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Abstract: Breathing is a complex motor function dependent on the coordinated neural activation of skeletal 

muscles. This systematic review synthesizes findings from core electromyographic (sEMG) studies and global 

literature to evaluate the motor unit activities of primary and accessory respiratory muscles, specifically the 

diaphragm, external intercostals, and latissimus dorsi. The analysis examines the impact of regular physical 

training on neuromuscular efficiency in the youth population (15-20 years) and explores the mathematical 

relationship between maximal voluntary contraction (MVC) and motor unit recruitment (RMS). Evidence 

suggests that athletes demonstrate superior neuromuscular efficiency, characterized by higher motor unit 

activity, shorter muscle response times, and lower associative strength. This indicates that training optimizes 

neural economy, allowing for greater force production with more precise motor unit synchronization. 

Furthermore, a robust linear relationship (y = b + mx) exists between MVC and RMS, providing a predictive 

framework for muscle force based on electrical drive. Conversely, pathological findings indicate that 

obstructive and restrictive lung diseases involve significant neuromuscular deficits. Specifically, the motor 

unit response in the external intercostals is markedly minimized during forced maneuvers, highlighting that 

respiratory distress in clinical populations is not solely a result of airway narrowing or structural tissue damage 

but is significantly compounded by neuromuscular failure. Surface EMG, therefore, serves as an essential 

diagnostic and evaluative tool, bridging the gap between mechanical output and neural drive in both athletic 

performance and clinical rehabilitation. 
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1. Introduction 

The respiratory system's efficiency is fundamentally dictated by the mechanical action and neuromuscular 

control of respiratory muscles. While the diaphragm acts as the principal driver of inspiration, the external 

intercostals and latissimus dorsi serve as crucial accessory muscles during forceful respiration. The 

neuromotor control of these muscles is determined by motor units, consisting of a somatic efferent motor 

neuron and the specific group of muscle fibers it innervates. 

To evaluate these dynamics non-invasively, surface electromyography (sEMG) is utilized to capture the 

collective electric signals (motor unit action potentials) generated during muscle contraction. Parameters such 

as Maximum Voluntary Contraction (MVC) and Root Mean Square (RMS) provide critical insights into 

muscle strength and the magnitude of the neural drive. While traditional spirometry remains the gold standard 

for evaluating pulmonary volumes and flow rates, it cannot isolate the specific neuromuscular activities of 
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individual respiratory muscles. Spirometry provides a measure of the "result," but sEMG provides a measure 

of the "effort." Therefore, analyzing sEMG data provides a necessary dimension to understand how chronic 

physical training enhances respiratory muscle strength and how specific neuromuscular deficits contribute to 

the pathophysiology of lung diseases (1-4). 

2. Neuromuscular Adaptations to Physical Training 

Regular physical training serves as a potent stimulus for both physiological and neural remodeling of the 

respiratory system. In the context of the respiratory pump, training does not merely enhance the contractile 

force of skeletal muscles; it fundamentally alters the neural strategy employed by the central nervous system 

to manage ventilatory demands. Studies involving both male and female athletes have consistently 

demonstrated that trained individuals possess a significantly lower duration of electromyographic (EMG) 

bursts compared to their sedentary counterparts during both normal and forceful respiration. 

This reduction in burst duration is a hallmark of neuromuscular efficiency. It suggests that the athlete's 

respiratory muscles—specifically the diaphragm and external intercostals—complete a contraction cycle more 

rapidly and with greater precision. This efficiency reflects higher neural responsiveness and a streamlined 

motor control strategy, allowing for optimized gas exchange with minimal time spent in active contraction, 

thereby reducing the energetic cost of breathing. 

Furthermore, athletes exhibit superior motor unit activity, characterized by significantly greater peak values 

and peak-to-peak amplitudes in sEMG recordings. A particularly intriguing finding in recent research is the 

lower associative strength, measured by Omega square ($\Omega^2$), between motor units in athletic cohorts. 

In untrained individuals, motor units often fire in highly synchronized, redundant patterns. In contrast, athletes 

demonstrate a more refined, independent control of motor units. This reduction in redundant neural firing 

indicates that the nervous system has adapted to recruit only the necessary fibers for a given task, enhancing 

the "neural economy" of the breath. 

Central to this adaptation is the optimization of Henneman’s Size Principle. This principle dictates that 

smaller, slow-twitch, fatigue-resistant motor units are recruited before larger, fast-twitch units. Athletes appear 

to optimize this recruitment hierarchy, producing a greater force output through the highly efficient activation 

of smaller motor units. By doing so, they minimize the metabolic cost of breathing and successfully delay the 

onset of the respiratory metaboreflex—a phenomenon where respiratory muscle fatigue triggers sympathetic 

vasoconstriction in locomotor muscles, limiting performance. 

Consequently, physical training enhances pulmonary capacities through a dual mechanism: it improves the 

flexibility and responsiveness of the respiratory pump while increasing its functional strength through fewer, 

yet highly efficient, motor unit activations. This highlights that respiratory fitness is as much a neural 

phenomenon as it is a muscular one. 

3. Mathematical Relationship: Force vs. Recruitment 

The generation of muscular force during respiration is not an arbitrary process but is directly governed by the 

volume and firing rate of activated motor units. In the realm of sports physiology, quantifying this relationship 

is essential for understanding the limits of human performance. A focused regression analysis on male athletes 

has established a robust, positive linear correlation between Maximum Voluntary Contraction (MVC)—the 

peak force generated during a specific respiratory maneuver—and the Root Mean Square (RMS), which 

represents the mean power and recruitment magnitude of the motor unit signal. 

This relationship is mathematically formalized through a simple linear regression equation: 

y = b + mx 

In this model, y represents the force (MVC), while $x$ denotes the electrical activity (RMS). This 

proportionality serves as a critical physiological confirmation that the maximum force-generating capacity of 

a respiratory muscle is a direct, quantifiable function of its motor unit activity. It moves beyond qualitative 

observation into the realm of predictive biostatistics. 
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During periods of forceful respiration—such as high-intensity aerobic exercise or exhaustive spirometric 

testing—the body must overcome significant internal resistance. This includes airflow resistance within the 

bronchial tree and the elastic retraction of the lung tissue itself. To meet these demands, the central nervous 

system must increase the magnitude of motor unit recruitment. 

The linear approach established here allows sports scientists and physiologists to quantify the "neural cost" of 

breathing. Unlike traditional volume-based tests (like FVC or FEV1), which only measure the mechanical 

output, this sEMG-derived metric provides a precise assessment of the neural effort required to move air. This 

creates a high-fidelity monitoring tool for athletes, allowing for the detection of respiratory efficiency or 

incipient fatigue that standard spirometry would otherwise overlook. 

4. Neuromuscular Deficits in Respiratory Pathologies 

While obstructive and restrictive lung diseases are traditionally diagnosed through spirometric variables—

most notably the FEV1/FVC ratio—surface electromyography (sEMG) reveals a critical, often overlooked 

neuromuscular component to these conditions. Clinical diagnostics typically focus on airway resistance or 

lung parenchyma elasticity; however, sEMG data from patients diagnosed with these disorders show that the 

motor unit response of the external intercostal muscles is markedly minimized during both forced and slow 

vital capacity maneuvers (3). 

The external intercostals are physiologically vital for forced inhalation and the mechanical expansion of the 

chest cavity. When these muscles fail to recruit sufficient motor units, the patient's ability to forcefully move 

air is severely restricted. This suggests that the hallmark clinical symptoms of these pathologies—such as 

debilitating shortness of breath (dyspnea) and perceived lung stiffness—are not merely the result of airway 

narrowing or structural tissue damage. Instead, these symptoms are significantly compounded by functional 

deficits within the intercostal motor units (8, 9, 13). 

Identifying these neuromuscular deficits through sEMG allows for a far more comprehensive understanding 

of respiratory distress. It shifts the perspective from a purely mechanical or pharmacological problem to one 

of neuromotor failure. Consequently, this evidence suggests that pulmonary rehabilitation should evolve to 

include neuromuscular re-education and targeted strength training of the respiratory pump. By addressing the 

functional efficiency of the motor units alongside traditional pharmacological treatments, clinicians can offer 

a more holistic and effective approach to managing chronic respiratory diseases. 

5. Discussion: 

The evolution of respiratory science is currently witnessing a transformative shift, moving from the static, 

controlled environments of laboratory diagnostics to the dynamic, real-world application of field-based 

performance monitoring. For decades, respiratory assessment was confined to the laboratory, often 

disconnected from the actual physical demands placed on an athlete during competition. However, the 

integration of surface electromyography (sEMG) into the field setting represents the next frontier, offering a 

real-time window into the "neural strain" of the respiratory pump under genuine physiological stress. 

By utilizing sEMG-based fatigue indices, such as the downward shift in Median Frequency (MDF), and 

leveraging established MVC-RMS correlations, coaches and sports scientists can now implement a proactive 

approach to workload management. This allows for the prevention of overtraining by identifying when the 

respiratory muscles are nearing their neuromuscular threshold—long before systemic exhaustion or 

mechanical failure occurs. Monitoring the electrical activity of the diaphragm and intercostals provides a more 

sensitive marker than traditional heart rate or lactate monitoring, as it directly quantifies the effort of the 

ventilatory system, which is often the "hidden" weak link in the metabolic chain. 

Despite the promising potential of field-based sEMG, its application is not without significant technical and 

analytical challenges. Achieving reliable data requires rigorous biostatistical precision. One of the primary 

hurdles is the phenomenon of signal attenuation caused by varying body compositions. Factors such as Body 

Mass Index (BMI) and the thickness of subcutaneous body fat act as low-pass filters, dampening the electrical 

signals as they travel from the muscle fibers to the skin surface. This necessitates the development and 

implementation of sophisticated linear correction models. Without these biostatistical adjustments, the data 

would lack the accuracy required to make meaningful comparisons across a diverse cohort of athletes with 
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different body types. For instance, a highly muscular athlete and a leaner endurance runner may exhibit 

different signal amplitudes not because of neural drive, but because of the physical distance between the 

muscle and the electrode. 

Furthermore, the scope of sEMG research is expanding beyond the primary drivers of respiration. The 

integration of sEMG into the study of accessory muscles, such as the latissimus dorsi, highlights a more 

holistic view of respiratory mechanics. During forceful or exhaustive respiration, these accessory muscles are 

recruited to assist the diaphragm and intercostals. Analyzing their activation patterns emphasizes the 

importance of whole-body coordination and postural stability in achieving peak ventilatory efficiency. In elite 

sports, where marginal gains determine victory, understanding how the entire musculoskeletal system supports 

the respiratory pump is essential. This integrated approach ensures that training protocols focus not just on 

lung capacity but on the neuromuscular synergy required for sustained, high-intensity athletic performance. 

6. Conclusion 

Surface electromyography provides profound insights into the mechanics of breathing that traditional 

spirometry cannot capture. Long-term physical training distinctly modulates the motor unit activities of 

respiratory muscles, allowing athletes to achieve higher contractile force in less time and with greater fatigue 

resistance. The force generated by these muscles is linearly dependent on the volume of recruited motor units, 

a relationship that can be mathematically modeled for precise assessment. Furthermore, the discovery of 

underlying neuromuscular dysfunction in obstructive and restrictive lung diseases suggests a paradigm shift 

in clinical respiratory care. Future clinical and athletic assessments should incorporate neuromuscular 

evaluations to design more effective rehabilitation and training interventions, ensuring a holistic approach to 

respiratory health. 
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