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ABSTRACT

As non-pharmacological options for osteoarthritis (OA) and rheumatoid arthritis (RA), cold and heat therapies
manipulate local temperatures to improve symptoms and promote functional recovery. Cryotherapy reduces acute
pain and inflammation by lowering temperatures, while thermotherapy elevates body temperature to enhance
blood circulation and tissue repair. Contrast therapy combines the benefits of cold and heat treatments, alternating
between them to boost blood flow and relieve pain. This review analyzes the existing literature, highlighting the
potential benefits of these treatments in alleviating symptoms of patients with OA and RA, while emphasizing the
importance of developing personalized treatment plans in clinical practice. Although specific recommendations
for the application of cold and heat therapies vary across major clinical guidelines, their cautious use tailored to
individual patient circumstances is generally considered beneficial. Further, with the emergence of new cold and
heat therapy devices and materials, such as wearable devices and applications of nanotechnology, more possibili-
ties for physical therapy in arthritis are available now. These innovative technologies are expected to enhance the
precision, safety, and convenience of treatments. However, current research on cold and heat therapies still has
limitations, including small sample sizes and a lack of long-term follow-up data. Future research needs to further
validate the efficacy and safety of these treatment methods through large-scale, high-quality clinical trials, and

probe their role in the comprehensive management of OA and RA.

1. Introduction

The term arthritis originates from the Greek word for “joint disease”
and is defined as acute or chronic joint inflammation usually accompa-
nied by pain and structural damage [1]. The most common type of non-
inflammatory arthritis is osteoarthritis (OA), also known as degenerative
joint disease. OA is one of the most common joint disorders worldwide,
with the primary symptoms including joint pain and functional impair-
ment [2,3]. The knee is the most commonly affected joint, followed by
the hands and hip joints [4]. This disease not only causes pain and func-
tional loss in patients, but also imposes a severe burden on society and
the economy [2]. According to 2021 data, more than 22% of adults over
the age of 40 years worldwide suffer from knee osteoarthritis (KOA),
with the total number of OA cases estimated to exceed 500 million [5].
The 2019 Global Burden of Disease report showed that from 1990 to
2019, the number of disabilities caused by OA increased by 114.5%
[6]. With aging populations, increasing obesity rates, and joint injuries,
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the incidence of OA is expected to continue to increase [4]. Rheumatoid
arthritis (RA) is an autoimmune disease characterized by progressive
damage to the joints and surrounding soft tissues [7]. This disease not
only exacerbates disability in patients, but may also lead to premature
death, resulting in a substantial socioeconomic burden. Globally, the
prevalence of RA varies significantly, ranging from about 0.25% to 1%
[8]. This condition can affect people of all ages but is more commonly
diagnosed in individuals over 40 years of age, with women being two
to three times more likely to develop the disease than men [9].

OA is a whole-joint disease involving changes in the articular car-
tilage, subchondral bone, ligaments, joint capsule, synovium, and pe-
riarticular muscle structures [10,11]. The pathogenesis of OA involves
various factors, including mechanical, inflammatory, and metabolic as-
pects, with a key role played by the activation of matrix metallopro-
teinases (MMPs) [2,4]. Specifically, MMPs produced by chondrocytes
initiate the degradation of joint cartilage, leading to the narrowing of
joint spaces and the accumulation of cartilage degradation products,
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Fig. 1. Mechanism of pathogenesis in rheumatoid arthritis. FGF: Fibroblast Growth Factor; GM-SCF: Granulocyte-Macrophage Colony-Stimulating Factor; IL-1:
Interleukin 1; IL-6: Interleukin 6; IL-8: Interleukin 8; IL-17: Interleukin 17; MCP-1: Monocyte Chemoattractant Protein-1; MMPs: Matrix Metalloproteinases; RANTES:
Regulated upon Activation, Normal T Cell Expressed and Presumably Secreted; TNF-a: Tumor Necrosis Factor Alpha; VEGF: Vascular Endothelial Growth Factor.

significantly exacerbating joint damage. In an inflammatory environ-
ment, synovial cells and macrophages release pro-inflammatory factors
such as tumor necrosis factor-alpha (TNF-«) and interleukins (IL-1, IL-
6, IL-8), which worsen cartilage damage and lead to thickening of the
synovial membrane and synovitis [12]. Additionally, increased bone for-
mation and T-cell activation indicate that OA affects not only the car-
tilage, but also the entire joint, including the formation of osteophytes
and bone proliferation (Fig. 1). These pathological changes reflect a crit-
ical imbalance between tissue repair and destruction in OA, leading to a
continual decline in joint function [13]. In contrast, RA typically results
from a combination of genetic susceptibility and environmental factors
such as specific HLA-DRB1 gene variants and smoking [14]. Its patho-
genesis involves the abnormal activation of the immune system, partic-
ularly in the joint synovium, resulting in synovial tissue inflammation
and thickening. In the inflammatory state, immune cells, including T
and B cells, congregate and activate, producing a plethora of inflamma-
tory mediators such as TNF-qa, IL-1, IL-6, and IL-17, further promoting
inflammation and tissue damage [15,16]. Prolonged chronic inflamma-
tion leads to the degradation of joint cartilage, bone erosion, and nar-
rowing of joint spaces, ultimately destroying joint structure and causing
loss of function (Fig. 2). Although the specific pathogenic mechanisms of
OA and RA differ, both diseases are driven by the activation of immune
cells, involvement of multiple cell types, and pro-inflammatory factors,
leading to chronic inflammation and continuous damage to joint struc-
tures, thereby affecting joint function and patient quality of life [17].
The treatment of arthritis typically employs a comprehensive ap-
proach, including pharmacological and non-pharmacological therapies
and surgery. The treatment regimen depends on the type and sever-
ity of arthritis; however, the general principles are to alleviate pain,
control inflammation, protect joint integrity, and enhance the qual-

ity of life of the patient [18-20]. Pharmacological treatments include
non-steroidal anti-inflammatory drugs (NSAIDs), disease-modifying an-
tirheumatic drugs (DMARDs), and biologics that effectively reduce in-
flammation and retard disease progression [21]. Nonpharmacological
treatments such as physical therapy, occupational therapy, and tailored
exercise programs help enhance joint function, alleviate pain, and im-
prove daily activity capabilities [22]. Additionally, some patients may
use alternative therapies such as acupuncture or herbal medicines to
complement conventional treatments [23]. In certain cases, particu-
larly when joint damage severely affects quality of life, joint replace-
ment or arthroscopic surgery may be necessary to restore joint func-
tion and alleviate symptoms [24,25]. The goal of OA treatment is to
limit pain, alleviate symptoms, and improve function [3,21]. Optimal
care usually requires a combination of pharmacological and nonphar-
macological treatments. Common medications include oral and topi-
cal NSAIDs, capsaicin, and duloxetine. Non-pharmacological interven-
tions include education and self-management, exercise, weight loss, spe-
cific movements, physical therapy, orthotics, and acupuncture [26,27].
Topical NSAIDs, capsaicin, and other ointments are typically first-line
treatments. If these methods do not relieve symptoms, or if the disease
presents more systemically, oral NSAIDs should be considered %!. The
overall objective of RA treatment is to achieve long-term remission or
a state of low disease activity, maximally control symptoms, prevent
joint damage and dysfunction, and improve the quality of life of the
patient [28-30]. The treatment regimens include both pharmacologi-
cal and non-pharmacological therapies. Drug therapy is central to RA
treatment and primarily involves NSAIDs, corticosteroids, DMARDs, bi-
ologics, and targeted synthetic small molecules. DMARDs are crucial for
controlling disease activity and improving long-term prognosis and are
typically used as early as possible [31]. Biologics and targeted synthetic
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Fig. 2. Mechanism of pathogenesis in osteoarthritis. BMPs: Bone Morphogenetic Proteins; FGF: Fibroblast Growth Factor; GM-SCF: Granulocyte-Macrophage
Colony-Stimulating Factor; IL-1: Interleukin 1; IL-6: Interleukin 6; IL-8: Interleukin 8; IL-17: Interleukin 17; MCP-1: Monocyte Chemoattractant Protein-1; MMPs:
Matrix Metalloproteinases; RANTES: Regulated upon Activation, Normal T Cell Expressed and Presumably Secreted; TNF-a: Tumor Necrosis Factor Alpha; VEGF:
Vascular Endothelial Growth Factor.

small molecules are primarily used for patients who respond poorly to
traditional DMARDs [32,33]. Non-drug therapies include physical ther-
apy, occupational therapy, and lifestyle modifications, such as moderate
exercise, a balanced diet, and smoking cessation. Physiotherapy aids in
increasing joint flexibility and strength, whereas occupational therapy
helps patients adopt joint-protective strategies during daily activities to
reduce joint stress [34,35].

Pharmacological treatment has always been the primary method for
treating OA and RA, whether as a standalone therapy or in combina-
tion with physical therapy and dietary adjustments. It plays a crucial
role in managing the disease, controlling symptoms, and improving
the quality of life of the patient. Although pharmacological treatment
is key to managing the symptoms of OA and RA, long-term reliance
may lead to a range of side effects. For instance, NSAIDs can effec-
tively alleviate pain and inflammation, but prolonged use may cause
gastrointestinal issues, heart disease, and kidney damage [36,37]. Even
though cyclooxygenase-2 (COX-2) inhibitors reduce the gastrointesti-
nal side effects, they may increase the risk of cardiovascular events
[38]. Further, corticosteroids have potent anti-inflammatory effects, but
long-term high-dose use may lead to osteoporosis, hypertension, dia-
betes, ulcers, and immunosuppression [39,40]. Studies also show that
methotrexate may be associated with liver toxicity, cirrhosis, and fibro-
sis [41]; and biologics like TNF-« inhibitors may increase the risk of
malignancies, systemic infections, and tuberculosis [14]. Given the po-
tential side effects of drug treatments, exploring safer alternatives with
fewer side effects is critically important. Physical therapy, a significant
non-pharmacological treatment option, offers a beneficial alternative for
enhancing joint function, alleviating pain, and improving overall activ-
ity levels, thereby potentially reducing the need for drug treatment.

In this context, cryotherapy and thermotherapy, which are important
physical therapy modalities, are noted for their simplicity, low cost, and
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minimal side effects. Cryotherapy works by lowering the local tempera-
ture, slowing blood flow, reducing metabolism, and alleviating pain and
inflammation [42]. Conversely, thermotherapy increases local tempera-
ture, enhances blood circulation, eases muscle spasms and joint stiffness,
and accelerates tissue repair [43-45]. Both cold and heat therapies have
advantages, with the choice depending on the specific type of arthritis
and the stage of the condition. In general, cryotherapy is suitable for
controlling inflammation in the acute phase, whereas thermotherapy is
better suited for pain management and joint function restoration in the
chronic phase [46].

Although cryotherapy and thermotherapy are widely used for symp-
tomatic relief in OA and RA, detailed discussions on their mechanisms
of action, appropriate conditions, advantages, and limitations relative
to traditional treatments remain limited in the academic community.
This review aims to systematically organize and describe the current re-
search progress in the treatment of OA and RA with cryotherapy and
thermotherapy, discussing their therapeutic principles, implementation
methods, and clinical applications to provide comprehensive informa-
tion to clinicians, assisting them in better understanding and utilizing
these non-pharmacological treatments. Moreover, by collating and or-
ganizing current knowledge, this study seeks to enhance the compre-
hensive understanding of the roles of cold and heat therapies in treating
OA and RA and to guide future research.

2. The physiological effects and mechanisms of cryotherapy and
thermotherapy

Cryotherapy, thermotherapy, and contrast therapy (alternating cold
and heat therapy) are the three primary temperature modulation
techniques used in physical therapy, each with unique therapeutic
principles and a long history of application. Cryotherapy uses the
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physical properties of low temperatures to directly affect the human
body, regulate physiological responses, alleviate pain, reduce inflamma-
tion, and enhance functionality [47]. This method has been used since
ancient Egyptian times by physicians using cold environments or objects
to treat pain and illnesses [48]. The core principle is that low temper-
atures cause blood vessels to constrict, reducing blood flow to injured
or inflamed areas, thereby alleviating swelling and pain [49,50]. With
technological advancements, the application of cryotherapy has evolved
from simple cold compresses to more sophisticated cooling techniques,
including cold sprays, high-pressure cold CO,, liquid nitrogen cooling,
cold air bags, electronic cooling systems, and whole-body cryotherapy
(WBC) using cryotherapy, such as cryochambers and whole-body cold
mist showers. These techniques expose the body to extremely low tem-
peratures for short periods, thereby activating defense mechanisms and
promoting health. For example, cryochamber treatments typically lower
body temperature to a very low level for a short time to stimulate nat-
ural recovery processes. This approach is increasingly valued in sports
recovery, cardiovascular health enhancement, and chronic pain [51].
Thermotherapy, another traditional physical therapy, uses high tem-
peratures to improve blood circulation and facilitate the elimination and
exchange of metabolic waste and nutrients [52,3]. Modern thermother-
apy techniques, such as electric heating pads, infrared therapy, short-
wave therapy, hydrotherapy, and mud therapy, increase body tempera-
ture to activate heat shock proteins, aid in cellular repair, and enhance
immune function [54]. Thermotherapy also alleviates chronic pain and
muscle tension by affecting the nervous system; a warm environment
helps reduce psychological stress and anxiety, promotes physical and
mental relaxation, and benefits bodily function recovery [55]. Contrast
therapy combines the benefits of both cryo- and thermotherapy, al-
ternating between cold and hot compresses to trigger vasoconstrictive
and vasodilative responses, enhance blood circulation, accelerate the
removal of inflammatory mediators from tissues, effectively alleviate
pain, and promote the recovery of injured areas. This therapy is partic-
ularly suitable for post-exercise recovery and chronic pain management
and facilitates the recovery of complex musculoskeletal conditions. Re-
search indicates that contrast therapy offers therapeutic effects superior
to those of thermotherapy or cryotherapy alone and is particularly ef-
fective in managing persistent pain and chronic conditions [56,57].

2.1. Physiological effects and mechanisms of cryotherapy in arthritis
treatment

Cryotherapy effectively alleviates arthritic pain, reduces inflamma-
tion, and improves joint function through unique physiological effects
and mechanisms. Cryotherapy initially induces rapid skin vasoconstric-
tion through hemodynamic effects, followed by reflexive vasodilation
(known as the "hunting reaction") mediated by the sympathetic-adrenal
system. This physiological response, termed “heat shock,” significantly
reduces blood flow in the inflamed area, effectively alleviating inflam-
mation and swelling [58,59]. Second, cryotherapy has neuromuscular
effects by reducing the excitability discharge frequency of the cutaneous
nerves and nerves associated with the Golgi tendon organs [60]. It al-
leviates muscle fatigue and stiffness, relieves spasms and pain, and im-
proves muscle function. Finally, cryotherapy directly affects the joints
and surrounding connective tissues by lowering the intraarticular tem-
perature to inhibit collagenase activity [61], lengthening tendons, fur-
ther reducing joint and connective tissue inflammation, increasing the
range of motion (ROM) of joints, and enhancing joint flexibility [62].
Despite the significant pain relief and inflammation reduction effects
of cryotherapy in the treatment of arthritis, it is noteworthy that in
some cases, cold stimulation may exacerbate arthritis symptoms. Par-
ticularly for certain types of arthritis, such as diseases associated with
Raynaud’s phenomenon or circulatory disorders, cryotherapy may lead
to decreased blood flow, worsening pain, and stiffness. Additionally,
prolonged cold application may cause cold-related injury of local tis-
sues, affecting the recovery of soft tissues around the joints [63,64].
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Studies have shown that the physiological mechanisms of cryother-
apy in the treatment of arthritis are closely related to inflammatory fac-
tors, intercellular adhesion molecules, and enzymatic pathways. Pey-
ronnel et al. conducted a study using an antigen-induced arthritis (AIA)
model. They observed that, after twice daily local cryotherapy, the ex-
pression levels of IL-6, IL-18, and TNF-a significantly decreased in rats
[65]. Compared with the placebo group, cryotherapy significantly re-
duced the white blood cell count and inflammatory cytokine concentra-
tion in the synovial fluid. This effect was also observed in rats with
KOA induced by anterior cruciate ligament transection [66]. Guillot
et al. compared the effects of local ice packs and high-pressure cold
CO, therapy in patients with non-purulent knee arthritis. They found
that local ice packs significantly reduced levels of IL-6, IL-18, vascu-
lar endothelial growth factor (VEGF), nuclear factor kB p65 (NF-xB
p65), and prostaglandin E2 (PGE2) in the synovial fluid, particularly
in cases of crystal-induced arthritis [67]. Further, a randomized con-
trolled trial (RCT) found that, although there was no change in IL-6
levels after WBC, the level of intercellular adhesion molecule 1 (ICAM-
1) showed a downward trend, and a decrease in oxidative stress markers
was observed [68]. In vitro experimental results showed that localized
cryotherapy in an AIA mouse model exhibited both local and systemic
anti-inflammatory effects at the gene and protein levels. This is primarily
mediated through the IL-6/IL-17A pathway, independent of TNF-a [69].
Concurrently, some studies have reported that cryotherapy reduces ox-
idative stress and/or increases antioxidant buffering capacity [70-72].

Moreover, the effectiveness of cryotherapy appears to be closely re-
lated to treatment temperature. Studies have indicated that when the
temperature is lowered by 10 °C, enzyme activity in cellular metabolic
pathways decreases by 50% [73]. A systematic review and meta-analysis
revealed that moderate cold (11 °C-15 °C) is more effective in alle-
viating delayed onset muscle soreness than severe cold (5 °C-10 °C)
[74]. Compared to normal body temperature (37 °C), deep hypothermia
(17 °C) significantly reduces the expression of inflammatory mediators
and cytokines [75]. However, in a rat model of knee arthritis, although
cryotherapy at 5 °C and 10 °C significantly reduced pain and swelling, no
significant differences were discernable between the two temperatures
[76]. A prospective randomized study found that continuous cryother-
apy at 10 °C significantly relieved postoperative pain in patients under-
going anterior cruciate ligament reconstruction, while treatment at 5 °C
had no notable effects [77]. These results indicate that there may be an
optimal temperature range within which cryotherapy is most effective in
relieving pain and inflammation. These findings also suggest that differ-
ent treatment temperatures may have varying effects on the expression
of inflammatory mediators and cytokines, emphasizing the importance
of precise temperature control to optimize the effects of cryotherapy.

By integrating the results of previous research, we have summa-
rized the potential molecular mechanisms involved in cryotherapy for
arthritis treatment (Fig. 3) [78]. Cold stimuli first activate cold recep-
tors, with the signal then transmitted via afferent nerves to the central
nervous system, subsequently triggering the release of norepinephrine
and acetylcholine by sympathetic nerve terminals [79,80]. These neuro-
transmitters bind to specific receptors on macrophage surfaces, prevent-
ing the phosphorylation and degradation of IxB, thus effectively inhibit-
ing the activation of NF-xB. The inhibition of NF-xB activation reduces
the release of pro-inflammatory cytokines (such as IL-1, IL-6, IL-8, and
TNF-«) and intercellular adhesion molecules [81], while promoting the
production of the anti-inflammatory cytokine IL-10 [82-84]. Addition-
ally, cryotherapy induces vasoconstriction mediated by a-adrenergic re-
ceptors and reduces VEGF expression, thereby inhibiting angiogenesis
and infiltration of inflammatory cells [85]. At the same time, cryother-
apy reduces histamine release in tissues and downregulates the expres-
sion of inducible nitric oxide synthase (i-NOS), myeloperoxidase (MPO)
[86,871, superoxide dismutase (SOD) [88], and glutathione (GSH) [86],
effectively alleviating oxidative stress. Cryotherapy further alleviates in-
flammatory responses and joint damage by lowering the activities of
collagenase [89], MMPs [90] and COX-2.
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2.2. Physiological effects and mechanisms of thermotherapy in arthritis
treatment

Thermotherapy plays a crucial role in arthritis management primar-
ily by increasing local or systemic temperatures to enhance blood cir-
culation, boost tissue oxygen supply, alleviate pain, relieve muscle ten-
sion, and improve joint flexibility [91-93]. This therapy improves blood
circulation through the application of heat, facilitating the removal of
metabolic waste and the delivery of nutrients, thereby accelerating the
repair of damaged tissues [94,95]. Further, heat directly acts on pain-
sensitive nerve endings, effectively relieving both chronic and acute pain
by decreasing the release of inflammatory mediators [55,91]. Certain
forms of heat therapy, such as hot spring baths, mud therapy, and paraf-
fin baths, possess unique physiological effects because of their different
heat-producing media. Hot spring baths utilize mineral-rich spring wa-
ter, producing a dual therapeutic effect on patients with arthritis: both
the physical effects of heat therapy and the chemical treatment actions
of minerals dissolved in the water [96]. The components of hot spring
water, such as sulfides, are particularly effective in reducing inflam-
mation, promoting blood circulation, and alleviating muscle pain [97].
When mud application and hydrotherapy are combined, mud therapy
acts by deeply penetrating the skin with its unique minerals and ther-
mal retention properties, providing a sustained warming effect [98,99].

This therapy not only promotes blood circulation in deep tissues, but
also reduces pain and inflammation, thereby enhancing joint flexibility.
Paraffin baths involve immersing the affected areas in melted paraffin
to deliver lasting warmth, enhancing blood circulation, and improving
skin conditions, and are particularly beneficial for arthritis in the hands
and feet, effectively easing joint stiffness and pain [100].

From a molecular perspective, thermotherapy plays a crucial role
in the modulation of inflammatory responses. After exposure to 41 °C
for 30 min, fibroblast-like synoviocytes isolated from patients with RA
showed a significant reduction in IL-14-induced PGE2 release. The syn-
thesis of pro-inflammatory cytokines and related proteins, including vas-
cular cell adhesion molecule 1 (VCAM-1), ICAM-1, TNF-qa, IL-1a, IL-
18, IL-8, and COX-2, was also inhibited [101]. Other research findings
also suggest that thermal therapy can lower the serum levels of pro-
inflammatory molecules, such as TNF-«, IL-18, IL-6, PGE2, leukotriene
B4 (LTB4), and C-reactive protein (CRP), while promoting the genera-
tion of anti-inflammatory molecules like IL-10 and insulin-like growth
factor 1 (IGF-1) [102-105]. The NF-xB signaling pathway plays a piv-
otal role in regulating the inflammatory response. Under unstimulated
conditions, NF-xB forms a complex with its inhibitor IxBa in the cyto-
plasm. When IxBa is phosphorylated and subsequently degraded, NF-xB
is released and translocated into the nucleus, initiating the gene expres-
sion of various pro-inflammatory factors. Thermotherapy can prevent
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the phosphorylation and degradation of IxBa, thereby inhibiting the
activation of NF-«B and maintaining it in the cytoplasm, reducing in-
flammation. Moreover, thermal therapy can also promote the produc-
tion of heat shock protein 70 (HSP70), which binds to members of the
NF-xB signaling pathway such as p65, c-Rel, and p50, further imped-
ing the entry of NF-xB complexes into the nucleus, thus alleviating in-
flammation [54,106,107]. Stuhlmeier et al. discovered that short-term
thermal therapy (exposure to 41 °C for 30 min) can block the activa-
tion of mitogen-activated protein kinase p38 (MAPK p38), which plays
a central role in many pro-inflammatory responses [108]. Additionally,
the neuroendocrine response triggered by heat stimulation leads to the
release of opioid-like substances such as endorphins and enkephalins,
providing significant analgesic effects during and for several weeks af-
ter hydrotherapy sessions [109].

Based on the analysis and understanding of earlier studies, we have
prepared a list of the key signaling pathways and molecular mecha-
nisms that may be involved in thermotherapy for arthritis treatment
(see Fig. 4). First, heat stimulation (or mild thermal therapy) directly
inhibits the phosphorylation and degradation of IxBa, preventing the
release and activation of NF-xB, thereby suppressing the expression of
pro-inflammatory factors [101]. Thermotherapy also promotes the ex-
pression of heat shock proteins (such as HSP70 and HSP32) [54,110],
which bind to key members of the NF-xB signaling pathway, further
stabilizing the NF-xB complex in the cytoplasm [106,107]. These mech-

anisms work together to effectively inhibit the NF-«B signaling pathway,
thereby downregulating the expression of pro-inflammatory factors
(such as IL-1p [102,104,105], IL-6 [104,111], TNF-« [102,105,112],
PGE2 [102,105], and LTB4 [102,105]) and related proteins (such as
COX-2 [113], MAPK p38 [108], MMP3 [114], and CRP [102]), while
increasing the production of IL-10 [54] and IGF-1 [102]. Further, inhibi-
tion of the NF-«B signaling pathway can decrease the expression of adhe-
sion molecules, such as ICAM-1 and VCAM-1 [101]. Heat stress-induced
HSP expression can also directly reduce the production of reactive oxy-
gen species (ROS) and reactive nitrogen species (RNS) [115], protecting
cells from oxidative stress damage. Second, synovial microvessels dilate
under the combined action of NO, PGE2, and VEGF, increasing blood
circulation that helps alleviate pain and promotes the repair of dam-
aged tissues. An increase in temperature decreases the conduction ve-
locity of C-fiber sensory nerves that transmit pain signals, raises the pain
threshold, effectively reduces pain signal transmission, and enhances
analgesic effects [55,116]. Thermotherapy triggers a neuroendocrine
response, activating the hypothalamic-pituitary-adrenal axis that pro-
motes the release of endorphins and corticosteroids, thereby enhancing
anti-inflammatory and analgesic effects [109,117].

In summary, cryotherapy, thermotherapy, and contrast therapy
are important non-pharmacological treatments that provide effective
support for pain management and functional recovery based on their
respective physiological mechanisms. These methods optimize blood
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circulation, alleviate muscle tension, and promote wound healing by
regulating body temperature, thereby playing a significant role in sports
recovery, chronic disease management, and postoperative care. With a
growing understanding of the efficacy of these therapies, their value in
clinical practice continues to be confirmed, offering patients a broader
spectrum of treatment options. These three therapeutic approaches
complement each other and offer personalized treatment configurations,
such as combining the rapid vasoconstriction effects of cryotherapy with
the deep muscle relaxation benefits of thermotherapy or alternating
between cold and heat in contrast therapy to adapt to varying symptoms
and disease states. Advances in technology and research have led to
the development of precise thermo-therapeutic and cryo-therapeutic
equipment. These devices not only enhance the safety and efficacy
of treatments, but also improve their convenience and acceptability,
furthering the scientification and standardization of physical therapy.

3. The application of cryotherapy and thermotherapy in OA and
RA

3.1. Cryotherapy

Cryotherapy can be divided into local and whole-body forms; local
cryotherapy is typically used for treating inflammation and pain in spe-
cific areas, such as joint and muscle injuries, whereas WBC is used to
treat conditions affecting multiple parts of the body or the entire system.
Each method emphasizes temperature control and application duration.
The applications of specific cryotherapy techniques, including treatment
protocols and outcomes for various types of arthritis, are summarized
in Table 1.

3.1.1. Local cryotherapy

3.1.1.1. Cold compress. As a traditional form of cryotherapy, cold com-
presses are extensively used in the management of OA and RA and have
been clinically validated. An RCT found that patients with KOA who
applied reusable gel ice packs to their knees for 20 min, three times
a week over a period of 8 weeks while engaging in routine home ex-
ercises experienced effective reduction in pain and joint stiffness, with
improvements also noted in daily function and balance [118]. Moreover,
studies using animal models have supported the clinical application of
cold compression therapy. Castro et al. applied a plastic bag filled with
crushed ice directly to the affected knee in an AIA mouse model, with
each session lasting 20 min and a 2-hour interval. The results indicated
that this method increased the expression of Agrin and Atrogin-1 in the
muscle environment, aiding in the maintenance of neuromuscular junc-
tions and protection of muscle fibers, while also reducing joint swelling
and inflammation [119]. Previous studies have confirmed that clinically
analogous cryotherapy significantly increases the footprint area in rat
models of knee osteoarthritis, reduces leukocyte counts and inflamma-
tory cytokine concentrations in the synovial fluid, effectively diminishes
joint synovitis, and improves locomotive function [66].

Some studies have compared cold compression therapy with other
cryotherapies or physical therapies to evaluate its efficacy in patients
with nonsuppurative arthritis and OA. Two RCTs compared the effects
of local ice packs and high-pressure cold CO, (78 °C) treatment on non-
suppurative knee arthritis. The results showed that local ice packs (twice
daily for 30 min, at 8-hour intervals, for 1 day) significantly lowered the
levels of IL-6, IL-14, VEGF, NF-kB p65, and PGE2 in synovial fluid, es-
pecially in the subgroup with microcrystal-induced arthritis, whereas
high-pressure cold CO, only reduced VEGF levels [67,120]. Sari et al.
compared the effects of cold compresses (15 min daily) and intermit-
tent pneumatic compression therapy (30 min daily) on ROM, muscle
strength, knee swelling, pain intensity, and functional status in patients
with KOA and found that both methods significantly improved symp-
toms after 4 weeks and 20 sessions of treatment, particularly intermit-
tent pneumatic compression therapy, which was more effective in reduc-
ing knee swelling [121]. A prospective randomized crossover study of
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patients undergoing TKA investigated the effects of alternating the post-
operative placement of cold packs on the palms and knees. The findings
revealed no significant differences in outcomes based on the location of
the cold application, indicating that both palm and knee cold therapy
effectively improved post-TKA patient sensation [122].

Overall, cold compression therapy holds an important position in the
management of arthritis as a simple, safe, and non-invasive treatment
modality. However, further research is required regarding its specific
mechanisms and applicability to different types of arthritis.

3.1.1.2. Cold spray and cold air therapy. Cold spray and cold air ther-
apies are two common cryotherapy methods used to alleviate pain
and inflammation in arthritis. Cold spray rapidly reduces the temper-
ature of the affected area through the evaporative cooling effect of the
sprayed liquid mist, whereas cold-air therapy uses low-temperature air
applied directly to the affected area or the entire body to lessen pain
and swelling. Both treatments are noninvasive and widely used in the
management of diseases such as RA and OA. To study the effects and
mechanisms of cryotherapy in RA treatment, Peyronnel et al. applied
cold-spray therapy in an AIA mouse model. From the onset of the dis-
ease (day 10 post arthritis induction) to the acute inflammatory phase
(day 24 post arthritis induction), each paw was subjected to nine al-
ternating sprays, each lasting 5 s, with a 10-second interval. The re-
sults showed that cold spray significantly reduced arthritis scores and
structural damage, decreased leukocyte infiltration into the aorta, and
improved vascular dilation function. Concurrently, a reduction in the
aortic mRNA expression levels of CXCL-1, IL-6, IL-14, and TNF-a was
observed [65].

Conversely, another study found that compared to cold spray treat-
ment (twice daily at 9AM and 5PM, for 20-30 min each time, over 14
days), ice packs performed better in improving joint scores and reducing
swelling and were more tolerable, whereas cold spray may exacerbate
arthritis at the beginning of treatment [69]. Further, a prospective study
assessed the effectiveness of ethyl chloride spray during functional exer-
cises for recovery after TKA by comparing its use with not using it. The
intervention group applied the spray three times daily during functional
exercises, with each session lasting approximately 40 s, whereas the con-
trol group did not use the spray postoperatively. The results showed that
the intervention group significantly outperformed the control group in
terms of postoperative pain scores and range of knee joint motion. Par-
ticularly notable were the significant reductions in knee circumference
at 21 and 28 days postoperatively, the time taken to achieve a knee
flexion of 90°, and the total consumption of analgesic medication. This
suggests that ethane chlorohydrin spray plays a positive role in postop-
erative recovery [123].

In a study by Zerjavic et al., 30 patients with RA underwent cold
air (=30 °C) or ice massage therapy, with each therapy session lasting
5 min on the back and palm of each hand. The results indicated that both
cold therapy methods significantly reduced pain immediately and at 30-
and 60-min post-treatment, although the differences were not significant
compared to baseline. Grip strength improved post-treatment but not
significantly in statistical terms [124]. Another RCT evaluated the ef-
fect of whole-body and localized cryotherapy at different temperatures
on total antioxidant capacity in patients with active seropositive RA.
Sixty patients were randomly assigned to three groups: —110 °C WBC,
—60 °C WBC, and localized cryotherapy, administered three times daily
for seven consecutive days. In addition, the patients underwent conven-
tional rehabilitation treatments. WBC was conducted inside a cryocham-
ber, where patients first stayed for 30 s in a —10 °C antechamber, then
30 s in a —60 °C second chamber, and finally walked for 3 min in a
main chamber at —110 °C or —60 °C. Localized cryotherapy involved
the direct application of cold packs or —30 °C cold air to swollen joints,
each session lasting 10-30 min. The results showed that the —110 °C
WBC group exhibited a significant increase in the total radical-trapping
antioxidant parameter (TRAP) within 1 h after treatment. However, dur-
ing the week of treatment, although there were significant differences
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Table 1
Summary of cryotherapy techniques and their efficacy in treating osteoarthritis (OA) and rheumatoid arthritis (RA).
Technology Materials/equipment Disease Procedure Modifications (‘+: positive effect;-”: negative Ref.
effect)
PBC
Cold compress Gel ice packs KOA 20 min, 3/wk for 8wk +Pain, +stiffness, +physical function,+total [118]
score
Ice packs KOAd 20 min, 2/d(every 4 h) for 5d +Inflammation, +improve gait pattern [66]
Thermogel®, Artsana RA 30 min, 2/d(every 8 h) for 1d +Pain, +decrease IL-6, IL-18, VEGF and PDUS [67,120]
score
Ice pops, Yéti, Yetigel RA? 10-30 min, 2/d(every 8 h) for 14d +Decrease arthritis score, +joint swelling, [69]
+tolerance
Crushed ice pack KOAD 20 min, total 2tm(every 2 h) +Decrease inflammation, swelling and [119]
neutrophil migration, +increased Agrin and
Atrogin-1 expression
Cold Packs KOA 15 min/d, 5/wk for 4wk +ROM, +muscle strength, +pain, +improve [121]
functional status
Hisamitsu Pharmaceutical TKA for KOA 1-1.5 °C, 10 min, 2d +Pleasant sensation [122]
Co.
Cold spray Ice Spray, Ghiaccio Spray® RA? 5 s/tm, every 10 s, total 9tm; 2/d for +Decrease arthritis score and structural [65]
15d damages
Ice Spray, Ghiaccio Spray® RA? 10-30 min, 2/d(every 8 h) for 14d -Inflammation (briefly) [69]
Ethyl chloride spray TKA for KOA 40 s, 3/d for 4wk +Pain, +ROM [123]
Cold Air Cryo 6, Zimmer RA - 30 °C, 5 min each, back and palm +Pain, +improve grip strength [124]
NR RA - 30 °C, 10-30 min, 3/d for 7d +Increase TRAP [125]
Zimmer Cryo 5 RA 3 min, 2/d for 10d +Decrease TNF-a, ++DAS28,+pain, +ROM, [126]
+HAQ, +stiffness
Liquid nitrogen and Cold CO,, Cryo+®, Cryonic RA —78 °C, 2 min, 2/d(every 8 h) for 1d +Pain, +decrease IL-6, IL-14, VEGF and PDUS [67,120]
carbon dioxide score
cryotherapy Liquid nitrogen gas RA —-160 °C, 3 min, 2/d for 10d +Decrease TNF-a, ++DAS28,+pain, +ROM, [126]
+HAQ, +stiffness
Cryogenic liquid CO, gas TKA for DA —78 °C, 6 min, 6/wk for 2wk +ROM, +pain, +edema, +walking [127]
Cryocompression U-sport ultimate recover TKA or UKA 5/d for 6wk ?Pain, function, satisfaction [128]
knee cold compression brace for OA
Game Ready™ TKA for OA 5 °C, 20 min, 6/d for 2wk +ROM [129]
Game Ready™ TKA for OA 1/h, >4/d for 2wk +Pain, +satisfaction [130]
Game Ready System® THA for OA 0 °C, 30 min, total 15tm(at least +Pain, +hospital admission time [131]
Hip/Groin-wrap every 4 h)
Controlled cooling Zamar Z-one MG465A TKA for KOA 5°C, 3 h, 2/d for 5d +Pain, +ROM, +satisfaction [133]
therapy Cooling flow device TKA for OA Post-surgery first 2h: 7 + 2 °C, +Pain, +ROM, +blood loss [135]
afterwards: 12+3 °C, 6d
Icing System CF3000, Sigmax  THA for OA 5°C, 3d +Joint swelling, +satisfaction [134]
Icing System 2000, Sigmax THA for OA 5°C, 4d +Pain [132]
Cryotherapy pack TKA for KOA Apply cold therapy for 20 min, rest +ROM, +joint swelling [136]
30 min, change every 4 h until
discharge
Other local Cold water; homemade KOA® 5 or 10 °C, 20 min, 1/d for 7d +Pain, + joint swelling [76]
cryotherapy cryotherapy device
Cold rub gel, GOLDARU KOA 2/d for 4wk +Pain, +joint function [138]
Wet mud RA? 21 °C, 20 min/tm, total 34tm +Bone metabolism [137]
Ice (massage) RA 5 min each, back and palm +Pain, +improve grip strength [124]
WBC
Whole-body Cryomed s.r.o., Slowakia RA —130 °C, 90 s for first, 120 s for +Pain, +disease activity, +reduce analgesics [139]
cryochamber second, 180 s for third and thereafter,
therapy 1/3d (total 6) for 14d
Cryogenic nitrogen chamber Lumbar OA —130 °C, 1.5-3 min, total 10tm, 2wk +Pain [140]
NR RA,0A —140 to —160 °C, 2-3 min, 1/d for +Reduced histamine levels [141]
4wk
Criostream RA —145 °C, initially 90 s, afterwards +Pain, +disease activity, +functional score [142]
2.5 min, total 9tm, 5d
Mecotec Cryoair Hand RA —60 °C for 30 s and —110 °C for 3min +Reduce skin temperature [143]
Zimmer Medizinsysteme RA —60 °C for NR and —110 °C for +Pain, +disease activity [144]
3 min,2/d for 4wk
Zimmer, Elektromedizin RA —10 °C for 30 s, =60 °C for 30 s and +Increase TRAP(greater with —110 °C) [125]
—60 °C or —110 °C for 3 min, 3/d for
7d
NR RA —10 °C for NR and —60 °C for NR, +Pain, +disease activity, +fatigue, +walking [145]
—110 °C for 3 min, 1/d for 2wk
Whole-body cold Amandan® device RA 2 min, 2/d +Pain, +sleep quality [146]

mist shower therapy

a, adjuvant-induced arthritis rat model; b, antigen-induced arthritis mouse; c, rat knee joint arthritis model; d, rat model of KOA induced by anterior cruciate ligament
transection; OA, Osteoarthritis; DA, degenerative arthritis; RA, rheumatoid arthritis; KOA, Knee Osteoarthritis; UKA, Unicompartmental Knee Arthroplasty; TKA, Total
Knee Arthroplasty; THA, Total Hip Arthroplasty; wk, week; tm, time; d, day; h, hour; min, minute; s, second; NR, Not Reported; PBC, Partial Body Cryotherapy;
WBC, Whole Body Cryotherapy; VEGF, vascular endothelial growth factor; PDUS, power doppler ultrasound; ROM, range of motion; DAS28, disease Activity score
28; HAQ, health assessment questionnaire; TRAP, trapping antioxidant capacity of plasma; Ref, reference.
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in TRAP values among the treatment groups in the morning, the TRAP
values within each group did not change significantly [125].

In summary, cold spray and cold air therapy, two common forms
of cryotherapy, effectively reduced arthritic pain and inflammation and
improved functional status. Cold spray is suitable for rapid localized
cooling and offers the advantage of easy operation, whereas cold air
therapy achieves deeper tissue cooling and systemic therapeutic ef-
fects. However, caution is required when using cold sprays containing
ethyl chloride because studies have suggested that they may be asso-
ciated with serious adverse reactions such as periarticular infections,
deep vein thrombosis, and acute myocardial infarction [123]. Future
research should further investigate these adverse reactions and confirm
their causal relationships to ensure the safety of the therapy.

3.1.1.3. Liquid nitrogen and carbon dioxide cryotherapy. Liquid nitrogen
and carbon dioxide cryotherapy represents a specific form of cryother-
apy involving brief applications of extremely cold liquid nitrogen or
carbon dioxide to a targeted area, effectively reducing local tissue tem-
perature and alleviating inflammation and pain. These two therapies
are primarily used to treat the symptoms of RA, OA, and other forms of
arthritis and have also demonstrated favorable outcomes in postopera-
tive rehabilitation. For instance, Jastrzabek et al. compared the effects of
nitrogen cryo-flow therapy (—160 °C) and cold air flow therapy (-30 °C)
on patients with active RA. They observed that after twice-daily treat-
ments of 3 min each over a span of 10 days, both the patients treated
with liquid nitrogen and those treated with cold air exhibited signifi-
cant reductions in TNF-a levels, while IL-6 levels did not show notice-
able changes. Further, both treatments significantly improved 28-joint
Disease Activity Scores (DAS28), pain perception, morning stiffness du-
ration, self-reported fatigue levels, and scores on the Health Assessment
Questionnaire (HAQ). Simultaneously, these treatments increased the
range of motion of the knee joints and improved performance in the
50-meter walk test [126].

Another recent RCT examined the effects of cryotherapy on ROM,
pain, swelling, and gait in patients who underwent TKA. In the experi-
mental group, the affected knee joints were subjected to a direct spray
of liquid carbon dioxide gas at —78 °C, six times weekly for two con-
secutive weeks, with 3 min of application both before and after daily
physical rehabilitation; the control group received a sham treatment.
The results indicated that the experimental group showed significant
improvements in knee joint flexion, pain levels, swelling, and perfor-
mance on the 10-meter walk test, with notable differences compared
with the control group. This suggests that a rehabilitation exercise pro-
gram incorporating cryotherapy is highly effective in improving ROM,
alleviating pain and swelling, and enhancing gait [127].

Both liquid nitrogen and carbon dioxide cryotherapies, which are
extremely low-temperature cryotherapy methods, have demonstrated
significant benefits in improving pain, inflammation, and function in
patients with arthritis. Liquid nitrogen therapy is applicable for deeper
tissue cooling, whereas liquid carbon dioxide therapy is more frequently
employed in postsurgical rehabilitation. Future research should further
clarify the application scope of these two cryotherapy methods, offering
patients with arthritis more tailored and precise treatment options.

3.1.1.4. Cryocompression therapy. Cryocompression therapy, which
combines cryotherapy with compression therapy, is gaining attention
in postoperative rehabilitation. This treatment modality leverages the
dual effects of cryotherapy and compression to alleviate pain, facilitate
healing, and enhance patient satisfaction. In recent years, several studies
have explored the effectiveness of cryocompression therapy in patients
after knee replacement surgery and in those with osteoarthritis. For ex-
ample, a single-center, single-blind RCT was planned to use the U-sport
ultimate recovery knee cryocompression brace after knee replacement
surgery, which delivers cooling via reusable gel packs and uses a manual
pump to adjust the compression exerted by the brace [128].
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The Game Ready™ system, another commonly used cryocompres-
sion therapy device, provides controlled cryotherapy and intermittent
pneumatic compression, showing positive results in post-TKA rehabili-
tation. After undergoing treatment with this system six times daily for
20 min per session for 2 weeks, 36 patients exhibited significantly bet-
ter knee joint extension on the first and fourteenth day postoperatively
compared to the control group [129]. Su et al. confirmed that patients
with unilateral KOA, using GameReady™ for cryocompression therapy
at least four times daily over 2 weeks post-TKA, significantly reduced
their need for postoperative analgesics and improved their performance
in the six-minute walk test. Patient satisfaction with this treatment was
significantly higher than with traditional ice application and static com-
pression [130].

Additionally, traditional cryocompression therapy has been shown
to have certain effects. In a prospective RCT, patients with end-stage
OA received 15 sessions of standard elastic compression bandaging and
intermittent cryocompression therapy, each lasting 30 min, following
TKA. The results showed that on the first postoperative day, the control
group experienced a smaller decrease in hemoglobin levels, whereas on
the third postoperative day, there were no significant differences be-
tween the two groups. The intervention group exhibited a lower trend
in morphine use, shorter hospital stay, and less wound drainage, with
one case of deep vein thrombosis in the control group [131]. Overall,
cryocompression therapy presents a promising outlook for rehabilitation
after knee replacement surgery, achieving significant results in alleviat-
ing postoperative pain, promoting functional recovery, and enhancing
patient satisfaction. Nevertheless, future large-scale studies are required
to validate its long-term efficacy, establish optimal treatment protocols,
and identify the most appropriate timing to guide clinical practice more
effectively.

3.1.1.5. Controlled cooling therapy. Continuous cold flow (CCF) is a
method that provides a constant and uniform distribution of cold
and heat to the treatment area by continuously delivering cold flu-
ids, primarily used to alleviate inflammation, swelling, and pain [132].
Coviello et al. assessed the therapeutic efficacy of CCF in 100 patients
who underwent TKA. The intervention group began receiving CCF treat-
ment set at 5 °C from the day before surgery, continuing post-surgery
for three h each morning and evening, and lasting until the fifth day
after surgery. In the control group, traditional cold compresses were ap-
plied for 15 min within 6 h post-surgery and after each physical therapy
session. The results showed that the intervention group experienced sig-
nificantly reduced pain in the early postoperative period, decreased use
of opioid medications, and improved passive ROM [133].

A 2012 single-center retrospective study in Japan investigated the
impact of continuous local cryotherapy following total hip arthroplasty.
Thirty patients underwent continuous treatment for 72 h using cooling
devices set at 5 °C. Compared with the control group, the intervention
group demonstrated significant reductions in thigh circumference on
the fourth day after surgery, along with a notable increase in patient
satisfaction [134]. Further, past research has validated the effective-
ness of CCF in post-TKA recovery. In this study, patients in the inter-
vention group used CCF immediately post-surgery for 6 days, pausing
only during brief walking and knee joint exercises. Skin temperature was
maintained at 7 °C + 2 °C in the first 2 h post-surgery, later adjusted to
12 °C + 3 °C. Patients in the control group did not receive cryotherapy
after surgery on the contralateral knee joint. The results indicated that
patients who underwent cryotherapy had better outcomes in terms of
pain scores, consumption of analgesics, amount of drainage, total post-
operative blood loss, and better early range of motion recovery [135].

Programmed cryotherapy is a cold therapy method that controls tem-
perature and application time and is often combined with continuous
passive motion (CPM) to facilitate postoperative recovery. In a study of
60 patients undergoing computer-assisted total knee arthroplasty, pa-
tients in the intervention group started programmed cryotherapy and
CPM within 1 h postoperatively. The CPM ranged from 0° extension to
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60° flexion, and programmed cryotherapy was administered for 20 min,
followed by a 30-min pause, with cryotherapy packs replaced every 4 h,
continuing from the first day post-surgery until discharge. The patients
in the control group did not receive cryotherapy during the study period.
By the fourth postoperative day, patients in the intervention group had
significantly better ROM than those in the control group (98° vs. 91°),
and the intervention group also had lower average joint swelling than
the control group (32.2 cm vs. 33.9 cm) [136]. These data suggested that
CCF and programmed cryotherapy play crucial roles in postoperative re-
habilitation by significantly enhancing postoperative pain management
and recovery outcomes.

3.1.1.6. Other localized cryotherapy. Other commonly used cryotherapy
methods, such as cold-water immersion, cold mud baths, and cold gel
rubs, have a certain history of application and efficacy in the treatment
of arthritis. In 2021, Sasaki et al. compared the effects of cold-water im-
mersion at 5 °C and 10 °C on pain, swelling, CD68+ cell count, and calci-
tonin gene-related peptide (CGRP) expression on the spinal cord dorsal
horn in rats with acute phase arthritis, finding that both temperatures
of cold water treatment significantly reduced pain and swelling, and de-
creased CD68+ cell count and CGRP expression. These findings suggest
that cryotherapy effectively alleviates the inflammatory response and
central sensitization in arthritis. However, the difference in effective-
ness between the two temperatures was not significant [76].

A study conducted in 2012 evaluated the effects of 21 °C cold mud
baths, 38 °C hot mud baths, and hot sand baths at the same temperatures
on the skeletal status of male Wistar rats with subacute arthritis. Treat-
ment was administered 4-5 times per week, with each session lasting
20 min. The results showed that 38 °C hot mud baths and hot sand baths
resulted in a relative decrease in bone density of the right femur com-
pared to the left. Also, cold mud baths significantly alleviated inflam-
mation and pain caused by arthritis and positively influenced skeletal
mobility [137].

In contrast to gel ice packs, cold rubbing gels provide simultane-
ous massage of the affected knee joint during cryotherapy. In one RCT,
patients applied a cold gel containing eucalyptus oil, menthol, and cam-
phor to massage their knee joint every 12 h for 4 weeks. The control
group used hot packs heated above 54 °C for treatment. Research re-
sults indicated that both cold rub gel and local heat therapy effectively
improved pain and joint function in patients with KOA with comparable
efficacy [138].

Various cryotherapy methods used commonly have unique roles and
advantages in the treatment of arthritis. Cold water immersion, cold
mud baths, and cold rubbing gels effectively alleviate inflammatory re-
sponses, reduce pain, and improve joint function. Future research and
clinical practice should delve deeper into the scope and best practices of
different cryotherapy methods, thereby offering patients with arthritis
more personalized and effective treatment solutions.

3.1.2. Whole-body cryotherapy

3.1.2.1. Whole-body cryochamber therapy. WBC therapy alleviates pain
and inflammation by exposing the body to extremely low temperatures.
This therapy is usually conducted using specially designed cryocham-
bers, which can be categorized into single-, double-, and triple-chamber
types, depending on the design. Single-chamber cryochambers offer
a basic cryotherapy experience, whereas double and triple chambers
provide phased cooling to enhance patient adaptability and comfort,
thereby optimizing therapeutic outcomes.

Klemm et al. evaluated the efficacy of single-chamber WBC for treat-
ing RA by conducting an RCT. During this study, patients with active-
phase RA were treated in a cryochamber at —130 °C, dressed solely
in swimwear or underwear along with warm socks, and their fingers
were placed under their armpits for added comfort throughout a 16-day
comprehensive treatment for rheumatism. The initial treatment dura-
tion was 90 s, increased to 120 s for the second time, and subsequently
increased to 180 s from the third time point, with sessions held every

10
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three days. The results of the study indicated that this WBC regimen
significantly reduced pain and disease activity in patients with RA and
decreased reliance on analgesics, which may be associated with changes
in cytokine levels [139]. Additionally, 30 patients with lumbar OA un-
derwent 10 sessions of WBC treatment in a low-temperature nitrogen
chamber at —130 °C, with each session lasting 1.5-3 min, followed by
45 min of rehabilitation training. The results revealed a significant re-
duction in lumbar pain intensity after WBC, although there was a slight
increase in blood levels of p-endorphin and adrenalin that did not reach
statistical significance, while cortisol levels were elevated significantly
[140].

A 2010 study compared the effects of WBC regimen and traditional
physical therapy on biochemical blood parameters of patients with RA
and OA. Twenty patients with RA and 17 patients with OA underwent
WBC daily for 4 weeks, with each session lasting 2 to 3 min, conducted
in an environment ranging from —140 °C to —160 °C. Patients in the
control group received traditional physical therapy for 4 weeks. The
results of the study indicated that WBC significantly decreased blood
histamine levels in patients with RA, with effects lasting for at least 3
months, whereas no significant changes were observed in patients with
OA [141]. Lange et al. evaluated the effects of WBC on pain relief, dis-
ease activity, and pro-inflammatory cytokine levels. Ten arthritis pa-
tients underwent nine treatments using the Criostream device, with du-
rations gradually increasing from 90 s to 2.5 min, and the treatment
temperature was set at —145 °C. These findings suggested that WBC
significantly alleviated pain and disease activity, reduced levels of TNF-
a and IL-1 and enhanced functional scores. Although two patients re-
ported adverse reactions of headache and cold sensation after the first
treatment, the overall patient acceptance of the therapy was high, indi-
cating that WBC is an effective and generally safe method for treating
arthritis [142].

In an RCT investigating dual-chamber WBC for hand RA, patients
were acclimatized to low temperatures for 30 s in a pre-cooling cham-
ber at —60 °C, followed by exposure for 3 min in the main treatment
chamber at —110 °C. Twenty-five healthy young individuals partici-
pated in this RCT and were divided into two groups: one group wore
gloves throughout the procedure, and the other group had partial hand
exposure. Thermal imaging was employed to monitor the skin tem-
perature of the joints to assess the pain threshold. The results indi-
cated that the strategy of hand exposure to cold treatment significantly
decreased skin temperature, and this may contribute to the manage-
ment of hand RA [143]. Another prospective study conducted by Braun
et al. assessed the effects of WBC on biochemical blood parameters,
pain, and inflammation in patients with inflammatory rheumatic dis-
eases. This study included 60 patients, 48 with RA and 12 with anky-
losing spondylitis. Treatment was administered using a dual-chamber
WBC system, with temperatures set at —60 °C in the pre-chamber and
—110 °C in the treatment chamber, twice daily for 3 min per session,
for 4 weeks. The results revealed a significant reduction in DAS28
and visual analog scale (VAS) scores in patients with RA and a no-
table decrease in the disease activity index in patients with ankylosing
spondylitis, suggesting effective improvement in pain and inflammation
activity [144].

Gizinska et al. compared the impact of three-chamber WBC and con-
ventional rehabilitation on clinical parameters and levels of IL-6 and
TNF-« in postmenopausal women with RA. This study included 44 pa-
tients who received a comprehensive treatment regimen that included
pharmacotherapy, functional mobility therapy, and physical therapy.
Of these, 25 patients received WBC, that included pre-cooling in an-
techambers at —10 °C and —60 °C, followed by 3 min of exposure in the
main chamber at —110 °C, once daily for 2 weeks. Nineteen patients
in the traditional rehabilitation group underwent personalized rehabil-
itation, including both magnetotherapy and electrotherapy. The study
found that both treatments significantly improved pain, disease activity,
fatigue, and performance in the 50-meter walk test. The conventional
rehabilitation group performed better on the HAQ, and both treatments
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effectively reduced the levels of IL-6 and TNF-a, indicating a positive
effect on inflammatory markers in patients with RA [145].

3.1.2.2. Whole-body cold mist shower. Unlike traditional WBC con-
ducted in cryochambers, whole-body cold-mist showers use cold water
mist directly applied to the skin to provide a gentler cooling experience
for patients. In a 2017 RCT, Hinkka et al. assessed the effects of this
method on pain and sleep quality in patients with chronic inflamma-
tory arthritis as well as its impact on body temperature, blood pressure,
and heart rate. During the study, the intervention group used the Aman-
dan® device for the whole-body cold mist shower, with each session
lasting 2 min, conducted twice daily, in the morning and evening. Dur-
ing the control period, the same patients did not undergo any cold mist
shower treatment and acted as their own controls. The results of the
study indicated significant pain relief during the treatment period, with
improvements in sleep quality. Therefore, whole-body cold mist show-
ers are considered a potentially safe option for the home self-treatment
of pain [146].

As a noninvasive treatment method, WBC offers a relatively safe pain
management option that is particularly appealing to patients seeking
alternatives to conventional drug treatments. WBC is not merely a sim-
ple freezing process; it regulates levels of cytokines such as TNF-« and
IL-1, activating the natural defense mechanisms of the body to effec-
tively promote pain relief and inflammation control. Although WBC has
shown benefits in alleviating pain and inflammation in RA and OA, its
widespread application and efficacy still requires large-scale studies for
validation. Future studies should focus on optimizing the treatment pa-
rameters to address the needs of various patients and explore the com-
bined use of WBC and other rehabilitation measures.

3.2. Thermotherapy

Thermotherapy is a viable approach for arthritis treatment that em-
ploys thermal effects to mitigate pain, promote blood flow, and hasten
the repair of damaged tissues. Given the diversity of techniques and
methods used in thermotherapy, we have categorized and summarized
them in Table 2 to facilitate their clinical adoption and usage. The spe-
cific applications of these techniques for different types of arthritis are
described and discussed in detail in the following sections.

3.2.1. Paraffin bath

The paraffin bath, a frequently employed thermotherapy method,
significantly alleviates hand pain and stiffness and enhances joint func-
tionality, especially in patients with OA. By immersing the hands in
heated paraffin, which closely envelops them, a deep thermal effect
is produced that promotes blood circulation and relaxes the muscles.
In a 2-week prospective single-blind RCT, researchers examined the ef-
fects of home-based exercises combined with heated paraffin treatment
on hand OA. Patients in the intervention group underwent ten paraffin
baths, each involving a 20-minute soak of the hands in 52 °C paraffin,
followed by wrapping with nylon and a towel. The results indicated that
at 2- and 6-weeks post-treatment, all assessment metrics for the inter-
vention group significantly surpassed those for the control group [147].
Another RCT had participants immerse their hands in paraffin heated to
50 °C, allow the paraffin to solidify, and then re-immerse, repeating this
process ten times. After each treatment, the hands were wrapped in plas-
tic bags and covered with towels for 15 min. Compared with the control
group, the paraffin embedded group showed significant improvements
in pain during rest and daily activities, ROM in the right hand, and pain
and stiffness scores on the Australian and Canadian Hand Osteoarthritis
Index [100].

A recent systematic review and meta-analysis confirmed the effec-
tiveness of paraffin bath therapy in alleviating hand pain and improv-
ing function, significantly enhancing the quality of life of the patients
[148]. These studies suggest that whether combined with basic exer-
cises or used alone, heated paraffin baths significantly improve hand
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pain and mobility and enhance quality of life. Nonetheless, there are
concerns regarding heated paraffin baths, including imprecise temper-
ature control and the risk of infection. Future research should aim to
delineate the most effective treatment protocols for paraffin baths and
offer patient-tailored and efficacious strategies for treating patients with
hand OA.

3.2.2. Infrared therapy

Infrared therapy uses the thermal energy of infrared radiation to pro-
mote blood circulation, relieve muscle pain, reduce inflammation, and
accelerate the natural healing of body tissues. It penetrates deep into
the muscles and joints and raises the local temperature, thereby exert-
ing its therapeutic effects. Chen et al. assessed the therapeutic effects of
far-infrared radiation (FIR) on RA in a rat model of AIA. They divided
42 rats randomly into six groups: normal control, AIA control, standard
treatment (methotrexate), and three FIR treatment (for varying dura-
tions) groups. The results showed that FIR treatment significantly im-
proved arthritis symptoms, with mechanisms involving the regulation
of transcription factors associated with multiple signaling pathways, in-
cluding MAPK, PI3K-Akt, and NF-«B, thus suppressing the expression of
inflammatory and autoimmune genes [149].

In another prospective randomized single-blind study involving 34
patients with RA and ankylosing spondylitis, patients received eight in-
frared sauna therapy sessions over 4 weeks, each 30 min long at 55 °C,
with wavelengths ranging from 5000 to 1,000,000 nanometers. The re-
sults indicated that the treatment significantly reduced pain, stiffness,
and fatigue in patients with no reported adverse reactions or increased
disease activity [150]. A 2004 study compared the effects of three lo-
cal thermotherapy methods— infrared, paraffin, and mud therapy—on
skin microcirculation in patients with RA and healthy individuals. Par-
ticipants received 15 min of infrared therapy, 20 min of 52 °C paraffin
therapy, and 20 min of 60 °C mud therapy on the lumbar area, with at
least 3 days between each thermotherapy session. The findings demon-
strated that all thermotherapy methods significantly enhanced skin mi-
crocirculation, skin temperature, and core body temperature. Notably,
there were no significant differences in the responses to these therapies
between patients with RA and healthy individuals [151].

In summary, infrared therapy has shown notable efficacy in pro-
moting blood circulation, alleviating pain, reducing inflammation, and
improving microcirculation. In both animal models and clinical trials,
infrared therapy substantially alleviated pain, stiffness, and fatigue in
patients with arthritis. However, current infrared therapy lacks stan-
dardization in terms of wavelength and temperature control, and there
is a potential risk of skin burns. Therefore, future studies should op-
timize the treatment parameters, establish clearer clinical guidelines,
and explore the combined use of infrared therapy with other treatment
modalities to provide more personalized and safer treatment options for
patients with arthritis.

3.2.3. Local deep heat therapy

Local deep heat therapy employs techniques such as radiofrequency,
ultrasonography, or shortwave radiation to deliver heat deep into the
joint and muscle tissues to reduce pain, improve function, and pro-
mote tissue repair. This therapy has shown significant efficacy in the
treatment of KOA and other chronic joint diseases. Jang et al. con-
ducted a comparison between radiofrequency thermotherapy and ther-
apeutic ultrasonography in alleviating pain and restoring function in
patients with KOA and found that both treatments significantly im-
proved stride length and speed; however, only the radiofrequency ther-
motherapy group showed significant improvement in cadence compared
to pre-treatment [94]. A 2021 RCT investigated the efficacy of a deep
thermal therapy system (DTT-RCA) for KOA. The system was equipped
with a high-frequency amplifier, a resonant cavity applicator, and an ad-
justable arm device, with power settings ranging from 20 to 40 W and
frequency ranging between 420 and 470 MHz. The control group un-
derwent conventional exercise therapy. Both groups received treatment
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Table 2

Summary of thermotherapy techniques and their efficacy in treating osteoarthritis (OA) and rheumatoid arthritis (RA).

Technology Equipment/materials Disease Procedure Modifications (‘+”: positive effect;-": Ref.
negative effect)
Paraffin bath Paraffin Hand OA 52 °C, 20 min, 5/2wk for 2wk +Pain, +hand function, +strength, [147]
+quality of life
Paraffin Hand OA 50 °C, 15 min, 15tm, 3wk +Pain, +ROM, +stiffness, +inflammation [100]
ParathermDN, Carle RA 52 °C, 20 min/tm +Increase skin microcirculation, skin and [151]
core temperature
Infrared Therapy FIR spectrum emission device, EFFIT RAP +Improve symptoms of arthritis [149]
LITE®
Health Company Infrared Cabin RA 55 °C, 30 min, total 8tm, 4wk +Pain, +stiffness, +fatigue [150]
Philips lamps, Model Super RA 15 min/tm +Increase skin microcirculation, skin and [151]
core temperature
Local Deep Heat HIPER-500 diathermy apparatus KOA 15 min, 3/wk for 4wk(total +Pain, +function, +improve cadence [94]
Therapy 10tm)
Ultrasonic SUS-2N KOA 15 min, 3/wk for 4wk(total +Pain, +function [94]
10tm)
DTT-RCA KOA 20 min, 1/2wk for 6m +Pain, +joint inflammation [152]
Thermal gun, Hong Kong Productivity =~ KOA 43 °C, 30 min, 2/wk for 4wk +Pain, +stiffness, +functional [161]
Council impairment, +quadriceps strength
SIEMENS Ultraterm 642 E KOA 15 min, 3/wk for 3wk, total 10tm  +Pain, +satisfaction (inferior to Spa [153]
therapy)
Spa therapy Tap water and peloid (from Tuzla Spa  KOA mudpacks:43 °C, 20 min, +Pain, +functional capacity [154]
Resort) baths:38 °C; 20 min, 1/2wk for
20wk
Mud packs and sulfate-calcium- Hand OA 20 min, 12tm +Function, +HAQ, +improve symptoms [155]
magnesium-fluorides water of arthritis
Thermal bath and mud (from OA Mudpacks: 40 °C, 20 min, baths: +Increase IGF-1, +decrease TNF-a [105]
(Abano-Montegrotto Terme) 37-38 °C, 10-12 min; 1/d, total
12tm
Thermal mineral water and KOA mudpacks: 42 °C, 20 min, baths: +Decrease microRNA expression, [156,157]
mud-packs 37 °C, 15 min; total 12tm, 2wk adiponectin and resistin levels
Mud packs and bicarbonate-sulfate KOA mudpacks:45 °C, 20 min, +Pain, +functional capacity [202]
mineral bath water (from Rapolano baths:38 °C; 20 min, total 12tm,
Terme) 2wk
Mud packs and arsenical ferruginous KOA mudpacks: 45 °C, 20 min, baths: +Pain, +satisfaction, +decrease use of [153]
mineral bath water(from Levico 38 °C, 15 min; 1/d for 3wk,total symptomatic drugs
Terme) 15tm
Mud application Peloid, fortified with sodium RA 41-42 °C, 20 min, 5/wk for 2wk +Disease activity, +pain, +HAQ [158]
chloride-rich mineral waters
Brazilian black mud RA? 40 °C, 30 min, 1/d, throughout +Protective effect [159]
arthritis
Mineral-rich mud KOA 30-35 °C, 20 min, 5/wk for 3wk, +Pain, +Lequesne index [160]
total 15tm
Turbatherm, Torfwerk Einfeld RA 60 °C, 20 min/tm +Increase skin microcirculation,skin and [151]
core temperature
Medicinal peat (Heiltorf) RA, OA 20 min, total 9tm, 21d +Disease activity, +pain, +functional [103]
health
Heat Wraps and Heat pack KOA 43 °C, 30 min, 2/wk for 4wk +ROM, +pain [161]
Compresses Heat- and steam-generating sheets, KOA 40 °C, 6 h/d for 12wk +Clinical symptoms, +walking ability [162]
Kao Corporation
TheraTherm Digital Moist Heating KOA 40-46 °C, 20 min, total 15tm, +Pain, +disability, +quality of life [163]
Pads 4wk(once every other day)
Balneotherapy Szigetvar mineral water and tap water ~ OA 34 °C, 30 min, 5/wk for 5wk +ROM, +WOMAC, +pain, +quality of life [164]
Thermal mineral water RA 36-37 °C, 20 min/d, 6/wk for +Antioxidant effect [165]
2wk
Saltwater hot spring OA 38 °C, 20 min/d for 15d +Pain, +physical function, +walking [166]
speed
Cserkesz616 thermal water KOA 36 °C, 30 min, 1/d for 15d +Pain, +ROM [167]
Combined Radon LDRnHT, therapeutic Radon RA, OA 37.5-41.5 °C, 60 min, 12tm, 3wk +Osteoprotective effect [168]
and Thermal cave(from Bad Gastein-Bockstein)
Therapies NR RA Radon baths(37 °C)and wax +Improve hand function status [169]
bath(50 °C): 20 min, 1/d; faradic
hand baths(37 °C): 15 min/hand,
1/7d
Dry heat treatment Fluido™ DHT RA 46.1-48.9 °C, 20 min, 1/d for 15d  -Improve hand function [170]

a, chronic experimental arthritis simulating RA; b, adjuvant-induced arthritis (AIA) rat models; RA, rheumatoid arthritis; OA, osteoarthritis; KOA, knee osteoarthritis;
wk, week; tm, time; d, day; h, hour; min, minute; NR, not reported; Ref, reference; LDRnHT, low dose radon and hyperthermia therapy; DTT-RCA, deep-tissue thermal
therapy system with a resonant cavity applicator; ROM, range of motion; HAQ, health assessment questionnaire; IGF-1, insulin-like growth factor 1; WOMAC, Western
Ontario and McMaster Universities Osteoarthritis Index.
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every 2 weeks, each lasting 20 min, over a period of 6 months. The study
findings showed significant improvements in the intervention group in
the VAS scores, Japanese Orthopedic Association knee scores, measures
of Japanese KOA, and knee injury and OA outcome scores. However, the
magnetic resonance imaging T2 mapping results showed no significant
changes, suggesting that the system may be effective in the conservative
treatment of KOA, although no significant improvement in cartilage de-
generation was observed [152].

In a randomized single-blind controlled trial in Italy, 30 patients with
chronic KOA underwent spa therapy combining local mud application
and arsenic-iron mineral water once daily for 15 sessions over 3 weeks.
Shortwave therapy was administered to 24 patients using the SIEMENS
Ultraterm 642 E on both knees, with each session lasting 15 min, thrice
weekly over 3 weeks. The control group received conventional outpa-
tient treatment. This study revealed that both spa therapy and short-
wave therapy effectively ameliorated KOA symptoms, with spa therapy
showing sustained effects after treatment [153].

Local deep heat therapy is a noninvasive method that significantly
relieves pain and enhances joint function in patients with KOA. Regard-
less of whether radiofrequency thermotherapy, therapeutic ultrasonog-
raphy, deep heat therapy systems, or shortwave therapy are used, all
of these deep heat treatments have shown effective improvement. How-
ever, local deep heat therapy still faces challenges such as standardiza-
tion of treatment parameters, long-term efficacy evaluation, and devel-
opment of individualized treatment plans for patients. Future research
should optimize the treatment parameters, clarify applicable scenarios,
and explore combinations with other treatment modalities to provide
more personalized and effective treatment strategies for patients with
KOA.

3.2.4. Spa therapy

Terms such as spa therapy, balneotherapy, and hydrotherapy have
been used interchangeably in some studies to refer to “spa treatment”
or “hydrotherapy.” For the purposes of this review, we have defined
spa therapy as a treatment method that begins with mud therapy (mud
application) followed by hydrotherapy, whereas balneotherapy involves
baths using mineral or tap water. In a study by Adigiizel et al. on patients
with chronic KOA undergoing spa therapy, 64 patients were randomly
divided into experimental and control groups. All participants were first
soaked in 38 °C water for 20 min, followed by a 20-minute application
of 43 °C mud on both knees, repeated ten times, once every 2 weeks.
In the experimental group, the mud was applied directly to the skin,
whereas in the control group, it was applied through a waterproof film.
The results showed that, although both groups experienced significant
improvements in pain scores, there was no statistically significant differ-
ence between them. Additionally, despite only minor side effects, such
as localized temporary skin irritation, the experimental group showed
significant functional improvements during all assessment periods, sug-
gesting that mud therapy involving direct skin contact may have addi-
tional therapeutic effects [154].

In another prospective randomized single-blind trial for hand OA,
the intervention group received daily spa treatments, including a 20-
minmud pack at 43 °C and a 15-minbath in 38 °C calcium magnesium
fluoride mineral water, for 2 weeks totaling 12 sessions, alongside on-
going conventional treatment (including exercise, NSAIDs, and/or anal-
gesics). Patients in the control group received conventional treatment
alone. The results demonstrated that spa therapy significantly amelio-
rated symptoms and improved functional outcomes within 6 months
after treatment. This suggests that spa treatment is not only effective in
the short term but also provides lasting improvement in pain and func-
tional status in patients with hand OA, proving to be a viable long-term
treatment option [155]. Bellometti and colleagues found that daily treat-
ment with a 20-minmud pack at 40 °C followed by a 10-12 min bath at
37-38 °C, for a total of 12 sessions, significantly increased serum IGF-1
levels and decreased TNF-« levels, revealing the non-thermal effects of
mud therapy on the biochemical processes of OA [105]. Two other stud-
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ies also discovered that, compared to conventional exercise and pharma-
cotherapy, daily local mud application at 42 °C for 20 min followed by
a 15-min mineral water bath at 37 °C, repeated over 2 weeks for a total
of 12 sessions, altered the expression of several miRNAs associated with
OA and significantly reduced serum levels of adiponectin and resistin
[156,157].

The aforementioned results indicate that spa therapy combined with
mud and hydrotherapy significantly improves clinical symptoms and
biochemical markers in patients with OA. These findings emphasize the
effects of nonpharmacological treatments on the long-term management
of OA, further confirming the significance of spa therapy in integrated
OA management strategies. However, further exploration is needed to
standardize treatment parameters, individualize the selection of mud
and mineral water components, and assess the long-term efficacy of spa
therapy.

3.2.5. Mud application

Mud therapy, a conventional thermotherapy method, is extensively
used to relieve arthritis-related pain and inflammation and promote
tissue repair. By applying heated mud directly to the affected area,
mud therapy effectively increases the local temperature and enhances
blood circulation, thereby exerting anti-inflammatory and analgesic ef-
fects. In an RCT targeting patients with chronic rheumatoid arthritis,
researchers applied mud packs at 41-42 °C twice daily to the painful
or active joints, wrapped in film for 20 min per session, for a total of
10 sessions over 2 weeks. Although nearly one-third of the patients in
the intervention group reached a state of low disease activity after 3
months, with no statistically significant difference compared to the con-
trol group, there were significant improvements in HAQ scores, VAS
pain scores, global assessments by patients and physicians, and DAS28
indices. No significant adverse events or side effects occurred during
the treatment process, with only one patient experiencing local skin ir-
ritation symptoms post-treatment that disappeared after the third treat-
ment session, whereas other patients demonstrated good tolerance to
the therapy [158]. Further, previous animal studies have evaluated the
effectiveness of Brazilian black mud in reducing inflammatory cell mi-
gration and protecting against cartilage damage. Daily application of
Brazilian black mud at 40 °C for 30 min to rats with chronic experimen-
tal arthritis significantly reduced leukocyte migration to the synovial
membrane and joint cavity. Additionally, an increase in collagen lev-
els and chondrocyte numbers, as well as better preservation of tissue
structure, were observed in cartilage protection [159].

In another prospective double-blind controlled study, 40 patients
with chronic KOA were treated with natural mud packs enriched with
minerals at 30 °C-35 °C, five times a week, 20 min each time, for a total
of 15 sessions over 3 weeks. Compared with the control group, which
received demineralized mud packs, patients in the natural mud pack
group showed significant reductions in knee pain in all assessments,
with improvements in the Lequesne index both at the end of treatment
and 1 month later [160]. These findings demonstrate that mud therapy,
as a non-pharmacological treatment, has significant potential benefits
in relieving pain and improving functionality in patients with RA and
KOA. Both natural and heated black mud positively affect inflammation
and disease progression in arthritis. However, issues with temperature
control, standardization of mineral content, and long-term efficacy as-
sessment in mud therapy remain. Future research should concentrate
on optimizing the treatment parameters for mud therapy and develop-
ing personalized protocols, thereby enhancing its significant role in the
comprehensive management of arthritis.

3.2.6. Heat wraps and compresses

Heat wraps and compresses serve as a therapeutic approach by con-
tinuously delivering localized heat to ease arthritic pain, reduce inflam-
mation, and enhance joint functionality. Thermotherapy is commonly
used to provide superficial heat, promote blood circulation, and relieve
muscle tension during the management of KOA. A research team led by
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Ho et al. compared the effects of using heat guns at specific acupoints
for local heat therapy to those of traditional heat therapy in the man-
agement of KOA. The heat gun group received 43 °C heat gun treatment
at specific acupoints, heating each point for 5 min with a total treat-
ment time of 30 min, while the control group used heat packs at the
same temperature, with each treatment lasting 30 min, twice a week for
4 weeks. Results showed that the heat gun group exhibited significant
improvements in functional recovery, Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) scores, Short-Form 12 Item
Version 2 quality of life scores, and quadriceps strength, whereas the
control group outperformed the heat gun group in terms of knee flexion
range and average VAS scores. These results imply that localized heat
therapy at specific acupoints may be an effective conservative treatment
for KOA, and that the combined use of local pressure and heat therapy
has synergistic benefits [161].

Additionally, a single-blind randomized controlled clinical trial in-
vestigated the therapeutic effects of heat- and steam-generating patches
on KOA. Patients in the intervention group used the patch for localized
thermotherapy, which continuously generated heat and steam by react-
ing with oxygen in the air, maintaining a skin temperature of 40 °C for up
to 8 h, with daily treatments lasting 6 h over 12 weeks. The control group
engaged in muscle strength training twice daily for 12 weeks, with 20
repetitions each time. This study noted significant amelioration of clini-
cal symptoms and walking ability in the intervention group, suggesting
that this method may have a positive impact on cartilage metabolism
[162]. Another 2010 study evaluated the effects of a digital moist heat-
ing pad on patients with KOA. The heating pad was set to 105-115°F,
with each treatment lasting 20 min, performed every other day for a
total of 10 treatments over 4 weeks. The control group received con-
ventional pharmacological treatment. The findings indicated that the
intervention group experienced significant improvements in pain, ame-
lioration of functional impairment, and overall health perception scores,
verifying that alternate-day heat treatments effectively alleviated pain
and disability in patients with KOA and improved their quality of life
[163].

Heat wraps and compresses, as non-invasive treatments, are signif-
icantly effective in alleviating pain, improving joint function, and en-
hancing the quality of life of patients with KOA. Local acupoint heat
therapy, steam heat patches, and digital moist heating pads have unique
clinical advantages and meet the needs of different patients. Future re-
search should continue to explore the optimization of treatment param-
eters such as temperature, frequency, and duration to provide more pre-
cise personalized treatment strategies and further assess their long-term
efficacy in different populations and types of arthritis, thus fully lever-
aging the role of heat wraps and compresses in the comprehensive man-
agement of arthritis.

3.2.7. Balneotherapy

Balneotherapy involves the use of mineral-rich thermal spring-
derived or mineral waters to treat arthritis symptoms through soaking,
jet massages, and other methods. Through the absorption of minerals
and thermal effects, it promotes blood circulation, alleviates pain, im-
proves joint function, and has been used to treat joint diseases, such
as OA and RA. In 2018, Hanzel et al. conducted a randomized double-
blind controlled study to assess the health effects of Szigetvar mineral
water on patients with hip and knee OA. In this study, the intervention
group received underwater jet massage treatments in 34 °C Szigetvar
mineral water for 15 min per session, 5 days a week, for a total of 15
sessions, while the control group received tap water treatments at the
same frequency and temperature. The results indicated that the inter-
vention group significantly outperformed the control group in terms of
ROM values, WOMAC scores, and the 36-Item Short Form Survey quality
of life scores [164]. Additionally, 25 patients with RA underwent saline
baths in a 36-37 °C mineral water pool for 20 min per day, six times per
week, for two weeks, totaling 12 sessions. Compared to patients receiv-
ing only medication, balneotherapy showed significant improvements
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in non-enzymatic superoxide dismutase activity, global assessments by
patients and physicians, Health Assessment Questionnaire Disability In-
dex, DAS28, and swollen joint counts [165].

Sahin-Onat et al. conducted a single-blind, randomized controlled
clinical trial that combined saline balneotherapy with physical therapy
to treat patients with KOA. In addition to daily 45-min physical therapy
sessions (including heat packs, transcutaneous electrical nerve stimula-
tion, and ultrasonography therapy), patients underwent 20 min saline
balneotherapy daily, 5 days per week for 3 weeks. Compared with the
control group that received only physical therapy, the saline balneother-
apy group showed significant alleviation of disease activity, pain lev-
els, and improvements in joint function and walking speed [166]. A
2002 study in Hungary reported significant therapeutic effects of ther-
mal water from Cserkeszolo in Hungary for treating patients with KOA.
Cserkesz6l6 thermal water originates from a depth of 1159 m and is
rich in minerals such as bicarbonate, silicate, and fluoride. Patients im-
mersed themselves in the 36 °C thermal water for 30 min daily for 15
days consecutively. Patients treated with spa water demonstrated signif-
icant improvements in various evaluation parameters compared to the
control group, whose members used similarly colored and scented tap
water as a placebo [167].

The above studies indicate that balneotherapy, as a traditional and
effective treatment method, has shown significant efficacy in relieving
pain, improving joint function, and enhancing the quality of life in pa-
tients with OA and RA. However, the efficacy of balneotherapy currently
varies owing to factors such as the composition and temperature of min-
eral water. Future studies should focus on further exploring the thera-
peutic mechanisms of different mineral water compositions, clarifying
the optimal treatment parameters, and determining the appropriate con-
ditions for various patient types, thereby fully realizing the potential
value of balneotherapy for the comprehensive management of arthritis.

3.2.8. Combined Radon and thermal therapies

Radon is a colorless, odorless, and radioactive inert gas that nat-
urally occurs in hot springs, mineral springs, and some mines. Ow-
ing to its anti-inflammatory and immunomodulatory properties, Radon
has been used to treat chronic inflammatory diseases such as RA and
OA. Combined Radon and thermal therapies integrate low-dose Radon
exposure with thermotherapy, utilizing the anti-inflammatory effects
of Radon and improving blood circulation in thermotherapy to pro-
vide a comprehensive treatment for patients. Lange et al. investigated
the effects of continuous low-dose Radon and hyperthermia treatment
(LDRnHT) on key serum biomarkers of bone metabolism in patients
with RA and OA. The study involved 25 patients with RA and 24 non-
inflammatory control patients with OA who underwent 12 sessions of
LDRnHT, each lasting 60 min, under conditions of 37.5-41.5 °C, 70-
100% humidity, and approximately 44 kBq/m? radon concentration.
Following treatment, TNF-a and receptor activator of nuclear factor «B
ligand (RANKL) levels significantly decreased in patients with RA and
OA, while osteoprotegerin (OPG) levels increased significantly in pa-
tients with RA, the RANKL/OPG ratio significantly decreased, and lev-
els of anti-citrullinated protein antibodies (ACPA) also significantly de-
creased. These findings suggest that LDRnHT counteracts inflammatory
diseases by inhibiting osteoclast activity and promoting bone formation.
Although a reduction in ACPA levels may contribute to bone protec-
tion, the specific physiological significance of this observation remains
unclear and requires more research [168].

In an early prospective, randomized, single-blind study, Buljina et al.
assessed the short-term effects of physical and exercise therapies on
hand function in patients with RA. The study included 100 patients ran-
domly divided into two groups, with 50 in-patients receiving a com-
prehensive regimen of physical and exercise therapies, including Radon
baths, Faradaic hand baths, heated paraffin baths, and ice massages.
During the study period, the control group did not receive any physical
or exercise therapy. The results showed that the treatment group expe-
rienced significant improvements in most assessment metrics compared
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to the baseline, whereas the control group showed a slight deteriora-
tion. This underscores the importance and effectiveness of physical and
exercise therapies in the short-term improvement of hand function in
patients with RA [169]. Overall, the combined Radon and thermal ther-
apies have demonstrated significant clinical efficacy in reducing pain,
lowering inflammation, and improving functionality in patients with RA
and OA. By modulating the serum levels of key inflammatory and bone
metabolic factors, and enhancing hand functionality, this therapy pro-
vides a unique and effective treatment strategy for managing chronic
inflammatory diseases.

3.2.9. Dry heat therapy

Dry heat therapy, involving the provision of a consistent dry heat
environment through a heating device, is employed for the treatment
of chronic inflammatory diseases such as RA. In 2019, Giindiiz et al.
assessed the effects of this therapy on hand function in patients with
RA. In the study, 47 patients in the intervention group received dry
heat therapy using the Fluido™ DHT device, with each session lasting
15 min, once per day, five days per week, for 3 weeks, with the treat-
ment temperature set between 46.1 °C and 48.9 °C. The 46 patients in
the control group participated in the same joint protection and exercise
program but did not receive dry heat therapy. The study results showed
that by week-12, only the control group showed a significant improve-
ment in the Duruoz Hand Index scores, while the dry heat therapy did
not improve hand function in patients with RA [170].

Although some studies suggest that dry heat therapy has potential
value in pain management and improving joint function, the aforemen-
tioned study showed that dry heat therapy is not significantly superior
to traditional joint protection and exercise programs for improving hand
function in patients with RA. Therefore, future research should explore
the optimal temperatures and treatment parameters for dry heat ther-
apy, and develop more effective integrated treatment strategies in con-
junction with other therapies to provide more personalized management
plans for patients with RA.

3.3. Contrast therapy

Contrast Therapy, also referred to as cold-hot alternate therapy, is
a physical therapy method that alternates between applying cold and
hot stimuli to the treatment area to promote local blood circulation,
alleviate muscle pain, and enhance the pain threshold. By altering the
local temperature, this therapy aims to optimize the recovery process
after inflammation and is commonly used for post-exercise recovery or
chronic pain management [56,57].

In a recently published RCT, Kim et al. examined the effects of con-
trast therapy combining infrared (IR) with cold therapy (CR) compared
with traditional contrast bath therapy (CBT) on blood flow, muscle ten-
sion, and pain threshold in a healthy population. The study included 20
healthy volunteers, and each participant received two different contrast
therapies at 1-week intervals. CBT involves immersing participants in
hot water at 38-40 °C for 4 min, then immediately switching to cold
water at 12-14 °C for 1 min, alternating this process four times, with a
total duration of 20 min. IR and CR contrast therapies were performed
at the same temperature, time, and frequency as traditional CBT. The
results showed that both therapies significantly improved blood flow,
increased muscle elasticity, and reduced stiffness; in particular, IR and
CR demonstrated more significant effects in enhancing blood flow and
increasing the pain threshold [171]. A study in 2020 utilized hot tow-
els (41-43 °C) and cold-water immersion (10-18 °C) for CBT, applying
3 min of heat and 1 min of cold to the knee joint, alternating daily for
20 min, over 7 consecutive days. This study found that pressurized CBT
was effective in relieving knee joint pain in elderly individuals [172].
Another study found that compared to simple cold application, contrast
therapy with alternating heat for 1-5 min twice a day with cold ap-
plication for 20 min was more effective in controlling pain, improving
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function, and enhancing the quality of life, suggesting its incorporation
into early management strategies for KOA [173].

Priya et al. introduced a smartphone-controlled knee pain relief pad
that combined vibration and alternating hot and cold treatments, allow-
ing users to adjust treatment settings based on their pain intensity and
location. This alternating hot and cold treatment method is regarded as
an appropriate choice for treating musculoskeletal diseases because it
can effectively reduce muscle spasms and pain, accelerate nerve conduc-
tion velocity, and improve ROM [174]. In addition, a study on patients
with unilateral knee OA divided them into a CBT group and a knee pad
device (KPD) group. Patients in the CBT group underwent 20 min of
cold-hot alternate immersion (4 min of hot water at 38-40 °C followed
by 1 min of cold water at 1214 °C), while the KPD group first applied
heat for 4 min and then cold compress for 1 min, totaling 20 min. Both
groups of patients showed significant improvement after treatment, but
the KPD group exhibited more notable enhancements in pain relief,
ROM, WOMAC scores, and the two-minute walk test, indicating that
combining KPD with intensified balance training is more effective in re-
ducing pain and improving the quality of life of patients with early KOA
[175].

Additionally, some studies have used water circulation devices to
implement contrast therapy and explore its effects on pain relief and
functional improvement. These treatments typically consist of three
rounds of 4-min thermotherapy and 2-min cryotherapy, concluding with
thermotherapy. The results indicated that, although cryotherapy, ther-
motherapy, and contrast therapy all effectively improved pain and func-
tional status, patients exhibited a more positive response to their pre-
ferred treatment method. Most patients preferred to use water circula-
tion devices for treatment rather than electric heating pads [176].

Although contrast therapy shows significant effects in promoting
blood circulation, relieving muscle tension, and reducing pain, its ef-
ficacy varies depending on the treatment method, temperature, and du-
ration. Recent studies have shown that, compared to traditional CBT,
contrast therapy combining IR and cryotherapy is more effective in im-
proving blood flow and increasing the pain threshold. Further, the in-
troduction of smart devices has enhanced the potential of contrast ther-
apy for personalized pain management. Future studies should continue
to refine the treatment parameters, investigate the long-term effects of
contrast therapy in arthritis management, and develop smart devices
that offer patients more effective personalized treatment options.

3.4. Guidelines on the use of hot and cold therapy for the treatment of RA
and OA

Several clinical guidelines recommend the use of thermotherapy and
cryotherapy for treating OA and RA (Table 3). In 2012, the Ameri-
can College of Rheumatology released recommendations for the use of
non-pharmacological and pharmacological therapies for hand, hip, and
knee OA, including conditional recommendations for the use of heat
agents for treatment [177]. By 2019, the association collaborated with
the Arthritis Foundation to update these management guidelines, once
again conditionally recommending the use of local heating or cooling
interventions for patients with knee, hip, and hand OA. Although there
are various heat intervention methods such as moist heat, transdermal
(electric heating), ultrasonography, and hot and cold compresses, some
studies have suggested that research using transdermal therapy or ultra-
sonography may have placebo issues. The heterogeneity of intervention
methods and short duration of benefits are the main reasons for issuing
conditional recommendations [178].

The 2023 edition of the "Chinese Knee Osteoarthritis Rehabilitation
Treatment Guidelines," led by the Physical Medicine and Rehabilitation
Branch of the Chinese Medical Association and West China Hospital at
Sichuan University recommends not incorporating thermotherapy, neu-
romuscular electrical stimulation, high-frequency electromagnetic ther-
apy, and infrared therapy as routine or adjunctive rehabilitation inter-
ventions for patients with KOA, after considering factors such as ev-
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Current guidelines on cold and heat therapy for osteoarthritis (OA) and rheumatoid arthritis (RA).

Institution

Year

Disease

Recommendation
Strength

Guideline recommendations

SGRA-TCMR [185]

Ottawa Panel [184]

NICE [182]
CSPMR [179]

ACR and AF [178]

OARSI [181]

ACR [177]

EULAR [180]

APTA [183]

2020

2004

2008
2024

2020

2014

2012

2018

2021

RA

OA
KOA

OA

OA

OA

OA

High
Cryotherapy: low;

thermotherapy: high

Moderate
Low or very low

Low

Low

Very low

NA

The working group strongly recommends the use of cryotherapy and thermotherapy for the
rehabilitation of RA, where cryotherapy is mainly used during the acute phase and
thermotherapy during the subacute and chronic phases.

Compared to the control group that did not receive any interventions, using ice packs as a form
of cryotherapy did not show significant effects on joint swelling, pain, medication intake, range
of motion, grip strength, or hand function. However, the guidelines indicate that combining
paraffin baths with therapeutic exercises demonstrated positive effects on pain, range of motion,
and stiffness in non-resistive movements compared to the control group, although the impact on
grip strength and pinching ability was not significant.

Consider other therapies such as local heat or cold applications.

After evaluating the quality of evidence, patient preferences, accessibility, and costs, this
guideline advises against using hydrotherapy, neuromuscular electrical stimulation,
high-frequency electromagnetic therapy, and infrared therapy as standard or supplementary
treatments for knee osteoarthritis.

The panel conditionally recommends that patients with osteoarthritis of the knee, hip, and/or
hand consider thermotherapy, involving the application of local heat or cold.

The recommendation is to use balneotherapy or spa therapy, particularly for patients with
multi-joint osteoarthritis and comorbidities. This is due to the absence of specific treatment
protocols that broadly cover different OA subtypes.

The panel conditionally recommends that patients with hip and knee OA use thermosensitive
agent therapy under professional guidance. For hand OA patients, the use of thermotherapy
methods is advised.

The task force considers topical application of heat a self-management strategy that patients can
utilize at home, although the evidence supporting its beneficial effects is weak and inconsistent.
In instances of inflammation during an OA flare-up, cold packs may provide symptomatic relief.
However, no studies have been conducted on hand OA regarding this, and a single study on knee
OA that compared hot and cold applications with usual care found no significant differences
between the groups.

Due to limited scientific evidence supporting non-exercise therapeutic interventions for RA and
other conditions, and the preference of the physical therapy field for active treatments, the panel

strongly advises against using low-power laser therapy, electrostimulation (including TENS),
ultrasonography therapy, massage, thermotherapy, medical taping, and dry needling.

ACR[203] 2021 RA NA

The ACR expert panel did not provide a clear opinion on whether cryotherapy and

thermotherapy was recommended for treating RA.

EULAR [204] 2020 RA NA

In the updated 2019 guidelines, EULAR did not mention whether cold therapy is recommended

for RA rehabilitation.

NICE [205] 2018 RA NA

The guidelines does not explicitly state whether cryotherapy and thermotherapy wasis

recommended for treating RA.

APTA, American Physical Therapy Association; ACR, American College of Rheumatology; AF, Arthritis Foundation; SGRA-TCMR, Working Group on Setting up
Standardization Guidelines of Rheumatoid Arthritis in Traditional Chinese Medicine Rehabilitation; CSPMR, Chinese Society of Physical Medicine and Rehabilitation;
EULAR, European League Against Rheumatism; NICE, National Institute for Health and Clinical Excellence; OARSI:Osteoarthritis Research Society International; OA,

osteoarthritis; RA, rheumatoid arthritis; NA, not available.

idence quality, patient preferences, accessibility, and cost [179]. Fur-
ther, the European League Against Rheumatism noted in its 2018 up-
dated hand OA management recommendations that although local heat
application is considered a self-management strategy that can be imple-
mented at home, evidence supporting its benefits is weak and contro-
versial. During an OA flare-up, cold compresses may also provide symp-
tomatic relief if inflammation is present. However, research validating
the use of hot and cold therapy to treat hand OA is still pending. Notably,
a study comparing cold and hot compresses with standard care in a sin-
gle center KOA patient cohort found no significant differences between
groups [180]. The Osteoarthritis Research Society International recom-
mended the use of balneotherapy/hydrotherapy in its 2014 nonsurgical
treatment guidelines for KOA, especially in patients with multijoint OA
and associated comorbidities [181]. The National Institute for Health
and Care Excellence also mentioned in its 2008 guidelines for the man-
agement and care of adult OA that other therapies, such as local heat or
cold applications, could be considered [182].

The American Physical Therapy Association, in its 2021 RA Physical
Therapy Clinical Practice Guidelines, noted that, based on a systematic
literature review, various nonactive interventions, including heat ther-
apy, are not recommended because of a lack of supportive evidence.
However, an expert panel believes that the short-term use of passive
movements can supplement exercise therapy and is suitable for patients
without active inflammation to help increase their range of joint mo-
tion [183]. The Ottawa Group, in its evidence-based clinical practice
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guidelines for the management of adult RA involving electrotherapy and
heat therapy interventions, mentioned that using ice packs as a form of
cryotherapy did not show significant effects compared to a control group
that received no intervention in terms of joint swelling, pain, medication
use, ROM, grip strength, or hand function. Nevertheless, the combina-
tion of heated paraffin baths with therapeutic exercises showed positive
effects in reducing pain, improving ROM, and alleviating stiffness in
non-resistant movements, although it had no significant impact on grip
strength or pinching ability [184]. The traditional Chinese medicine re-
habilitation clinical practice guidelines strongly recommend the use of
conductive heat therapies (including paraffin therapy and herbal fumi-
gation) and cryotherapy for RA rehabilitation. However, there is cur-
rently a lack of clear evidence to guide the specific application of herbal
fumigation therapy, including appropriate temperature ranges, fumiga-
tion durations, and treatment courses. Clinically effective prescriptions
rely primarily on guidance from traditional theories and personal ex-
perience, and lack support from data derived from large-scale studies
[185].

Although most current guidelines only provide weak recommenda-
tions for hot and cold therapies or do not explicitly recommend them,
this does not mean that thermotherapy and cryotherapy are ineffective
or are not being used in actual treatment; the lack of strong recom-
mendations is probably due to the limitations of current evidence-based
medical findings. In actual clinical practice, physicians may cautiously
select and use hot and cold therapies based on individual patient con-
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Fig. 5. New devices for treating arthritis. a: The laser-induced graphene Kirigami stretchable heater utilizes a single-step laser manufacturing technique to provide
personalized and efficient thermotherapy solutions. Reproduced with permission [186]. Copyright 2024, The Royal Society of Chemistry. b: The flexible wrist-worn
thermotherapy and thermoregulation device is an innovative wrist-worn unit that integrates temperature sensing and heating functions to achieve precise local
temperature control and thermotherapy. Reproduced with permission [188]. Copyright 2019, IEEE. c: SAM® (Sustained Acoustic Medicine) is a wearable medical
device that utilizes low-intensity continuous ultrasound technology to increase tissue temperature and blood flow, accelerating the healing of soft tissue injuries
and relieving chronic pain. Reproduced with permission [189]. Copyright 2017, AIP Publishing. d: The wearable thermo-device includes a small temperature sensor
and a comfortable, wearable component. Reproduced with permission [190]. Copyright 2022, The Author(s). e: The bifunctional smart textile integrates advanced
electronic components for real-time motion monitoring and thermotherapy management, and a flexible, comfortable fabric designed to support and treat injured
joints. Reproduced with permission [187]. Copyright 2023, The Authors. Advanced Science published by Wiley-VCH GmbH. f: The stretchable silver nanowire
nanocomposite heater is a flexible device made from silver nanowires and a thermoplastic elastomer. The silver nanowires are uniformly distributed through a ligand
exchange reaction, creating a highly conductive material that ensures effective heat transfer and sustained thermotherapy during joint movement. Reproduced with
permission [195]. Copyright 2015, American Chemical Society.

ditions, preferences, and treatment responses. Future research should multaneously monitoring the condition and recovery of the joints. This

provide high-quality evidence to better guide clinical practice and en- smart textile integrates thermal therapy with real-time motion moni-

sure the rational and effective use of thermotherapy and cryotherapy. toring technology, making it particularly suitable for personalized and
long-term treatment of joint injuries. Users can autonomously select

4. Novel cold and heat therapy devices and materials treatment parameters through a smartphone application, ensuring per-
sonalized and convenient therapy [187].

In addition to traditional cold and hot therapies, the development Wearable wrist thermotherapy and temperature control devices are
of novel cold and heat therapy devices and materials is also gradu- flexible wrist-worn devices equipped with the capability of precise local
ally increasing (Fig. 5). By utilizing a laser-induced graphene Kirigami temperature measurement and regulation. These devices integrate tem-
stretchable heater via a single-step laser manufacturing process, resistive perature sensors and heating elements using the principle of resistive
heating elements were manufactured directly on a polyimide substrate. heating (Joule heating) to effectively regulate the temperatures of spe-
The heater utilizes a Kirigami (Japanese paper-cutting art) design, en- cific areas for thermotherapy. Using a closed-loop temperature control
hances the stretchability and adaptability, and maintains excellent elec- system, these devices can automatically adjust the temperature accord-
trical conductivity and heating performance under various mechanical ing to environmental changes or bodily needs, thereby ensuring an ap-
strain conditions. The design was concise, cost-effective, and conducive propriate temperature for the hand under various environmental condi-
to large-scale production. Experimental validation demonstrated that tions. Further, the device design takes into consideration its application
this heater can rapidly and uniformly heat and is suitable for treating in extreme environments, such as high altitudes, polar exploration, and
various symptoms such as muscle spasms, joint injuries, and arthritis, even temperature regulation requirements for space missions. The flexi-
providing an innovative solution for thermotherapy [186]. Researchers ble structure and simple user interface make these devices ideal for daily
have designed and developed a novel bifunctional smart textile that pro- wear while also supporting continuous thermotherapy during the re-
vides immediate and convenient heat therapy to injured joints, while si- covery period from illness [188]. SAM® (Sustained Acoustic Medicine)
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is a wearable medical device that uses low-intensity, continuous ultra-
sound technology to treat soft tissue injuries and alleviate chronic pain.
Its mechanism involves increasing tissue temperature and blood flow
through ultrasound, accelerating the natural healing process, enhanc-
ing cellular metabolism, and stimulating the delivery of more nutrients
and oxygen to damaged tissues. SAM® devices are particularly effective
in managing chronic pain like OA, providing long-lasting therapeutic ef-
fects that help patients manage pain without medication. Moreover, its
non-invasive and low-risk characteristics make it an increasingly pop-
ular alternative to traditional drug therapies [189]. Wearable Thermo-
Device (WTD) is a portable device utilizing Peltier elements to achieve
alternate heating and cooling, and is primarily used for treating shoulder
stiffness. The device can be controlled through a smartphone application
that allows users to customize the duration and intervals of heating and
cooling. WTD shows significant effectiveness in relieving muscle stiff-
ness and fatigue. In particular, its alternate hot and cold treatment mode
is more effective in reducing muscle stiffness and improving user expe-
rience. The portability and non-invasiveness of this device make it an
ideal choice for relieving muscle stiffness, particularly in office workers
who use computers for long periods [190].

Novel nanotechnologies have been developed, including gold
nanoparticles, ferrite nanoparticles, nanocarriers for controlled drug
release [191], biomimetic nanomaterials[192], and other nanomateri-
als with photothermal conversion capabilities [33]. Gold nanoparticles
have garnered significant attention owing to their excellent photother-
mal conversion efficiency and biocompatibility and have been exten-
sively researched for photothermal therapy in arthritis. By adjusting
the size, shape, and surface modification of gold nanoparticles, their
aggregation and photothermal effects at the sites of arthritic lesions
can be optimized, thereby enhancing their therapeutic effects [193].
Iron oxide nanoparticles are also important thermal therapeutic ma-
terials that can be directed to inflamed joints under the action of an
external magnetic field, enhancing the local drug concentration and re-
ducing systemic side effects. These nanoparticles can release drugs in
acidic or specific enzymatic environments, offering a novel approach
for treating RA [194]. Moreover, a nanoplatform for the treatment of
triple-negative breast cancer, responsive to photothermal and temper-
ature changes, utilizes gold nanorods coated with mesoporous silica to
effectively deliver chemotherapeutic drugs, such as paclitaxel prodrugs
and camptothecin, demonstrating outstanding photothermal reactions
and redox-responsive drug release capabilities, providing an effective
method for combined therapy [191].

Silver nanowires are extensively utilized in biomedical and energy
technologies because of their high conductivity and large surface area.
They exhibit outstanding performance in the fabrication of flexible
electronic devices and biosensors. A novel stretchable heater specially
designed for joint thermotherapy was developed by a research team
led by Suji Choi using a nanocomposite material of silver nanowires.
These silver nanowires were uniformly distributed in the thermoplas-
tic elastomers through ligand-exchange reactions, thus forming com-
posites with high conductivity. The heater adopts a serpentine mesh
structure that can closely conform to and effectively deliver heat dur-
ing joint movements, ensuring flexibility and comfort during use. More-
over, this heater can be integrated into customized electronic bands
equipped with batteries and microcontrollers, allowing users to con-
tinue thermotherapy while moving. The overall design considers er-
gonomics and long-term wear comfort and offers an innovative treat-
ment solution for joint problems caused by aging, obesity, or occupa-
tional overuse [195]. Other innovative nanomaterials, such as molyb-
denum disulfide nanosheets, can effectively generate heat under near-
infrared light irradiation and can be used for local treatment of arthritis
[196].

Although these devices and materials are not specifically designed
for the treatment of OA and RA, they have the potential to treat these
diseases through cold and heat therapies. The design and application of
new cold and hot devices and materials provide patients with arthritis

18

[m5GeSdc;September 13, 2024;20:34]

Fundamental Research xxx (xxxx) xxx

with diverse treatment options, possessing significant clinical value and
development prospects.

5. Points to note

Extreme caution should be exercised when using cold, heat, or con-
trast therapies to treat OA and RA. In patients with impaired skin sen-
sation, extreme temperatures can easily cause skin damage because of
their diminished perception of temperature changes [197]. Due to pos-
sible vascular and neurological impairments, patients with diabetes may
exhibit abnormal responses to cold and heat, thus requiring additional
caution when applying these therapies [116,198]. In addition, cold ther-
apy may induce vasoconstriction, thereby affecting blood flow, whereas
heat therapy may result in vasodilation. These changes may pose risks to
patients with vascular disorders, necessitating close monitoring during
treatment [199].

The application of cold or heat therapy to areas with open wounds
may increase the risk of infection and delay wound healing. Therefore,
a thorough assessment of these areas should be conducted before ini-
tiating treatment, with avoidance if necessary [200]. Moreover, when
using low-temperature mud therapy, attention should be paid to its po-
tential impact on the blood circulation of the patient and cardiovascular
system, particularly in patients with cardiovascular diseases or venous
lymphatic insufficiency. Seasonal factors may also influence treatment
efficacy. For example, heat therapy in winter may be more effective for
relieving pain and discomfort, whereas cold therapy in summer may be
more effective. Consideration should also be given to the characteristics
of heat-sensitive acupoints when using heat therapy as they may influ-
ence efficacy and patient response [201]. Finally, when using automated
cold, compression, and heat therapy devices, their cost and accessibility
should be considered to ensure the widespread availability and afford-
ability of treatment [198].

When applying cryotherapy, in addition to the contraindications
mentioned above, it is necessary to consider whether the patient has
conditions, such as sensory neuropathy, low body weight [131], cold al-
lergy or urticaria, cryoglobulinemia, paroxysmal nocturnal hemoglobin-
uria, sickle cell anemia, chronic obstructive arterial disease, and bladder
and kidney diseases. Additionally, cryotherapy may lead to adverse re-
actions, including frostbite [135], headache [142], dizziness, increased
pain, shortness of breath, and circulatory failure. For patients undergo-
ing thermotherapy, conditions such as acute infections, fever, edema,
hemorrhagic disorders, other serious systemic diseases, and varicose
veins must also be ruled out [158]. Heat therapy can also cause adverse
reactions, including local skin irritation [154,158], burns and skin dam-
age, exacerbated inflammation, changes in blood pressure, circulatory
issues, and rashes or contact dermatitis.

Overall, both cryotherapy and thermotherapy must be carefully ad-
ministered during treatment to ensure that patients do not have any
contraindications that might exacerbate their condition or cause new
problems. Any potential adverse reactions must be closely monitored to
ensure the safety and efficacy of the treatment.

6. Future outlook

Despite the revelation of the potential benefits of cryotherapy and
thermotherapy in treating OA and RA, research in this field is marked by
some significant limitations, including limited sample sizes, inconsistent
study designs, and lack of assessment of long-term effects. These limita-
tions hinder a comprehensive understanding of the overall effectiveness
of these therapies. Future research should adopt more rigorous method-
ologies, such as conducting large-scale RCTs and long-term follow-up
studies, to enhance the reliability of the research findings and confirm
the long-term effectiveness and safety of the treatments. Further, more
objective assessment metrics such as biochemical markers and imaging
techniques should be introduced in future research to comprehensively
evaluate treatment outcomes.
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Future developments in cryotherapy and thermotherapy research
should involve detailed studies on their specific impacts on the microen-
vironment of arthritis and establish optimal application models for these
therapies among patients with various types and stages of arthritis. Addi-
tionally, research should consider integrating traditional therapies with
modern technologies such as artificial intelligence (AI) and the Inter-
net of Things. The aim of integration is to explore innovative strate-
gies to enhance treatment outcomes. Specifically, smart devices to be
developed should automatically adjust temperature settings based on
real-time feedback from wearable sensors and utilize Al algorithms to
analyze data. This dynamic adjustment of treatment plans can not only
increase therapeutic effectiveness, but also reduce treatment risks. Fur-
ther, by standardizing the treatment parameters (such as temperature,
duration, and frequency) and systematically evaluating the efficacy and
safety of these methods, future research will provide a solid scientific ba-
sis for the clinical application of cryotherapy and thermotherapy, pro-
moting the wider application of these non-pharmacological treatment
methods in the treatment of arthritis.

7. Conclusion

Cryotherapy and thermotherapy have significant benefits for the
treatment of OA and RA. This review demonstrates that cryotherapy is
particularly effective for controlling symptoms during the acute inflam-
matory phase, whereas thermotherapy is advantageous for managing
chronic pain and promoting joint function recovery. These therapeutic
approaches are widely favored in clinical practice because of their ease
of use, low cost, and fewer side effects. By summarizing the existing liter-
ature, this review article underscores the practical value of cryotherapy
and thermotherapy as non-pharmacological interventions for alleviating
the symptoms of arthritis, and provides scientific evidence to support
their broader application. Future research should continue to elucidate
the mechanisms of action of these therapeutic interventions in order to
optimize treatment strategies and enhance their efficacy.

Abbreviation

AIA, antigen-induced arthritis; CBT, contrast bath therapy; CCF, con-
tinuous cold flow; COX-2, cyclooxygenase-2; CPM, continuous passive
motion; CR, cold therapy; CRP, C-reactive protein; DAS28, 28-joint
Disease Activity Scores; DMARDs, disease-modifying antirheumatic
drugs; FIR, far-infrared radiation; HAQ, Health Assessment Question-
naire; HSP, heat shock protein; ICAM-1, intercellular adhesion molecule
1; IGF-1, insulin-like growth factor 1; IL, interleukins; IR, infrared;
KOA, knee osteoarthritis; KPD, knee pad device; LTB4, leukotriene B4;
MAPK p38, mitogen-activated protein kinase p38; MMPs, matrix met-
alloproteinases; NF-«B, nuclear factor «B; NSAIDs, nonsteroidal anti-
inflammatory drugs; OA, osteoarthritis; PGE2, prostaglandin E2; RA,
rheumatoid arthritis; RCT, randomized controlled trial; ROM, range of
motion; TKA, total knee arthroplasty; TNF-«, tumor necrosis factor-
alpha; VAS, visual analog scale; VEGF, vascular endothelial growth
factor; VCAM-1, vascular cell adhesion molecule-1; WBC, whole-body
cryotherapy; WOMAC, Western Ontario and McMaster Universities Os-
teoarthritis Index.
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