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What improvements do general
exercise training and traditional
Chinese exercises have on knee
osteoarthritis? A narrative review
based on biological mechanisms
and clinical efficacy
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Background: Knee osteoarthritis (KOA) is a disease that significantly affects
the quality of life of patients, with a complex pathophysiology that includes
degeneration of cartilage and subchondral bone, synovitis, and associations
with mechanical load, inflammation, metabolic factors, hormonal changes, and
aging.

Objective: Thisarticleaimstocomprehensively review the biologicalmechanisms
and clinical effects of general exercise training and traditional Chinese exercises
(such as Tai Chi and Qigong) on the treatment of KOA, providing references for
the development of clinical exercise prescriptions.

Methods: A systematic search of databases including PubMed, Web of Science,
Google Scholar, and China National Knowledge Infrastructure (CNKI) was
conducted, reviewing studies including randomized controlled trials (RCTs),
observational studies, systematic reviews, and meta-analyses. Keywords
included ‘knee osteoarthritis,” “exercise therapy,” “physical activity,” and
“traditional Chinese exercise.”

Results and conclusion: General exercise training positively affects KOA by
mechanisms such as promoting blood circulation, improving the metabolism of
inflammatory factors, enhancing the expression of anti-inflammatory cytokines,
and reducing cartilage cell aging. Traditional Chinese exercises, like Tai Chi
and Qigong, benefit the improvement of KOA symptoms and tissue repair by
regulating immune function and alleviating joint inflammation. Clinical studies
have shown that both types of exercise can improve physical function, quality
of life, and pain relief in patients with KOA. Both general exercise training and
traditional Chinese exercises are non-pharmacological treatment options for
KOA that can effectively improve patients’ physiological function and quality of
life. Future research should further explore the long-term effects and biological
mechanisms of these exercise interventions and develop personalized exercise
programs based on the specific needs of patients.
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general exercise training, traditional Chinese exercise, knee osteoarthritis, biological
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1 Introduction

Knee osteoarthritis (KOA), is a specific type of osteoarthritis (OA)
that significantly affects patients’ quality of life (1). The pathogenesis
of KOA involves multiple mechanisms, with the main pathological
changes consisting of degeneration of cartilage and subchondral bone,
as well as synovitis. The complexity of its etiology is attributed to the
intricate relationships with factors such as mechanical overload,
inflammation, metabolic factors, hormonal changes, and aging (2, 3).

In the early stages of KOA, alterations in the molecular
composition and organization of extracellular matrix in articular
cartilage cells lead to changes in water-binding capacity and decreased
mechanical strength (cartilage softening), resulting in greater
deformation under load (4). As the disease progresses, the damaged
cartilage areas expand, involving not only the subchondral bone but
also the joint capsule, ligaments, synovium, and periarticular muscles
(5). There is even evidence suggesting that inflammation and fibrosis
of the infrapatellar fat pad (IFP), also known as Hoffas fat pad, are
closely associated with the development of KOA, and that the
inflammation of IFP may lead to the production of various
inflammatory mediators (such as cytokines and adipokines) within
the knee joint, influencing its health and function (6, 7).
Simultaneously, degenerative changes in the meniscus can lead to the
development of KOA. Specifically, with increasing age, the meniscus
gradually undergoes wear and tear, leading to instability of the knee
joint and uneven loading of the articular surfaces, which accelerates
the damage and wear of the articular cartilage and ultimately results
in KOA (8). Additionally, articles have demonstrated that the
interaction between the immune and nervous systems plays a crucial
role in the initiation and maintenance of KOA pain (9, 10).

Currently, conventional treatment modalities such as drug therapy
and surgical intervention have been proven to have some limitations
(11, 12), whereas physical exercise has been shown to have a positive
impact on KOA, particularly in terms of molecular biology, and
exhibits potential to alleviate symptoms and improve the quality of life
of patients (13). This suggests that exercise can be considered a
non-pharmacological yet effective approach in the management of
KOA. However, despite the numerous exercise regimens available,
there is a lack of comprehensive reviews focusing on the biological
mechanisms and clinical efficacy of general exercise training and
traditional Chinese exercises for KOA.

Therefore, in this context, we have authored a narrative review
aimed at providing a comprehensive overview of the benefits of
general exercise training and traditional Chinese exercises on KOA,
as well as exploring their respective biological mechanisms and
clinical outcomes. The ultimate goal is to provide potential references
for the development of clinical exercise prescriptions for KOA patients.

2 Materials and methods
2.1 Literature search

In conducting this narrative review, we systematically searched
databases including PubMed, Web of Science, and Google Scholar
using a combination of keywords such as “knee osteoarthritis,”

» <«

“exercise therapy,” “physical activity;,” “traditional Chinese exercises,”

and “clinical outcomes.” In addition, as this review involves traditional

Frontiers in Medicine

10.3389/fmed.2024.1395375

Chinese exercises, we also searched for Chinese literature in the China
National Knowledge Infrastructure (CNKI).

2.2 Inclusion and exclusion criteria

This review is guided by the following inclusion criteria: (i) types
of studies: this includes randomized controlled trials (RCTs),
observational studies, systematic reviews, meta-analyses,
commentary articles, and expert opinions; (ii) subjects of the study:
not limited to patients with KOA, the included studies may involve
KOA patients, as well as healthy populations or individuals with other
related conditions, in order to explore the general impact of exercise
on knee joint health; (iii) interventions: the studies should involve
interventions that include general exercise training (such as aerobic
exercises, strength training, balance training, etc.) and/or traditional
Chinese medicine exercises (such as Tai Chi, Qigong, Yi Jin Jing, etc.);
(iv) study outcomes: studies should evaluate any outcomes related to
KOA or knee joint health, including but not limited to pain relief,
improvement in physical function, and enhancement of quality of
life; (v) language of publication: there is no restriction on the
language of publication, but studies with English full-text or abstracts
are preferred.

Additionally, the following exclusion criteria are applied: (i)
missing data: studies lacking key methodological details or with
incomplete result data are excluded; (ii) studies of very low quality:
studies that are of evidently low quality based on design, execution,
result reporting, etc., and may affect the reliability of conclusions, are
excluded; (iii) duplicate publications: for studies that have been
published more than once, only the most comprehensive or final

version of the manuscript is included.

3 Findings
3.1 KOA and its pathogenesis

KOA, characterized by joint degeneration, is a common
orthopedic condition clinically manifesting as knee swelling, stiffness,
and restricted mobility. In severe cases, it can lead to muscle atrophy
or even disability, representing the most prevalent and impactful form
of arthritis affecting the quality of life in middle-aged and elderly
populations (14). The pathogenesis of KOA is highly complex,
involving the interplay of multiple factors. Damage to the cartilaginous
structure within the knee joint, influenced by age, genetics, and
metabolic dysregulation, leads to an imbalance between the synthesis
and degradation of proteoglycans. This, in turn, triggers cartilage
degeneration (15).

Additionally, chronic inflammation represents another crucial
pathogenic mechanism, with the affected joints exhibiting chronic
low-grade inflammation. Inflammatory cells and mediators produced
in this environment cause damage to the cartilage and joint structure
(16). Synovial cells are a key factor in this inflammation, closely
linking joint pain, inflammation, cartilage destruction, and synovial
cell activity (17). Moreover, excessive mechanical loading on the knee
joint is a contributing factor to KOA, with obesity, prolonged physical
labor, and over-exercise being potential causes (18). To stabilize the
injured joint, the body may increase the contact area between joint
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surfaces through bone formation, which, however, can restrict joint
mobility (19).

Furthermore, the infrapatellar fat pad (IFP) has been recognized
for its role in KOA as a source of cytokines/lipid mediators, which
contribute to the observed inflammation and structural changes in
OA (6, 7, 20). Research highlights pro-inflammatory cytokines
secreted by IFP, such as IL-6 and TNFa, and adipokines like
lipoproteins and leptin, which are associated with the pathophysiology
of OA. TFP-derived fatty acids and their hydroxyl derivatives possess
immunomodulatory properties, further linking IFP to OA
inflammation (20). Additionally, recent studies have identified the
significant roles of inflammatory mediators such as nerve growth
factor (NGF), tumor necrosis factor (TNF), and interleukins (IL) 1
and 6 in the progression of KOA. These factors may exacerbate various
pathological processes, including cartilage degeneration, bone
formation, and joint overloading (21, 22).

3.2 Improvement mechanism of exercise
on KOA: based on cartilage cell senescence

3.2.1 General exercise training for the
improvement of KOA: mainly based on cartilage
cell senescence

Evidence has demonstrated that general exercise training can
offset inflammatory factors, particularly generating positive effects on
immunoregulation and anti-inflammatory mechanisms (23). This
effect has been confirmed in cancer and is likely applicable to KOA
through various mechanisms, including enhancing blood circulation,
improving the metabolism of inflammatory factors, increasing the
expression of anti-inflammatory cytokines, and reducing
inflammation and chondrocyte senescence. Specifically, exercise
training can prevent cartilage degradation, inhibit inflammation,
prevent osteoporosis, improve joint function, and alleviate pain and
stiffness. This includes various forms of exercise such as aerobic,
strength training, neuromuscular exercises, balance training, and
aquatic exercises. Studies on experimental animals have shown that
these forms of exercise can reduce inflammation, delay the
degeneration of cartilage and bones, and alter the structure of tendons
and muscles (3).

Moreover, exercise training significantly impacts the improvement
of systemic inflammatory conditions by enhancing the activity of
regulatory T cells and reducing the ratio of inflammatory monocytes,
thereby alleviating inflammation and enhancing immune function.
Exercise also promotes the transformation of macrophages from the
MI to the M2 type, thereby reducing inflammation levels and,
consequently, the inflammation of adipose tissue (24). Furthermore,
moderate exercise training not only has a positive impact on the
symptoms of KOA patients but also operates through various
biological mechanisms, including improving blood circulation,
enhancing the metabolism of inflammatory factors and the expression
of anti-inflammatory cytokines, reducing inflammation and
chondrocyte aging, inhibiting inflammation-related signaling
pathways, decreasing chondrocyte apoptosis, promoting chondrocyte
proliferation and matrix synthesis, thereby delaying cellular aging,
repairing DNA damage, and reducing telomere attrition (3). Figure 1
illustrates how general exercise training improves the progression of
KOA through chondrocyte mechanisms.
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3.2.1.1 Inhibition of inflammatory factors in cartilage cells

One of the characteristics of OA is synovial inflammation, and the
main effector cells of the inflammatory response should
be synoviocytes, KOA is no exception (17). Inflammatory factors refer
to the chemicals released by cells in the body in response to external
stimuli, triggering inflammation and maintaining homeostasis (25).
These factors play a crucial role in the progression of KOA. A
significant body of evidence indicates that the accumulation of
inflammatory factors in the body leads to a chronic inflammatory
microenvironment, accelerating cartilage cell senescence and
exacerbating KOA (26, 27).

In the domain of human research, an experiment involving 11
healthy adult males aged 18-30 demonstrated that 30 min of vigorous
cycling can enhance blood circulation and accelerate the metabolism
of inflammatory factors. This study directly observed an increase in
the expression of anti-inflammatory cytokines, such as interleukin 4
(IL-4) and interleukin 10 (IL-10), thereby reducing the accumulation
of inflammatory factors within the body (28). Review studies further
corroborate this finding, indicating that intense exercise and training
can shift T-cell immunity towards an anti-inflammatory state,
diminishing the inflammatory response capability of the immune
system to challenges (29). Additionally, another review unveils that
physical activity induces an anti-inflammatory response in certain
cytokines through the PI3K/Akt and HDAC3/NF-kB pathways, a
discovery based on combined research from human and animal
models (30).

Studies on animal models provide further understanding of the
mechanisms involved. For instance, research on an OA model in
New Zealand white rabbits shows that exercise can reduce the
signaling of IL-1 and tumor necrosis factor o (TNF-a) by inhibiting
the JNK/NF-kB inflammatory pathway, thereby promoting the
proliferation and matrix synthesis of chondrocytes (31). Research
on male Wistar rats also indicates that treadmill and swimming
exercises can reduce the expression of IL-1p, Caspase-3, and matrix
(MMP-13) in (32). ‘This
demonstrates how animal models elucidate specific molecular

metalloproteinase chondrocytes
mechanisms by which exercise mitigates inflammation and
promotes cartilage health. Studies on exercising horses further
emphasize the universality of the impact of exercise on anti-
inflammatory cytokines, showing that physical activity increases the
expression of IL-6, primarily produced by skeletal muscle cells, and
can induce the production of the IL-1ra receptor antagonist,
stimulating the production of anti-inflammatory cytokines (33).
This provides evidence on how exercise regulates inflammation
across different organisms. A review focusing on the effects of
exercise on IL-6 also elucidates the regulatory influence of physical
activity on anti-inflammatory cytokines, with the findings derived
from numerous studies involving both human and animal models
(34). Furthermore, research on the Ptpn2 mouse model
demonstrates that during inflammation, IL-6 can limit the
expression of inflammatory cytokine genes and enhance the
immune cells’ response to IL-4 (35). This further confirms the
mechanisms by which exercise modulates inflammatory responses.

In summary, through direct human studies and indirect evidence
from animal models, it is evident that exercise plays a significant role
in regulating inflammatory factors, promoting the expression of anti-
inflammatory cytokines, and mitigating the arthritic inflammation
process through specific molecular pathways.
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3.2.1.2 Encouraging autophagy in chondrocytes

Autophagy serves as a cellular self-defense mechanism and plays
a crucial role in the regulation of eukaryotic cell senescence. Research
has shown that inhibiting the mechanistic target of rapamycin
(mTOR) pathway can activate autophagy, suggesting a potential
inhibitory effect of autophagy on cell senescence regulation (36).
Specifically, autophagy can maintain the homeostasis of chondrocytes,
reduce the level of joint inflammation, prevent chondrocyte death and
matrix degradation, thereby improving joint symptoms, which may
slow the progression of OA (37). However, with increasing age,
autophagy activity decreases (38).

In the realm of animal models, through the investigation of mouse
models, Huang et al. (39) discerned that physical activity can enhance
autophagic capabilities, specifically manifesting in the augmented
expression of sirtuin 1 (Sirtl) and the modulation of proteins
associated with the autophagic process, such as LC3-II, p62, and
LAMP2. Subsequent investigations, such as the work by Pinto et al.
(40), similarly employed mouse models to demonstrate how physical
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exertion enhances the levels of autophagy-related proteins, including
LC3-II, p62, and LAMP2, in addition to other autophagy-regulating
proteins such as Beclin-1, Atg5, Atgl2, and Atg7. This also impacts
upstream signaling pathways, including AMPK, phosphorylated
AMPK, and FOXO3, while concurrently downregulating the ratio of
p62 to LC3-II/LC3-I, exhibiting an anti-aging effect.

Despite these studies providing animal model evidence on how
exercise promotes autophagy, there currently exists a paucity of data
directly derived from human studies to prove the applicability of these
mechanisms to human subjects, particularly patients with
KOA. Hence, the translation of these findings from animal models to
human research is imperative for a deeper understanding of how
exercise may ameliorate chondrocyte aging through the disturbance
of the autophagic process, thereby delaying the progression of KOA.

3.2.1.3 DNA repair in chondrocytes

DNA damage is identified as one of the pivotal factors contributing
to the senescence of chondrocytes. In studies conducted on human
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chondrocytes by Copp et al. (41), it was observed that with the
progression of age and OA, the burden of DNA damage escalates.
Concurrently, in vitro research by Zhang et al. (42) unveiled the
ligand-independent role of estrogen receptor-a in mitigating DNA
damage-induced senescence in chondrocytes.

Concerning the benefits of exercise on DNA damage repair, both
direct and indirect evidence has been provided. Studies on a
cardiomyopathy rat model by Ghignatti et al. (43) demonstrated that
preventative aerobic training could safeguard sympathovagal function
and enhance the DNA repair capability of peripheral blood
mononuclear cells. In human studies, research by Orange et al. (44)
found that acute aerobic exercise could modulate DNA damage
through interleukin-6, thereby reducing the proliferation of colon
cancer cells. Though these studies do not directly target KOA and
chondrocytes, they underscore the potential benefits of exercise in
promoting DNA damage repair.

A review article by Hernandez- Alvarez et al. (45) further explores
the exercise-induced mechanisms of DNA protection, synthesizing a
vast array of human and animal studies. Exercise intervention in aging
model rats, as studied by BioMed Research International (46), was
found to significantly ameliorate DNA damage, thereby benefiting
chondrocyte senescence. Additionally, a meta-analysis by Tryfidou
etal. (47) revealed the impact of acute exercise on DNA damage and
repair in both trained and untrained individuals (including young and
elderly athletes), indicating that acute exercise can activate DNA
repair pathways, thus protecting immune cells. Further supporting
these findings, research by Moreno-Villanueva et al. (48) observed the
effects of acute exercise on DNA repair and PARP activity before and
irradiation  in from trained and

after lymphocytes

untrained individuals.

3.2.1.4 Retarding telomere wear and tissue senescence

Telomeres, special chromatin structures located at the end of
chromosomes, consist of telomere DNA sequences and binding
proteins (49). Telomere length is closely associated with OA (50), and
telomere shortening results in metabolically active cells leading to
tissue aging (51), being considered as a hallmark of aging (52).

A comprehensive review of several human and animal model
studies suggests that exercise can alleviate telomere shortening.
Individuals engaging in physical exercise have longer telomeres
compared to non-participants (53). Even daily leisure activities
contribute to reducing telomere attrition (54). Exercise can also
influence the activity of telomerase, with studies showing a significant
increase in telomerase activity during physical exercise. A randomized
controlled trial found that exercise can increase the content of
telomere repeat binding factor 2 (TRF2), effectively preventing
telomere shortening (55). Additionally, a study analyzing 284,479
participants from the UK Biobank found that individuals who
consistently engage in physical activities have a lower aging
acceleration index, indicating longer telomeres (56). Therefore,
exercise plays a positive role in alleviating telomere shortening and
delaying chondrocyte aging.

From the above findings, it is evident that telomere attrition and
tissue aging are directly influenced by human studies and animal
models. These findings not only provide important clues for
understanding the underlying mechanisms but also offer valuable
references for the application of these mechanisms in the treatment
and prevention of OA in humans. Although further research is needed

Frontiers in Medicine

10.3389/fmed.2024.1395375

to explore the specific mechanisms involved, current information
suggests that exercise appears to be a simple and effective way to delay
telomere shortening and the process of chondrocyte aging.

3.2.1.5 Promotion of macrophage transition

In OA, particularly in the synovium of KOA, macrophages
constitute the principal immune cells, a finding corroborated by direct
studies on human tissue samples (57). Recent articles reveal that
macrophage functionality undergoes alterations with advancing age,
specifically a decline in effector capabilities, evidenced by reduced
expression of toll-like receptors (TLRs) on their surface, leading to a
decreased expression of TNF-o and IL-6 post-stimulation, while
production of IL-10 increases. This phenomenon has been observed
in both human and animal models (58, 59). The diminished reactivity
of aged macrophages to inflammatory stimuli, also grounded in
research on human and animal models (58, 59), leads to an increased
accumulation of inflammation-induced alternatively activated
macrophages, thereby promoting angiogenesis and an enhanced
production of inflammatory cytokines, which in turn accelerates the
degradation of cartilage matrix and senescence of chondrocytes (60).

Moreover, macrophages can be categorized into M1 and M2 types,
with M1 macrophages exerting pro-inflammatory effects, exacerbating
the progression of OA, while M2 macrophages may alleviate the
development of OA and promote cartilage repair. This differentiation
mechanism has been observed in studies involving both human and
animal models (61). Specifically, treadmill training has been found to
induce changes in the ratio of M1/M2 macrophages in mouse blood,
altering the synovial microenvironment. This mechanism, confirmed
directly through animal experiments, promotes the transformation of
MI1 macrophages to M2 macrophages, thereby inhibiting the
polarization of macrophage populations towards a pro-inflammatory
M1 phenotype (62). These studies unveil how exercise, by facilitating
macrophage transformation, ameliorates the internal inflammatory
milieu, thus inhibiting chondrocyte aging and offering potential
protective effects for KOA patients.

Although these investigations do not directly elucidate how
exercise training impacts the M1/M2 macrophage ratio, they indeed
underscore the significance of macrophage polarization in
inflammatory diseases, providing a theoretical foundation for further
research into how exercise training may modulate inflammation
through such polarization. General physical training, as a potential
intervention to affect macrophage polarization and function, warrants
further exploration.

3.2.1.6 Decreased expression of insulin-like growth factor 1

Insulin-like growth factor 1 (IGF-1) is a pivotal hormone
implicated in metabolic/anabolic processes and mediates a multitude
of benefits derived from physical exercise. This assertion is
substantiated by a comprehensive review and analysis of literature
sourced from MEDLINE, EMBASE, Scopus, and the Web of Science
databases up to December 2015 (63). In a review by Liu et al. (64), a
summary of various studies involving both human and animal models
revealed that IGF-1, predominantly synthesized in the liver and
present in the bloodstream, can also be produced within cartilaginous
tissues. Binding of IGF-1 to its receptor facilitates a cascade of
biological effects.

Specifically, research by Ashraf et al. (65) demonstrated that in rat
models, IGF-1 could enhance the expression and activation of Akt in

frontiersin.org


https://doi.org/10.3389/fmed.2024.1395375
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Duetal.

chondrocytes, thereby increasing the activity of p-galactosidase
associated with cellular aging, along with the expression of aging
markers p53 and p21, thus accelerating the senescence of cartilage
cells. Concerning the impact of exercise on IGF-1 production, studies
in rats have confirmed that exercise interventions can influence the
generation of IGF-1 (66).

In human research, a meta-analysis involving breast cancer
survivors indicated that exercise could decrease the levels of IGF-1
circulating in the blood (67). These findings collectively suggest that
through the reduction of circulating free IGF-1 levels, exercise may
contribute to the inhibition of chondrocyte senescence and the delay
in the progression of KOA.

3.2.2 Traditional Chinese exercise mechanisms
for improving KOA: primarily based on
modulating immune function

Evidence demonstrates that traditional Chinese sports can
modulate immune functions and immunological factors, thereby
alleviating the inflammatory responses in the joints of patients with
Chi have been proven to bolster the immune functions of red blood
cells, T lymphocytes, and B lymphocytes in elderly women, thus
mitigating local inflammation and pain (68). However, to fully
comprehend the mechanisms through which traditional Chinese
sports improve KOA, further research is necessary. A schematic
diagram illustrating the mechanism by which Traditional Chinese
Medicine sports improve the progression of KOA is shown in
Figure 2.

3.2.2.1 Modulating cellular function

Traditional exercises can modulate immune function to a certain
extent (69), which provides valuable insights and research value for
the treatment of KOA. Traditional exercises have a regulatory and
modifying effect on immune factors in the body, which can alleviate
inflammation reactions. It has been found that the Yi Jin Jing exercise
can reduce the levels of IL-1 and IL-6 in KOA patients, thereby
mitigating inflammation reactions and influencing the repair of soft
tissues within the joints (70). This suggests that exercise through
traditional practices may be related to immune regulation.

Owing to the unique characteristics of traditional Chinese
exercises, their effects can only be discerned through human studies.
A particular clinical investigation focusing on the elderly demographic
has unveiled the potential impacts of traditional exercises on
immunomodulation. The study reveals that older adults who
participated in traditional Tai Chi/Qigong classes exhibited a certain
degree of modulation in their immune response following influenza
vaccination (69). This finding, derived directly from human research,
provides crucial insights and a foundation for research into the
therapeutic application of traditional exercises for treating KOA.

Further support is provided by a Meta-analysis examining the
impact of Yijin Jing exercises on inflammation markers in KOA
patients, such as IL-1 and IL-6. The analysis indicates that participation
in traditional exercises like Yijin Jing significantly reduces the levels of
these inflammatory markers, thereby alleviating inflammatory
responses and facilitating the repair of soft tissues within the joints
(71). This conclusion, also based on human research, further
underscores the potential role of traditional exercises in
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immunomodulation, particularly in the study and treatment of human
KOA patients.

3.2.2.2 Regulating immune factors

Traditional Chinese exercises, such as Tai Chi and Qigong, have
been implicated in the modulation of immunological factors,
possessing potential roles in the context of KOA. Human studies
have revealed that Tai Chi can effectively enhance the immune
adhesion function of erythrocytes in the elderly, thereby improving
cellular resistance to complement attack, enhancing antioxidant
capabilities, and facilitating the development of erythrocyte
immune functions (68). This investigation directly showcases the
positive impact of Tai Chi on the immune function of the elderly.
Moreover, a systematic review and meta-analysis conducted by Oh
et al. (71), based on human studies, suggests that Qigong and Tai
Chi can exert physiological effects on the human immune response
to some extent. This comprehensive analysis, integrating data from
various studies, provides a human research foundation for the
potential benefits of Qigong and Tai Chi on the immune system.
Furthermore, research by Vera et al. (72) and Wang et al. (73), also
based on human samples, respectively found that Qigong and Tai
Chi could increase the number of B lymphocytes and T
lymphocytes, and potentially influence their functions. These
findings underscore the direct evidence, obtained through human
research, of the regulatory effects of traditional Chinese exercises
on the immune system.

However, despite these studies offering valuable insights into how
traditional Chinese exercises could ameliorate localized inflammation
and pain through the modulation of immune cells within the body,
they have not directly addressed patients with KOA. Hence, although
these findings lay the groundwork for understanding the potential
benefits that Tai Chi and Qigong may offer to patients with KOA, their
direct applicability and mechanisms still require further elucidation
through research focused on patients with KOA.

3.3 Effects of exercise on clinical efficacy in
KOA

Following a comprehensive study of the biological mechanisms by
which exercise improves KOA, the focus has now shifted towards the
clinical efficacy of exercise therapy in treating KOA. Physicians
specializing in sports medicine and qualified exercise rehabilitation
therapists are capable of formulating such exercise prescriptions,
ensuring that recipients, including elderly individuals with KOA,
receive the most appropriate exercise guidance (74). This section
specifically analyzes the impact of exercise training on KOA patients,
highlighting key aspects such as physical function, quality of life, and
pain alleviation, which are crucial for patients’ daily living and overall
health. Initially, the discourse delves into how exercise training
specifically enhances the physical function of KOA patients, an
essential metric for assessing therapeutic outcomes. Improvements in
physical function are manifested not only in joint mobility and muscle
strength but also in the patients’ capability to perform daily activities.
Notably, Table 1 presents the impact of conventional exercise training
and Traditional Chinese Medicine exercises on the clinical efficacy
for KOA.
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The schematic diagram of the mechanism of Traditional Chinese sports in improving KOA progression practicing traditional Chinese exercises such as
Yi Jin Jing and Tai Chi can have a beneficial impact on KOA. These exercises reduce inflammatory responses by lowering cytokines like IL-1 and IL-6,
which is particularly advantageous in cases where inflammation is a key issue in OA. Additionally, these exercises enhance immune factors, including
red blood cell immunity, T lymphocytes, and B lymphocytes, thus strengthening overall immune function. Moreover, these exercises also increase the
levels of antioxidants, further enhancing the immunity of red blood cells. This series of changes leads to a reduction in the aging of cartilage cells,
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ultimately slowing down the symptoms or progression of KOA.

3.3.1 Improvement of physical function

3.3.1.1 General exercise training

Restricted joint mobility is a common clinical manifestation in
patients with KOA. Previous studies have demonstrated that advanced
KOA patients often have reduced range of joint motion and increased
disability rates (76). A study showed that KOA patients who
underwent 8weeks of squat training, including 10min of joint
mobilization and muscle stretching, and squat exercises with knee
flexion at 30° and 60°, experienced an increase in knee flexion range
of motion after intervention. However, the improvement in knee
extension was not significant, which may be related to the
proprioceptive receptors in the knee joint, particularly the muscle
spindles (77). Additionally, balance training has shown significant
effects in improving physical function in patients with KOA. Research
has demonstrated that balance training can significantly improve
patients’ balance ability and functional status, but its impact on muscle
strength is not clearly evident due to limited studies (78). High-
intensity interval training (HIIT) is considered a potentially beneficial
exercise modality for improving symptoms and physical function in
patients with KOA, including pain relief and functional enhancement
(79). However, the superiority of HIIT compared to other exercise
modalities still lacks clear evidence.

Frontiers in Medicine

3.3.1.2 Traditional Chinese exercises

Unbalanced changes in lower limb muscle strength may lead to
changes in lower limb alignment, increasing knee instability may
increase the difficulty of walking and mobility, and walking pain may
worsen, resulting in differences in gait compared to healthy individuals
(77). Biomechanical studies of gait have been widely used in the
clinical trials of KOA, with pathological changes in internal knee
moments being used as an important biomechanical parameter for
assessing lower limb gait patterns in KOA patients (80).

In addition, a study by Ye et al. (81) randomized 56 patients into
an intervention group and a control group. The control group
maintained their normal lifestyle and did not engage in additional
physical exercise, while the intervention group underwent 12 weeks of
Qigong training. The results showed that the physical function of KOA
patients in the intervention group significantly improved (81).
Moreover, a meta-analysis showed that traditional Chinese exercises
(such as Tai Chi, Eight Pieces of Brocade, Qigong, etc.) may improve
physical function in KOA patients in the short term, but further
studies with longer intervention periods are needed to verify this
effect (82).

Overall, traditional Chinese exercises positively regulates the
physiological functions of the knee joint from the perspectives of
bone, tendon, and muscle, correcting lower limb alignment,
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TABLE 1 Effects of general exercise training and traditional Chinese exercise on clinical efficacy in KOA.

Aspect Exercise Type Details References
Squat training improves knee flexion; Balance training enhances physical
General exercise training (50-52, 75)
Improvement of function; HIIT potentially beneficial
physical function Gait biomechanics analysis; Qigong training for 12 weeks improves
Traditional Chinese exercises (50, 53, 54)
physical function; Short-term benefits from Tai Chi; Qigong
Home exercises and physical therapy improve quality of life; Aquatic
Improving quality General exercise training (55-60)
exercise reduces anxiety/depression
of life
Traditional Chinese exercise Wuginxi and Baduanjin improve balance and quality of life (61, 62)
General exercise training Concentric and eccentric resistance training alleviate pain (63-68)
Pain relief
Traditional Chinese exercise forms Wuginxi, Baduanjin, Taijiquan reduce knee pain (68,70-72)

improving lower limb mobility and walking ability in
KOA patients.

3.3.2 Improving quality of life

3.3.2.1 General exercise training

Pain, restricted joint movement, and other factors can lead to a
decrease in quality of life for KOA patients. Studies by Yilmaz et al.
(83) and Jonsson et al. (84) have shown that both a home exercise
manual provided by orthopedic doctors and guidance from physical
therapists on home exercise can improve quality of life for KOA
patients. These interventions were conducted over a period of
6 weeks, with daily training sessions lasting 30 to 45 min. Patients’
quality of life was evaluated using the Short Form-36 (SF-36)
health survey.

In addition, KOA patients have been shown to have significant
pain and anxiety/depression, which are important factors contributing
to their decreased function and quality of life (85, 86). A study by
Sahin et al. (87) showed that two different aquatic exercise programs
applied to KOA patients, one focused solely on lower limb training
and the other on upper limb and trunk exercises, resulted in improved
6-min walking test and decreased levels of anxiety and depression
after 3weeks of training. These findings are consistent with related
research results (88).

3.3.2.2 Traditional Chinese exercise

Under the influence of accompanying symptoms such as pain,
stiffness, and limited mobility, the quality of life for KOA patients
is generally lower compared to healthy individuals, and their
daily activities are restricted (89). Changes in their mental state
can be observed depending on the severity of the symptoms and
the level of their quality of life (89). The deterioration of their
mental state can exacerbate both short-term and long-term knee
pain (89). The ability to regulate emotions and maintain a
positive mental state are equally important for the long-term
psychological well-being of the patients. A study found that after
24 weeks of practicing the Wuqinxi, balance ability and quality of
life of elderly female KOA patients improved significantly and
persistently (90). A systematic review and meta-analyses have
indicated that practicing Baduanjin exercise has statistically
significant differences in SF-36 scores compared to health
and non-steroidal

education anti-inflammatory  drug

treatments (91).
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3.3.3 Pain relief

3.3.3.1 General exercise training

The pain experienced by KOA patients is associated with articular
cartilage degeneration, activation of cytokines, and structural changes
in joint innervation (92, 93). Exercise training can improve the
muscular strength of the knee joint flexion and extension muscles,
promote blood circulation, and better protect the knee joint cartilage,
ligaments, and bones, thereby helping to alleviate pain in KOA
patients (94). In a study by Vincent et al. (95), 88 KOA patients were
randomly divided into concentric resistance training group, eccentric
resistance training group, and control group. The control group did
not receive any exercise intervention, while the concentric resistance
training group and eccentric resistance training group underwent two
different types of resistance training for 16 weeks, twice a week. After
the intervention, the patients underwent a 6min walk test, stair
climbing test, gait analysis, and pain rating scale evaluation. The
results showed that both types of resistance training were able to
alleviate pain in the patients, but concentric resistance training was
more effective in reducing pain and maintaining its effects compared
to eccentric resistance training, which is consistent with the findings
of DeVita et al. (96). Furthermore, a meta-analysis validated the
effectiveness of strength training in improving pain in KOA
patients (97).

3.3.3.2 Traditional Chinese exercise forms

General and standardized traditional Chinese exercise forms have
been demonstrated to effectively alleviate knee pain caused by
KOA. Most studies utilize subjective pain scales to assess the degree
of relief of pain symptoms in KOA patients following traditional
exercise forms. Research has found that practicing traditional exercises
such as the Wugqinxi (98), Baduanjin (99, 100), and Taijiquan (101)
can significantly reduce the local pain level in the knee joint of KOA
patients. Among them, the WQX group maintained or improved in
all nine measures from testing to follow-up, while the control group
showed significant declines in uterine pain, quadriceps strength, and
knee flexor strength (98). Furthermore, Baduanjin exercise provides
a safe and feasible treatment option for KOA patients, alleviating pain,
stiffness, and disability, thereby contributing to enhanced quadriceps
strength and aerobic capacity (99). Baduanjin is considered a viable
and safe exercise choice for KOA patients (100). Similarly, Tai Chi
exercise has been shown to significantly alleviate local knee pain in
KOA patients (101).
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4 Comparative analysis of general
exercise training and traditional
Chinese exercises in KOA
management

4.1 Summary of current progress and
long-term sustainability

This review underscores the significant non-pharmacological benefits
of general sports training and traditional Chinese exercises in treating
KOA, a common and serious joint disease that affects the quality of life of
middle-aged and elderly people. The pathogenesis of KOA involves
factors like cartilage degeneration, chronic inflammation, overload,
osteophyte formation, and neurogenic inflammatory factors. Exercise has
shown considerable clinical efficacy for KOA, with its improvement
mechanisms primarily including the inhibition of inflammatory factors
in chondrocytes, promotion of autophagy, DNA repair, retardation of
telomere attrition, and macrophage transformation. Traditional Chinese
KOA by regulating immune functions and mitigating symptoms.
Sustaining the benefits of exercise over the long term is crucial for effective
KOA management. Research indicates that the advantages gained from
regular exercise, including pain relief, enhanced joint function, and
improved quality of life, can persist with ongoing exercise adherence.
However, maintaining long-term exercise adherence remains a challenge,
with factors such as patient motivation, physical capability, and access to
resources playing significant roles. To ensure the sustainability of exercise
benefits, strategies such as personalized exercise programs that adapt to
the changing needs of patients over time, motivational interviewing, and
support from healthcare providers are essential. Integrating exercise into
patients’ daily routines and leveraging technology for remote monitoring
and encouragement can also enhance long-term adherence.

Literature on long-term adherence rates to exercise programs in KOA
patients suggests variability, with some studies showing good sustainability
and others indicating a decline over time. Key to improving these rates are
regular follow-ups, patient education, and addressing barriers to exercise,
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such as pain and lack of motivation. Future research should focus on
identifying the most effective strategies for promoting sustained exercise
engagement in KOA patients to maximize the long-term health outcomes
of exercise therapy. By emphasizing the importance of long-term
adherence to exercise and exploring methods to enhance sustainability,
we can better meet the clinical needs for effective, patient-specific,
non-drug interventions in the management of KOA, encouraging further
research and practice in the integration of exercise into comprehensive
treatment plans.

4.2 Efficacy comparison

Both general exercise training and traditional Chinese exercises have
shown benefits in reducing pain, improving joint function, and enhancing
the quality of life in individuals with KOA. RCTs have provided evidence
supporting the efficacy of both interventions. For instance, studies have
demonstrated that aerobic exercise, strength training, and balance
exercises not only alleviate pain but also improve mobility and daily living
activities. On the other hand, traditional Chinese exercises, including Tai
Chi and Qigong, has been reported to reduce knee pain and improve
physical function and well-being, with specific RCTs indicating significant
improvements in SF-36 scores for quality of life. However, the direct
comparison in efficacy is often limited by the heterogeneity of study
designs and outcome measures. These contents have been summarized in
Table 2.

4.3 Accessibility comparison

The accessibility of general exercise training and traditional
Chinese exercises varies significantly based on resources, cost, and the
need for professional guidance. General exercises may require
minimal to no equipment and can be performed at home or in
community settings, making them highly accessible. Conversely,
traditional Chinese exercises often requires instruction from qualified

TABLE 2 General exercise training vs. traditional Chinese exercises in KOA management.

Aspect General exercise training Traditional Chinese exercises
- Includes aerobic, strength, and balance exercises - Includes Tai Chi, Qigong, and similar practices
Eff - Demonstrates improvement in pain relief, joint mobility, | - Shows benefits in reducing knee pain, enhancing physical function, and improving
cac
Y and daily activities quality of life
- Evidence supported by RCTs for specific exercises - Specific RCTs indicate significant improvements in quality of life scores (e.g., SF-36)
- Often requires instruction from qualified practitioners, which might limit accessibility
- Minimal to no equipment required, can be performed at
based on location and instructor availability
home or in community settings
Accessibility - Costs associated with professional guidance could be a barrier

Highly accessible with low to no cost involved

Less dependent on cultural context for adoption

- Cultural heritage of TCE may influence adoption and practice, especially in regions

where these practices are rooted in the local culture

- Adherence influenced by simplicity, flexibility, and ease

of integration into daily routines

Motivational strategies and patient education are crucial
Patient adherence
for sustaining long-term adherence

Potentially higher in settings with established support
systems for physical activity

Holistic approach may foster a sense of community and personal well-being,
enhancing adherence

Requires continuous motivation and understanding of the practices’ holistic benefits
Cultural resonance and community support can play significant roles in sustaining

adherence

This table summarizes the key features and differences between general exercise training and traditional Chinese exercises in managing KOA across three main aspects: efficacy, accessibility,
and patient adherence. The comparison highlights the strengths and limitations of each method, providing a basis for patients and clinicians to make informed decisions tailored to individual

preferences, needs, and contexts.
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practitioners, potentially limiting accessibility due to the availability
of instructors and the cultural context of the exercises. The cost
associated with accessing professional guidance also plays a critical
role in the choice of intervention.

Social and cultural factors significantly influence the accessibility
of both methods. In regions with a strong cultural heritage of
traditional Chinese exercises, these exercises might be more readily
embraced by the community, enhancing accessibility. Conversely,
general exercise training might be more accessible in settings with
established infrastructure for physical therapy and rehabilitation.
These contents have been summarized in Table 2.

4.4 Patient adherence comparison

Adherence to exercise regimens is influenced by factors such as
perceived benefits, motivation, and the physical and psychological
impacts of KOA. Literature suggests varying adherence levels, with
motivational strategies and patient education playing pivotal roles in
enhancing adherence. While some studies indicate higher adherence
to traditional Chinese exercises due to its holistic approach and
community support, others suggest that the simplicity and flexibility
of general exercises foster greater adherence. Strategies to increase
adherence could include personalized exercise programs, regular
follow-ups, and integrating exercises into daily routines (74). These
contents have been summarized in Table 2.

4.5 Comprehensive discussion

Both general exercise training and traditional Chinese exercises
present advantages and limitations. General exercise training is
versatile, easily customizable, and requires minimal resources, making
it suitable for a wide range of patients. Traditional Chinese exercises,
while potentially limited by accessibility issues, offers holistic benefits
that extend beyond physical health to include mental and emotional
well-being. The choice of treatment should consider patient
preferences, cultural context, and specific clinical scenarios. Future
research directions could include longitudinal studies comparing the
long-term effects of both methods, exploring patient preferences and
barriers to adherence, and integrating modern technology to enhance
accessibility and adherence.

4.6 Potential limitations and solutions

This review may have the following limitations: (i) impact of study
design flaws: common design flaws in the included studies, such as lack
of random control, insufficient implementation of blinding, and
inadequate control group settings, may affect the accuracy and credibility
of the results; (ii) sample size and follow-up time limitations: small sample
sizes and short-term follow-ups may limit the universality of the
conclusions and the certainty of long-term effects; (iii) methodological
heterogeneity and potential bias: emphasizing the methodological
heterogeneity of the included studies (such as the type of intervention,
duration, participant characteristics, etc.) and potential bias may affect the
overall conclusion regarding the effects of exercise interventions; (iv)
inconsistency in result reporting: Inadequate reporting of effect sizes or
statistical significance tests may lead to an overinterpretation of the
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results; (v) although existing evidence supports the benefits of general
exercise training and traditional Chinese exercises for the management of
KOA, due to the limitations discussed above, we need to interpret these
findings cautiously. Possible solutions to these limitations: future research
should address these potential limitations by adopting more rigorous
study designs, expanding sample sizes, extending follow-up times,
implementing blinding, and using more consistent outcome
measurement standards.

5 Conclusion

For patients and clinicians, the choice between general exercise
training and traditional Chinese exercises should be guided by
considerations of efficacy, accessibility, patient adherence, and
personal preferences. A balanced approach, potentially integrating
both methods, may offer the most comprehensive benefits for
managing KOA. This comparative analysis not only responds to the
call for a deeper understanding of treatment options but also lays the
groundwork for future research aimed at optimizing care for
individuals with KOA.

Author contributions

XD: Conceptualization, Data curation, Formal analysis, Funding
acquisition, Investigation, Methodology, Project administration,
Resources, Software, Supervision, Validation, Visualization, Writing
- original draft, Writing — review & editing. RF: Conceptualization,
Data curation, Formal analysis, Funding acquisition, Investigation,
Methodology,
Supervision, Validation, Visualization, Writing - original draft,

Project administration, Resources, Software,
Writing - review & editing. JK: Conceptualization, Data curation,
Formal analysis, Funding acquisition, Investigation, Methodology,
Project administration, Resources, Software, Supervision, Validation,

Visualization, Writing - original draft, Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This
manuscript was supported by 2021 Undergraduate Education and
Teaching Reform Project of Shandong Province “Research on the
Model of Integrated Education Inside and Outside of College Physical
Education” (M2021107).

Acknowledgments

We extend our gratitude to Dr. Jasmine Thompson for her editing
and proofreading of our manuscript’s grammar.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fmed.2024.1395375
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Duetal.

Publisher's note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

1. Farr Ii J, Miller LE, Block JE. Quality of life in patients with knee osteoarthritis: a
commentary on nonsurgical and surgical treatments. Open Orthop J. (2013) 7:619-23.
doi: 10.2174/1874325001307010619

2. Geng R, Li ], Yu C, Zhang C, Chen E Chen J, et al. Knee osteoarthritis: current
status and research progress in treatment (review). Exp Ther Med. (2023) 26:481. doi:
10.3892/etm.2023.12180

3. Zeng CY, Zhang ZR, Tang ZM, Hua FZ. Benefits and mechanisms of exercise
training for knee osteoarthritis. Front Physiol. (2021) 12:794062. doi: 10.3389/
fphys.2021.794062

4. Madry H, Kon E, Condello V, Peretti GM, Steinwachs M, Seil R, et al. Early
osteoarthritis of the knee. Knee Surg Sports Traumatol Arthrosc. (2016) 24:1753-62. doi:
10.1007/s00167-016-4068-3

5. Rai MEF, Tycksen ED, Cai L, Yu J, Wright RW, Brophy RH. Distinct degenerative
phenotype of articular cartilage from knees with meniscus tear compared to knees with
osteoarthritis. Osteoarthr Cartil. (2019) 27:945-55. doi: 10.1016/j.joca.2019.02.792

6. Dragoo JL, Johnson C, McConnell J. Evaluation and treatment of disorders of the
infrapatellar fat pad. Sports Med. (2012) 42:51-67. doi:
10.2165/11595680-000000000-00000

7. Eymard F, Chevalier X. Inflammation of the infrapatellar fat pad. Joint Bone Spine.
(2016) 83:389-93. doi: 10.1016/j.jbspin.2016.02.016

8. Ozeki N, Koga H, Sekiya I. Degenerative meniscus in knee osteoarthritis: from
pathology to treatment. Life. (2022) 12:603. doi: 10.3390/1ife12040603

9. Meade E, Garvey M. The role of neuro-immune interaction in chronic pain
conditions; functional somatic syndrome, neurogenic inflammation, and peripheral
neuropathy. Int ] Mol Sci. (2022) 23:8574. doi: 10.3390/ijms23158574

10. Ren K, Dubner R. Interactions between the immune and nervous systems in pain.
Nat Med. (2010) 16:1267-76. doi: 10.1038/nm.2234

11. Cutolo M, Berenbaum F, Hochberg M, Punzi L, Reginster JY. Commentary on
recent therapeutic guidelines for osteoarthritis. Semin Arthritis Rheum. (2015) 44:611-7.
doi: 10.1016/j.semarthrit.2014.12.003

12. Cai J, Liu LE, Qin Z, Liu S, Wang Y, Chen Z, et al. Natural Morin-based metal
organic framework Nanoenzymes modulate articular cavity microenvironment to
alleviate osteoarthritis. Research. (2023) 6:0068. doi: 10.34133/research.0068

13. Yang Y, Li S, Cai Y, Zhang Q, Ge P, Shang S, et al. Effectiveness of telehealth-based
exercise interventions on pain, physical function and quality of life in patients with knee
osteoarthritis: a meta-analysis. ] Clin Nurs. (2023) 32:2505-20. doi: 10.1111/jocn.16388

14. Mahmoudian A, Lohmander LS, Mobasheri A, Englund M, Luyten FP. Early-stage
symptomatic osteoarthritis of the knee—time for action. Nat Rev Rheumatol. (2021)
17:621-32. doi: 10.1038/s41584-021-00673-4

15. Jorgensen AEM, Kjer M, Heinemeier KM. The effect of aging and mechanical
loading on the metabolism of articular cartilage. ] Rheumatol. (2017) 44:410-7. doi:
10.3899/jrheum.160226

16. Robinson WH, Lepus CM, Wang Q, Raghu H, Mao R, Lindstrom TM, et al. Low-
grade inflammation as a key mediator of the pathogenesis of osteoarthritis. Nat Rev
Rheumatol. (2016) 12:580-92. doi: 10.1038/nrrheum.2016.136

17.Zou Z, Li H, Yu K, Ma K, Wang Q, Tang J, et al. The potential role of synovial cells
in the progression and treatment of osteoarthritis. Exploration. (2023) 3:20220132. doi:
10.1002/exp.20220132

18. Toivanen AT, Heliovaara M, Impivaara O, Arokoski JPA, Knekt P, Lauren H, et al.
Obesity, physically demanding work and traumatic knee injury are major risk factors
for knee osteoarthritis--a population-based study with a follow-up of 22 years.
Rheumatology. (2010) 49:308-14. doi: 10.1093/rheumatology/kep388

19. Murata K, Kokubun T, Morishita Y, Onitsuka K, Fujiwara S, Nakajima A, et al.
Controlling abnormal joint movement inhibits response of osteophyte formation.
Cartilage. (2018) 9:391-401. doi: 10.1177/1947603517700955

20. Ioan-Facsinay A, Kloppenburg M. An emerging player in knee osteoarthritis: the
infrapatellar fat pad. Arthritis Res Ther. (2013) 15:225. doi: 10.1186/ar4422

21. Fang T, Zhou X, Jin M, Nie ], Li X. Molecular mechanisms of mechanical load-
induced osteoarthritis. Int Orthop. (2021) 45:1125-36. doi: 10.1007/s00264-021-04938-1

22. Wiegertjes R, van de Loo FAJ, Blaney Davidson EN. A roadmap to target
interleukin-6 in osteoarthritis. Rheumatology. (2020) 59:2681-94. doi: 10.1093/
rheumatology/keaa248

23.Luo Z, Wan R, Liu S, Feng X, Peng Z, Wang Q, et al. Mechanisms of exercise in the
treatment of lung cancer—a mini-review. Front Immunol. (2023) 14:1244764. doi:
10.3389/fimmu.2023.1244764

Frontiers in Medicine

11

10.3389/fmed.2024.1395375

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or claim
that may be made by its manufacturer, is not guaranteed or endorsed
by the publisher.

24. Gleeson M, Bishop NC, Stensel DJ, Lindley MR, Mastana SS, Nimmo MA. The
anti-inflammatory effects of exercise: mechanisms and implications for the prevention
and treatment of disease. Nat Rev Immunol. (2011) 11:607-15. doi: 10.1038/nri3041

25. Sherwood ER, Toliver-Kinsky T. Mechanisms of the inflammatory response. Best
Pract Res Clin Anaesthesiol. (2004) 18:385-405. doi: 10.1016/j.bpa.2003.12.002

26. Freund A, Orjalo AV, Desprez PY, Campisi J. Inflammatory networks during
cellular senescence: causes and consequences. Trends Mol Med. (2010) 16:238-46. doi:
10.1016/j.molmed.2010.03.003

27.Xie ], Wang Y, Lu L, Liu L, Yu X, Pei F. Cellular senescence in knee osteoarthritis:
molecular mechanisms and therapeutic implications. Ageing Res Rev. (2021) 70:101413.
doi: 10.1016/j.arr.2021.101413

28. Zaldivar F, Wang-Rodriguez J, Nemet D, Schwindt C, Galassetti P, Mills PJ, et al.
Constitutive pro- and anti-inflammatory cytokine and growth factor response to
exercise in leukocytes. J Appl Physiol. (2006) 100:1124-33. doi: 10.1152/
japplphysiol.00562.2005

29. Shaw DM, Merien E, Braakhuis A, Dulson D. T-cells and their cytokine production:
the anti-inflammatory and immunosuppressive effects of strenuous exercise. Cytokine.
(2018) 104:136-42. doi: 10.1016/j.cyt0.2017.10.001

30. de Sire A, Marotta N, Marinaro C, Curci C, Invernizzi M, Ammendolia A. Role of
physical exercise and nutraceuticals in modulating molecular pathways of osteoarthritis.
Int ] Mol Sci. (2021) 22:5722. doi: 10.3390/ijms22115722

31. Liu X, Wang L, Ma C, Wang G, Zhang Y, Sun S. Exosomes derived from platelet-
rich plasma present a novel potential in alleviating knee osteoarthritis by promoting
proliferation and inhibiting apoptosis of chondrocyte via Wnt/f-catenin signaling
pathway. J Orthop Surg Res. (2019) 14:470. doi: 10.1186/s13018-019-1529-7

32. da Silva LA, Thirupathi A, Colares MC, Haupenthal DPS, Venturini LM, Corréa
MEAB, et al. The effectiveness of treadmill and swimming exercise in an animal model
of osteoarthritis. Front Physiol. (2023) 14:1101159. doi: 10.3389/fphys.2023.1101159

33. Arfuso F, Giudice E, Panzera M, Rizzo M, Fazio F, Piccione G, et al. Interleukin-1Ra
(1I-1Ra) and serum cortisol level relationship in horse as dynamic adaptive response
during physical exercise. Vet Immunol Immunopathol. (2022) 243:110368. doi: 10.1016/j.
vetimm.2021.110368

34. Pedersen BK, Steensberg A, Schjerling P. Exercise and interleukin-6. Curr Opin
Hematol. (2001) 8:137-41. doi: 10.1097/00062752-200105000-00002

35. Spalinger MR, Crawford M, Bobardt SD, Li J, Sayoc-Becerra A, Santos AN, et al.
Loss of protein tyrosine phosphatase non-receptor type 2 reduces IL-4-driven alternative
macrophage activation. Mucosal Immunol. (2022) 15:74-83. doi: 10.1038/
541385-021-00441-3

36. Cayo A, Segovia R, Venturini W, Moore-Carrasco R, Valenzuela C, Brown N.
mTOR activity and autophagy in senescent cells, a complex partnership. Int ] Mol Sci.
(2021) 22:8149. doi: 10.3390/ijms22158149

37.Gong Y, Li S, Wu ], Zhang T, Fang S, Feng D, et al. Autophagy in the pathogenesis
and therapeutic potential of post-traumatic osteoarthritis. Burns Trauma. (2023)
11:tkac060. doi: 10.1093/burnst/tkac060

38. Cassidy LD, Narita M. Autophagy at the intersection of aging, senescence, and
cancer. Mol Oncol. (2022) 16:3259-75. doi: 10.1002/1878-0261.13269

39. Huang J, Wang X, Zhu Y, Li Z, Zhu YT, Wu JC, et al. Exercise activates lysosomal
function in the brain through AMPK-SIRT1-TFEB pathway. CNS Neurosci Ther. (2019)
25:796-807. doi: 10.1111/cns.13114

40. Pinto AP, da Rocha AL, Marafon BB, Rovina RL, Mufioz VR, da Silva LECM, et al.
Impact of different physical exercises on the expression of autophagy markers in mice.
Int ] Mol Sci. (2021) 22:2635. doi: 10.3390/ijms22052635

41. Copp ME, Chubinskaya S, Bracey DN, Shine ], Sessions G, Loeser RE, et al. Comet
assay for quantification of the increased DNA damage burden in primary human
chondrocytes with aging and osteoarthritis. Aging Cell. (2022) 21:¢13698. doi: 10.1111/
acel.13698

42.Zhang X, Xiang S, Zhang Y, Liu S, Lei G, Hines S, et al. In vitro study to identify
ligand-independent function of estrogen receptor-a in suppressing DNA damage-
induced chondrocyte senescence. FASEB ]. (2023) 37:e22746. doi: 10.1096/
f).202201228R

43. Ghignatti P, Russo MKB, Becker T, Guecheva TN, Teixeira LV, Lehnen AM, et al.
Preventive aerobic training preserves sympathovagal function and improves DNA repair
capacity of peripheral blood mononuclear cells in rats with cardiomyopathy. Sci Rep.
(2022) 12:6422. doi: 10.1038/541598-022-09361-z

44. Orange ST, Jordan AR, Odell A, Kavanagh O, Hicks KM, Eaglen T, et al. Acute
aerobic exercise-conditioned serum reduces colon cancer cell proliferation in vitro

frontiersin.org


https://doi.org/10.3389/fmed.2024.1395375
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.2174/1874325001307010619
https://doi.org/10.3892/etm.2023.12180
https://doi.org/10.3389/fphys.2021.794062
https://doi.org/10.3389/fphys.2021.794062
https://doi.org/10.1007/s00167-016-4068-3
https://doi.org/10.1016/j.joca.2019.02.792
https://doi.org/10.2165/11595680-000000000-00000
https://doi.org/10.1016/j.jbspin.2016.02.016
https://doi.org/10.3390/life12040603
https://doi.org/10.3390/ijms23158574
https://doi.org/10.1038/nm.2234
https://doi.org/10.1016/j.semarthrit.2014.12.003
https://doi.org/10.34133/research.0068
https://doi.org/10.1111/jocn.16388
https://doi.org/10.1038/s41584-021-00673-4
https://doi.org/10.3899/jrheum.160226
https://doi.org/10.1038/nrrheum.2016.136
https://doi.org/10.1002/exp.20220132
https://doi.org/10.1093/rheumatology/kep388
https://doi.org/10.1177/1947603517700955
https://doi.org/10.1186/ar4422
https://doi.org/10.1007/s00264-021-04938-1
https://doi.org/10.1093/rheumatology/keaa248
https://doi.org/10.1093/rheumatology/keaa248
https://doi.org/10.3389/fimmu.2023.1244764
https://doi.org/10.1038/nri3041
https://doi.org/10.1016/j.bpa.2003.12.002
https://doi.org/10.1016/j.molmed.2010.03.003
https://doi.org/10.1016/j.arr.2021.101413
https://doi.org/10.1152/japplphysiol.00562.2005
https://doi.org/10.1152/japplphysiol.00562.2005
https://doi.org/10.1016/j.cyto.2017.10.001
https://doi.org/10.3390/ijms22115722
https://doi.org/10.1186/s13018-019-1529-7
https://doi.org/10.3389/fphys.2023.1101159
https://doi.org/10.1016/j.vetimm.2021.110368
https://doi.org/10.1016/j.vetimm.2021.110368
https://doi.org/10.1097/00062752-200105000-00002
https://doi.org/10.1038/s41385-021-00441-3
https://doi.org/10.1038/s41385-021-00441-3
https://doi.org/10.3390/ijms22158149
https://doi.org/10.1093/burnst/tkac060
https://doi.org/10.1002/1878-0261.13269
https://doi.org/10.1111/cns.13114
https://doi.org/10.3390/ijms22052635
https://doi.org/10.1111/acel.13698
https://doi.org/10.1111/acel.13698
https://doi.org/10.1096/fj.202201228R
https://doi.org/10.1096/fj.202201228R
https://doi.org/10.1038/s41598-022-09361-z

Duetal.

through interleukin-6-induced regulation of DNA damage. Int ] Cancer. (2022)
151:265-74. doi: 10.1002/ijc.33982

45. Hernandez-Alvarez D, Rosado-Pérez J, Gavia-Garcia G, Arista-Ugalde TL,
Aguifiga-Sdnchez I, Santiago-Osorio E, et al. Aging, physical exercise, telomeres, and
sarcopenia: a narrative review. Biomedicines. (2023) 11:598. doi: 10.3390/
biomedicines11020598

46.BioMed Research International. Retracted: effects of treadmill exercise on
mitochondrial DNA damage and cardiomyocyte telomerase activity in aging model rats
based on classical apoptosis signaling pathway. Biomed Res Int. (2023) 2023:9764925.
doi: 10.1155/2023/9764925

47. Tryfidou DV, McClean C, Nikolaidis MG, Davison GW. DNA damage following
acute aerobic exercise: a systematic review and Meta-analysis. Sports Med. (2020)
50:103-27. doi: 10.1007/s40279-019-01181-y

48. Moreno-Villanueva M, Kramer A, Hammes T, Venegas-Carro M, Thumm P,
Biirkle A, et al. Influence of acute exercise on DNA repair and PARP activity before and
after irradiation in lymphocytes from trained and untrained individuals. Int ] Mol Sci.
(2019) 20:2999. doi: 10.3390/ijms20122999

49.Lin J, Epel E. Stress and telomere shortening: insights from cellular mechanisms.
Ageing Res Rev. (2022) 73:101507. doi: 10.1016/j.arr.2021.101507

50. Machado-Oliveira G, Ramos C, Marques ARA, Vieira OV. Cell senescence,
multiple organelle dysfunction and atherosclerosis. Cells. (2020) 9:2146. doi: 10.3390/
cells9102146

51. Sharma V, Mehdi MM. Oxidative stress, inflammation and hormesis: the role of
dietary and lifestyle modifications on aging. Neurochem Int. (2023) 164:105490. doi:
10.1016/j.neuint.2023.105490

52. Demanelis K, Jasmine E Chen LS, Chernoftf M, Tong L, Delgado D, et al.
Determinants of telomere length across human tissues. Science. (2020) 369:eaaz6876.
doi: 10.1126/science.aaz6876

53. Giinesliol BE, Karaca E, Agagiindiiz D, Acar ZA. Association of physical activity
and nutrition with telomere length, a marker of cellular aging: a comprehensive review.
Crit Rev Food Sci Nutr. (2023) 63:674-92. doi: 10.1080/10408398.2021.1952402

54. Barragan R, Ortega-Azorin C, Sorli JV, Asensio EM, Coltell O, St-Onge MP, et al.
Effect of physical activity, smoking, and sleep on telomere length: a systematic review of
observational and intervention studies. ] Clin Med. (2022) 11:76. doi: 10.3390/
jem11010076

55. Werner CM, Hecksteden A, Morsch A, Zundler J, Wegmann M, Kratzsch J, et al.
Differential effects of endurance, interval, and resistance training on telomerase activity
and telomere length in a randomized, controlled study. Eur Heart . (2019) 40:34-46.
doi: 10.1093/eurheartj/ehy585

56. Zhu J, Yang Y, Zeng Y, Han X, Chen W, Hu Y, et al. The Association of Physical
Activity Behaviors and Patterns with Aging Acceleration: evidence from the UK
Biobank. ] Gerontol A. (2023) 78:753-61. doi: 10.1093/gerona/glad064

57. Zhang H, Cai D, Bai X. Macrophages regulate the progression of osteoarthritis.
Osteoarthr Cartil. (2020) 28:555-61. doi: 10.1016/j.joca.2020.01.007

58. Oishi Y, Manabe I. Macrophages in age-related chronic inflammatory diseases. npj
Aging Mech Dis. (2016) 2:16018. doi: 10.1038/npjamd.2016.18

59. Kim HJ, Kim H, Lee JH, Hwangbo C. Toll-like receptor 4 (TLR4): new insight
immune and aging. Immun Ageing. (2023) 20:67. doi: 10.1186/512979-023-00383-3

60. Feng P, Che Y, Gao C, Zhu L, Gao J, Vo NV. Immune exposure: how macrophages
interact with the nucleus pulposus. Front Immunol. (2023) 14:1155746. doi: 10.3389/
fimmu.2023.1155746

61.Das P, Jana S, Kumar Nandi S. Biomaterial-based therapeutic approaches to
osteoarthritis and cartilage repair through macrophage polarization. Chem Rec. (2022)
22:€202200077. doi: 10.1002/tcr.202200077

62. Cai G, LuY, Zhong W, Wang T, Li Y, Ruan X, et al. Piezo 1-mediated M2 macrophage
mechanotransduction enhances bone formation through secretion and activation of
transforming growth factor-p1. Cell Prolif. (2023) 56:13440. doi: 10.1111/cpr.13440

63. Majorczyk M, Smolag D. Effect of physical activity on IGF-1 and IGFBP levels in
the context of civilization diseases prevention. Rocz Panstw Zakl Hig. (2016) 67:105-11.

64.Liu S, Deng Z, Chen K, Jian S, Zhou E, Yang Y, et al. Cartilage tissue engineering:
from proinflammatory and anti-inflammatory cytokines to osteoarthritis treatments
(review). Mol Med Rep. (2022) 25:99. doi: 10.3892/mmr.2022.12615

65. Ashraf S, Cha BH, Kim JS, Ahn J, Han I, Park H, et al. Regulation of senescence
associated signaling mechanisms in chondrocytes for cartilage tissue regeneration.
Osteoarthr Cartil. (2016) 24:196-205. doi: 10.1016/j.joca.2015.07.008

66. Zhao LD, Bie LY, Hu L, Zhu ZH, Meng XH, Cong LL, et al. IGF-1 induces cellular
senescence in rat articular chondrocytes via Akt pathway activation. Exp Ther Med.
(2020) 20:49. doi: 10.3892/etm.2020.9177

67.Zhou Y, Jia N, Ding M, Yuan K. Effects of exercise on inflammatory factors and
IGF system in breast cancer survivors: a meta-analysis. BMC Womens Health. (2022)
22:507. doi: 10.1186/s12905-022-02058-5

68. Zhang S, Zhao Y. The effects of tai chi practice on erythrocyte immunity and
antioxidant capacity in elderly women. Chin J Gerontol. (2017) 37:5658-60. doi:
10.3969/j.issn.1005-9202.2017.22.080

Frontiers in Medicine

12

10.3389/fmed.2024.1395375

69. Yang Y, Verkuilen ], Rosengren KS, Mariani RA, Reed M, Grubisich SA, et al.
Effects of a traditional Taiji/Qigong curriculum on older adults’ immune response to
influenza vaccine. Med Sport Sci. (2008) 52:64-76. doi: 10.1159/000134285

70. Fan Y-H, Xu J-Y, Zhang N-J. Application progress of traditional exercises in knee
osteoarthritis. Aging Commun. (2020) 2:142-5. doi: 10.53388/aging2020122504

71. Oh B, Bae K, Lamoury G, Eade T, Boyle E, Corless B, et al. The effects of Tai Chi
and Qigong on immune responses: a systematic review and meta-analysis. Medicines.
(2020) 7:39. doi: 10.3390/medicines7070039

72. Vera FM, Manzaneque JM, Rodriguez FM, Bendayan R, Fernandez N, Alonso A.
Acute effects on the counts of innate and adaptive immune response cells after 1 month
of Taoist Qigong practice. Int J Behav Med. (2016) 23:198-203. doi: 10.1007/
512529-015-9509-8

73. Wang R, Liu J, Chen P, Yu D. Regular tai chi exercise decreases the percentage of
type 2 cytokine-producing cells in postsurgical non-small cell lung cancer survivors.
Cancer Nurs. (2013) 36:E27-34. doi: 10.1097/NCC.0b013e318268f7d5

74.Luo Z, Zhang T, Chen S. Exercise prescription: pioneering the “third pole” for
clinical health management. Research. (2023) 6:0284. doi: 10.34133/research.0284

75.Rim YA, Nam Y, Ju JH. The role of chondrocyte hypertrophy and senescence in
osteoarthritis initiation and progression. Int ] Mol Sci. (2020) 21:2358. doi: 10.3390/
ijms21072358

76. Vongsirinavarat M, Nilmart P, Somprasong S, Apinonkul B. Identification of knee
osteoarthritis disability phenotypes regarding activity limitation: a cluster analysis. BMC
Musculoskelet Disord. (2020) 21:237. doi: 10.1186/s12891-020-03260-y

77.Lai Z, Zhang Y, Lee S, Wang L. Effects of strength exercise on the knee and ankle
proprioception of individuals with knee osteoarthritis. Res Sports Med. (2018)
26:138-46. doi: 10.1080/15438627.2018.1431541

78.Pirayeh N, Kazemi K, Rahimi F, Mostafaee N, Shaterzadeh-Yazdi MJ. The
effect of balance training on functional outcomes in patients with knee
osteoarthritis: a systematic review. Med ] Islam Repub Iran. (2022) 36:107. doi:
10.47176/mjiri.36.107

79. Tarantino D, Theysmans T, Mottola R, Verbrugghe J. High-intensity training for
knee osteoarthritis: a narrative review. Sports. (2023) 11:91. doi: 10.3390/
sports11040091

80. Lewinson RT, Stefanyshyn DJ. Wedged insoles and gait in patients with knee
osteoarthritis: a biomechanical review. Ann Biomed Eng. (2016) 44:3173-85. doi:
10.1007/s10439-016-1696-1

81.Ye ], Zheng Q, Zou L, Yu Q, Veronese N, Grabovac I, et al. Mindful exercise
(Baduanjin) as an adjuvant treatment for older adults (60 years old and over) of knee
osteoarthritis: a randomized controlled trial. Evid Based Complement Alternat Med.
(2020) 2020:9869161. doi: 10.1155/2020/9869161

82. Zhang S, Huang R, Guo G, Kong L, Li ], Zhu Q, et al. Efficacy of traditional Chinese
exercise for the treatment of pain and disability on knee osteoarthritis patients: a
systematic review and meta-analysis of randomized controlled trials. Front Public
Health. (2023) 11:1168167. doi: 10.3389/fpubh.2023.1168167

83. Yilmaz M, Sahin M, Algun ZC. Comparison of effectiveness of the home exercise
program and the home exercise program taught by physiotherapist in knee osteoarthritis.
J Back Musculoskelet Rehabil. (2019) 32:161-9. doi: 10.3233/bmr-181234

84.Jonsson T, Ekvall Hansson E, Thorstensson CA, Eek F, Bergman P, Dahlberg LE.
The effect of education and supervised exercise on physical activity, pain, quality of life
and self-efficacy - an intervention study with a reference group. BMC Musculoskelet
Disord. (2018) 19:198. doi: 10.1186/512891-018-2098-3

85. Burston JJ, Valdes AM, Woodhams SG, Mapp PI, Stocks J, Watson DJG, et al. The
impact of anxiety on chronic musculoskeletal pain and the role of astrocyte activation.
Pain. (2019) 160:658-69. doi: 10.1097/j.pain.0000000000001445

86. Harth M, Nielson WR. Pain and affective distress in arthritis: relationship to
immunity and inflammation. Expert Rev Clin Immunol. (2019) 15:541-52. doi:
10.1080/1744666x.2019.1573675

87. Sahin HG, Kunduracilar Z, Sonmezer E, Ayas S. Effects of two different aquatic
exercise trainings on cardiopulmonary endurance and emotional status in patients with
knee osteoarthritis. ] Back Musculoskelet Rehabil. (2019) 32:539-48. doi: 10.3233/
bmr-171116

88. Karp JE Zhang J, Wahed AS, Anderson S, Dew MA, Fitzgerald GK, et al. Improving
patient reported outcomes and preventing depression and anxiety in older adults with
knee osteoarthritis: results of a sequenced multiple assignment randomized trial (SMART)
study. Am J Geriatr Psychiatry. (2019) 27:1035-45. doi: 10.1016/j.jagp.2019.03.011

89. Vitaloni M, Botto-van Bemden A, Sciortino Contreras RM, Scotton D, Bibas M,
Quintero M, et al. Global management of patients with knee osteoarthritis begins with
quality of life assessment: a systematic review. BMC Musculoskelet Disord. (2019) 20:493.
doi: 10.1186/s12891-019-2895-3

90.Xiao Z, Li G. The effect of Wugqinxi exercises on the balance function and
subjective quality of life in elderly, female knee osteoarthritis patients. Am J Transl Res.
(2021) 13:6710-6.

91. Zeng ZP, Liu YB, Fang ], Liu Y, Luo J, Yang M. Effects of Baduanjin exercise for
knee osteoarthritis: a systematic review and meta-analysis. Complement Ther Med.
(2020) 48:102279. doi: 10.1016/j.ctim.2019.102279

frontiersin.org


https://doi.org/10.3389/fmed.2024.1395375
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1002/ijc.33982
https://doi.org/10.3390/biomedicines11020598
https://doi.org/10.3390/biomedicines11020598
https://doi.org/10.1155/2023/9764925
https://doi.org/10.1007/s40279-019-01181-y
https://doi.org/10.3390/ijms20122999
https://doi.org/10.1016/j.arr.2021.101507
https://doi.org/10.3390/cells9102146
https://doi.org/10.3390/cells9102146
https://doi.org/10.1016/j.neuint.2023.105490
https://doi.org/10.1126/science.aaz6876
https://doi.org/10.1080/10408398.2021.1952402
https://doi.org/10.3390/jcm11010076
https://doi.org/10.3390/jcm11010076
https://doi.org/10.1093/eurheartj/ehy585
https://doi.org/10.1093/gerona/glad064
https://doi.org/10.1016/j.joca.2020.01.007
https://doi.org/10.1038/npjamd.2016.18
https://doi.org/10.1186/s12979-023-00383-3
https://doi.org/10.3389/fimmu.2023.1155746
https://doi.org/10.3389/fimmu.2023.1155746
https://doi.org/10.1002/tcr.202200077
https://doi.org/10.1111/cpr.13440
https://doi.org/10.3892/mmr.2022.12615
https://doi.org/10.1016/j.joca.2015.07.008
https://doi.org/10.3892/etm.2020.9177
https://doi.org/10.1186/s12905-022-02058-5
https://doi.org/10.3969/j.issn.1005-9202.2017.22.080
https://doi.org/10.1159/000134285
https://doi.org/10.53388/aging2020122504
https://doi.org/10.3390/medicines7070039
https://doi.org/10.1007/s12529-015-9509-8
https://doi.org/10.1007/s12529-015-9509-8
https://doi.org/10.1097/NCC.0b013e318268f7d5
https://doi.org/10.34133/research.0284
https://doi.org/10.3390/ijms21072358
https://doi.org/10.3390/ijms21072358
https://doi.org/10.1186/s12891-020-03260-y
https://doi.org/10.1080/15438627.2018.1431541
https://doi.org/10.47176/mjiri.36.107
https://doi.org/10.3390/sports11040091
https://doi.org/10.3390/sports11040091
https://doi.org/10.1007/s10439-016-1696-1
https://doi.org/10.1155/2020/9869161
https://doi.org/10.3389/fpubh.2023.1168167
https://doi.org/10.3233/bmr-181234
https://doi.org/10.1186/s12891-018-2098-3
https://doi.org/10.1097/j.pain.0000000000001445
https://doi.org/10.1080/1744666x.2019.1573675
https://doi.org/10.3233/bmr-171116
https://doi.org/10.3233/bmr-171116
https://doi.org/10.1016/j.jagp.2019.03.011
https://doi.org/10.1186/s12891-019-2895-3
https://doi.org/10.1016/j.ctim.2019.102279

Duetal.

92.Hunter DJ, March L, Chew M. Osteoarthritis in 2020 and beyond: a
Lancet Commission.  Lancet.  (2020) 396:1711-2.  doi: 10.1016/
s0140-6736(20)32230-3

93. O'Neill TW, Felson DT. Mechanisms of osteoarthritis (OA) pain. Curr Osteoporos
Rep. (2018) 16:611-6. doi: 10.1007/s11914-018-0477-1

94. Abbasi J. Can exercise prevent knee osteoarthritis? JAMA. (2017) 318:2169-71.
doi: 10.1001/jama.2017.16144

95. Vincent KR, Vincent HK. Concentric and eccentric resistance training comparison
on physical function and functional pain outcomes in knee osteoarthritis: a randomized
controlled trial. Am ] Phys Med Rehabil. (2020) 99:932-40. doi: 10.1097/
phm.0000000000001450

96.DeVita P, Aaboe ], Bartholdy C, Leonardis JM, Bliddal H, Henriksen M.
Quadriceps-strengthening exercise and quadriceps and knee biomechanics

during walking in knee osteoarthritis: a two-centre randomized
controlled trial. Clin Biomech. (2018) 59:199-206. doi: 10.1016/j.
clinbiomech.2018.09.016
Frontiers in Medicine

13

10.3389/fmed.2024.1395375

97. Hislop AC, Collins NJ, Tucker K, Deasy M, Semciw Al Does adding hip exercises
to quadriceps exercises result in superior outcomes in pain, function and quality of life
for people with knee osteoarthritis? A systematic review and meta-analysis. Br ] Sports
Med. (2020) 54:263-71. doi: 10.1136/bjsports-2018-099683

98.Xiao CM, Li JJ, Kang Y, Zhuang YC. Follow-up of a Wuginxi exercise at home
programme to reduce pain and improve function for knee osteoarthritis in older people:
arandomised controlled trial. Age Ageing. (2021) 50:570-5. doi: 10.1093/ageing/afaal79

99. An B, Dai K, Zhu Z, Wang Y, Hao Y, Tang T, et al. Baduanjin alleviates the
symptoms of knee osteoarthritis. ] Altern Complement Med. (2008) 14:167-74. doi:
10.1089/acm.2007.0600

100. An BC, Wang Y, Jiang X, Lu HS, Fang ZY, Wang Y, et al. Effects of Baduanjin ()
exercise on knee osteoarthritis: a one-year study. Chin J Integr Med. (2013) 19:143-8.
doi: 10.1007/s11655-012-1211-y

101. Wang C, Schmid CH, Iversen MD, Harvey WE, Fielding RA, Driban JB, et al.
Comparative effectiveness of tai chi versus physical therapy for knee osteoarthritis: a
randomized trial. Ann Intern Med. (2016) 165:77-86. doi: 10.7326/m15-2143

frontiersin.org


https://doi.org/10.3389/fmed.2024.1395375
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/s0140-6736(20)32230-3
https://doi.org/10.1016/s0140-6736(20)32230-3
https://doi.org/10.1007/s11914-018-0477-1
https://doi.org/10.1001/jama.2017.16144
https://doi.org/10.1097/phm.0000000000001450
https://doi.org/10.1097/phm.0000000000001450
https://doi.org/10.1016/j.clinbiomech.2018.09.016
https://doi.org/10.1016/j.clinbiomech.2018.09.016
https://doi.org/10.1136/bjsports-2018-099683
https://doi.org/10.1093/ageing/afaa179
https://doi.org/10.1089/acm.2007.0600
https://doi.org/10.1007/s11655-012-1211-y
https://doi.org/10.7326/m15-2143

	What improvements do general exercise training and traditional Chinese exercises have on knee osteoarthritis? A narrative review based on biological mechanisms and clinical efficacy
	1 Introduction
	2 Materials and methods
	2.1 Literature search
	2.2 Inclusion and exclusion criteria

	3 Findings
	3.1 KOA and its pathogenesis
	3.2 Improvement mechanism of exercise on KOA: based on cartilage cell senescence
	3.2.1 General exercise training for the improvement of KOA: mainly based on cartilage cell senescence
	3.2.1.1 Inhibition of inflammatory factors in cartilage cells
	3.2.1.2 Encouraging autophagy in chondrocytes
	3.2.1.3 DNA repair in chondrocytes
	3.2.1.4 Retarding telomere wear and tissue senescence
	3.2.1.5 Promotion of macrophage transition
	3.2.1.6 Decreased expression of insulin-like growth factor 1
	3.2.2 Traditional Chinese exercise mechanisms for improving KOA: primarily based on modulating immune function
	3.2.2.1 Modulating cellular function
	3.2.2.2 Regulating immune factors
	3.3 Effects of exercise on clinical efficacy in KOA
	3.3.1 Improvement of physical function
	3.3.1.1 General exercise training
	3.3.1.2 Traditional Chinese exercises
	3.3.2 Improving quality of life
	3.3.2.1 General exercise training
	3.3.2.2 Traditional Chinese exercise
	3.3.3 Pain relief
	3.3.3.1 General exercise training
	3.3.3.2 Traditional Chinese exercise forms

	4 Comparative analysis of general exercise training and traditional Chinese exercises in KOA management
	4.1 Summary of current progress and long-term sustainability
	4.2 Efficacy comparison
	4.3 Accessibility comparison
	4.4 Patient adherence comparison
	4.5 Comprehensive discussion
	4.6 Potential limitations and solutions

	5 Conclusion
	Author contributions

	References

