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Abstract: Osteoarthritis is a form of age-related, non-inflammatory, degenerative joint disease. 

It is characterized by pain, swelling, and bone hyperplasia; osteoarthritis has a high morbidity 

and high disability rate, which has a significant impact on the quality of life of patients 

worldwide. Engaging in sports has been demonstrated to reduce the risk of developing obesity, 

diabetes mellitus, and other metabolic diseases, additionally, it has been shown to enhance 

muscle quality, stabilize joints, improve motor coordination abilities, reduce pain and improve 

joint function in individuals with osteoarthritis, these findings highlight the potential for sports 

to play an important role in the management of osteoarthritis. In this review, we presented an 

overview of the pathogenesis of osteoarthritis, provided a summary of advancements in the 

utilization of sports in the management of in osteoarthritis, and discussed the underlying 

mechanisms and future application limitations, hope to provide the foundation for the 

prevention and treatment for osteoarthritis. 

Keywords: osteoarthritis; sports; mechanisms; inflammatory response; oxidative stress; 
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1. Introduction 

Osteoarthritis is one of the most prevalent joint diseases that is characterized by 

a high disability rate and high morbidity rate. The number of osteoarthritis patients has 

been increasing rapidly in recent years, with estimates suggesting that almost 8% of 

the global population will suffer from osteoarthritis in the future. Furthermore, 

osteoarthritis is becoming the fourth leading cause of disability affecting employment 

and quality of life worldwide [1]. The main symptoms of osteoarthritis include joint 

pain, swelling, stiffness, and joint dysfunction. Pain is the most prevalent symptom of 

osteoarthritis, often persisting for an extended period [2]. Typically, the initial clinical 

manifestation of osteoarthritis is significant pain at the onset of joint movement, with 

partial relief after slight movement and aggravated pain due to excessive exercise and 

weight bearing [3,4]. Furthermore, osteoarthritis is also a type of age-related chronic 

disease. Statistical data demonstrate that the incidence rate of osteoarthritis increases 

with age, with a significantly higher prevalence observed in the elderly compared to 

younger individuals [5].  

Currently, there is no optimal treatment for osteoarthritis. As a progressive 

chronic disease, osteoarthritis eventually leads to bone and joint replacement because 

of deterioration and inadequate treatment. The pathogenesis of osteoarthritis is 

complex, with numerous risk factors, including joint injury, joint overuse, age, and 

overweight, which have the potential to cause osteoarthritis [6,7]. Engaging in sports 

has been demonstrated to facilitate metabolic processes, enhance blood circulation, 
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reduce body weight and oxidative stress, augment muscle mass and control ability, 

and prove more efficacious in managing osteoarthritis. Accumulated research data 

demonstrate that engaging in appropriate physical activities and maintaining a 

balanced diet can reinforce muscles and preserve a healthy weight, thereby mitigating 

the symptoms of osteoarthritis [8,9]. To gain further insight into the impact of sports 

on osteoarthritis and the underlying mechanisms involved, this review introduces the 

pathogenesis and risk factors associated with osteoarthritis, presents a summary of 

findings on the use of sports in its management, discusses the limitations of such 

applications, and we hope that this review may provide a foundation for the 

development of more effective treatments for osteoarthritis. 

2. The pathogenesis of osteoarthritis 

2.1. Inflammatory response 

 

Figure 1. Diagram of the four major pathogenic mechanisms of osteoarthritis. 

The inflammatory response induced by mechanical injury is a crucial step in the 

pathogenesis of osteoarthritis [10]. It further increases the expression of proteases [11], 

leading to the degradation of the extracellular matrix and cartilage degeneration. A 

significant amount of evidence suggests that inflammatory factors such as interleukin-

1 (IL-1), interleukin-17 (IL-17), tumor necrosis factor-α (TNF-α), and matrix 

metalloproteinases (MMPs) are closely associated with osteoarthritis [12–14], as 

shown in Figure 1. Regulating the expression of these inflammatory factors can 

significantly alleviate the symptoms of osteoarthritis. For example, research by Libin 

Ni et al. indicated that itaconate, a tricarboxylic acid cycle metabolite with anti-

inflammatory effects, can reduce inflammation in osteoarthritis by activating nuclear 

factor E2-related factor 2 (Nrf2) and inhibiting the expression of nuclear factor-kappa 

B (NF-κB) [15]. Bahareh Sadri et al. found that adipose-derived mesenchymal stromal 

cells (ADMSCs) reduced the expression of interleukin-10 (IL-10) in patients with knee 

osteoarthritis after three months of treatment [16]. Manabu Kawata et al. pointed out 

that the inflammation-related transcription factor Krüppel-like factor 4 is involved in 
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the treatment of osteoarthritis with mocetinostat [17]. Additionally, nitric oxide (NO), 

interleukin-6 (IL-6), inducible nitric oxide synthase (iNOS), interleukin-1β (IL-1β), 

matrix metalloproteinase 13 (MMP13), interleukin-8 (IL-8), chemokine ligand 1 

(CXCL1), interleukin-1b (IL-1b), and interleukin-2β (IL-2β) have also been identified 

as key factors in the pathogenesis of osteoarthritis [18–23]. 

2.2. Immune imbalance 

Increasing data indicate that osteoarthritis is often accompanied by synovitis, a 

disease characterized by a low-grade innate immune system. This unique immune-

regulatory disease affects the progression of osteoarthritis. For example, Bizhi Tu et 

al., through multi-gene analysis, comprehensively analyzed the role of arachidonic 

acid metabolism genes in osteoarthritis synovium, finding various immune states in 

different clusters. Elderly osteoarthritis patients showed reduced immune cell 

infiltration and higher expression of hub genes in macrophages and B cells [24]. 

Junchen Li et al. used weighted gene co-expression network analysis (WGCNA) and 

artificial intelligence technology to screen osteoarthritis-related immune genes, 

discovering that immune-related genes such as Frizzled-7 (FZD7) and interleukin 1 

receptor associated kinase 3 (IRAK3) have high value in osteoarthritis diagnosis [25]. 

Aimy Sebastian et al. confirmed the presence of various immune cell types in 

osteoarthritic joints, including monocytes, B cells, T cells, and dendritic cells, and 

observed significant changes in monocyte and macrophage numbers before and after 

injury [26]. 

2.3. Oxidative stress 

Oxidative stress refers to the physiological and pathological process where 

excessive oxidative molecules are produced or accumulated in cells or tissues, 

exceeding their antioxidant capacity, ultimately leading to oxidative damage of 

biomolecules [27]. Increasing evidence suggests that oxidative stress may be a 

pathogenic factor in various diseases, including cancer, diabetes, cardiovascular 

diseases, and atherosclerosis [28–31]. Similarly, oxidative stress may also be involved 

in the pathogenesis of osteoarthritis. For example, Liang Liu et al. verified the effects 

of α-ketoglutarate on osteoarthritis, finding that α-ketoglutarate regulates 

mitochondrial autophagy and inhibits the production of reactive oxygen species (ROS), 

downregulating the expression of MMP13, A disintegrin and metalloproteinase with 

thrombospondin motifs 5 (ADAMTS5), IL-6, and TNF-α [32]. Zizheng Chen et al. 

provided evidence that a specific circular RNA (circFNDC3B) promotes chondrocyte 

proliferation and alleviates extracellular matrix degradation by reducing oxidative 

stress and regulating NF-κB-mediated signaling pathways [33]. Bohao Chen et al. 

demonstrated that curcumin and catalase can inhibit oxidative stress and alleviate knee 

osteoarthritis symptoms by upregulating the expression of antioxidant enzymes and 

reducing reactive oxygen species [34]. 

2.4. Apoptosis 

There is evidence that the number and activity of chondrocytes in osteoarthritis 

decline, with the apoptosis rate of chondrocytes reaching up to 20% of the total 
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chondrocytes in the joint, suggesting that chondrocyte apoptosis may directly play a 

role in the pathogenesis of osteoarthritis [35–37]. For example, Hongjun Zhang et al. 

found that miR-146a-5p is significantly upregulated in knee cartilage tissue, leading 

to increased chondrocyte apoptosis in osteoarthritis patients, and miR-146a-5p 

antagonists can mitigate this effect [38]. Yuan Liu et al., through comparative analysis 

of normal individuals and osteoarthritis patients, discovered that chondrocyte 

apoptosis occurs in osteoarthritis patients, and the expression of α7-nicotinic 

acetylcholine receptors (α7-nAChRs) is reduced. Nicotine administration can alleviate 

chondrocyte apoptosis by regulating α7-nAChRs [39]. J E Dilley et al. found that the 

expression of calcium/calmodulin-dependent protein kinase kinase 2 (CAMKK2) 

increases through the regulation of MMP-13, and inhibiting CAMKK2 expression can 

reduce chondrocyte apoptosis in osteoarthritis patients [40]. 

3. The sports applications in osteoarthritis  

3.1. Regulation of inflammatory response in osteoarthritis by physical 

exercise 

Pain is the main symptom of osteoarthritis, and the accumulation of inflammatory 

factors around the joints and within chondrocytes can exacerbate the condition. The 

immune response and oxidative stress induced by osteoarthritis stimulate peripheral 

and central sensitivity of the nervous system, leading to pain. Physical exercise, as a 

fitness method gradually formed during human development, plays a role in weight 

management, disease prevention, mood improvement, and vitality enhancement 

[41,42]. Physical exercise can also accelerate energy metabolism, regulate various 

signaling pathways, and affect gut microbiota, thereby reducing inflammatory 

responses and alleviating osteoarthritis symptoms. For instance, Jiabao Liu confirmed 

that moderate treadmill exercise can slow the process of chondrocyte pyroptosis in 

osteoarthritis by regulating the phosphatidylinositol 3-kinase (PI3K)/protein kinase B 

(Akt)/NF-κB and NLR family pyrin domain containing 3 (NLRP3)/caspase-

1/gasdermin D (GSDMD) signaling pathways, reducing the expression of IL-1β and 

MMP13 [43]. Liang Chen et al. demonstrated that treadmill and wheel exercise can 

significantly reduce the expression of IL-1β, IL-6, and TNF-α by regulating the c-Jun 

N-terminal kinase (JNK)/NF-κB signaling pathway, improving the Mankin score and 

knee joint diameter in osteoarthritis rats [44]. Kefeng Li et al. demonstrated that 

moderate exercise can reduce inflammatory responses, lower the expression of Toll-

like receptor 4 (TLR4) and MMP-13, and increase gut microbiota diversity in 

osteoarthritis mice [45]. Xiaoxia Hao et al. observed the effects of treadmill walking 

on post-traumatic osteoarthritis rats, showing that treadmill walking decreases the 

abundance of TM7 bacteria, increases the abundance of Fusobacteria, and that 

Lactobacillus and Adlercreutzia influence the structural phenotype of osteoarthritis, 

with Fusobacteria and Cetobacterium significantly associated with exercise effects 

[46]. And a summary of the recent progress on the effect of sports on osteoarthritis by 

regulating the inflammatory response is presented in Table 1. 
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Table 1. A summary of the latest research findings on the effect of sports on osteoarthritis through regulating 

inflammatory response. 

Specise Modeling method Sport type 
Inflammatory 

factors 

The underlying 

mechanism 
Effect References 

Rats ACLT and DMM Treadmill-walking  TNF-α, IL-1β gut microbiome 
Maintains cartilage-subchondral bone 

unit, reduces inflammation 
[46] 

Rats 
Bilateral orchidectomy, 

MIA injection 
Aerobic exercise 

TNF-α, IL-1β, MMP-

3, and MMP-13 
/ 

Improves bone and metabolism, 

reduces fat and inflammation 
[47] 

Wistar 
rats 

Median meniscectomy 
treadmill and 
swimming exercise 

IFN-γ, TNF-α, IL1-β, 

IL6, 
IL4, IL10, and TGF-

β 

/ 

Attenuates pro - inflammatory 

cytokines, regulates anti-
inflammatories 

[48] 

Rats 

15 - HETE and MIA 

injection into knee joints

  

Medium intensity 

exercise 
 IL-1β, MMP-13  

PI3k-Akt 

signaling 
Alleviates OA, inhibits inflammation [49] 

Humans Knee OA patients 

Muscle strengthening 

training/behavioural 

graded activity 

IL-6, IL-8, MCP-1 / 

Pain relief through possible anti - 

inflammation/central sensitisation 

mediation 

[50] 

Mouse Natural development low-intensity exercise  MCP-1, TNF-α  / 
Alleviates cartilage degeneration, 

synovitis, etc. 
[51] 

N/A  N/A (not clearly stated) 
Moderate-intensity 
exercise 

NLRP3, IL-1β 
P2X7/AMPK/m
TOR signaling 

Reduces chondrocyte death, cartilage 
destruction 

[52] 

Mice 
Anterior cruciate ligament 
transection 

Mild treadmill exercise 
IL-6, TLR4, iNOS, 
MMP-13  

 regulating 
macrophages 

Delays cartilage degeneration [53] 

Humans women with knee OA Strengthening exercise IL-6, TNF / 
Associated with strength gains through 

reduced IL-6 and TNF 
[54] 

Rats N/A Treadmill exercise 
HDAC3, MMP-13, 
ADAMTS-5 

HDAC3/NF-

KappaB 

Pathway 

Relieves OA [55] 

Rabbits 
Implantation of hinged 
external fixator (for PTOA 

model) 

Exercise 
IL-1β, IL-6, TNF-α, 
NO, and  

MDA 

activation of 

PGC-1α 

Anti-inflammatory, inhibits muscle 
wasting, promotes cartilage 

regeneration 

[56] 

Mice High-intensity exercise  
body weight-supported 
treadmill training 

MMP-13 and TNF-α 

up-regulating 

the expression 

of lncRNA H19 

High-intensity causes injury, 
moderate-intensity relieves PTOA 

[57] 

Abbreviations: TNF-α, tumour necrosis factor α; IL-1β, interleukin-1β; IL-6, 

interleukin-6; MCP1, monocyte chemoattractant protein-1; MMP3, matrix 

metalloproteinase 3; MMP-13, matrix metalloproteinase 13; IFN-γ, Interferon-γ; 

NLRP3, nucleotide-binding oligomerization domain-like receptor protein 3; TLR4, 

Toll-like receptor 4; iNOS, inducible nitric oxide sythase; HDAC3, 

Histonedeacetylase 3; ADAMTS-5, Recombinant A disintegrin and metalloproteinase 

with thrombospondin 5; NO, nitric oxide; MDA, malondialdehyde; JNK, c-Jun N-

terminal kinase; NF-κB, nuclear factor kappa-B; PI3k-Akt, Phosphoinositide 3-

kinase-Akt; P2X7, Purinergic 2X7 receptor; AMPK, Adenosine 5'-monophosphate 

(AMP)-activated protein kinase; mTOR, Mammalian target of rapamycin; PGC-1α, 

Peroxisome proliferators-activated receptor γ coactivator l alpha. 

3.2. Regulation of immune response and oxidative stress in osteoarthritis 

by physical exercise 

In addition to influencing osteoarthritis through the regulation of inflammatory 

responses, the therapeutic benefits of exercise in osteoarthritis can also be achieved 

through other signaling mechanisms, including immune response and oxidative stress. 
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For instance, N. Jennifer Klinedinst and colleagues observed the effects of a 30-minute 

moderate-paced walk on knee osteoarthritis and found that, compared to the control 

group, this specific walk increased the expression of complement system proteins 

(including C5, C6, C7, C8a, C8b, C8g, and C9). These data suggest that immune 

response is involved in the therapeutic effects of exercise on osteoarthritis [58]. Wei 

Liu and colleagues demonstrated that exercise rehabilitation therapy can reduce the 

expression of immunoglobulins (IgA, IgM, IgG, C3, and C4) in osteoarthritis patients, 

thereby alleviating related symptoms [59]. R. Tossige-Gomes and others evaluated the 

effects of whole-body vibration and squat training on knee osteoarthritis, and after 12 

weeks, flow cytometry data showed a significant reduction in the number of TCD4+ 

cells in the intervention group compared to the control group. These results suggest 

that T cell-mediated immunity plays a role in the efficacy of whole-body vibration and 

squat training in treating osteoarthritis [60]. 

Evangelia I. Germanou and others mentioned that oxidative stress plays a role in 

knee osteoarthritis, and isokinetic exercise may inhibit oxidative stress, thereby 

reducing osteoarthritis symptoms [61]. Bronisława Skrzep-Poloczek and colleagues 

studied the effects of a 21-day postoperative rehabilitation program on osteoarthritis 

patients and found that this specific rehabilitation program can regulate the expression 

of oxidative stress markers, including total antioxidant capacity (TAC), total 

superoxide dismutase (SOD), copper-zinc superoxide dismutase (CuZn SOD), 

malondialdehyde (MDA), and ceruloplasmin (Cp) activity [62]. Alexander Baur and 

others demonstrated that reactive oxygen species are involved in the pathogenesis of 

osteoarthritis, and exercise can reduce oxidative stress levels to prevent bone damage 

in osteoarthritis [63]. 

4. Conclusion and perspectives 

The term “sports” generally encompasses a range of activities, including 

competitive sports, physical exercise, and recreational activities. The goal of these 

activities is to develop muscles, enhance physical strength, improve body shape, and 

promote personal growth through specific movements and techniques. Research has 

shown that participating in sports can reduce inflammation and oxidative stress, 

improve immune regulation, leading to the use of exercise in treating osteoarthritis to 

alleviate symptoms such as pain, swelling, and chondrocyte degeneration. Despite 

significant progress, several issues require further attention: (1) the diversity of 

exercise applications in osteoarthritis. There is a lack of consensus on the required 

intensity, optimal frequency of participation, and most suitable assessment methods. 

The absence of unified evaluation criteria hinders effective comparison and promotion 

of exercise interventions, necessitating large-scale formal validation experiments and 

the establishment of nationwide guidelines; (2) the potential mechanisms of exercise 

in osteoarthritis remain unclear. Although many clinical trials have been conducted, 

they have primarily observed clinical therapeutic effects without elucidating specific 

molecular mechanisms. This lack of understanding at the molecular level limits the 

further application of exercise in managing osteoarthritis. 

Despite research showing positive effects of exercise on osteoarthritis patients, 

many challenges remain in practical application, including the need for individualized 
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exercise programs, enhancing long-term adherence, and evaluating and quantifying 

the effects of exercise interventions. Additionally, the heterogeneity issue in exercise 

therapy is prominent, with a lack of unified evaluation criteria and methods, which 

limits the comparison and promotion of therapeutic effects. Meanwhile, an in-depth 

understanding of how exercise affects osteoarthritis through molecular mechanisms is 

still insufficient, which limits the further clinical application of exercise therapy. 

However, with the development of personalized medicine, advances in technology, 

strengthened interdisciplinary research collaboration, and support from public health 

policies, the application of exercise in the treatment of osteoarthritis holds great 

promise. Future research needs to focus on developing and validating personalized 

exercise therapy programs, improving patient adherence, and exploring the molecular 

mechanisms of exercise interventions to achieve more effective management and 

treatment of osteoarthritis. 

In conclusion, with a deeper understanding of the pathogenesis and potential 

mechanisms of osteoarthritis, along with the establishment of nationwide exercise 

guidelines, we can expect significant advancements in the use of exercise for treating 

this condition. 
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