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that the damage caused by ischemic stroke to the body occurs not only in the acute phase but also during the recovery period, and that the latter has a greater impact on the long-term prognosis of the patient. However, current stroke studies have typically focused only on lesions in the central nervous system, ignoring secondary damage caused by
this disease. Such a phenomenon arises from the slow progress of pathophysiological studies examining the central nervous system. Further, the appropriate therapeutic time window and benefits of thrombolytic therapy are still controversial, leading scholars to explore more pragmatic intervention strategies. As treatment measures targeting limb
symptoms can greatly improve a patients quality of life, they have become a critical intervention strategy. As the most vital component of the limbs, skeletal muscles have become potential points of concern. Despite this, to the best of our knowledge, there are no comprehensive reviews of pathophysiological changes and potential treatments for post-
stroke skeletal muscle. The current review seeks to fill a gap in the current understanding of the pathological processes and mechanisms of muscle wasting atrophy, inflammation, neuroregeneration, mitochondrial changes, and nutritional dysregulation in stroke survivors. In addition, the challenges, as well as the optional solutions for individualized
rehabilitation programs for stroke patients based on motor function are discussed.Keywords: inflammation, ischemic stroke, mitochondria, muscle atrophy, muscle fiber, muscle nutrition, quality of life, rehabilitation, ubiquitinIschemic stroke is caused by an interruption to cerebral blood flow due to blood clots (Scherbakov et al., 2013). Stroke is
characterized by high morbidity, mortality, and disability; has imposed a huge economic and psychological burden on countless patients; and has impeded the positive development of society (Kamalian and Lev, 2019). Presently, there are several misconceptions about stroke. Most studies on the subject have only focused on the solutions to central
problems in the field, which are to reduce neuroinflammation and enhance neuroprotection of stroke patients in the acute pathological phase, but ignore the impact of stroke on pathological changes in the periphery (Ferriero et al., 2019). Post-stroke pathological symptoms can be observed not only in the acute phase but also in the recovery
phase.Stroke is a complex systemic lesion that not only affects the brain but can also affect multiple other organs and tissues. As such, changes in limb muscle function after stroke can strongly impact prognosis and quality of life in patients (Scherbakov et al., 2013; Shao et al., 2022; Liu et al., 2023). Even with timely acute treatment after stroke, two-
thirds of patients do not fully recover (Kamalian and Lev, 2019). Previous stroke studies have largely ignored secondary damage in the periphery of the body. Following stroke, muscle issues exert the greatest influence on post-stroke limb symptoms. In fact, muscle is one of the most crucial effectors supporting motor function. To the best of our
knowledge, pathophysiological studies of skeletal muscle after stroke are still lacking (Haruyama et al., 2017). The specific mechanisms underlying muscle changes after stroke remain to be elucidated, which could limit the development of rehabilitation treatment and disease prognosis for limb symptoms after stroke. Therefore, the current review
examines recent research progress on disuse atrophy of muscles, reinnervation, inflammation, changes in muscle fiber type, mitochondrial changes, and nutritional supply after stroke. This review also discusses the current limitations of rehabilitation for stroke patients and how the development of individualized rehabilitation in a multidimensional
manner, which considers the patients unique circumstances, is vital for effective treatment.PubMed ( and Web of Science ( were used to collect relevant papers published from 2010 to 2022. The search strategy was set as follows: (((rehabilitation) OR (skeletal muscle)) OR (muscle atrophy)) AND (ischemic stroke) or (TS = (ischemic stroke)) AND (TS
= (skeletal muscle) OR TS = (muscle atrophy) OR TS = (rehabilitation)). The collected literature was sorted and filtered, and articles that were highly consistent with the described topic were selected.Skeletal muscle is the key effector of limb movement (Konopka and Harber, 2014); however, European guidelines (Kernan et al., 2014) do not provide
guidance related to muscle atrophy, muscle loss, and decreased muscle function (Hafer-Macko et al., 2008) following stroke. At present, substantial progress has been made in the pathological study of limb muscles after stroke (Okada and Suzuki, 2020). Clinically, muscle loss and atrophy begin to occur in older patients on the 10th day after stroke
(Kortebein et al., 2007). These studies suggest that, during paralytic exercise, intact brain regions in the damaged and/or nondamaged hemispheres are recruited and innervate limb musculature through the recruitment of adjacent neural pathways to promote recovery from hemiplegia after stroke (Luft et al., 2005). The incidence of dysphagia in
stroke patients is 24.352.6%, resulting in malnutrition rates of 8.249.0% due to severe dysphagia. Patient undernutrition seriously affects limb muscle mass (Liu et al., 2022). The results of a study involving 9 older adults and 11 healthy adults, who underwent 2 weeks of muscle fixation followed by 4 weeks of training, showed that muscle mass
decreased, and muscle fiber type (I, IIA, and IIx) changed after the 2-week fixation period (English et al., 2010). Due to the specific course of the disease, two-thirds of stroke patients are only able to stay in bed or sit still due to activity limitations (Powers et al., 2015), further aggravating the problem of muscle disuse after stroke. Despite the
occurrence of varied degrees of muscle atrophy and reduction, weakness, and other functional changes among stroke patients, the precise underlying mechanisms of limb muscle alterations remain elusive. Consequently, it is imperative to conduct further investigations into the pathophysiology of limb muscle changes following a stroke.During the
acute phase following a stroke, cell metabolism disturbances can lead to cytotoxic oedema and result in extensive necrosis of neurons and glial cells (Peisker et al., 2017). Compared to the non-acute phase after stroke, the primary focus during the acute phase is on reperfusion of the blocked area and neuroprotection (Moretti et al., 2015), in an effort
to limit more severe neurological functional impairment (Smith et al., 2015). In the non-acute phase of stroke patients, the focus is on reducing the central nervous systems impact on peripheral tissue function, and the most easily affected, as well as the most intuitive effector, is muscle tissue (McColl et al., 2008).The term sarcopenia was originally
used to describe the age-related loss of muscle mass and muscle strength, mainly observed in older adult individuals (Larsson et al., 1979). More recently sarcopenia has been redefined as a syndrome of widespread and progressive loss of skeletal muscle mass and strength at any age (Morley et al., 2011), with a risk of adverse outcomes, such as
impaired physical activity and reduced quality of life (Severinsen et al., 2016). The main clinical manifestation of sarcopenia is a reduction in muscle strength and muscle mass, which is difficult to accurately assess due to the lack of specific indicators for muscle system evaluation and individual patient differences. The main feature that distinguishes
ischemic stroke-induced muscle changes from those occurring with normal aging are (1) muscle reinnervation, (2) muscle inflammation, (3) disuse muscle atrophy, (4) protein synthesis and catabolism, (5) muscle fiber type transformation, (6) changes in muscle mitochondrial function, and (7) nutrient supply. The main causes of muscle atrophy after
stroke are summarized in Figure 1. The muscle changes that occur after stroke are attributed to the brain damage produced by ischemic stroke, and most of the current indicators used for the evaluation of sarcopenia are only applicable to muscle loss due to aging. Proper evaluation protocols are necessary for more accurate disease diagnosis, likely
improving overall prognosis. Understanding the specific mechanisms of muscle cell autophagy and apoptosis after ischemic stroke, protein synthesis (Sacheck et al., 2007), muscle fiber type transformation, muscle reinnervation, and altered mitochondrial function. Further, raising awareness of the physical symptoms associated with ischemic stroke
are a critical key to improving patient quality of life and reducing social burdens in the future. The causes of muscle atrophy after stroke.Primary causes of muscle atrophy after stroke are disuse atrophy, nerve regeneration, muscle inflammation, protein synthesis and catabolism, muscle fiber type transformation, muscle mitochondrial function
changes, and nutrient supply. Created with Figdraw (www.figdraw.com). MHC: Major Histocompatibility complex; ROS: reactive oxygen species.Disruption of the lower motor neuron pathway after stroke typically leads to hemiplegia of the contralateral limb (Hidler et al., 2007), with 35% of stroke survivors not regaining mobility despite active
rehabilitation, and 25% unable to walk without assistance (Langhorne et al., 2009). Within 4 hours after a stroke, a reduction in motor units has been observed in the affected muscle tissue of patients (Li et al., 2020). An additional study found a quarter of 149 patients exhibited motor neuron loss (Drey et al., 2014). Neurological deficits also
contribute to structural changes in skeletal muscle and the accompanying atrophy of skeletal muscle that produces mobility problems. In humans, the descending motor pathways include the reticulospinal, vestibulospinal, rubrospinal, and corticospinal tract (Arasaki et al., 2006). Normal movement of the body is mediated primarily by the brainstem
and spinal cord (Li et al., 2018). The central nervous system determines whether a limb needs to respond by processing excitatory and inhibitory signals (Babyar et al., 2008), and modulating neuromuscular junctions to achieve force output (Taylor et al., 2016). After the onset of stroke, the nervous system activates paretic motor neurons to limit
muscle force production (Murphy et al., 2018), and reduces neural coupling during bilateral limb movements (Charalambous et al., 2016). The entire neuromuscular pathway is altered throughout the movement process. A human walking on a horizontal plane at a comfortable speed is primarily mediated by brainstem and spinal cord mechanisms (Lin
et al., 2014). Spinal control adds complexity, flexibility, and multifunctionality to gait control to meet the demands of a dynamic environment (Owen et al., 2017). The neural system after stroke shows plasticity, but damage to the motor cortex and its descending corticospinal tract directly results in muscle weakness (Li et al., 2018). Loss of spinal
inhibition leads to hyperexcitability of the spinal cord, known as the unmasking effect (Li et al., 2018). The absence of neural excitation can cause a lack of appropriate inhibition of motor neurons, resulting in spasms, muscle weakness, and other muscle function abnormalities.Apoptotic damage to neurons can be induced through two mechanisms: (1)
by reducing the expression of apoptotic genes and (2) by promoting the expression of repair genes. As some neurons are damaged, the remaining neurons are not able to innervate muscle fibers at normal levels, resulting in an undersupply phenomenon, which also decreases muscle function (Larsson et al., 2019). The mammalian target of rapamycin
(mTOR), a key kinase in the regulation of neural function, is a crucial factor in cell proliferation and growth, as well as an important regulator of muscle size; phosphatidylinositol 3-kinase (PI3K) has been documented to reduce ischemic neuronal injury after the onset of cerebral ischemia by inhibiting neuronal apoptosis through phosphorylation of
activated protein kinase B (AKT) and prompting the expression of the downstream targets of mTOR; and p70 S6 kinase (P70S6K) and eukaryotic translation initiation factor (eIF) 4E-binding protein (4E-BP1; Chong et al., 2012), as well as the PI3K/AKT/mTOR/P70S6K signaling pathway stimulates the activation of anabolic molecules in muscles (Bodine
et al., 2001a). After stroke, neuronal cells and microglia rapidly undergo apoptosis due to ischemia and hypoxia, while increased mTOR activity can help reduce the neurological damage caused by apoptosis (Liu et al., 2012). The combined activation of transcription activator and mTOR-off signaling pathways also helps maintain the regeneration of
distant axons in the central nervous system (Sun et al., 2011). In contrast, F-box protein 32 (Atrogin-1) plays a role in denervation-induced muscle atrophy (Bonaldo and Sandri, 2013). The N-methyl-D-aspartate receptor, located upstream of the PI3K/AKT kinase and mitogen-activated protein kinase (MAPK) pathways, is an important regulator of
neuronal injury and ischemic stroke, activating neural stem cells at low N-methyl-D-aspartate concentrations to play a neuroprotective role (Chen et al., 2008).After the onset of ischemic stroke, tissue damage is further exacerbated over time (Dirnagl et al., 1999). During the acute phase of ischemia (within minutes to hours; Amantea et al., 2009),
vascular endothelial cells and immune cells are activated by regulating the release of a series of danger-associated molecular pattern molecules that recognize toll-like receptors (Broughton et al., 2012) and trigger proinflammatory intracellular signaling switches, nuclear factor kappa-light-chain-enhancer of activated B-cell (NF-B) expression,
reactive oxygen species (ROS) generation (Yilmaz and Granger, 2010), and the release of proinflammatory cytokines, such as matrix metalloproteinases (Amantea et al., 2009), interleukin (IL)-1, and tumor necrosis factor- (TNF-). All of these factors further increase ischemic tissue damage (Valko et al., 2007), leading to more dramatic cell death.Under
normal physiological conditions, the blood-brain barrier allows the passage of selected substances into the brain, maintaining the stability of the internal environment (Ju et al., 2018). With injuries, such as stroke, acute traumatic stroke, and Alzheimers disease, the structure and function of the blood-brain barrier are altered (Gao et al., 2019), and
microglia, as sensitive receivers of brain injury signals, migrate to the site of brain tissue damage within minutes (Zhang et al., 2017). This migration leads to significant leakage of the blood-brain barrier and accelerates the entry and release of inflammatory cytokines, such as IL-6, IL-1, and TNF- (Ceulemans et al., 2010), into and out of the injured
brain tissue area, creating a positive feedback loop. Increased blood-brain barrier permeability is considered a significant pathological feature of ischemic stroke (Chen et al., 2018a). IL-1 also activates cyclooxygenase-2 in skeletal muscle cells (Yuan et al., 2015) and inducible nitric oxide (NO) synthase expression in rat chondrocytes (Fei et al., 2019),
triggering the release of prostaglandin E2 and NO, which results in chronic inflammation and sarcopenia (Cruz-Jentoft and Sayer, 2019). TNF- and other proinflammatory cytokines up-regulate the expression of muscle atrophy F-box (Atrogin-1/MAFbx) and muscle ring finger 1 (MuRF1; Fang et al., 2021), which are two specific E3 ubiquitin ligases
that are highly expressed in muscle and target myogenic fibronectin (Bodine and Baehr, 2014). Myogenic fibronectin is an important protein that comprises muscle. Some studies have reported that inflammatory factors, such as TNF-, IL-1, and IL-6 affect muscle production and differentiation by inhibiting myogenic differentiation antigen (MyoD)
activity through the NF-B pathway. Increased inducible NO synthase expression under the stimulation of inflammatory factors reduces the binding ability of hu antigen R (HuR), a protein that maintains the stability of MyoD mRNA, leading to the inhibition of muscle differentiation (Di Marco et al., 2005). Inhibition of MuRF1 and MAFbx expression is
effective in reducing the occurrence of muscle atrophy (Nguyen et al., 2020). MuRF1 and MAFbx, which are two key indicators of muscle atrophy (Larsson et al., 2019) and inflammation (one of the most common complications of ischemic stroke) can induce muscle atrophy by activating ubiquitination pathways through multiple routes (Bodine and
Baehr, 2014). While suppression of inflammation in the acute phase of stroke can effectively reduce damage to brain tissue and the central system at the ischemic site by inflammatory factors, also focusing on chronic inflammation during the rehabilitation period may be an effective method to reduce muscle loss and improve rehabilitation
efficiency.Skeletal muscle atrophy reduces muscle cell cross-sectional area and reduced muscle volume/strength are closely related to disuse atrophy in stroke survivors (Lang et al., 2010). The lack of exercise stimulation of skeletal muscles further aggravates the degeneration of the locomotor system, creating a positive feedback loop due with
disease progression and rehabilitation requirements that force the deloading of muscles, resulting in a significant reduction in exercise (Knops et al., 2013). One of the most obvious characteristics of decreased limb motor function is inconsistent gait and hemiparesis (Sauder et al., 2019). Decreased muscle tissue function on one side of the body can
produce uncoordinated strides, inconsistent spans, and movement deformities. These mobility difficulties are due to inconsistent force application on the left and right limbs, which is known as a slow and asymmetrical gait pattern (Verma et al., 2012). Abnormal gait patterns can also lead to changes in neural control and muscle compensation, making
the limb more susceptible to fatigue, given the increased intensity and duration of force applied to some muscles, compared to muscles that are typically used (Taylor et al., 2016). This fatigue further reduces the urge to exercise, as stroke patients prefer a quiet and comfortable resting position to exercise (Sandri, 2008).An extensive study on older
adults stroke patients found that 14.86% experienced fractures, with the primary causes of fractures including muscle atrophy, muscle weakness, osteoporosis, and decreased bone density; features that cause patients to be unstable while standing and thus, more prone to falls (Kristensen et al., 2020). The selection of lower limb muscles in post-
stroke patients as a research subject is more appropriate (Liu et al., 2021), given that lower limb strength reflects the health of this skeletal muscle group (Mentiplay et al., 2015). Two important manifestations of muscle function include the peak force produced by the muscle group (muscle power) and the speed at which that force is produced
(Mentiplay et al., 2015). A small but growing body of data suggests that regular weight training and increased muscle movement can help hemiplegic rehabilitation after stroke (Minn and Suk, 2017). One study found that people who exercised in conjunction with rehabilitation after stroke had less skeletal muscle loss than those who did not exercise
(English et al., 2010). Conversely, muscle strength was shown to be reduced by 16% in healthy older individuals who were bedridden for only 10 days, due to wasting atrophy caused by a lack of exercise (Kortebein et al., 2007). Appropriate aerobic exercise after stroke helps the body recover motor capacity (English et al., 2012), while also improving
spinal cord plasticity by increasing mTOR expression and ribosome S6 protein kinase (p70S6K) activity. Maintaining an appropriate exercise routine is also a key inducer of protein synthesis, which is necessary to promote long-distance axon growth in the motor spinal cord to better control muscles and maintain normal muscle function (Liu et al.,
2012).The number of motor axons that can be stimulated after ischemic stroke is reduced, which in turn decreases the speed of the bodys neuromodulation feedback mechanisms (Uyeda and Muramatsu, 2020). One study performed in healthy men found that quadricep mass decreases at a rate of 4.1% per decade, and quadricep volume decreases at a
rate of 3.4% per decade (Kostka, 2005). In contrast, muscle volume in the thigh on the paralyzed side of stroke patients decreased by 24%, whereas subcutaneous fat volume increased by 5% (Ryan et al., 2011), this was accompanied by a significant decrease in bone mineral content, bone mineral density, and cortical thickness (Pang et al., 2007).
Significant plasticity in lower extremity muscle function is noted in both younger and older individuals during short-term discontinuation and reuse (rehabilitation exercise; Kristensen et al., 2020). Individualized and appropriate rehabilitation treatment programs can maximize the rehabilitation efficiency of patients and improve their quality of life. As
such, a suitable exercise regimen is needed as a medical intervention to maintain and repair normal muscle function following stroke.Muscle atrophy is a dynamic process controlled by specific signaling pathways and transcriptional programs rather than a short period of acute change (Zhao et al., 2007). Atrogin-1 (MAFbx) and MuRF1 serve as two
representative genes that regulate muscle atrophy, and they are commonly induced by two activated transcription factors (Bodine et al., 2001b), NF-B and forkhead box O1 (FoxO1), in the resting phase after stroke onset (Bonaldo and Sandri, 2013). Ubiquitin-protein ligase (E3) determines the overall rate and specificity of the ATP-ubiquitin-
proteosome system. The E3 ubiquitin-protein ligase bound to the protein modified by the first transcription (Yang et al., 2009) after phosphorylation promotes muscle protein degradation by MAFbx. Lack of motor stimulation of muscle leads to de-burdening, resulting in the FoxO3 transcription factor being upregulated, promoting expression of
atrophy genes Bnip3, autophagy-related 12 homologs (Atg12), and Atg4B, which ultimately induces autophagy in skeletal muscle (Zhao et al., 2007).Local injection of insulin-like growth factor 1 (IGF-1) blocks the proteolysis that occurs upon the upregulation of MAFBX and MurF1 expression induced by disuse atrophy (Stitt et al., 2004). The
PI3K/AKT pathway is located downstream of IGF-1. PI3K/AKT promotes protein synthesis by upregulating the expression of mammalian target of rapamycin complex 1 (mTORC1), a complex of mTOR, which activates p70 and eukaryotic translation initiation factor 4 gamma 1 (elF4G1), and inhibits the expression of 4E-BP1. AMP-activated protein
kinase (AMPK) activation and phosphorylation directly inhibit mTOR, thereby reducing protein synthesis and inhibiting FoxO1 transcription factor phosphorylation (Stitt et al., 2004). Nonphosphorylated FoxO1 regulates MuRF1 gene transcription, by promoting increased MurF1 protein expression. Atrogin-1/MAFbx or MuRF1 knockout mice exhibit
reduced muscle atrophy caused by denervation (Castillero et al., 2013). The total rate of protein degradation is closely related to Atrogin-1 mRNA levels. Additionally, MuRF1 is directly related to both Atrogin-1 mRNA and myogenic fiber levels (Centner et al., 2001), through maintenance of the stability of the M-line region of sarcoma, myosin heavy
chain protein, troponin-T, and troponin I (Clarke et al., 2007). MuRF1 perturbs calpain and other proteolytic pathways, and inhibition of MuRF1 expression preserves the levels of myosin heavy chain protein, which is the primary sarcomere component, to combat disease-induced muscle atrophy (Clarke et al., 2007).The relationship between the
ubiquitin-proteosome pathway and skeletal muscle atrophy is well established and is shown in Figure 2. Previous research has shown that the loss of muscle tissue can be reduced by inhibiting key factors in this pathway; however, this effect has only been demonstrated in animal and cellular experiments. Effective clinical measures to improve disease
sequelae are currently unavailable. MuRF1 and MAFDb, two important E3 ubiquitin ligases in skeletal muscle, activate the ubiquitin-proteosome system after the onset of ischemic stroke through multiple factors induced by brain injury that promote muscle atrophy and post-stroke hemiplegia, forming a negative closed-loop that reduces the efficiency
of rehabilitation (Sandri et al., 2006). Atrogin-1/MAFbx or MuRF1 can be targeted as a clinically relevant and selective inhibitor of certain components of the ubiquitin-proteosome pathway (Zhang and Ding, 2015). However, a more important aspect is to further elucidate the upstream activation mechanisms of the ubiquitin-proteosome pathway, as
well as other key factors that can intervene in the muscle degradation process, providing potential avenues for the treatment of post-stroke muscle wasting and muscle loss. Ischemic stroke changes fiber size of skeletal muscle by regulating the synthesis and degradation system via NF-B and FoxO signaling pathways.Inflammatory factors such as
TNF- and ROS activate the NF-B pathway, inducing the expression of p50, bcl-3, and MMP-9 proteins, while inhibiting protein synthesis. Stroke injury factors also activate the ubiquitination system through the AMPK pathway, leading to muscle degradation. IGF-1 can activate the AKT/PI3K/mTOR pathway, and promote the expression of key factors,
such as p70, 4E-BP1, and eIlF4G1 to stimulate muscle protein synthesis. Created with Figdraw (www.figdraw.com). 4E-BP1: Eukaryotic translation initiation factor 4E binding protein 1; AKT: protein kinase B; AMPK: AMP-activated protein kinase; Atrogin-1: F-box protein 32; Bcl-3: B-cell lymphoma-3; Bnip3: BCL2/adenovirus E1B 19kDa interacting
protein 3; eIF3f: eukaryotic initiation factor 3; eIF4G1: eukaryotic translation initiation factor 4 gamma 1; FoxO: forkhead box-O; IGF-1: insulin-like growth factor-1; LC3B: microtubule-associated protein-1 light chain-3 beta; MMP-9: matrix metallopeptidase 9; Mtor: mammalian target of rapamycin; mTORC1: mechanistic target of rapamycin complex
1; MuRF-1: tripartite motif-containing 63; MyoD: myogenic differentiation; NF-B: nuclear factor kappa-light-chain-enhancer of activated B-cells; p50: nuclear factor of kappa light polypeptide gene enhancer in B-cells 1; p70: p70 S6 kinase; PGC-1: peroxisome proliferator-activated receptor gamma, coactivator-1 alpha; PI3K: phosphatidylinositol-3
kinase; ROS: reactive oxygen species; TNF-: tumor necrosis factor.During normal aging, a decrease in fast muscle fibers (type Ila oxidative enzymatic fibers, type IIb enzymatic fibers, and type IIX oxidative enzymatic fibers) and an increase in slow muscle [major histocompatibility complex (MHC) I] fibers is observed (Conrad et al., 2017). In contrast,
the opposite muscle fiber changes are noted after stroke. These changes include an increase in fast muscle fibers and MHC type II muscle fibers, and a decrease in mitochondria-rich slow muscle (MHC type I) fibers (Snow et al., 2019). These changes make exercise more anaerobically dependent, prompting lactic acid accumulation, which increases
soreness and fatigue (Severinsen et al., 2016).A change in muscle fiber type occurs after the onset of ischemic stroke. Skeletal muscle consists of fast and slow muscle fibers, which are subdivided into fast fatigue-prone (2A) and fast fatigue-resistant (2B) types (Li et al., 2017). The ratio of fast to slow muscle fiber content, muscle fiber diameter, and
number of adipocytes are all directly related to muscle strength. Normal individuals typically lose a certain number of motor units with age, accompanied by a change in muscle fiber type, and this change is generally most pronounced in the fifth decade of life (Larsson et al., 2019). The ubiquitin ligase MuRF-1 and the fork-headbox (FoxO) are highly
associated with skeletal muscle atrophy (Kamei et al., 2004). AKT promotes FoxO phosphorylation, increasing the ability of FoxOs to pass through the nuclear pore, and its export from the nucleus to the cytoplasm. The effect of changes in the activity of FoxO family proteins on Atrogin-1/MAFbx and MuRF1 in disease-induced symptoms of muscle
atrophy is substantial (Ji and Yeo, 2019). MuRF1 and Atrogin-1 expression is significantly increased in aging rats, and FoxO1 and FoxO3a expression levels are reduced by 73% and 50%, respectively, in skeletal muscle tissues of 70-year-old humans. Muscle type differences between older and younger individuals are mainly reflected in the ratio of fast
to slow muscle fibers (Hsu and Kao, 2018). FoxO overexpression leads to decreased expression of genes related to structural proteins in type I muscles, a shift from type I to type II muscle fibers (Chen et al., 2018c), and a significant reduction in the size of both fiber types (Kamei et al., 2004). AMPK, an AMP-dependent protein kinase, acts as an
intracellular energy receptor and is thought to be a potential factor regulating myofiber-type transformation in skeletal muscle (Hvid et al., 2010). The expression of the closely related peroxisome proliferators-activated receptor coactivator 1 alpha (PGC-1) plays a role in promoting slow muscle fiber expression and pro-mitotic mitochondrial
biosynthesis to improve motility (Bostrm et al., 2012), and changes in AMPK levels are positively correlated with PGC-1 expression (Thomson, 2018). The AMPK/PGC-1 pathway promotes the conversion of skeletal muscle fibers from type II muscle fibers (involved in generating force) to type I muscle fibers (involved in endurance), which are also
known as slow-contracting fibers. Type I muscle fibers are rich in mitochondria and more resistant to fatigue than fast muscle fibers, In contrast, fast muscle fibers provide energy mainly through glycolysis reactions, so these muscles are prone to lactic acid accumulation, causing soreness (Ciciliot et al., 2013). PGC-1 overexpression in mouse muscle
reduces MAFbx/Atrogin-1 and MuRF1 expression, and inhibits NF-B activity, thereby reducing muscle atrophy caused by fiber changes (Ciciliot et al., 2013). It has been shown that there is an increase in the percentage of type I muscle fibers in patients with stroke-induced hemiparesis, possibly due to a compensatory mechanism of lateral limb
reinnervation caused by a decrease in the activity of neurons innervating type II muscle fibers due to the disruption of the corticospinal tract caused by ischemic stroke (Dattola et al., 1993). The alteration of skeletal muscle fibers is an extremely complex and sophisticated process that is primarily controlled by various myogenic precursor cells and
protein synthesis signaling pathways (Deshmukh et al., 2021). Additionally, the involvement of various cytokines is required for coordinated participation.Mitochondria, as organelles widely distributed in the bodys cells, are most abundant in muscle tissue (Avellaneda et al., 2021). Changes in the number and function of mitochondria will have a
significant impact on muscle cells. Mitochondria have several functions, such as fuel supply, regulation of cell proliferation, regulation of apoptotic signals, and regulation of cell homeostasis (Picca et al., 2018), while changes in the number, morphology, and function of mitochondria in soleus are thought to be one of the main causes of muscle
degeneration in skeletal muscle (Park et al., 2009).When an ischemic stroke occurs, a series of deleterious changes occur in skeletal muscle mitochondria, which are manifested as increased ROS generation and release (DeGregorio-Rocasolano et al., 2018), increased FoxO family factor activation and NF-B inflammatory pathway activation, and finally,
apoptosis and phagocytosis. Mitochondria are both a source of oxygen radicals and susceptible to oxygen radical-induced damage (Sandri et al., 2006); mitochondrial dysfunction accelerates the production of ROS; and increased ROS also leads to peroxidation of lipids in subsarcolemmal mitochondria, proton leakage, and decreased membrane
potential (Zheng et al., 2019); which are factors closely associated with sarcopenia (Crane et al., 2010). Proteins in skeletal muscle are regulated through two systems, ubiquitin-proteosome and autophagic lysosomes, and both pathways are activated by disease, leading to muscle loss and decreased muscle function (Sandri, 2008). It has been shown
that knocking out autophagy-related gene-7 (Atg7) in mouse muscles leads to muscle atrophy and accelerated muscle loss during fasting (Masiero et al., 2009).In a stable internal environment, autophagy plays a critical role in degrading damaged or misfolded organelles into amino acids that can be recycled and transported throughout the body,
thereby maintaining muscle quality (Vinel et al., 2018). In the context of stroke, autophagy is continuously activated, resulting in accelerated protein degradation. Muscle atrophy can occur if there is a lack of energy and insufficient protein synthesis (Aoyama et al., 2021). Experiments have shown that in a rat model of ischemic stroke, the expression
of autophagy protein microtubule-associated protein 1, light chain 3 beta (LC3B), ATG5, and Beclin-1 was upregulated in the skeletal muscle of the rats, leading to excessive autophagy activation and mitochondrial dysfunction, ultimately resulting in muscle atrophy (Qi et al., 2023). Atrophic muscle shows an accumulation of abnormal mitochondria,
forming an abnormal sarcoplasmic reticulum swelling, disorganized sarcomeres, and concentric membrane structures (Conrad et al., 2017). Therefore, maintaining mitochondrial autophagic flux (Zhang et al., 2020) in an appropriate range is also an entry point to reduce muscle loss after stroke.After stroke onset, insufficient blood flow leads to
hypoxic damage in infarcted tissues, causing upregulation of Bcl-2 protein family member Bnip3, which results in free Beclin-1 binding to anti-apoptotic proteins Bcl-2 or Bcl-xL as phakellistatin 13 (PK13) complexes (Dobrowolny et al., 2008), and leads to mitochondrial autophagy through regulation of the PK13/AKT pathway. Bcl-2 family proteins
regulate apoptosis by altering the permeability of the mitochondrial membrane (Masiero et al., 2009). Bcl-2 and Bcl-xL are usually localized to the outer mitochondrial membrane as anti-apoptotic proteins and inhibit the release of cytochrome ¢ (Umaki et al., 2002), Bax and Bak, members of the pro-apoptotic Bcl-2 family, are typically localized in the
cytosol and enter the mitochondria upon stimulation by apoptotic signals to promote the release of cytochrome C (Jeon and Choung, 2021). The sarcoplasm cytochrome c level is an indicator of mitochondrial damage or outer membrane rupture, and the high levels of cytochrome c in the cytoplasm is indicative of mitochondrial damage (Ji and Yeo,
2019). Caspase-8 can induce apoptosis by directly activating the terminal shear enzyme caspase-3 and cleaving the pro-apoptotic protein Bid (tBid, truncated Bid), as caspase-8 can induce Bax to bind to mitochondria to form a transmembrane channel that allows the cleaved protein to bind to the mitochondria (Clarke et al., 2007). As caspase-8
induces Bax to bind to mitochondria to form transmembrane channels, the cleaved Bid enters mitochondria to promote the activation of cytochrome c (Stitt et al., 2004), while the inflammatory cytokine TNF- has both pro-apoptotic and apoptosis-inhibiting effects (Sandri, 2008). The inflammatory factor TNF- entering tissues promotes the upregulation
of caspase-8 and caspase-9, and then activates the expression of the anti-apoptotic gene Bcl-2 through NF-B (Sandri et al., 2006). In different muscle types, activation of caspase-3 increases proteolysis of key myofibrillar proteins and autointegration, such as troponin-T, -calpain, titin, and nebulin. The mechanisms involved are shown in Figure 3.
Although research on muscular atrophy has increased over the years, limb symptoms after stroke have not necessarily been associated with muscle atrophy. In muscle fiber tissue, mitochondria are important in regulating metabolism, and also a potential signal source for regulating partial muscle protein decomposition, providing a basis for the
detection of muscle atrophy. Mitochondrial related apoptosis leading to post-stroke muscle atrophy.Exogenous Inflammatory factors (such as TNF- and ROS) up-regulate the expression of apoptotic proteins (caspase-3, caspase-6, and caspase-8) and trigger the inflammation process in skeletal muscle. Then, end products of the activated NF-B pathway
further induce mitochondrial apoptosis, leading to the degradation of muscle proteins. Additionally, activation of the AKT pathway inhibits cytochrome c release and increases protein synthesis. Created with Figdraw (www.figdraw.com). AKT: Protein kinase B; Atg7: autophagy-related protein-7; Bcl-2: b-cell lymphoma-2; Bcl-XL: b-cell lymphoma extra-
long; Bak: BCL2 antagonist kinase; Bax: BCL2-associated X; caspase-3: apoptosis-related cysteine peptidase-3; caspase-6: apoptosis-related cysteine peptidase-6; caspase-8: apoptosis-related cysteine peptidase-8; caspase-9: apoptosis-related cysteine peptidase-9; NF-B: nuclear factor kappa-light-chain-enhancer of activated B cells; PI3K:
phosphoinositide 3-kinase; ROS: reactive oxygen species; TNF-: tumor necrosis factor-alpha.The probability of acute stroke occurring secondary to malnutrition may range from 8% to 34% (Ojo and Brooke, 2016). The 2018 clinical practice guidelines for rehabilitation nutrition recommend intensive nutritional therapy for several symptoms, such as
hemiplegia, sarcopenia, and muscle weakness caused by cerebrovascular disease (Nakahara et al., 2021). It should also be noted that excessive energy intake can also lead to disruption of insulin signaling in skeletal muscles, resulting in insulin resistance (Caballero-Garca and Crdova-Martnez, 2022), energy absorption, and metabolic problems that
can affect muscle function (Kernan et al., 2014). As such, appropriate nutritional supplementation is a key factor in recovery. Proper nutritional supplementation also presents an opportunity for stroke prevention, with studies demonstrating that B vitamins and folic acid supplements can decrease stroke risk (Spence, 2019), as B vitamins play a
crucial role in energy metabolism and muscle tissue repair (Burgos et al., 2018). Increasing the consumption of vegetables, fruits, legumes, and olive oil, while reducing saturated and trans-fat intake, can reduce stroke incidence in high-risk patients by at least 40% (Spence, 2019). This dietary approach, also known as the Mediterranean diet, may
also have a positive impact on muscle strength (Spence, 2019).Vitamin E plays a crucial role in oxidative metabolism, oxygen transport, muscle health, and neuronal maintenance (Servais et al., 2007). A study of Finaud et al. (2006) suggested that vitamin E can decrease muscle atrophy by modulating mitochondrial biogenesis and downregulating the
expression of Murf-1 and MAFbx, two key factors in the ubiquitin-proteasome system involved in muscle protein degradation induced by inflammatory cytokines, such as IL-1 and TNF-. Studies suggest that magnolol and epicatechin promote muscle protein synthesis by downregulating myostatin expression, inhibiting the ubiquitin-proteasome system,
and ultimately leading to enhanced expression of myosin heavy chain, myogenin, and MyoD (Ge et al., 2020). Vitamin D deficiency is closely associated with sarcopenia, a condition characterized by muscle loss and reduced function (Dawson-Hughes, 2017). Vitamin D accelerates muscle function recovery, promotes cell proliferation, reduces apoptosis
in muscle cells, increases the expression of vitamin D receptors in muscle, enhances type II muscle fiber content, and improves athletic performance (Garcia et al., 2019). In addition to increasing vitamin intake, the use of nutritional supplements, such as creatine, -hydroxy--methyl butyric acid, and omega-3 fatty acids can help maintain muscle
function (Hayes et al., 2020). Leucine supplementation regulates C2C12 myotubes by activating the mTOR downstream of PI3K, as well as the expression of 4E-BP1 and p70 ribosomal protein S6 kinase, thereby regulating the muscle cell cycle, cell migration, and protein synthesis (Schmid et al., 2007; Xiong et al., 2022). The nature of muscle wasting
involves an imbalance in protein metabolism, where protein synthesis is less than the net degradation of proteins, due to breakdown. However, it was found that supplementation of soy protein-derived peptides in the diet attenuated burn-induced muscle atrophy in Wistar rats by modulating the ubiquitin-proteasome system and autophagy signaling
pathway (Garber et al., 2011).The lack of well-targeted nutritional plans for post-stroke patients results in less apparent effects of rehabilitation therapy. A strategy to promote stroke patient recovery and reduce muscle loss is for clinical physicians to develop targeted nutritional supplementation plans by referring to different scales based on various
stages of disease.Although muscle degradation via ubiquitin-proteosome has been extensively studied, muscle function improvements in the context of post-stroke hemiplegia may represent a promising entry point for suppressing multifactor-induced muscle atrophy by inhibiting the expression of MuRF1 and muscle atrophy box F (MAFbx) gene
expression. Local injection of IGF-1 reduces atrophy caused by muscle disuse (Stitt et al., 2004), decreases FMS-like receptor tyrosine kinase-3 expression, and inhibits the expression of FoxO1 and FoxO3 in the ubiquitination system (Long et al., 2020). Dieckol obtained from Ecklonia cava exhibits antioxidant, anti-inflammatory, and neuroprotective
effects, leading to decreased IL-1/Murf-1/Atrogin-1 expression, and decreased NF-B expression in dexamethasone-induced muscle atrophy (Oh et al., 2021). Similarly, L-carnitine and trimetazidine attenuate dexamethasone-induced muscle atrophy by inhibiting the expression of Murf-1, Atrogin-1, caspase-1, and gasdermin-D (Keller et al., 2012; Wang
et al., 2021). Other studies have shown that triptolide inhibits muscle atrophy by upregulating protein synthesis signals of IGF, phosphorylated IGF-1R, phosphorylated AKT, and phosphorylated mTOR protein, as well as downregulating ubiquitin-proteosome molecules nuclear Forkhead box O3a (n-FoxO3a), Atrogin-1, and MuRF1. Triptolide is also a
potential treatment for muscle wasting after stroke (Fang et al., 2021). P70S6K and 4E-BP1, inhibit neuronal apoptosis to reduce muscle reinnervation atrophy caused by ischemic neuronal injury. The targets and potential inhibitors associated with muscle wasting after stroke are listed in Table 1.Promising key targets to improve symptoms, such as
muscle wasting, sarcopenia, and muscle weakness after ischemic strokeKey targetMechanism pathwayModellnducing factorFunctionInhibitorReferenceAtrogin-1Ubiquitin-proteosomeMiceDexamethasoneMuscle atrophyEcklonia cava extract, dieckolClarke et al., 2007; Oh et al., 2021MiceDexamethasoneMuscle atrophyTrimetazidineWang et al.,
2021Wild-type miceMonocrotalineMuscle energy metabolisml-carnitineNguyen et al., 2020Tripartite motif-containing 63C2C12 cellsDexamethasoneMuscle atrophyNot detectedClarke et al., 2007E214kMiceFibroblast growth factor-inducible 14Nuclear transcription factor-kappa B, Muscle autophagyl-carnitineMittal et al., 2010C2C12 cellsNot
detectedOxidative stressl-carnitineKeller et al., 2012Tumor necrosis factor receptor-associated factor-6MiceTumor necrosis factor-like weak inducer of apoptosis-Fnl14Muscle autophagyTumor necrosis factor receptor-associated factor-6Kumar et al., 2012Tumor necrosis factor-alphaThe nuclear factor kappa B signaling pathwayC2C12 cellsTumor
necrosis factor-like weak inducerUbiquitin-proteasomeEcklonia dieckolFang et al., 2021 Tumor necrosis factor-alphaC57BL/6 miceLipopolysaccharideMuscle autophagyTriptolide (10100 fM)Fang et al., 2021Interleukin-1, betalCR miceDexamethasoneMuscle atrophyEcklonia cava extract, dieckol, canakinumabOh et al., 2021Interleukin-6C57BL/6
micelnflammation, Ischemia and hypoxiaUbiquitin-proteasomeNot detectedKelwick et al., 2015; Kirk et al., 2020C-reactive proteinHumanObesity induced inflammationMuscle protein synthesisNot detectedCesari et al., 2005HumanVascular inflammationBone strength, muscle massMethotrexate and colchicineRidker, 2016Insulin-like growth factor-1
(IGF-1)IGF-1/phosphoinositide 3-kinase/Akt signaling pathwayHuman, C2C12 cells, ratsIschemic strokeMuscle regeneration capacityNot detectedBodine et al., 2001a; Chong et al., 2012V-akt murine thymoma viral oncogene homolog 1,2RatsSpinal cord injuryAthletic abilityHind limb exerciseLiu et al., 2012C2C12 miceForkhead box-O family of
transcription factors, DexamethasoneMuscle atrophyIGF-1Stitt et al., 2004K506 binding protein 12-rapamycin associated protein 1C2C12 cellsMuscle disuse,Muscle fibersLong-R3-IGF-1Stitt et al., 2004Dexamethasonep70s6kC2C12 cellsReactive oxygen speciesMuscle massH202Kim et al., 20184E-BP1MiceNot detectedMuscle massNot detectedShah
et al., 2000IGFC2C12 cellsInhibitor of mTOR, API-2Autophagy of muscleLong-R3-IGF-1Zhao et al., 2007Forkhead box-O1 Forkhead box-O2 Forkhead box-O3AutophagyEmbryonic fibroblastsAcute myeloid leukaemiaMuscle proteolysisFLT3 tyrosine kinase inhibitorsHuang et al., 2013ATG4 autophagy-related 4 homolog BC57BL/6
miceCardiotoxinSkeletal muscle mitochondriaSmall molecular weight, soybean protein-derived peptidesPark et al., 2009Microtubule-associated protein-1, light chain-3 betaRatsBurn injuryMuscle recoverySmall molecular weight soybean protein-derived peptidesZhao et al., 2018Caspase-3ApoptosisMiceCancer cachexiaMuscle atrophyNot
detectedZheng et al., 2014Caspase-6HumanChronic painMuscle atrophyNot detectedZhang et al., 2021 Caspase-9HumanChronic painExcitatory synaptic plasticity Not detectedWang et al., 2022Cytochrome cLongissimus lumborum and psoas major musclesNot detectedApoptosis of muscle cellsNot detectedKe et al., 2017; Chen et al., 2018b B
vitamins and folic acid reduce the risk of stroke occurrence and promote muscle tissue repair and facilitate energy conversion. Patients should increase the intake of vitamin D (Garcia et al., 2019), creatine, beta-hydroxy-beta-methyl butyrate, and omega-3 fatty acids to maintain normal muscle function, improve motor performance, and reduce the
impact of disease on muscle tissue. Targeted nutrient supplementation reduces damage to the hemipelvic girdle from ischemia and hypoxia and promotes muscle repair to improve limb symptoms. Some common sources of nutrients are listed in Table 2. A proper diet is also a key to post-stroke rehabilitation and should be supplemented with
additional nutrients needed to improve post-stroke decline in muscle function, along with appropriate exercise, to aid recovery.Mechanisms and effects of common nutrients derived from action on muscleNutrientStructurePrimary sourceModelMechanismEffectReferenceVitamin EVegetablesWistar ratsTripartite motif-containing 63 (MuRF1), F-box
protein 32 (MAFBX)Muscle fibers, muscle proteolysis, mitochondrial reactive oxygen speciesServais et al., 2007Vitamin DAnimal visceraC57BL mice, humanOxidative stress, vitamin D receptor, poly-4-hydroxybutyrateMuscle atrophy, muscle function recoveryGarcia et al., 2019; Nakamura et al., 2020Vitamin CFruitMice, humanOxidative stress,
MuRF1 MAFBXMuscle atrophy, inflammationFinaud et al., 2006; Takisawa et al., 2019Vitamin AAnimal visceraHumanOxidative stressLipid peroxidation , mitochondrial reactive oxygen speciesFinaud et al., 2006-CaroteneDark vegetablesHumanOxidative stressMuscle soreness, muscle recovery, inflammationPowers and Lennon, 1999; Guedes et al.,
2011Vitamin BGrains, germ, legumesHumanOxidative stress, mitochondrial biogenesisMuscle pain, muscle recovery, muscle synthesisTardy et al., 2020CreatineMeat and fishHumanATP capacity, glycogen storageMuscle atrophy, muscle cell Guescini et al., 2017; Dolan et al., 2019Calcium-hydroxy-- methyl butyrateCitrus fruitsHumanIGF-1, mTOR,
AKT, P70, FoxO1, FoxO3aMuscle atrophy, muscle injuries, muscle proteolysis, mitochondrial biogenesisHoleek, 2017Coenzyme Q10SardineHumanMitochondrial biogenesis, ATP capacityMuscle fiber, Muscle cell Guescini et al., 20170leic acidAnimal 0ilC2C12 cellsTumor necrosis factor-, IL-6, MuRF1, MAFbxMyotube size, mitochondrial fissionLee et
al., 201 7EpicatechinGreen tealCR mice, humanMyoD, MuRF1, IGF-1, IL-1, IL-8, IL-6Muscle protein, inflammation, antioxidantHong et al., 2020; Seo et al., 2021MagnololMagnolia officinalisSBALB/c mice, C2C12 cellsIGF-1, MuRF1, MAFbx, FoxO3a, MyHC, AKT/mTORMuscle protein, inflammation, muscle proteolysisChen et al., 2015; Ge et al.,
2020Although there are many scales that can accurately assess a patients condition (Harrison et al., 2013), the rating system for post-stroke lower limb muscles is incomplete (Quinn et al., 2011). Specifically, a single scale that can comprehensively guide clinicians in developing a comprehensive rehabilitation plan for stroke patients is unavailable
(Bernhardt et al., 2019). In clinical practice, many patient factors, such as age, sex, weight, underlying diseases, and even socioeconomic conditions, play a role in rehabilitation (Yoshimura et al., 2022). Different pathological processes and time points require the use of multiple assessment scales to dynamically monitor patient condition during the
rehabilitation process (Yoshimura et al., 2022), necessitating collaboration among clinicians and more comprehensive assessment systems. Gait pattern, speed, and endurance, as well as physical performance, can be used as reference factors to evaluate lower limb muscle function after stroke (Quan et al., 2020). Further, significant differences in gait
speed have been noted among stroke patients with different levels of impairment. The normal walking speed of a healthy person is approximately 1.39 m/s (Looney et al., 2019). Patients with post-stroke hemiparesis are classified according to the degree of impairment as having a household ambulation (i.e., severely impaired) speed of 0.4 m/s (Schmid
et al., 2007), limited community ambulation (i.e., moderately impaired) speed between 0.4 and 0.8 m/s, and full community ambulation (i.e., mildly impaired) speed of 0.8 m/s. One study reported that increasing walking training for stroke patients reduced muscle loss, and that for 1-km/h increase in walking speed, the risk of stroke was reduced by
13% (Quan et al., 2020). Therefore, a gait evaluation index should be included in guidelines for muscle function evaluation after stroke.The proper amount of exercise should also be correctly understood. In the literature, appropriate typically refers to exercise levels based on a patients physical condition, environment, climate, and available auxiliary
equipment. Additionally, the level of exertion should be based on an exercise program that the patient is familiar with, and the patient should feel comfortable after exercise, without shortness of breath or excessive fatigue (Levin et al., 2009). For example, patients with post-stroke disuse muscle atrophy are unable to maintain normal muscle mass
due to a lack of normal exercise (Sandri, 2008). The hemiplegia caused by stroke itself and discomfort experienced during exercise prevents the patient from exercising, thus forming a feedback loop.The role of a professional rehabilitation therapist is to supervise and encourage the patient to perform the uncomfortable, but appropriate movements.
Clinical physicians and rehabilitation therapists should participate in professional training to apply different scales in a more appropriate manner, and develop personalized treatment plans for patients at different stages, as a key strategy to improve the efficiency of rehabilitation treatment.At present, the focus of attention on ischemic stroke patients
primarily involves blockage recanalization and acute neuroprotection; however, post-rehabilitation care is lacking. The quality of life of patients after a stroke depends on muscle integrity; yet, a systematic understanding of the pathological changes in the muscles after stroke is lacking and not addressed in treatment guidelines. Correctly assessing
the degree of limb symptom impairment in stroke patients is the premise of administering correct clinical treatment and rehabilitation advice. Although the professional skills of caregivers to enhance stroke patient rehabilitation have improved, knowledge about complications and the overall progression of the disease remains lacking (Kumar et al.,
2010). A professional and personalized rehabilitation treatment plan and a comprehensive training program will give patients a better prognosis and a greater chance of recovery (Kernan et al., 2014). Current rehabilitation treatment emphasizes the completion of tasks, such as walking up and down steps ten times and walking back and forth five
times. These tasks are not at the training level of rehabilitation because they emphasize the outcome and do not focus on the quality of the movement process (Levin et al., 2009). Significant differences in disease severity are noted among people of different sexes, ages, and weights, and there is no clear standard for what constitutes recovery for
different individuals. Existing evaluation methods, such as gait speed, stride length, functional walking, and SPPBT, are not suitable for stroke survivors. These tests are often associated with low-limit effects (Verma et al., 2012). How to define moderate exercise is a key part of the problem. Different patients need different amounts of exercise for
different degrees of disease. Individualized rehabilitation programs are particularly important to avoid inappropriate amounts of exercise and low-quality training.Numerous stroke scoring scales, such as National Institutes of Health Stroke Scale (Kwah and Diong, 2014), the modified Rankin Scale, the Barthel index, Glasgow outcome scale, and the
Stroke Impact Scale (Kasner, 2006), are currently available. However, none of the scales can describe all the components of disease development after stroke when used alone. In addition, some of the scales are difficult to use. A high level of clinician competence is required to maximize the use of each scale, and most patients are not provided with
the most appropriate treatment plan. Most of these existing scales are used for early prediction and systematic assessment of stroke and do not assess muscle health, which is the key to mobility and quality of life in patients with hemiplegia.Despite the pathological and physiological basis for changes in limb muscles after stroke being hypothesized,
no multicenter randomized controlled trial has demonstrated the efficacy of non-invasive stimulation in improving patient motor performance (Stinear et al., 2020). The failure of the bidirectional interaction between preclinical research and clinical reality also hinders the development of effective rehabilitative treatments for stroke patients
(Bernhardt et al., 2019).At present, research on muscle atrophy following stroke encounters two critical limitations. First, the mechanisms underlying post-stroke limb atrophy remain incompletely understood. Second, existing research and clinical guidelines may not fully address the needs of stroke patients suffering from muscle atrophy, leading to
suboptimal treatment outcomes.We have identified that inflammation pathways, the ubiquitin-proteasome system, and oxidative stress-related pathways are the major contributing factors related to limb atrophy after stroke. Proteins including mTOR, PI3K-AKT, MAPK, MuRF-1/MAFbx, MyoD, and NF-B have been recognized as key targets for muscle
changes after stroke. Downstream inflammatory factors, such as IL-6, IL-1, and TNF-, and various oxidative stress products have been implicated in the process of muscle atrophy in muscle tissue of stroke patients. Moreover, mitochondrial damage has played a crucial role in the pathological process, and mitochondrial dysfunction is considered as
one of the key triggers for various types of muscle atrophy after stroke.Existing stroke patient rating scales are complex and diverse, but the scales for evaluating limb muscle changes in stroke patients are inadequate. This forces clinical physicians to spend more time using different scales to assess the motor ability of stroke patients. Furthermore,
individual differences such as age, gender, disease progression, and socioeconomic situation make it difficult for existing treatment plans to achieve appropriate and efficient therapeutic effects for every patient. The lack of effective interaction between preclinical research and clinical treatment has hindered the development of stroke rehabilitation
treatment. Therefore, streamlining and integrating the existing complex and diverse stroke patient rating scales is one of the necessary factors for clinical physicians to develop personalized and effective rehabilitation treatment plans for different patients.The easily implemented nutritional intake program for post-illness care of patients is
summarized in Table 2, which can provide references for clinicians and rehabilitation therapists to develop personalized nutrition supplement plans. In addition, through the induction and summary of key targets and related pathways involved in muscle damage in stroke patients, potential intervention targets for innovative strategies are provided.
This also offers a theoretical framework and research ideas for addressing muscle damage in stroke patients from a mechanistic perspective.In summary, this review introduces current research on the mechanisms of muscle atrophy following stroke, analyses and discusses treatment strategies based on these mechanisms and current guidelines,
proposes potential intervention strategies for limb atrophy in stroke survivors, advocates for simplifying and integrating complex and diverse scoring systems, and provides a possibility for clinicians to develop personalized and effective treatment plans for patients with different disease courses.This review provides an examination of the advances in
the pathophysiological study of post-stroke limb injuries and suggests promising treatment strategies. However, there are still limitations. First, the implementation of methods that are able to be translated between preclinical research and clinical treatment have not been adequately elaborated. Next, the solution of how to execute the transformation
of fundamental research and clinical application for post-stroke physician injuries needs to be further summarized. Finally, the potential use of existing muscle damage intervention strategies in post-stroke rehabilitation needs to be further evaluated and debated.Additional file:Open peer review report 1 (109.9KB, pdf) .OPEN PEER REVIEW REPORT
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does not imply endorsement of, or agreement with, the contents by NLM or the National Institutes of Health. Learn more: PMC Disclaimer | PMC Copyright Notice . 2012 Oct 24;64(4):415426. doi: 10.3138/ptc.2011-03Purpose: To provide a comprehensive review of changes that occur in the muscle after stroke and how these changes influence the
force-generating capacity of the muscle. Methods: A literature search of PubMed, CINAHL, MEDLINE, and Embase was conducted using the search terms stroke, hemiparesis, muscle structure, cross sectional area, atrophy, force, velocity, and torque. There were 27 articles included in this review. Results: Three changes occur in the muscle after
stroke: a decrease in muscle mass, a decrease in fibre length, and a smaller pennation angle. In addition, the tendon is stretched and becomes more compliant. All of these factors reduce the affected muscle's ability to generate forces similar to controls or to non-paretic muscles. The result is a leftward shift in the lengthtension curve, a downward
shift in the torqueangle curve, and a downward shift in the forcevelocity curve. Conclusion: Changes in muscle architecture contributing to weakness, such as muscle-fibre length, pennation angle, muscle atrophy, and tendon compliance, should be prevented or reversed by means of an appropriate rehabilitation programme.Key Words: atrophy,
muscles, paresis, stroke, torqueObjectif: Procder une tude exhaustive des changements qui surviennent dans les muscles aprs un accident vasculaire crbral (AVC) et de la faon dont ces changements affectent la capacit des muscles dvelopper de la force. Mthode: Une recherche documentaire dans les bases de donnes PubMed, CINAHL, MEDLINE et
Embase a t ralise 1'aide des mots cls stroke (accident vasculaire crbral), hemiparesis (hmiparsie), muscle structure (structure musculaire), cross sectional area (section transversale), atrophy (atrophie), force (force), velocity (vlocit) et torque (puissance). La recherche a permis de rpertorier 27 articles. Rsultats: la suite d'un AVC, trois changements se
produisent dans les muscles: une diminution de la masse musculaire, une diminution de la longueur des fibres musculaires et un angle de pennation. De plus, le tendon s'tire et devient plus lche. Tous ces facteurs rduisent la capacit des muscles affects gnrer une force ncessaire pour contrler ou similaire celle des muscles qui ne sont pas paralyss. Le
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musculaire qui contribuent l'affaiblissement, notamment dans la longueur des fibres musculaires et dans l'angle de pennation, de mme qu' I'atrophie musculaire et au relchement des tendons.Mots cls : accident vasculaire crbral, atrophie, contraction, muscles squelettiques, paralysieHemiparesis, commonly found in people with stroke, can persist for
years and limits functional performance. Some factors thought to explain, at least in part, the inability of muscles to generate the appropriate forces following a stroke are an increase in stretch reflex excitability,13 an increase in antagonist muscle coactivation48, a decrease in motor-unit firing rates,911 and force deficits dependent on muscle
length.12,13 Considerable research has investigated neuroplasticity and the reorganization of neural pathways during recovery from stroke (for recent reviews, seel4,15), but less is known about muscular factors that influence hemiparesis or muscle weakness.The mechanical properties of muscle play an integral role in force generation; that is, a
command from the nervous system to activate a muscle will generate varying levels of force depending on the state of that muscle. The influence of muscle length and velocity of shortening on force production are characterized in the lengthtension relationship and the forcevelocity relationship of muscle. The lengthtension relationship (or the
angletorque relationship across a joint where multiple muscles act to produce a net torque) reveals that muscles produce less force in shortened positions than in lengthened positions.16 The forcevelocity relationship reveals that the faster the shortening contraction, the lower the force generated, whereas the impact of increasing velocity of
lengthening contractions on force generation is relatively small.17Sarcopenia (loss of skeletal muscle mass and increase in fat mass) occurs in ageing muscles.18 Inactivity or immobilization is thought to accelerate sarcopenia; with 2 weeks of inactivity, muscle mass decreases, along with muscle strength.19 After a stroke, the time spent in bed during
the day is greater than 50%.20 Thus, damage caused by the stroke and decreased mobility would combine to produce a decline in muscle mass in the paretic muscles and, to a lesser extent, in the non-paretic muscles. Since declines in muscle mass parallel deficits in force in studies on ageing, we would expect similar findings after stroke. Indeed, a
recent systematic review and meta-analysis performed by English and colleagues21 demonstrated that lean tissue mass of paretic muscle was significantly less than that of non-paretic muscle, in both upper and lower extremities, in people at least 6 months post stroke. Longitudinal studies of changes in muscle mass over time could not be pooled for
meta-analysis because of differences in outcome measures, characteristics, and timing of measurements.21 Our review extends the findings of English and colleagues21 by considering the interrelationship of stroke and age-related sarcopenia and by examining other important architectural components, including changes in pennation angle, fibre
length, and tendon length, that occur after stroke and commenting on how these changes affect force generation. Specifically, the purpose of this review is to examine post-stroke changes in muscle size, muscle fibre length and orientation, and tendon length and to understand how these changes in muscle architecture may influence the angletorque
and forcevelocity relationships for the generation of force, which is important in performing functional activities of daily living (ADL).We searched PubMed (1947January 2010), CINAHL (1982]January 2010), MEDLINE (1946]January 2010), and Embase (1980January 2010) using the following keywords: stroke, hemiparesis, muscle structure, cross
sectional area, atrophy, force, velocity, and torque. The search was limited to studies published in English and involving humans. (An example search strategy is provided in Appendix 1.) The search yielded 2,083 articles, of which 1,514 remained after duplicates were removed. These 1,514 articles were screened first by title and abstract for the
following inclusion criteria: (1) persons with hemiparesis as a result of a stroke; (2) studies examining the architecture of the muscle, such as pennation angle, atrophy, fibre length, and tendon changes; and (3) studies examining the influence of muscle properties on force production. Articles were excluded if (1) the study was examining validity or
reliability, (2) treatment or an intervention was used, or (3) the investigation was a predictive study.We identified 24 articles from the database search. The reference lists of these articles were reviewed for any additionally missed articles; this review identified a total of 3 additional articles, for a total of 27. Of the 27 articles included in this review,
14 investigated architectural changes in muscles (summarized in Table 1), 14 examined changes in force generation (summarized in Table 2), and one studied both.Summary of Studies Examining Architectural Changes in Muscle Size, Muscle Fibre Length, Pennation Angle, and Tendon LengthStudynMonths*Post StrokeComparisonLevel of
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