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Osteoporosis (ops) is a systemic degenerative bone disease characterized by bone mass reduction, bone mineral density loss, bone microstructure destruction, bone fragility, and increased fracture susceptibility. Thus far, drug therapy is the main method used to prevent and treat osteoporosis. However, long-term drug treatment will inevitably lead to drug resistance and certain side effects. In response, rehabilitation treatment is generally recommended, which involves drug supplementation combined with the treatment. A Chinese traditional fitness exercise is an organic combination of sports and traditional Chinese medicine with a series of advantages such as being safe, convenient, non-toxic, and harmless. Hence, it is one of the rehabilitation methods widely used in clinical practice. By searching the CNKI, PubMed, Web of Science, Embase, Cochrane Library, and other relevant databases, our research clarifies the current situation of four kinds of Chinese traditional fitness exercises widely used in clinical practice, namely, Taijiquan, Baduanjin, Wuqinxi, and Yijin Jing. In addition, the molecular mechanism of osteoporosis is summarized in this study. Based on the research, Chinese traditional fitness exercises are expected to directly stimulate the bone through a mechanical load to improve bone density. Moderate and regular traditional Chinese fitness exercises also improve osteoporosis by regulating the endocrine system with the secretion of hormones and factors such as estrogen and irisin, which are beneficial for bone formation. Finally, the purpose of promoting bone formation, reducing bone loss, and preventing and treating osteoporosis is achieved. The various means of Chinese traditional fitness exercises have different emphases, and the effect of improving bone density differs in various parts of the body. The exercisers may choose the exercise flexibly based on their own needs. Chinese traditional fitness exercises can improve the bone density of the exercisers and relieve pain, improve balance, and regulate the psychological state. Consequently, it is worth promoting to be applied in clinical practices.
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1 INTRODUCTION
Osteoporosis (ops) is a systemic degenerative bone disease characterized by bone mass reduction, bone density loss, bone microarchitecture destruction, bone fragility, and increased fracture susceptibility (Lane et al., 2000). Osteoporosis may occur in all genders and at any age, primarily in postmenopausal women and elderly people. In America, 10.2 million people suffer from osteoporosis and another 43.4 million are placed at an increased risk for fractures because of the low bone mass density (Arceo-Mendoza and Camacho, 2021). Meanwhile, in China, the incidence of osteoporosis is 51.6% and 10.7% in women and men above 60 years old, respectively (Ke et al., 2019). Approximately, 9 million new cases of osteoporosis are annually diagnosed worldwide. Thus, osteoporosis and its complications severely influence people’s quality of life and cause a burden to the family and society. At present, drug and rehabilitation therapies are used as common methods to prevent and treat osteoporosis. Drug treatment falls into two categories. One is using drugs to adjust the metabolism of elderly osteoporosis patients. For example, people with senile osteoporosis take supplements for the deficiency of bone calcium and certain vitamins in the body by taking a certain amount of calcium and vitamin preparations. The other is using sex hormones to stimulate bone formation to reduce bone decomposition and achieve the goal of osteoporosis treatment (Reid and Billington, 2022). The sex hormone is effective in treating osteoporosis in postmenopausal women (Gosset et al., 2021). However, long-term drug treatment will inevitably lead to drug dependence and increase the risk of side effects. Drugs used to treat osteoporosis often need to be broken down and absorbed through the digestive tract because these drugs need to be taken for a long time. Therefore, it inevitably damages the gastrointestinal mucosa. Certain osteoporosis drugs may also cause transient head pain, insomnia, anxiety, and other symptoms; female patients with osteoporosis often need to take supplement estrogen drugs such as conjugated estrogen tablets. Moreover, the long-term use of osteoporosis drugs can cause patients to become prone to endometrial hyperplasia, thereby leading to malignant tumors such as endometrial cancer. Therefore, clinical rehabilitation treatment is generally recommended as a supplement combined with drug treatment as an alternative to medical treatment. Rehabilitation is a form of comprehensive treatment, including psychotherapy, dietary guidance, physical factor therapy, and exercise therapy. Psychotherapy helps patients to overcome and accept their illnesses while improving patients’ compliance and initiative during the treatment. Scientific dietary guidance effectively helps treat patients with osteoporosis by supplementing Ca2+ and other trace elements related to bone formation directly and indirectly in the occurrence and development of osteoporosis. Physical factor therapy covers a wide range of therapies, including whole-body vibrations, ultrasounds, phototherapy, alternating current, direct current, magnetotherapy, cold and heat therapy, and fumigation and washing, which provides holistic treatment for osteoporosis-related aspects from different aspects. In addition, its effects include the stimulation and strengthening of muscles, bones, and ligaments; supplementing trace elements; counseling patients with negative emotions; and preventing and treating other potential complications. However, long-term comprehensive rehabilitation in the hospital may produce negative emotions for the patients and a great economic burden to their families. It will also take up more medical resources, thereby initiating the problems of the distribution of social medical resources.
Exercise therapy is very important. In 2018, the Chinese guidelines for the treatment of osteoporosis pointed out that exercise could improve body agility, strength, posture, and balance and effectively reduce the risk of falls and fractures caused by the diminishing bone mineral density. Therefore, exercise therapy is important to prevent and treat osteoporosis (Ma et al., 2019). Chinese traditional fitness exercises are aerobic exercises, guided by medical theories; it pays attention to the unity of mind, breath regulation, and movement. Moreover, it is the product of the organic integration of guiding techniques, such as qigong, martial arts, and medicine (Jahnke et al., 2010; Yeung et al., 2018; Yang et al., 2022). Regardless of the kind of traditional Chinese fitness exercise, it is based on the theories of yin and yang, zang-fu organs, qi and blood, meridians, and collaterals of traditional Chinese medicine. It takes nourishing essence, qi, and regulating spirit as the basic points of exercise, a dynamic form as the basic form of exercise, and guides the virtual, solid, dynamic, and static exercise with the theory of yin and yang. Flexion and pitching guided by opening and closing explain the harmony and unity of the form, spirit, qi, blood, surface and inner parts in sports, and fitness with the whole concept. Chinese traditional fitness exercises are clinically widely accepted by doctors, patients, and family members. They have various forms that are safe and easy to learn, create strong interest, and have almost no side effects. Taijiquan, Baduanjin, Wuqinxi, and Yijin Jing are widely used in treating osteoporosis. Taijiquan is light and soft; it combines movement and static, emphasizes the control of a breathing rhythm with consciousness, forms a linkage with action, improves the elasticity of joints and ligaments, strengthens muscle strength, promotes calcium deposition, prevents joint deformation and other diseases, and regulates the function of the viscera as a whole, which warms and takes care for the kidney and spleen. Meanwhile, Baduanjin’s exercise movement is simple and slow, and it is primarily based on an isometric contraction of muscles. It emphasizes the training of the lower limb muscle strength to improve the balancing ability of the lower limbs to prevent patients from falling and reduce the occurrence of fractures. Furthermore, training for Baduanjin increases bone stress, promotes bone formation, reduces bone resorption, and controls the progress of osteoporosis. In addition, the movements of Wuqinxi are simple and safe, and the active parts are comprehensive. Its movements involve the major muscle groups of the whole body and the joint movements of the spine, limbs, and fingers, which may improve the blood circulation of the soft tissue of the spine and other joints, help maintain the normal structure of bones and joints, prevent joint stiffness, enhance muscle strength, and delay the development of osteoporosis. Meanwhile, Yijin Jing focuses on strengthening muscles and bones. Long-term practice can improve the flexibility of muscles and ligaments, increase bone density, and also, open blood vessels to prevent and treat diseases.
A comprehensive search was performed using PubMed, CNKI, Embase, Web of Science, MEDLINE, CBM, and Cochrane Library databases. The studies were published from the database inception to January 2023. Medical subject headings (MESH), keywords, and free words were used in the retrieval strategy including “osteoporosis,” “bone losses,” “post-traumatic osteoporosis,” “senile osteoporosis,” “age-related osteoporosis,” “involutional osteoporosis,” “postmenopausal osteoporosis,” “low bone mineral density,” “Tai-ji,” “Tai Chi,” “Tai Ji Quan,” “Taiji,” “Taijiquan,” “Tai Chi Chuan,” “Baduanjin,” “Wuqinxi,” “Yijinjing,” and “Chinese exercise.” We collected all available RCTs of traditional Chinese fitness exercises on osteoporosis patients. The languages are limited to Chinese and English; the publication status is unrestricted. Exclusion criteria were as follows: 1) duplicate papers; 2) articles published in the abstract form or with incomplete data or when complete data could not be obtained after contacting the authors; and 3) no literature reports on the outcome measures. The current situation and the clinical application of four kinds of Chinese traditional fitness exercises including Taijiquan, Baduanjin, Wuqinxi, and Yijin Jing in osteoporosis are summarized in this review. The molecular mechanism is also briefly given.
2 THE MECHANISM OF CHINESE TRADITIONAL FITNESS EXERCISES IN IMPROVING OSTEOPOROSIS
Exercise improves osteoporosis. Exercises can change the bone mass, morphology, and structure based on a mechanical load. It also affects bone metabolism by regulating the endocrine system to achieve the ultimate goal of preventing and treating osteoporosis.
The mechanical load generated by exercise acts on the bone tissue of the human body in two ways, directly stimulating the bone and indirectly affecting the bone through muscle contractions (Huang et al., 2008). The direct stimulation of mechanical loads indicates that the external force produced by exercise acts directly on the bone tissue. The bone tissue converts the changes of external forces during exercise into chemical or electrical signals. On one hand, exercise promotes the differentiation and proliferation of osteocytes to inhibit bone resorption, promote bone formation, and reduce bone mass loss. On the other hand, the bone trabeculae will be rearranged in bone remodeling during exercise, which could affect bone remodeling and change the structure and shape of the bone. Exercise improves bone strength and density, enhances the bone’s mechanical load-bearing capacity, and prevents the occurrence of osteoporotic fractures (Marques et al., 2011). Indirect stimulation of muscle contractions during exercise indicates that it could stimulate the bone tissue and produce indirect stress such as tension, shear force, and a squeezing pressure on the bone. The traction not only produces benign stimulation to the bone quality but also improves the blood supply to the bone, thereby increasing the inorganic salt deposition in the blood such as calcium and phosphorus. Bone mineral density also increases, which helps in decelerating the loss of the bone mass (Kawano et al., 2002; He et al., 2003).
In addition to some clinical studies showing that exercise has certain effects on osteoporosis treatment, the cellular and molecular mechanisms of exercise against osteoporosis are better understood in animal and human cell models. The stimulation of OPG/RANKL, Wnt3a/β-catenin, NF-κB, and MAPK pathways plays an important role in the progression of osteoporosis. The level of OPG increases with whole-body vibrations or treadmill stimulations in osteoporotic rats. Osteoporosis could be effectively improved by regulating the OPG/RANKL pathway by decreasing the expression of RANKL and increasing the ratio of OPG/RANKL (Tang et al., 2006; Pichler et al., 2013; Notomi et al., 2014; Yuan et al., 2016). Downhill running can promote osteoblast differentiation and osteogenic abilities to enhance bone formation and metabolism. It improves the bone morphology and structure by activating the suppressed Wnt3a/β-catenin pathway in the bones of type 2 diabetic mice (Chen et al., 2021). In addition, the LRP family proteins and Wnt/β-catenin pathway are regulated by exercise, which improves bone remodeling, bone mass recovery, and bone stiffness in rats with disuse osteoporosis (Chen et al., 2016; Jia et al., 2019). Roller exercises prevent osteoporosis by activating CD8 T cells to release IFN-γ, which exhibits the effects of inhibiting osteoclast formation and recovering bone loss through NF-κB and MAPK pathways (Shen et al., 2022) (Figure 1).
[image: Figure 1]FIGURE 1 | Exercise stimulates bone tissue through the mechanical load to enhance bone density.
Exercise can regulate bone metabolism by regulating hormone secretion in the endocrine system. Estrogen, muscle hormone, glucocorticoid, and parathyroid hormones participated in the process of bone metabolism (Gennari et al., 2010; Gardinier et al., 2015; Tong et al., 2019). Estrogen also promoted the proliferation and differentiation of osteoblasts while inhibiting the activity of osteoclasts and inducing osteoclast apoptosis (Robinson et al., 2009; Thouverey and Caverzasio, 2015; Lee et al., 2018; Gavali et al., 2019; Cline-Smith et al., 2020). In addition, estrogen plays a crucial role in maintaining the balance between bone resorption and bone formation to protect bone tissues. The abnormal regulation of the kynurenine pathway after estrogen deficiency may lead to the decrease of KAT expression and the concentration of KYNA of the serum in the muscles. The treadmill exercise increased the expression of the KAT enzyme in skeletal muscles while increasing the serum KYNA concentration, thereby reducing NF-κB phosphorylation by activating Gpr35. Thus, the treadmill exercise could significantly alleviate bone loss and bone microstructure destruction by inhibiting osteoclast maturation and osteoblast differentiation (Gavali et al., 2019). The iris induced by exercises can directly target osteoblasts and promote the proliferation, differentiation, and mineralization through the p38/ERK MAPK signal pathway (Qiao et al., 2016). The iris activated autophagy through the Wnt/β-catenin signal pathway and promoted osteogenic differentiation of bone marrow mesenchymal stem cells (Chen et al., 2020). Glucocorticoids negatively affect the progression of osteoporosis. Glucocorticoids inhibited the expression of Wnt16, which is an osteogenic signal to reduce the differentiation and maturation of osteoblasts by increasing the expression of Wnt pathway inhibitors such as sFRPs, WIF1, SOST, and Dickkopf-1 (DKK1) (Lane, 2019). Moreover, glucocorticoids can upregulate the expression of various factors that promote the differentiation of bone marrow mesenchymal stem cells into adipocytes, thereby decreasing the differentiation from bone marrow mesenchymal stem cells to osteoblasts (Han et al., 2019). Glucocorticoids also promoted osteoclast differentiation and maturation while extending the osteoclast life span and promoting bone resorption (Conaway et al., 2016). Exercise significantly increased blood glucocorticoid levels, which was closely related to the intensity of exercise but less related to the total amount and duration of exercise. Short-term high-intensity cycling exercises significantly increased the serum cortisol concentration in the subjects (Córdova A et al., 2019). Thus, a scientific diet and regular exercise of the appropriate intensity were strongly recommended as effective means to treat glucocorticoid-induced osteoporosis in the latest “Prevention and Treatment of Glucocorticoid-Induced Osteoporosis in Adults: Consensus Recommendations from the Belgian Bone Club” published in 2022 (Laurent et al., 2022). On the other hand, the effects of the parathyroid hormone on bone metabolism were more complex. In maintaining bone homeostasis, the parathyroid hormone played a dual role in regulating the bone metabolism primarily based on Gs-cAMP/PKA, Gq/G11/PLC/PKC, non-PLC/PKC, and β-arrestin signal pathways (Lee and Lorenzo, 2002; Yang et al., 2007; Li et al., 2017; Li et al., 2018; Zhang et al., 2018). The continuous infusion of PTH increased bone resorption and bone loss; however, intermittent PTH therapy might stimulate bone formation by reactivating the bone surface and reducing osteoblast apoptosis (Nakajima et al., 2002; Rickard et al., 2006; Friedl et al., 2007). A significant increase was observed in the blood PTH within 4 h after a 60-min load-carrying treadmill exercise, which gradually returned to pre-exercise levels within 24 h after exercise (Staab et al., 2023). Therefore, regular exercise may increase PTH intermittently and eventually stimulate bone formation (Figure 2).
[image: Figure 2]FIGURE 2 | Exercise regulates bone metabolism by regulating the hormone secretion of the endocrine system.
3 CHINESE TRADITIONAL FITNESS EXERCISES FOR THE PREVENTION AND TREATMENT OF OSTEOPOROSIS
Researchers in different areas have confirmed various salutary functions of exercise in recent decades including improving osteoporosis. Exercise is important in increasing muscle flexibility and balance, increasing bone strength, slowing bone loss, and improving the bone structure. The guidelines for the rehabilitation of osteoporosis suggest that proper aerobic exercise functions by stimulating bone formation, regulating the endocrine system, increasing estrogen levels, promoting bone production, and preventing bone loss (Yuan and Wang, 2019). A Chinese traditional fitness exercise is a national traditional exercise with the concept of health preservation of traditional Chinese medicine combined with aerobic exercises. It is guided by “treating disease without disease” and is based on the principle of a “combination of movement and stillness, strength, and softness.” Chinese traditional fitness exercises organically combine human physical activities, breathing, and mental regulation. Long-term exercise helps reduce bone loss and relieve pain, and effectively prevents and treats osteoporosis (Figure 3).
[image: Figure 3]FIGURE 3 | Chinese traditional fitness exercises can strengthen the bone, improve bone density, and reduce bone loss.
3.1 Chinese traditional fitness exercises increase bone mineral density and prevent bone loss
Chinese traditional fitness exercises effectively increased the bone mineral density and reduced bone mass loss in patients with osteoporosis. In the studies on the relationship between Taijiquan and osteoporosis, Taijiquan was intervened in elderly women with osteoporosis for 9 and 12 months. The results showed that Taijiquan effectively improved the bone mineral density of the lumbar spine, hip, femur, and forearm in elderly women with osteoporosis (Wayne et al., 2012; Wu et al., 2016). In addition, the bone mineral density of the spine and femur was effectively increased after practicing Baduanjin in patients with osteoporosis (Liu et al., 2015). Hence, it further concluded that the effect of combined drug therapy with Chinese traditional fitness exercises is significant. Similarly, 6 months of the Wuqinxi and Yijin Jing exercise achieved the same effect (Jing and Zhang, 2008; Shen et al., 2013; Shen et al., 2018).
Chinese traditional fitness exercises are also beneficial to people who are not at risk of osteoporosis. A total of nine articles proved the effects of Taijiquan on the bone health of the elderly, which were detected from the spine, lumbar vertebrae, hip joint, femur, tibia, and ankle joint (Qin et al., 2002; Chan et al., 2004; Qin et al., 2005; Woo et al., 2007; Song, 2008; Zou et al., 2011; Du et al., 2014; Song et al., 2014; Song et al., 2018). Long-term Taijiquan exercise contributed to the increase of the bone mineral density of all parts of the body of the elderly in varying degrees, thereby indicating that Taijiquan played an important role in preventing osteoporosis. Zhou et al. divided 60 postmenopausal women into rope skipping, Mulan boxing, Taijiquan, and Taijiquan groups, and intervened for 10 months. It was concluded that rope skipping, Mulan boxing, and Taijiquan exercises positively affect the bone mineral density of postmenopausal women. Chinese traditional fitness exercises were effective for postmenopausal women to resist bone mass loss and promote the increase of bone mineral density. In addition, the Taijiquan hand-pushing group was comprehensive and effective in increasing the bone mass and bone mineral density (Zhou, 2004). Chen et al. conducted experiments on Baduanjin with healthy middle-aged women, for the women and Baduanjin not only maintained the bone mineral density but also decreased the level of IL-6 in the blood. Thus, it was implicated that Baduanjin effectively prevented common bone loss and was valuable in promoting and maintaining the health status of middle-aged women (Chen et al., 2006). Similarly, Wuqinxi had shown the same effect on maintaining the bone mass and bone mineral density in elderly women (Shen et al., 2013; Gu and Liu, 2021).
Nevertheless, there were certain reservations about the efficacy of Chinese traditional fitness exercises. Hui et al. conducted a randomized controlled trial on a group of middle-aged subjects. After 3 months of Taijiquan intervention, no significant change was found in the bone mineral density before and after the trial (Hui et al., 2015). However, another two studies on Taijiquan have shown that 48 weeks of Taijiquan exercise does not improve bone mineral density in perimenopausal women (Wang et al., 2015; Zhao, 2020). Li et al. believed that the short-term treatment of Wuqinxi for 6 months did not affect the lumbar BMD in patients with primary type I osteoporosis (Li et al., 2014). No significant change was observed in the bone mineral density of the femoral neck and the lumbar vertebrae in postmenopausal women after 24 weeks of a new Wuqinxi exercise but only slightly higher than that in the control group. The data suggested that the new Wuqinxi exercise may play a certain role in delaying bone loss and increasing bone mineral density (Wang et al., 2018). Meanwhile, Tsai et al. concluded that Yijin Jing played an important role in improving muscle endurance and body composition in middle-aged women, but bone strength may not be improved (Tsai et al., 2008). The aforementioned differences may be related to the different movements of traditional sports and different emphases of exercise and may also be related to the age, sex, and initial physical quality of the subjects.
3.2 Chinese traditional fitness exercises improve bone metabolism
Bone metabolism is the basis of ensuring the integrity of the bone composition and structure. The main form of action is the continuous absorption of old bones under the action of osteoclasts, while the continuous synthesis of the new bone is under the action of osteoblasts. A healthy bone is maintained by the dynamic balance between the absorption and reconstruction of the bone (Ma et al., 2011). Biochemical markers of bone metabolism dynamically reflect the state of bone formation and bone resorption within the organism and also reflect the changes and speed of bone matrix components. Bone alkaline phosphatase (BALP) and alkaline phosphatase (ALP) are related to bone mineralization; N-terminal propeptide (PINP) and the carboxyl-terminal propeptide (PICP) of the procollagen type I are related to a bone matrix, which is proportional to the rate of bone metabolism. In addition, the serum osteocalcin (BGP/OC) is a common biochemical marker of bone formation. The levels of pyridinoline (PYD) and deoxypyridinoline (DPD) in the urine, amino-terminal peptide (NTX), and carboxyl-terminal peptide (CTX) of type I collagen in the blood and serum acid phosphatase (TRAP) are the common markers of bone resorption. Meanwhile, calcium (Ca), phosphorus (P), and the parathyroid hormone (PTH) play regulatory roles in bone resorption and remodeling (Que and Feng, 2014). Biochemical markers of bone metabolism are greatly significant in the early detection, clinical classification, differential diagnosis, treatment monitoring, and screening of osteoporosis (Li, 2007).
Chinese traditional fitness exercises improve the level of bone metabolism in patients with osteoporosis. Wayne et al. found that 9 months of Taijiquan exercise significantly reduced the levels of serum CTX and OC in patients with postmenopausal osteoporosis, thereby suggesting that Taijiquan might reduce bone resorption and improve bone metabolism (Wayne et al., 2012). Similarly, the increase in the levels of serum ALP, Ca, and P and the decrease in the level of DPD/Cr were more effective with a 6-month Baduanjin exercise routine combined with drug intervention compared to simple drug therapy for patients with diabetes mellitus complicated with osteoporosis. In addition, Wuqinxi significantly reduced the levels of serum ALP and BGP in postmenopausal women with osteoporosis and decreased the level of PYD in urine that was equivalent to the effect of a calcium supplement alone (Shen et al., 2014). Li et al. also found that calcium supplements lasting for 9 months combined with modified Wuqinxi were effective in reducing serum PINP and S-CTX levels (Li et al., 2014).
Moreover, conventional Chinese traditional fitness exercise interventions also protected those at risk of osteoporosis. Shen et al. conducted 24 weeks of Taijiquan and resistance training in older people with the highest risk of osteoporosis. The results showed that Taijiquan and resistance training exhibited certain effects against osteoporosis, while the effects were different at different times. The level of the serum BALP in both TC and RT groups increased, but with a 6-week exercise, the level in the TC group was higher than that in the RT group. The serum PTH level in the TC group was significantly higher than that in the RT group with 12 weeks of exercise. The urine Ca2+ level in the TC group decreased relatively to the baseline, while that in the RT group increased after 24 weeks of exercise (Shen et al., 2007). It was implicated that the Taijiquan exercise contributed to the regulation of bone metabolism and reducing bone resorption, which showed better effects than resistance exercise. The Taijiquan intervention combined with certain active components in postmenopausal women helped effectively increase the levels of serum BAP and PTH such as green tea polyphenols (Shen et al., 2012).
3.3 Chinese traditional fitness exercises relieve pain
Chinese traditional fitness exercises are simple and slow. The unique movement of “lifting tendons and pulling bones” helps people’s muscles, tendons, and bones to be lifted gradually. The movements of pulling, pressing, and stretching are gentler to achieve the purpose of promoting cardiovascular circulation and regulating the metabolism. Chinese traditional fitness exercises play a significant role in relieving the bone, joint, and low back pain caused by bone loss. Meanwhile, for postmenopausal women and elderly patients with osteoporosis, regular Baduanjin exercise also effectively relieved pain. The back pain score of the Baduanjin exercise group was significantly lower than that of the control group and lasted until a subsequent follow-up (Liu et al., 2015). Similar results were also observed for Wuqinxi and Yijin Jing. Both traditional and improved Wuqinxi reduced the pain score of patients with postmenopausal osteoporosis (Jing and Zhang, 2008; Shen et al., 2013; Li et al., 2014; Shen et al., 2014) (Table 1).
TABLE 1 | Different Chinese traditional fitness exercise types on the human OP.
[image: Table 1]Chinese traditional fitness exercises play a significant role in improving and preventing osteoporosis. Nevertheless, there are different types, intensities, and durations of Chinese traditional fitness exercises that may have different effects. Therefore, the exercise should be carried out in combination with the actual situation of various populations. People should carry out the appropriate intensity of pertinent targeted exercises under the guidance of professionals. Generally, the amount of exercise must reach 70%–80% of the maximum heart rate. The more commonly used calculation method is as follows: the optimal heart rate range = (220-age) × (70%–80%). Meanwhile, the exercise frequency is 3–5 times per week, and the time should be controlled between 20 and 60 min each time. It is appropriate not to feel tired the next day. In terms of the duration of exercise, it takes more than 1 year to physiologically increase bone mass. However, strict attention must be paid to safety and preventing falls during the exercise to avoid the occurrence of osteoporotic fractures.
4 CONCLUSION AND PROSPECT
Aerobic exercise is the most appropriate training for people with osteoporosis because of their fragile bones. As one of the manifestations of aerobic exercise, Chinese traditional fitness exercises have significant advantages in preventing and treating osteoporosis. In addition, Chinese traditional fitness exercises increase bone mass, decelerate bone loss, and improve bone metabolism, and play a significant role in improving balance, reducing fall risks, relieving pain, and improving the quality of life. Chinese traditional fitness sports need low skill requirements and have a higher safety index than ordinary aerobic exercises. It is rich in various movements, which meet the different exercise needs of different people. Chinese traditional fitness sports bring enormous interest and greatly improve patients’ compliance. However, there are certain limitations to Chinese traditional fitness exercises. The effects are generally slow, while the courses of treatment are relatively long. In addition, there is an upper limit for the improvement of bone mass. When the bone mass increases up to a certain level, continuous exercise may still slow down the rate of bone loss, but it will not continue to increase bone mineral density (Benedetti et al., 2018). However, certain skills are necessary for some of the movements of Chinese traditional fitness exercises. If unqualified or wrong exercises are carried out for a long time, they may reduce the curative effects and even cause injury.
The current studies mostly focused on the clinical effects such as the bone mineral density, bone metabolism index, and pain, but there was no way to verify them by special animal experiments. There is a lack of discussion of the mechanism at the present stage. In addition, the sample size of most clinical trials was relatively small, and some trials did not strictly follow the random and double-blinded principles. Thus, the problem of the short intervention time and lack of long-term follow-up reports remains. Moreover, there is no set of unified guidelines on how to choose the appropriate exercise therapy, and there is no unified standard for the time and frequency of each exercise. Therefore, it is essential to formulate a standardized, reasonable, and scientific exercise prescription, and thus, this will be our next research direction.
Our work was performed concerning the effects of Chinese traditional fitness exercises against osteoporosis. This review may contribute to the development of more targeted methods to improve and prevent osteoporosis to provide theoretical references. Herein, molecular mechanisms of exercises in improving osteoporosis are also summarized, which can further aid the development of rational therapies based on Chinese traditional fitness exercises. We believe that this review may lay the foundation for the development of appropriate treatments to prevent and treat osteoporosis.
AUTHOR CONTRIBUTIONS
ZW and X-AZ: conceptualization, project administration, and funding acquisition. WS, ZW, and X-AZ: writing, review, and editing. All authors contributed to the article and approved the submitted version.
FUNDING
The work was supported by the Innovative Talents Support Program for Universities of Liaoning Province, No.WR2019024.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors, and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Alp, A., Cansever, S., Gorgec, N., Yurtkuran, M., and Topsac, T. (2009). Effects of Tai Chi exercise on functional and life quality assessments in senile osteoporosis. Turkiye Klinikleri Tip Bilimleri Dergisi. 29 (3), 687–695. 
 Arceo-Mendoza, R. M., and Camacho, P. M. (2021). Postmenopausal osteoporosis: Latest guidelines. Endocrinol. Metab. Clin. North Am. 50 (2), 167–178. doi:10.1016/j.ecl.2021.03.009
 Benedetti, M. G., Furlini, G., Zati, A., and Letizia Mauro, G. (2018). The effectiveness of physical exercise on bone density in osteoporotic patients. BioMed Res. Int. 2018, 4840531. doi:10.1155/2018/4840531
 Chan, K., Qin, L., Lau, M., Woo, J., Au, S., Choy, W., et al. (2004). A randomized, prospective study of the effects of Tai Chi Chun exercise on bone mineral density in postmenopausal women. Archives Phys. Med. rehabilitation 85 (5), 717–722. doi:10.1016/j.apmr.2003.08.091
 Chen, H.-H., Yeh, M.-L., and Lee, F.-Y. (2006). The effects of Baduanjin qigong in the prevention of bone loss for middle-aged women. Am. J. Chin. Med. 34 (05), 741–747. doi:10.1142/S0192415X06004259
 Chen, X., Li, L., Guo, J., Zhang, L., Yuan, Y., Chen, B., et al. (2016). Treadmill running exercise prevents senile osteoporosis and upregulates the Wnt signaling pathway in SAMP6 mice. Oncotarget 7 (44), 71072–71086. doi:10.18632/oncotarget.12125
 Chen, X., Sun, K., Zhao, S., Geng, T., Fan, X., Sun, S., et al. (2020). Irisin promotes osteogenic differentiation of bone marrow mesenchymal stem cells by activating autophagy via the Wnt/β-catenin signal pathway. Cytokine 136, 155292. doi:10.1016/j.cyto.2020.155292
 Chen, X., Yang, K., Sun, P., Zhao, R., Liu, B., and Lu, P. (2021). Exercise improves bone formation by upregulating the Wnt3a/β-catenin signalling pathway in type 2 diabetic mice. Diabetol. Metab. Syndr. 13 (1), 116. doi:10.1186/s13098-021-00732-6
 Chyu, M.-C., James, C. R., Sawyer, S. F., Brismée, J.-M., Xu, K. T., Poklikuha, G., et al. (2010). Effects of tai chi exercise on posturography, gait, physical function and quality of life in postmenopausal women with osteopaenia: A randomized clinical study. Clin. Rehabil. 24 (12), 1080–1090. doi:10.1177/0269215510375902
 Cline-Smith, A., Axelbaum, A., Shashkova, E., Chakraborty, M., Sanford, J., Panesar, P., et al. (2020). Ovariectomy activates chronic low-grade inflammation mediated by memory T cells, which promotes osteoporosis in mice. J. Bone Min. Res. 35 (6), 1174–1187. doi:10.1002/jbmr.3966
 Conaway, H. H., Henning, P., Lie, A., Tuckermann, J., and Lerner, U. H. (2016). Activation of dimeric glucocorticoid receptors in osteoclast progenitors potentiates RANKL induced mature osteoclast bone resorbing activity. Bone 93, 43–54. doi:10.1016/j.bone.2016.08.024
 Córdova, A., Mielgo-Ayuso, J., Fernandez-Lazaro, C. I., Caballero-García, A., Roche, E., and Fernandez-Lazaro, D. (2019). Effect of iron supplementation on the modulation of iron metabolism, muscle damage biomarkers and cortisol in professional cyclists. Nutrients 11 (3), 500. doi:10.3390/nu11030500
 Du, X. X., Zhang, M. J., Gou, B., Lv, Y., Zhou, X. Y., and Liu, H. G. (2014). Influence of Taiji softball on estrogen and bone metabolism index in perimenopausal women. J. Xi’an Phys. Educ. 31, 459–463. doi:10.16063/j.cnki.issn1001-747x.2014.04.015
 Friedl, G., Turner, R. T., Evans, G. L., and Dobnig, H. (2007). Intermittent parathyroid hormone (PTH) treatment and age-dependent effects on rat cancellous bone and mineral metabolism. J. Orthop. Res. 25 (11), 1454–1464. doi:10.1002/jor.20433
 Gardinier, J. D., Mohamed, F., and Kohn, D. H. (2015). PTH signaling during exercise contributes to bone adaptation. J. Bone Min. Res. 30 (6), 1053–1063. doi:10.1002/jbmr.2432
 Gavali, S., Gupta, M. K., Daswani, B., Wani, M. R., Sirdeshmukh, R., and Khatkhatay, M. I. (2019). Estrogen enhances human osteoblast survival and function via promotion of autophagy. Biochim. Biophys. Acta Mol. Cell. Res. 1866 (9), 1498–1507. doi:10.1016/j.bbamcr.2019.06.014
 Gennari, L., Merlotti, D., and Nuti, R. (2010). Selective estrogen receptor modulator (SERM) for the treatment of osteoporosis in postmenopausal women: Focus on lasofoxifene. Clin. Interv. Aging 5, 19–29. doi:10.2147/cia.s6083
 Gosset, A., Pouillès, J-M., and Trémollieres, F. (2021). Menopausal hormone therapy for the management of osteoporosis. Best. Pract. Res. Clin. Endocrinol. Metab. 35 (6), 101551. doi:10.1016/j.beem.2021.101551
 Gu, L., and Liu, Y. (2021). The effect of the fitness gongfu method New Five Animal Play on bone density in elderly women. Chin. J. Gerontology 1. doi:10.3969/j.issn.1005-9202
 Han, L., Wang, B., Wang, R., Gong, S., Chen, G., and Xu, W. (2019). The shift in the balance between osteoblastogenesis and adipogenesis of mesenchymal stem cells mediated by glucocorticoid receptor. Stem Cell. Res. Ther. 10 (1), 377. doi:10.1186/s13287-019-1498-0
 He, C. Q., Wang, X. H., and Xie, W. (2003). Clinical research on the effect of progressive resist and brief maximal exercise therapy for treatment of back pain of patients with osteoporosis. West China Med. J. 18 (2), 169–170. 
 Huang, H. P., Ning, L. S., and Wen, Z. H. (2008). Correlation of bone density and bone strength with exercises. Chin. J. Tissue Eng. Res. 12 (46), 9134–9137. 
 Hui, S. S.-C., Xie, Y. J., Woo, J., and Kwok, T. C.-Y. (2015). Effects of tai chi and walking exercises on weight loss, metabolic syndrome parameters, and bone mineral density: A cluster randomized controlled trial. Evidence-based complementary Altern. Med. 2015, 976123. doi:10.1155/2015/976123
 Jahnke, R., Larkey, L., Rogers, C., Etnier, J., and Lin, F. (2010). A comprehensive review of health benefits of qigong and tai chi. Am. J. Health Promot 24 (6), e1–e25. doi:10.4278/ajhp.081013-LIT-248
 Jia, H., Tian, A., Zhang, X., Ma, X., Ma, J., Wang, J., et al. (2019). The effect of tail suspension and treadmill exercise on LRP6 expression, bone mass and biomechanical properties of hindlimb bones in SD rats. Am. J. Transl. Res. 11 (9), 5847–5857.
 Jing, F., and Zhang, J. (2008). Effects of sinew-transforming exercise on bone density of patients with primary osteoporosis. Zhongguo Tiyu Keji 44 (2), 88–90. doi:10.16470/j.csst.2008.02.002
 Kawano, K. I., Ogata, N., Chiano, M., Molloy, H., Kleyn, P., Spector, T. D., et al. (2002). Klotho gene polymorphisms associated with bone density of aged postmenopausal women. J. Bone Mineral Res. 17 (10), 1744–1751. doi:10.1359/jbmr.2002.17.10.1744
 Ke, C. H., He, L. J., and Wu, W. H. (2019). Progress of bisphosphonates in the prevention and treatment of oste oporotic fractures. Chin. J. Osteoporos. 25. doi:10.3969/j.issn.1006-7108.2019.06.030
 Lane, J. M., Russell, L., and Khan, S. N. (2000). Osteoporosis. Clin. Orthop. Relat. Res. 372, 139–150. doi:10.1097/00003086-200003000-00016
 Lane, N. E. (2019). Glucocorticoid-induced osteoporosis: New insights into the pathophysiology and treatments. Curr. Osteoporos. Rep. 17 (1), 1–7. doi:10.1007/s11914-019-00498-x
 Laurent, M. R., Goemaere, S., Verroken, C., Bergmann, P., Body, J. J., O, B., et al. (2022). Prevention and treatment of glucocorticoid-induced osteoporosis in adults: Consensus Recommendations from the Belgian bone Club. Front. Endocrinol. (Lausanne) 13, 908727. doi:10.3389/fendo.2022.908727
 Lee, S. K., and Lorenzo, J. A. (2002). Regulation of receptor activator of nuclear factor-kappa B ligand and osteoprotegerin mRNA expression by parathyroid hormone is predominantly mediated by the protein kinase a pathway in murine bone marrow cultures. Bone 31 (1), 252–259. doi:10.1016/s8756-3282(02)00804-9
 Lee, W., Ko, K. R., Kim, H. K., Lee, D. S., Nam, I. J., Lim, S., et al. (2018). Dehydrodiconiferyl alcohol inhibits osteoclast differentiation and ovariectomy-induced bone loss through acting as an estrogen receptor agonist. J. Nat. Prod. 81 (6), 1343–1356. doi:10.1021/acs.jnatprod.7b00927
 Li, J. W., Pan, D. Q., He, K. H., and Shi, X. L. (2014). Understanding of clinical application of modified five-bird game in the prevention and treatment of primary type I osteoporosis. Chin. J. Osteoporosis/Zhongguo Guzhi Shusong Zazhi 20 (8). doi:10.3969/j.issn.1006-7108
 Li, W. L., Yu, X., Huang, Z. P., and Pang, Q. J. (2017). Effect of parathyroid hormone on healing in osteoporotic fractures via a phospholipase C-independent pathway. J. Int. Med. Res. 45 (3), 1200–1207. doi:10.1177/0300060517707075
 Li, W., Yuan, L., Tong, G., He, Y., Meng, Y., Hao, S., et al. (2018). Phospholipase C signaling activated by parathyroid hormone mediates the rapid osteoclastogenesis in the fracture healing of orchiectomized mice. BMC Musculoskelet. Disord. 19 (1), 311. doi:10.1186/s12891-018-2231-3
 Li, Z., Deng, Q., and Zhang, Y. (2019). Clinical observation on eight-section brocade in improving balance ability and fall risk of senile osteoporosis. Western J. Tradit. Chin. Med. 9 (32), 62–65. 
 Li, X. F. (2007). Clinical manifestations, examination and diagnosis of osteoporosis. J. New Med. 38 (1), 8–11. 
 Liu, B. X., Chen, S. P., Li, Y. D., Wang, J., Zhang, B., Lin, Y., et al. (2015). The effect of the modified eighth section of eight-section brocade on osteoporosis in postmenopausal women: A prospective randomized trial. Medicine 94 (25), e991. doi:10.1097/MD.0000000000000991
 Ma, T., Li, S. C., Sun, P., and Zheng, Q. Y. (2011). Advances in the study of exercise, immune response and bone metabolism. Chin. J. Sports Med. 30 (2), 199–205. doi:10.16038/j.1000-6710.2011.02.015
 Ma, Y. Z., Wang, Y. P., Liu, Q., Li, C. L., Ma, X., Wang, Y. J., et al. (2019). 2018 China guideline for diagnosis and treatment of senile osteoporosis. Chin. J. Pract. Intern. Med. , 38–61. doi:10.3969/j.issn.1006-7108.2018.12.001
 Maciaszek, J., Osiński, W., Szeklicki, R., and Stemplewski, R. (2007). Effect of Tai Chi on body balance: Randomized controlled trial in men with osteopenia or osteoporosis. Am. J. Chinese Med. 35 (01), 1–9. doi:10.1142/S0192415X07004564
 Marques, E. A., Wanderley, F., Machado, L., Sousa, F., Viana, J. L., Moreira-Goncalves, D., et al. (2011). Effects of resistance and aerobic exercise on physical function, bone mineral density, OPG and RANKL in older women. Exp. Gerontol. 46 (7), 524–532. doi:10.1016/j.exger.2011.02.005
 Murphy, L., and Singh, B. B. (2008). Effects of 5-Form, Yang Style Tai Chi on older females who have or are at risk for developing osteoporosis. Physiother. Theory Pract. 24 (5), 311–320. doi:10.1080/09593980701884790
 Nakajima, A., Shimoji, N., Shiomi, K., Shimizu, S., Moriya, H., Einhorn, T. A., et al. (2002). Mechanisms for the enhancement of fracture healing in rats treated with intermittent low-dose human parathyroid hormone (1-34). J. Bone Min. Res. 17 (11), 2038–2047. doi:10.1359/jbmr.2002.17.11.2038
 Notomi, T., Karasaki, I., Okazaki, Y., Okimoto, N., Kato, Y., Ohura, K., et al. (2014). Insulinogenic sucrose+amino acid mixture ingestion immediately after resistance exercise has an anabolic effect on bone compared with non-insulinogenic fructose+amino acid mixture in growing rats. Bone 65, 42–48. doi:10.1016/j.bone.2014.05.002
 Pichler, K., Loreto, C., Leonardi, R., Reuber, T., Weinberg, A. M., and Musumeci, G. (2013). RANKL is downregulated in bone cells by physical activity (treadmill and vibration stimulation training) in rat with glucocorticoid-induced osteoporosis. Histol. Histopathol. 28 (9), 1185–1196. doi:10.14670/hh-28.1185
 Qian, G., Xue, K., Tang, L., Wang, F., Song, X., Chyu, M.-C., et al. (2012). Mitigation of oxidative damage by green tea polyphenols and Tai Chi exercise in postmenopausal women with osteopenia. PloS one 7 (10), e48090. doi:10.1371/journal.pone.0048090
 Qiao, X., Nie, Y., Ma, Y., Chen, Y., Cheng, R., Yin, W., et al. (2016). Irisin promotes osteoblast proliferation and differentiation via activating the MAP kinase signaling pathways. Sci. Rep. 6, 18732. doi:10.1038/srep18732
 Qin, L., Au, S., Choy, W., Leung, P., Neff, M., Lee, K., et al. (2002). Regular tai chi chuan exercise may retard bone loss in postmenopausal women: A case-control study. Archives Phys. Med. rehabilitation 83 (10), 1355–1359. doi:10.1053/apmr.2002.35098
 Qin, L., Choy, W., Leung, K., Leung, P. C., Au, S., Hung, W., et al. (2005). Beneficial effects of regular Tai Chi exercise on musculoskeletal system. J. bone mineral metabolism 23 (2), 186–190. doi:10.1007/s00774-004-0559-2
 Que, W. J., and Feng, Z. P. (2014). Research progress in bone turnover markers. Chin. J. Osteoporos. 20 (5), 575–579. doi:10.3969/j.issn.1006-7108.2014.05.025
 Reid, I. R., and Billington, E. O. (2022). Drug therapy for osteoporosis in older adults. Lancet 399 (10329), 1080–1092. doi:10.1016/s0140-6736(21)02646-5
 Rickard, D. J., Wang, F. L., Rodriguez-Rojas, A. M., Wu, Z., Trice, W. J., Hoffman, S. J., et al. (2006). Intermittent treatment with parathyroid hormone (PTH) as well as a non-peptide small molecule agonist of the PTH1 receptor inhibits adipocyte differentiation in human bone marrow stromal cells. Bone 39 (6), 1361–1372. doi:10.1016/j.bone.2006.06.010
 Robinson, L. J., Yaroslavskiy, B. B., Griswold, R. D., Zadorozny, E. V., Guo, L., Tourkova, I. L., et al. (2009). Estrogen inhibits RANKL-stimulated osteoclastic differentiation of human monocytes through estrogen and RANKL-regulated interaction of estrogen receptor-alpha with BCAR1 and Traf6. Exp. Cell. Res. 315 (7), 1287–1301. doi:10.1016/j.yexcr.2009.01.014
 Shen, C.-L., Williams, J. S., Chyu, M.-C., Paige, R. L., Stephens, A. L., Chauncey, K. B., et al. (2007). Comparison of the effects of tai chi and resistance training on bone metabolism in the elderly: A feasibility study. Am. J. Chin. Med. 35 (03), 369–381. doi:10.1142/S0192415X07004898
 Shen, C.-L., Chyu, M.-C., Yeh, J., Zhang, Y., Pence, B., Felton, C., et al. (2012). Effect of green tea and tai chi on bone health in postmenopausal osteopenic women: A 6-month randomized placebo-controlled trial. Osteoporos. Int. 23 (5), 1541–1552. doi:10.1007/s00198-011-1731-x
 Shen, M. R., Feng, Y. J., and Wei, T. (2013). Effect of Hua Tuos frolics of five animals on the bone mineral density of lumbar vertebrae in senile patients with osteoporosis. Chin. J. Osteoporos. 19 (3), 271–274. doi:10.3969/j.issn.1006-7108.2011.07.024
 Shen, M., Feng, Y., Wei, W., Wang, T., Zhou, X., Gao, F., et al. (2014). Effect of HUA tuos frolics of five animals on the patients with senile osteoporosis. Chin. J. Tradit. Chin. Med. Pharm. 29, 895–897. 
 Shen, Z. F., Zhu, G. F., Qian, L. F., and Fu, Y. X. (2018). Yi jin jing (Sinew-transforming qigong exercises) for primary osteoporosis in the elderly: A clinical trial. J. Acupunct. Tuina Sci. 16 (2), 104–108. doi:10.1007/s11726-018-1032-4
 Shen, H., He, J., Ling, X., Liu, C., Wang, Y., Zhang, X., et al. (2022). Wheel-running exercise protects ovariectomized mice from bone loss via IFN- γ-mediated suppression of the NF- κ B and MAPK pathways. Oxid. Med. Cell. Longev. 2022, 2030818. doi:10.1155/2022/2030818
 Song, H. (2008). Effects of Taijiquan exercise on bone density and bone metabolism of primary osteoporosis sufferers. J. Phys. Educ. 15 (11). doi:10.16237/j.cnki.cn44-1404/g8.2008.11.027
 Song, Q. H., Zhang, Q. H., Xu, R. M., Ma, M., Zhao, X. P., Shen, G. Q., et al. (2014). Effect of Tai-chi exercise on lower limb muscle strength, bone mineral density and balance function of elderly women. Int. J. Clin. Exp. Med. 7 (6), 1569–1576.
 Song, J. L., Cheng, L., and Chang, S. W. (2018). Effects of 48-week Taichi, brisk walking and square dance on bone mineral density in elderly women. J. Shandong Sport Univ. 34, 105–108. doi:10.14104/j.cnki.1006-2076.2018.06.018
 Staab, J. S., Lutz, L. J., Foulis, S. A., Gaffney-Stomberg, E., and Hughes, J. M. (2023). Load carriage aerobic exercise stimulates a transient rise in biochemical markers of bone formation and resorption. J. Appl. Physiol. (1985) 134 (1), 85–94. doi:10.1152/japplphysiol.00442.2022
 Tang, L., Lin, Z., and Li, Y. M. (2006). Effects of different magnitudes of mechanical strain on Osteoblasts in vitro. Biochem. Biophys. Res. Commun. 344 (1), 122–128. doi:10.1016/j.bbrc.2006.03.123
 Thouverey, C., and Caverzasio, J. (2015). Ablation of p38α MAPK signaling in osteoblast lineage cells protects mice from bone loss induced by estrogen deficiency. Endocrinology 156 (12), 4377–4387. doi:10.1210/en.2015-1669
 Tong, X., Chen, X., Zhang, S., Huang, M., Shen, X., Xu, J., et al. (2019). The effect of exercise on the prevention of osteoporosis and bone angiogenesis. Biomed. Res. Int. 2019, 8171897. doi:10.1155/2019/8171897
 Tsai, Y.-K., Chen, H.-H., Lin, I.-H., and Yeh, M.-L. (2008). Qigong improving physical status in middle-aged women. West. J. Nurs. Res. 30 (8), 915–927. doi:10.1177/0193945908319991
 Wang, H. R., Yu, B., Chen, W. H., Lu, Y. Z., and Yu, D. H. (2015). Simplified Tai Chi resistance training versus traditional Tai Chi in slowing bone loss in postmenopausal women. Evidence-Based Complementary Altern. Med. 2015, 379451. doi:10.1155/2015/379451
 Wang, F. H., Zhang, J. M., and Xu, H. X. (2018). Effects of new-style five -animal exercises on the balance ability and BMD of elderly woman. Chin. J. Osteoporosis/Zhongguo Guzhi Shusong Zazhi 24 (12). doi:10.3969/j.issn.1006-7108.2018.12.004
 Wayne, P. M., Kiel, D. P., Buring, J. E., Connors, E. M., Bonato, P., Yeh, G. Y., et al. (2012). Impact of tai chi exercise on multiple fracture-related risk factors in post-menopausal osteopenic women: A pilot pragmatic, randomized trial. BMC complementary Altern. Med. 12 (1), 7–12. doi:10.1186/1472-6882-12-7
 Woo, J., Hong, A., Lau, E., and Lynn, H. (2007). A randomised controlled trial of Tai Chi and resistance exercise on bone health, muscle strength and balance in community-living elderly people. Age ageing 36 (3), 262–268. doi:10.1093/ageing/afm005
 Wu, F. Y., Shi, X. P., and Chen, J. Y. (2016). Effect of tai chi exercises on prevention of osteoporotic fracture in elderly women. Mod. Hosp. 16 (11), 1708–1711. doi:10.3969/j.issn.1671-332X.2016.11.055
 Yang, D., Singh, R., Divieti, P., Guo, J., Bouxsein, M. L., and Bringhurst, F. R. (2007). Contributions of parathyroid hormone (PTH)/PTH-related peptide receptor signaling pathways to the anabolic effect of PTH on bone. Bone 40 (6), 1453–1461. doi:10.1016/j.bone.2007.02.001
 Yang, T., Guo, Y., Cheng, Y., and Zhang, Y. (2022). Effects of traditional Chinese fitness exercises on negative emotions and sleep disorders in college students: A systematic review and meta-analysis. Front. Psychol. 13, 908041. doi:10.3389/fpsyg.2022.908041
 Yeung, A., Chan, J. S. M., Cheung, J. C., and Zou, L. (2018). Qigong and tai-chi for mood regulation. Focus (Am Psychiatr. Publ. 16 (1), 40–47. doi:10.1176/appi.focus.20170042
 Yuan, T., and Wang, Z. T. (2019). Rehabilitation guidelines for osteoporosis (Part I). Chin. J. Rehabilitation Med. 11. doi:10.3969/j.issn.1001-1242.2019.11.001
 Yuan, Y., Chen, X., Zhang, L., Wu, J., Guo, J., Zou, D., et al. (2016). The roles of exercise in bone remodeling and in prevention and treatment of osteoporosis. Prog. Biophys. Mol. Biol. 122 (2), 122–130. doi:10.1016/j.pbiomolbio.2015.11.005
 Zhang, Q., Xiao, K., Liu, H., Song, L., McGarvey, J. C., Sneddon, W. B., et al. (2018). Site-specific polyubiquitination differentially regulates parathyroid hormone receptor-initiated MAPK signaling and cell proliferation. J. Biol. Chem. 293 (15), 5556–5571. doi:10.1074/jbc.RA118.001737
 Zhao, J. (2020). Effects of Tai Chi Chuan on the changes of bone mineral density of perimenopausal women. Chin. J. Tissue Eng. Res. 24 (2), 176. doi:10.3969/j.issn.2095-4344.1908
 Zhou, Y. (2004). The effect of traditional sports on bone density of menopause women. J. Beijing Univ. Phys. Educ. 27 (3). doi:10.19582/j.cnki.11-3785/g8.2004.03.024
 Zou, J., Lin, F., Zhang, L., li, L. H., Dong, J. Q., Qin, S. J., et al. (2011). Effect of long time taijiquan training on bone density and balance function in post-menopause women. Chin. J. Rehabilitation Theory Pract. 17 (1). 
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2023 Sun, Zhang and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphys-14-1071005-g003.gif
hinese tradional finess exercises.

‘Osteoporatic bone
BMD

BALP|  TRAPT
oc | DD

PINP]  BCTX T





OPS/images/fphys-14-1071005-t001.jpg
Participant Duration Study group (n) Outcome measures EEE

Bone metabolism

Elderly women 48 weeks | Taijiquan (28), brisk walking | EG: lumbar spine] Song et al.
(29), and square (32) femoral neck] (2018)
Menopausal women | 10 months | Mulan boxing (12), Taijiquan | EG: lumbar spine] ulna] Zhou (2004)
(12), skipping (12), Taiji radiusT

pushing hand (12), and
control (12)

Perimenopausal Taijiquan (20) and control (20) | EG: lumbar spine[ EG: BGP| ALP| EG: VAS| Song (2008)
women femoral neck|
Perimenopausal 6months | Tajjiquan softball (15) and | EG: spinef the whole EG: Cacs Pes Du et al. (2014)
women control (15) body; > upper limbe> Mge> ALP
pelvises
Perimenopausal 48 weeks | Tajjiquan (36) and control (38) | EG: lumbar spinecs Zhao (2020)
women femoral necke large
rotores Ward's
trianglees
Menopausal women Taijiquan (31) and control (28) | EG: lumbar spine[ EG: balance] | Zouetal. (2011)
femoral neck] Ward’s
triangle]
Community living 12 months | Taijiquan (58), resistance EG: lumbar spinec> Woo et al.
elderly people exercise (59), and control (59) total hip] (2007)
Postmenopausal 12 months | Taijiquan (65) and control (67) | EG: lumbar spinec Chan et al.
women proximal femures distal (2004)
tibia]
Postmenopausal Taijiquan (48) and control (51) | EG: lumbar spinel Qinet al. (2005)
women proximal femur] Ward's
triangle]
Elderly females 12 months | Taijiquan (35), dance (35), and EG: calcaneus] EG: balancel Song et al.
walking (35) (2014)
Postmenopausal 12 months | Taijiquan (17) and control (17) | EG: lumbar spine] Qinetal. (2002)
women femoral neck[ distal

tibiaT ultradistal tibia]

Postmenopausal 12months | Traditional Taijiquan (40), EG: lumbar spine] Wang et al.
women simplified Taijiquan (40), and | femoral neck] Ward's (2015)
control (39) triangle]
Adults 12 weeks uan (129), walking (121), | EG: lumbar spine[ Hui et al. (2015)
and control (124) total hipl
Postmenopausal 9 months Usual care(43) and EG: lumbar spine[ Total EG: CTX| 0SC| EG: SF-36 Wayne et al.
osteogenic women Taijiquan (43) hipT femoral neck MENQOLe PAR (2012)
balancel
Elderly people 24 weeks | Tajiquan (14) and resistance EG: PTHT urinary Shen et al.
training (14) calcium| PYD < BAPT (2007)
Postmenopausal 6months | Placebo + Taijiquan (37) and EG: Cacs PTHT urinary Shen et al.
women placebo (37) calciumes P> BAPT BAP/ (2012)
TRAPT
Postmenopausal 6months | Placebo + Taijiquan (37) and EG: 8-OHdG| GTP] Qian et al.
osteogenic women placebo (37) (2012)
Osteoporosis inelderly 24 weeks  Taijiquan (30) and control (31) EG: anklebone| EG:SF-36] balance] | Chyu et al.
females (2010)
Osteoporosis inelderly 6 months  Taijiquan (22) and control (22) EG: SF-36] balance] | Alp et al. (2009)
females
Community-dwelling 12 weeks Taijiquan (31) EG: balance] Murphy and
females Singh (2008)
Osteoporosis inelderly 18 weeks  Taijiquan (25) and control (24) EG: balance] Maciaszek et al.
males (2007)
Healthy middle-aged | 12 weeks | Baduanjin (44) control (43) EG: BMDT EG: IL-6] Chen et al.
females (2006)
Postmenopausal 12 months Control (42), Ca (45), EG: lumbar spine] EG: VAS] balance] | Liu et al. (2015)
osteogenic females Baduanjin (48), and Baduanjin femoral neck]
+ Ca (49)
Osteoporosis inelderly 6 months | Baduanjin + Caltrate D (44) EG: balancel Li et al. (2019)
people and Caltrate D (44)
Elderly females 24 weeks | Wugqinxi (36) and control (35) | EG: lumbar spinecs EG: balancel Wang et al.
femoral necke> (2018)
Patients with primary 6 months | Wuqinxi (30) and control (30) | EG: lumbar spinecs EG: PINP| $-CTX| EG: VAS| Li et al. (2014)
type I osteoporosis
Elderly people 2 weeks Wauginxi (75) and drug EG: lumbar spine] Guand Liu
therapy (70) femoral necke large (2021)
rotor— Ward’s
trianglec
Elderly patients with |6 months Wuginxi (100) and drug EG: Cac> P BGPe> EG: VAS| Shen et al.
osteoporosis therapy (100) ALPo PYDe (2014)
Osteoporosis 6months | Yijin Jing (30) and control (30) | EG: lumbar spine] EG: VAS| Jing and Zhang
femoral neck] (2008)
Healthy middle-aged | 8weeks  Yijin Jing (37) and control (34) EG: BMDT Tsai et al. (2008)
females
Old patients with 6 months Jing (40) and drug EG: proximal femure> EG: VAS| ADLT Shen et al.

primary osteoporosis therapy (40) (2018)






OPS/xhtml/nav.xhtml
Contents

		Cover

		The role and regulation mechanism of Chinese traditional fitness exercises on the bone and cartilage tissue in patients with osteoporosis: A narrative review		1 Introduction

		2 The mechanism of Chinese traditional fitness exercises in improving osteoporosis

		3 Chinese traditional fitness exercises for the prevention and treatment of osteoporosis		3.1 Chinese traditional fitness exercises increase bone mineral density and prevent bone loss

		3.2 Chinese traditional fitness exercises improve bone metabolism

		3.3 Chinese traditional fitness exercises relieve pain





		4 Conclusion and prospect

		Author contributions

		Funding

		Publisher’s note

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Physiology

The role and regulation
mechanism of Chinese
traditional fitness exercises on
the bone and cartilage tissue in

patients with osteoporosis: A
narrative review





OPS/images/fphys-14-1071005-g001.gif





OPS/images/fphys-14-1071005-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
,frontiers ‘ Frontiers in Physiology





