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Abstract: Normal swallowing requires the close coordination of respiratory movements. 

Effective respiratory movements can reduce the occurrence of swallowing disorders. 

Respiratory muscle training can enhance the strength and endurance of the respiratory 

muscles, alleviate respiratory fatigue, and improve the coordination between respiratory 

movements and the swallowing process. This article summarizes the physiological 

characteristics related to respiratory muscles and swallowing, the mechanism of action of 

respiratory muscle training, and the application value of respiratory muscle training in 

swallowing disorders, aiming to provide a theoretical basis for studying the relationship 

between respiratory muscle training and post-stroke swallowing disorders. 

Stroke is a chronic cerebrovascular disease characterized by high incidence, high mortality, high 

disability rate, and significant economic burden, often leading to various degrees of critical 

physiological dysfunction in patients[1,2]. According to the "China Stroke Prevention and Treatment 

Report 2020," the total number of stroke patients in China ranks first in the world[3], with about 29%-

81% of patients developing swallowing disorders in the short term[4]. Since the swallowing process 

and respiratory movements are regulated by various nerves and organs[5-8], patients with post-stroke 

swallowing disorders often experience a coordination disorder between breathing and swallowing, 

increasing the risk of aspiration, aspiration pneumonia, respiratory infections, etc., severely 

threatening their rehabilitation progress and quality of life[9]. Respiratory muscle training not only 

improves the respiratory efficiency of the body but also provides a good physiological basis for the 

auxiliary and compensatory processes of swallowing[10], enhancing the swallowing function of 

patients after stroke. This article reviews the improvement of swallowing function disorders in stroke 

patients through respiratory muscle training, providing a reference for related research and clinical 

nursing practice. 
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1. Changes in Swallowing Function in Patients after Stroke 

1.1 Concept and Staging of Normal Swallowing 

Normal swallowing refers to the process by which food is safely and unobstructedly transported 

from the mouth to the stomach, involving a series of complex physiological reflexes[11]. The entire 

process is functionally divided into four stages[12]: the oral preparation stage where food is chewed to 

form a bolus; the oral stage where the bolus is moved to the pharynx by the movement of the tongue; 

the pharyngeal stage requires a brief pause in breathing with the cooperation of respiratory muscles 

to rapidly propel the bolus from the pharynx into the esophagus—this stage is the most critical in the 

swallowing process, with most swallowing disorders occurring here[13]; and the esophageal stage, 

where the bolus is transported into the stomach, this stage's swallowing process is completed by 

esophageal peristalsis, independent of central nervous control. 

1.2 Concept of Swallowing Disorders and Their Manifestations at Different Stages 

Swallowing disorders refer to the impairment of functions of the lips, tongue, soft palate, jaw, 

pharynx, and esophageal sphincter, resulting in the inability to safely and smoothly transport food 

from the mouth to the stomach[14], often related to neurological dysfunction caused by disease, muscle 

wasting, and imbalances in bodily functional states[15], a common complication of stroke. It leads to 

aspiration, coughing, aspiration pneumonia, respiratory infections, etc[16-18]. Depending on the 

obstructed site of food transportation, swallowing disorders can manifest differently if they occur at 

different stages of the oral preparation stage, oral stage, pharyngeal stage, and esophageal stage[19]: 

In the oral preparation stage, disorders include weakness of the lip muscles, tongue muscles, chewing 

muscles, cheek muscles, palate, and pharynx, difficulty in opening the mouth and chewing, poor 

perception of food texture, food spillage, drooling, etc[20]; oral stage manifestations include restricted 

lip closure, reduced mobility of the mouth, difficulty in initiating or prolonged initiation time of 

swallowing movements, and decreased overall coordination[21]; pharyngeal stage manifestations 

include poor coordination of the muscles responsible for swallowing movements, abnormal closure 

of the laryngeal cavity, narrowed range of epiglottis retroflexion, delayed swallowing reflex, leading 

to clinical manifestations such as coughing, food stasis, and varying degrees of difficulty in 

speaking[22,23]; esophageal stage manifestations include abnormal esophageal peristalsis or spasms, 

failure of the cricopharyngeal muscle to relax, food reflux, vomiting, etc[24,25]. Whether swallowing 

function disorders occur in any single period or are concurrent obstructions in multiple periods, they 

pose significant physiological challenges to patients, preventing the smooth completion of the entire 

swallowing action. 

1.3 Pathological Mechanisms of Swallowing Disorders Due to Different Brain Regions Being 

Affected 

Cortical damage, cerebral hemisphere damage, and medullary damage can all cause swallowing 

disorders. Research by Rubesin et al[26] shows that cortical damage leads to a decrease in pharyngeal 

muscle contractility and weakened strength of the lower esophageal sphincter, resulting in delayed 

initiation or inability to initiate swallowing movements. Swallowing disorders caused by cerebral 

hemisphere damage vary in probability and severity depending on the damaged hemisphere. Research 

by Zhang Jing et al[27] indicates that after damage to the right cerebral hemisphere, the pharyngeal 

stage of swallowing function is mainly affected, with patients experiencing more frequent food 

retention in the pharynx, aspiration, and penetration; while swallowing function during the oral stage 

is more likely to be affected after left cerebral hemisphere damage. The swallowing centers on both 
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sides of the medulla contain a large number of neurons and nerves that manage swallowing functions 

together. Depending on the side of the damage and the affected nerves, the pathological mechanism 

of swallowing disorders caused by medullary damage may be related to obstruction in the opening of 

the upper esophageal sphincter (UES), insufficient elevation of the larynx, leading to aspiration, 

epiglottis residue, food leakage, etc[28,29]. Changes in swallowing function and the stages of 

swallowing action are closely related to the damaged parts of the body, allowing for targeted 

rehabilitation training for the affected muscle groups and nerves connected to each stage and damaged 

area, thereby improving swallowing function. 

2. The Mechanism of Action of Respiratory Muscle Training 

2.1 Concept of Respiratory Muscle Training 

Respiratory Muscle Training (RMT) refers to exercises that impose a certain degree of resistance 

to the respiratory muscles, aimed at enhancing the efficacy of both inspiratory and expiratory muscles, 

strengthening respiratory function, and improving the ventilation and air exchange conditions of the 

lungs. Studies have shown[30] that respiratory muscle training can increase patients' Forced Expiratory 

Volume in the first second (FEV1), Forced Vital Capacity (FVC), the forced expiratory flow at 25%-

75%, lung capacity, and Maximum Voluntary Ventilation (MVV). Conducting respiratory muscle 

training for a duration of 8 weeks can increase more than 90% of the predicted Maximum Inspiratory 

Pressure (MIP) and the strength and endurance of the inspiratory muscles in stroke patients. 

2.2 Methods of Respiratory Muscle Training 

The respiratory muscles consist of the expiratory muscles (abdominal muscles and internal 

intercostal muscles) and inspiratory muscles (diaphragm and external intercostal muscles), which, in 

conjunction with other auxiliary muscles, support the body's respiratory movements[31]. Respiratory 

muscle training can be classified into four types based on the type of respiratory muscle: expiratory 

muscle training, inspiratory muscle training, combined respiratory muscle training, and auxiliary 

muscle group training methods[32-34]. These training methods, through active breathing exercises or 

passive movements with the assistance of breathing training devices, improve the strength of the 

body's respiratory muscles, relieving the effort of breathing and providing corresponding 

improvements in the body's respiratory muscle function, lung function, maximum expiratory pressure, 

maximum inspiratory pressure, etc. 

Traditional respiratory muscle training methods include diaphragmatic breathing, pursed-lip 

breathing, deep breathing, coughing training, etc[35,36]. However, due to the slow effectiveness, 

tediousness of the training movements, and difficulty for patients to persist with traditional respiratory 

muscle training methods, they are less commonly used nowadays. More recent respiratory muscle 

training methods are preferred, including diaphragmatic training, threshold pressure load training, 

and high-intensity interval respiratory muscle training. Studies have proven that stroke patients can 

achieve the best training results if they undergo the above respiratory muscle training within three 

months after onset[37]. 

2.3 The Physiological Mechanism of Respiratory Muscles and Swallowing Movements 

Respiratory and swallowing movements are controlled by the same higher central nervous system 

located in the medulla oblongata[38], closely coordinating during the oral and pharyngeal stages of 

swallowing. At the moment of swallowing, the respiratory muscles actively control the body to pause 

breathing briefly; after the swallowing action is completed at the end of inspiration, the action of 
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exhaling resumes. After a stroke, the central nervous system that regulates respiratory movements is 

damaged, affecting the respiratory muscles by decreasing muscle strength, weakening breathing 

capacity, reducing lung compliance, and restricting thoracic movement, ultimately leading to 

abnormal respiratory function[39,40]. This disrupts the coordinated action between breathing and 

swallowing movements, hindering the normal swallowing process[41]. Besides being governed by the 

same type of nerves, the processes of breathing and swallowing are also affected by the involvement 

of the same organs. The larynx, which is involved in the body's breathing, swallowing, and speaking 

functions[42], is a very important respiratory organ. Studies have shown[43] that the physiological 

functions and structure of the larynx closely affect swallowing function. Post-stroke patients with 

brain nerve damage exhibit abnormal laryngeal reflexes, limited pharyngeal muscle activity, slow 

laryngeal descent, and obstructed laryngeal elevation, leading to delayed or absent swallowing 

reflexes and thereby preventing the body from completing the entire set of swallowing actions 

smoothly. Zhou Li et al[44] have proven that timely and effective respiratory muscle training can 

increase the range of laryngeal elevation, regulating and improving the coordination between 

swallowing-related muscles and respiratory muscles, thus improving swallowing function. 

3. The Value of Respiratory Muscle Training in Improving Post-Stroke Swallowing Disorders 

The role of respiratory muscle training is primarily manifested in improving respiratory difficulties, 

swallowing dysfunctions, balance disorders, etc., in post-stroke patients, enhancing the ability to 

cough effectively, reducing the risk of aspiration, and decreasing the total duration of hospital stay 

post-stroke. Park et al[45] found that after respiratory muscle training, the muscles of the mouth and 

pharyngeal palate could be activated, playing a significant role in the rehabilitation of swallowing 

disorders. When the respiratory system functions normally, powerful respiratory muscle movements 

can reduce the occurrence of swallowing anomalies. Expiratory muscle training can effectively 

enhance respiratory muscle strength, improve respiratory muscle endurance, and alleviate the effort 

of breathing. Studies by Chen Hangyan et al[46] have shown that expiratory muscle training not only 

enhances respiratory muscle strength but also correspondingly increases the strength of the 

geniohyoid muscle, having a certain effect in treating swallowing difficulties. Tian Ye et al[47] 

conducted respiratory muscle training combined with electromyographic biofeedback training on 

post-stroke patients with concurrent swallowing disorders and found that respiratory muscle training 

increased respiratory muscle strength, the elevating range of the hyoid-laryngeal complex, enhanced 

the body's ability to clear airway foreign objects, and improved the coordination between swallowing 

and breathing, resulting in significant recovery of swallowing function in post-stroke patients. 

The above research indicates that after the functions of the respiratory and swallowing muscle 

groups are positively activated, the chances of aspiration and coughing during the process of eating 

or drinking are reduced. Utilizing respiratory muscle training to improve the swallowing function of 

stroke patients is an effective and feasible approach. Moreover, respiratory muscle training has the 

advantages of being simple, easy to operate, safe, and practicable daily, suitable for the majority of 

post-stroke patients with swallowing disorders. 

4. Summary 

Swallowing disorders often occur post-stroke due to damage to multiple neurological functions 

and the body's physiological structures, causing patients to experience coughing, aspiration, 

aspiration pneumonia, etc. These disorders not only present significant physiological challenges to 

stroke patients but also subject them to complex psychological barriers, severely reducing their 

quality of life and even endangering their lifespan. Through analyzing the status and feasibility of 

research on regulating swallowing function through respiratory muscle training, it has been found 
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that respiratory muscle training has the potential to improve swallowing function, lung function, and 

quality of life for stroke patients. Considering the applicability and effectiveness of respiratory muscle 

training programs, it can provide a scientifically viable rehabilitation method for patients with post-

stroke swallowing functional disorders. 
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