induced damage to chondrocytes [63]. Furthermore,
it activates the AMPK/PINK1/Parkin-mediated mitochondrial
autophagy pathway, facilitating the clearance of damaged mito-
chondria and preserving normal chondrocyte function, thereby
slowing down OA progression [30].

Regarding its anti-inflammatory role, curcumin potently
suppresses multiple proinflammatory cytokines, such as

TNF-α, IL-1β, and IL-6 [64]. It blocks the Toll-like receptor
4 (TLR4)/MyD88/NF-κB signaling cascade, decreasing the
expression levels of inflammatory cytokines, reducing the
infiltration of inflammatory cells into the joint and the
release of inflammatory mediators, thus alleviating joint
inflammation [64, 65]. Additionally, curcumin synergizes with
nonsteroidal anti-inflammatory drugs like celecoxib to further
inhibit the activation of NF-κB and subsequent generation of
proinflammatory mediators and MMPs, preventing further
destruction of the cartilage matrix [65].

Concerning the regulation of chondrocyte apoptosis, cur-
cumin upregulates SIRT1 expression, inhibits protein kinase
RNA-like ER kinase (PERK)- eukaryotic translation initiation
factor 2 alpha (eIF2α)-C/EBP homologous protein (CHOP) path-
way activation and triggers autophagy through ERK1/2 sig-
naling, thereby effectively inhibiting the programmed cell
death process in chondrocytes [66]. Moreover, curcumin also
protects chondrocytes against apoptosis triggered by various
stress factors by inhibiting pathways, such as JAK2/STAT3 and
p38MAPK [30].

Regarding cartilage repair, curcumin increases the expres-
sion of protective molecules specific to cartilage, such as type
II collagen and β1 integrin, while concurrently inhibiting the
production of matrix-degrading enzymes like MMPs, thereby
contributing to the maintenance of the integrity of the cartilage
matrix and promoting the regeneration and repair of articular
cartilage [67, 68]. Coupled with appropriate physical therapies,
such as swimming exercises, curcumin application can further
improve the inflammatory state of the synovial membrane,
reduce joint swelling and pain, and facilitate the recovery of
joint function in OA patients [69].

Pain is the main symptom of OA, severely affecting daily life,
mobility, and emotional well-being, and can lead to economic
strain and poor treatment adherence. Effective pain manage-
ment is essential to enhance patients’ quality of life. Curcumin
has been found effective in alleviating pain in knee OA patients,
as evidenced by multiple clinical studies [48–51].

Perspectives
Curcumin’s multifaceted mechanisms of action position it as a
promising agent for both the prevention and treatment of OA,
demonstrating significant potential and practical efficacy. How-
ever, several critical issues remain to be addressed to harness its
therapeutic benefits fully.

Primarily, the low bioavailability of curcumin significantly
constrains its clinical utility. Future research endeavors should
prioritize the development of innovative preparation and deliv-
ery systems designed to enhance curcumin’s bioavailability.
This can be achieved through the application of advanced tech-
nologies, such as nanotechnology, liposomal encapsulation, and
novel drug carriers, thereby optimizing its absorption and uti-
lization within the body [70].

Secondly, optimizing the dosing regimen and delivery mech-
anism is essential. Currently, the optimal dosage and admin-
istration schedule for curcumin in OA treatment are not well
established. There is a pressing need for large-scale clini-
cal trials to determine the most efficacious and safe dosing
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parameters, which will facilitate the development of more
precise treatment protocols, improving patient outcomes and
adherence. Currently, a daily oral dose of 1500 mg of curcumin
is reported to be efficacious against OA and is relatively safe.

Thirdly, while the short-term benefits of curcumin in OA
patients have been documented, there needs to be more data
regarding its long-term efficacy and safety profile. Future inves-
tigations must include long-term clinical trials to comprehen-
sively assess curcumin’s sustained effects and potential adverse
reactions across diverse patient populations, ensuring its clini-
cal applicability is both effective and safe.

Fourthly, the synergistic potential of curcumin, when com-
bined with other therapeutic modalities, such as TCM and
physical therapy, warrants exploration. Future studies should
investigate the integrated use of curcumin alongside alternative
treatments, evaluating their collective impact on OA manage-
ment, thereby offering patients a broader spectrum of treat-
ment options.

Moreover, although current research has elucidated
some of curcumin’s mechanisms of action—namely, its
anti-inflammatory and antioxidant properties and regula-
tory effects on apoptosis and signaling pathways—these
mechanisms require further scrutiny. Future studies should
concentrate on elucidating the precise cellular and molecular
mechanisms underlying curcumin’s therapeutic effects, partic-
ularly focusing on its influence on chondrocyte proliferation,
inflammatory cytokine levels, collagen synthesis, and matrix
metalloproteinase activities. Of note, molecular and structural
changes in OA differ at the early stage and the advanced stage,
and between weight-bearing and non-weight-bearing joints.
The mechanism of action of curcumin at different stages of OA
and different types of joints should be investigated. This deeper
understanding will guide clinical application and maximize
curcumin’s therapeutic potential.

Lastly, the differential response to curcumin among various
patient demographics, including age, gender, and genetic pre-
dispositions, necessitates investigation. Future research should
scrutinize the efficacy and safety of curcumin across diverse
populations, evaluating its application potential in distinct
patient subgroups to enable personalized treatment strategies.

Through the diligent pursuit of these research avenues, the
full therapeutic potential of curcumin in treating OA can be
unlocked, paving the way for safer and more efficacious treat-
ment alternatives for patients.

Limitations
This review identifies several constraints. Firstly, the diver-
sity in research methodologies, doses, and modes of curcumin
administration among the incorporated studies hampers the
direct comparisons of findings. Furthermore, the exclusion of
non-English literature and studies not employing pure cur-
cumin may have resulted in the exclusion of pertinent data.
Grey literature was not collected in this review, thus subject-
ing the content to publication bias. Subsequent investigations
should fill these knowledge gaps to offer more comprehensive
and widely applicable findings regarding curcumin’s therapeu-
tic capabilities in the management of OA.

Conclusion
Curcumin, through its diverse mechanisms, including
anti-inflammatory, antioxidant, apoptosis regulatory, anti-
angiogenesis, and immune-modulatory pathways, holds
substantial promise as a therapeutic agent for OA. Future
studies should focus on optimizing curcumin’s administration
strategies, assessing its long-term efficacy, and exploring its
combination with other treatment modalities, with the goal of
providing OA patients with safer and more effective therapeutic
options.
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Supplemental data

Table S1. Preferred reporting items for Systematic reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) Checklist

Section Item PRISMA-ScR checklist item
Reported
on page #

Title

Title 1 Identify the report as a scoping review. 1

Abstract

Structured
summary

2 Provide a structured summary that includes (as applicable): background, objectives, eligibility
criteria, sources of evidence, charting methods, results, and conclusions that relate to the review
questions and objectives.

2

Introduction

Rationale 3 Describe the rationale for the review in the context of what is already known. Explain why the
review questions/objectives lend themselves to a scoping review approach.

1-3

Objectives 4 Provide an explicit statement of the questions and objectives being addressed with reference to
their key elements (e.g., population or participants, concepts, and context) or other relevant key
elements used to conceptualize the review questions and/or objectives.

5

Methods

Protocol and
registration

5 Indicate whether a review protocol exists; state if and where it can be accessed (e.g., a web
address); and if available, provide registration information, including the registration number.

NA

Eligibility criteria 6 Specify characteristics of the sources of evidence used as eligibility criteria (e.g., years considered,
language, and publication status), and provide a rationale.

6

Information
sources*

7 Describe all information sources in the search (e.g., databases with dates of coverage and contact
with authors to identify additional sources), as well as the date the most recent search was
executed.

5

Search 8 Present the full electronic search strategy for at least 1 database, including any limits used, such
that it could be repeated.

5

Selection of
sources of evidence†

9 State the process for selecting sources of evidence (i.e., screening and eligibility) included in the
scoping review.

6

Data charting
process‡

10 Describe the methods of charting data from the included sources of evidence (e.g., calibrated
forms or forms that have been tested by the team before their use, and whether data charting was
done independently or in duplicate) and any processes for obtaining and confirming data from
investigators.

6

Data items 11 List and define all variables for which data were sought and any assumptions and simplifications
made.

6

Critical appraisal of
individual sources of
evidence§

12 If done, provide a rationale for conducting a critical appraisal of included sources of evidence;
describe the methods used and how this information was used in any data synthesis
(if appropriate).

NA

Synthesis of
results

13 Describe the methods of handling and summarising the data that were charted. 6

Results

Selection of
sources of evidence

14 Give numbers of sources of evidence screened, assessed for eligibility, and included in the review,
with reasons for exclusions at each stage, ideally using a flow diagram.

6-7

Characteristics of
sources of evidence

15 For each source of evidence, present characteristics for which data were charted and provide the
citations.

7-8

Critical appraisal
within sources of
evidence

16 If done, present data on critical appraisal of included sources of evidence (see item 12). NA
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Table S1. Continued

Section Item PRISMA-ScR checklist item
Reported
on page #

Results of
individual sources of
evidence

17 For each included source of evidence, present the relevant data that were charted that relate to
the review questions and objectives.

8-13

Synthesis of
results

18 Summarize and/or present the charting results as they relate to the review questions and
objectives.

Tables 2-4

Discussion

Summary of
evidence

19 Summarize the main results (including an overview of concepts, themes, and types of evidence
available), link to the review questions and objectives, and consider the relevance to key groups.

13-16

Limitations 20 Discuss the limitations of the scoping review process. 18

Conclusions 21 Provide a general interpretation of the results with respect to the review questions and objectives,
as well as potential implications and/or next steps.

18

Funding

Funding 22 Describe sources of funding for the included sources of evidence, as well as sources of funding for
the scoping review. Describe the role of the funders of the scoping review.

1

This is a standard PRISMA-ScR checklist available for download from https://www.prisma-statement.org/scoping. It is attached here to ensure the
current review conforms to the PRISMA-ScR guidelines. JBI: Joanna Briggs Institute; PRISMA-ScR: Preferred Reporting Items for Systematic reviews and
Meta-Analyses extension for Scoping Reviews. * Where sources of evidence (see second footnote) are compiled from, such as bibliographic databases, social
media platforms, and Web sites. † A more inclusive/heterogeneous term used to account for the different types of evidence or data sources (e.g., quantitative
and/or qualitative research, expert opinion, and policy documents) that may be eligible in a scoping review as opposed to only studies. This is not to be
confused with information sources (see first footnote). ‡ The frameworks by Arksey and O’Malley (6) and Levac and colleagues (7) and the JBI guidance (4,
5) refer to the process of data extraction in a scoping review as data charting. § The process of systematically examining research evidence to assess its
validity, results, and relevance before using it to inform a decision. This term is used for items 12 and 19 instead of “risk of bias” (which is more applicable
to systematic reviews of interventions) to include and acknowledge the various sources of evidence that may be used in a scoping review (e.g., quantitative
and/or qualitative research, expert opinion, and policy document). From: Tricco AC, Lillie E, Zarin W, O’Brien KK, Colquhoun H, Levac D, et al. PRISMA
Extension for Scoping Reviews (PRISMAScR): Checklist and Explanation. Ann Intern Med. 2018;169:467–473. doi:10.7326/M18-0850.
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