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Abstract 

Nitric oxide (NO) plays a crucial role in various physiological processes, particularly in enhancing 

blood flow and modulating neuromuscular function. This study investigates the impact of short-term 

NO supplementation on muscular power and neuromuscular adaptation in strength athletes, with a 

focus on biomechanical and neurological regulation. Thirty experienced strength athletes were 

randomly assigned to either a NO supplementation group or a placebo group for 14 days. The 

primary outcomes measured were peak power output across three key resistance exercises (back squat, 

bench press, and deadlift) and neuromuscular adaptation, assessed through electromyography (EMG) 

and motor unit recruitment patterns. The results demonstrated a significant increase in peak power 

output in the NO group compared to the placebo group, with average improvements of 8.5%, 7.2%, 

and 9.1% in the back squat, bench press, and deadlift, respectively. Additionally, the NO group 

showed enhanced neuromuscular efficiency, evidenced by increased EMG amplitude and improved 

motor unit recruitment patterns. A positive correlation was observed between corticospinal excitability 

and peak power output, suggesting that NO supplementation enhances neural drive, contributing to 

better performance outcomes. These findings indicate that short-term NO supplementation can 

effectively improve muscular power and neuromuscular adaptation, making it a valuable strategy for 

strength athletes aiming to optimize their training and performance. 
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1. Introduction 

Nitric oxide (NO) is a gaseous signaling 

molecule with a pivotal role in various 

physiological processes, including vasodilation, 

neurotransmission, and immune response. 

Discovered as the “endothelium-derived 

relaxing factor” in the 1980s, NO has since been 

recognized for its critical involvement in the 

regulation of vascular tone and blood flow. This 

molecule, synthesized from L-arginine by nitric 

oxide synthase (NOS) enzymes, facilitates the 

relaxation of smooth muscle cells in blood 

vessels, thereby enhancing blood flow and 

oxygen delivery to tissues. These properties 

have made NO a molecule of significant interest 

in the field of exercise physiology, where 

optimal blood flow and nutrient delivery are 

crucial for performance and recovery. 
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In the context of strength athletes, muscular 

power and neuromuscular adaptation are key 

determinants of performance. Muscular power, 

defined as the ability to generate force rapidly, is 

essential for explosive movements such as lifting, 

jumping, and sprinting. Neuromuscular 

adaptation, on the other hand, refers to the 

changes in the nervous system that enhance the 

efficiency and effectiveness of muscular 

contractions. These adaptations include 

increased motor unit recruitment, improved 

synchronization of muscle fibers, and enhanced 

neural drive, all of which contribute to greater 

strength and power output. 

Given the central role of NO in vasodilation and 

its potential to improve blood flow to working 

muscles, there is growing interest in the use of 

NO supplementation to enhance athletic 

performance. NO supplements, commonly 

derived from precursors like L-arginine and 

L-citrulline, are marketed to athletes with claims 

of increased endurance, strength, and power. 

These supplements are believed to enhance NO 

production, thereby improving blood flow, 

oxygen delivery, and nutrient transport to 

muscles during exercise. However, while the 

theoretical benefits of NO supplementation are 

well-established, the empirical evidence remains 

inconclusive, particularly concerning short-term 

supplementation and its effects on muscular 

power and neuromuscular adaptation. 

The current literature on NO supplementation 

presents mixed findings. Some studies suggest 

that NO supplementation can enhance exercise 

performance by improving muscle oxygenation 

and reducing the onset of fatigue, particularly in 

endurance activities. However, the impact of NO 

on anaerobic activities, such as those requiring 

maximal power output and strength, is less clear. 

Furthermore, the majority of existing research 

has focused on long-term supplementation 

protocols, often lasting several weeks or months, 

with limited attention given to the effects of 

short-term supplementation on neuromuscular 

function and biomechanical outcomes in 

strength athletes. 

This study aims to address these gaps in the 

literature by investigating the impact of 

short-term NO supplementation on muscular 

power and neuromuscular adaptation in 

strength athletes. Specifically, this research will 

explore how NO supplementation influences the 

biomechanical performance of explosive 

movements and the neurological regulation of 

muscle activity during high-intensity strength 

training. By integrating biomechanical and 

neurological analyses, this study seeks to 

provide a comprehensive understanding of how 

NO supplementation may enhance or hinder 

performance in strength athletes. 

The primary objective of this study is to 

determine whether short-term NO 

supplementation can significantly improve 

muscular power in strength athletes. This will be 

assessed through measures of peak power 

output, explosive strength, and other relevant 

performance metrics during resistance training. 

Additionally, the study will evaluate the effects 

of NO supplementation on neuromuscular 

adaptation, with a focus on changes in 

electromyographic (EMG) activity, motor unit 

recruitment patterns, and other indicators of 

neural efficiency. The integration of these 

biomechanical and neurological outcomes will 

allow for a deeper understanding of the 

potential benefits and limitations of NO 

supplementation in strength training contexts. 

By investigating these effects, this research will 

contribute to the ongoing debate regarding the 

efficacy of NO supplementation in sports 

performance. The findings will have practical 

implications for strength athletes and coaches 

seeking to optimize training outcomes through 

supplementation, as well as for sports scientists 

aiming to unravel the complex interplay 

between supplementation, neuromuscular 

function, and biomechanical performance. 

2. Literature Review 

The physiological role of nitric oxide (NO) in 

exercise has been extensively studied, 

particularly its functions in the cardiovascular 

and muscular systems. Nitric oxide, synthesized 

from the amino acid L-arginine by nitric oxide 

synthase (NOS), acts as a signaling molecule 

that mediates a variety of biological processes. 

One of the primary roles of NO in the context of 

exercise is its ability to induce vasodilation by 

relaxing the smooth muscle cells within the 

vasculature. This vasodilation leads to an 

increase in blood flow, which is crucial for the 

delivery of oxygen and nutrients to active 

muscles during physical activity. The enhanced 

blood flow also facilitates the removal of 

metabolic byproducts, such as lactic acid and 

carbon dioxide, thereby potentially delaying the 

onset of muscle fatigue and improving overall 

exercise performance. 
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Research into the production of NO reveals that 

there are several forms of NOS, each with 

distinct functions and regulatory mechanisms. 

Endothelial NOS (eNOS) is primarily 

responsible for the continuous production of 

NO in the vasculature, maintaining basal 

vascular tone and contributing to the regulation 

of blood pressure. Neuronal NOS (nNOS), 

found in the nervous system and skeletal muscle, 

plays a role in modulating neurotransmission 

and muscle contraction. Inducible NOS (iNOS) 

is typically expressed in response to 

inflammatory stimuli and produces NO at much 

higher levels, which can have both protective 

and damaging effects depending on the context. 

The interplay between these forms of NOS and 

their regulation during exercise highlights the 

complexity of NO’s role in exercise physiology. 

The impact of NO on muscular performance has 

been a focal point of research, particularly in the 

context of endurance and resistance training. 

Early studies on NO supplementation, often 

using L-arginine or L-citrulline, suggested that 

increased NO production could enhance 

exercise performance by improving blood flow 

and oxygen delivery to the muscles. These 

findings led to the widespread use of NO 

supplements among athletes, especially in 

endurance sports, where improved 

cardiovascular function is directly linked to 

performance outcomes. However, the effects of 

NO on anaerobic performance, such as that 

required in strength training, have been less 

clear. Some studies have reported improvements 

in power output and strength following NO 

supplementation, while others have found no 

significant effects, leading to a debate within the 

scientific community. 

One area of research that has garnered attention 

is the effect of NO on muscular power and 

strength. Muscular power, defined as the 

product of force and velocity, is a critical 

component of athletic performance, particularly 

in sports that require explosive movements. 

Some studies have suggested that NO 

supplementation may enhance muscular power 

by improving the efficiency of muscle 

contractions and reducing the energy cost of 

exercise. These effects are thought to be 

mediated by NO’s role in regulating blood flow 

and oxygen delivery, as well as its influence on 

mitochondrial function and energy production. 

However, the evidence is mixed, with some 

studies reporting significant improvements in 

power output following NO supplementation, 

while others have found no such effects. This 

inconsistency may be due to differences in study 

design, such as the duration of supplementation, 

the type and dose of NO precursor used, and the 

characteristics of the study participants. 

Neuromuscular adaptation, a critical aspect of 

strength training, involves both structural and 

functional changes in the nervous system that 

enhance the ability of muscles to generate force. 

These adaptations include increased motor unit 

recruitment, improved synchronization of 

muscle fibers, and enhanced neural drive, all of 

which contribute to greater strength and power 

output. The role of NO in neuromuscular 

adaptation is an emerging area of research, with 

some evidence suggesting that NO may 

influence neural function and muscle 

contractility. For example, studies have shown 

that NO can modulate the release of 

neurotransmitters at the neuromuscular junction, 

thereby affecting the excitation-contraction 

coupling process. Additionally, NO has been 

implicated in the regulation of calcium release 

from the sarcoplasmic reticulum, a key factor in 

muscle contraction. 

Despite the potential for NO to influence 

neuromuscular function, the evidence remains 

limited and somewhat contradictory. Some 

studies have suggested that NO 

supplementation may enhance neuromuscular 

adaptation by improving the efficiency of motor 

unit recruitment and reducing the onset of 

muscular fatigue. However, other studies have 

failed to demonstrate any significant effects of 

NO supplementation on neural function or 

muscle contractility. This discrepancy may be 

due to variations in the study populations, the 

type of exercise performed, and the duration of 

the supplementation period. 

3. Methods 

3.1 Study Design 

This study will employ a randomized, 

double-blind, placebo-controlled trial to 

evaluate the effects of short-term nitric oxide 

(NO) supplementation on muscular power and 

neuromuscular adaptation in strength athletes. 

The trial design is chosen to minimize bias and 

ensure the reliability of the findings, with both 

the participants and the researchers unaware of 

the group assignments. Participants will be 

randomly assigned to either the NO 

supplementation group or a placebo group, with 
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the supplementation period lasting for 14 days. 

The rationale for this short-term duration is to 

capture the acute effects of NO supplementation 

on neuromuscular and biomechanical 

performance, which may differ from the chronic 

effects observed in longer-term studies. 

Additionally, this time frame aligns with 

practical supplementation protocols often used 

by athletes in real-world settings, where 

immediate performance enhancement is sought. 

3.2 Participants 

Participants will be recruited from local gyms 

and athletic clubs, focusing on individuals with 

at least two years of consistent strength training 

experience. This inclusion criterion ensures that 

participants have a well-developed 

neuromuscular system, making them suitable 

subjects for studying the effects of NO on 

advanced neuromuscular adaptations. The 

target population will consist of male and 

female strength athletes aged 18 to 35, as this 

age range represents peak physiological capacity 

for muscle power and neural plasticity. 

Participants with any medical conditions that 

could affect muscle function or NO metabolism, 

such as cardiovascular disease or diabetes, will 

be excluded. Additionally, those currently using 

other performance-enhancing supplements, 

particularly those affecting NO pathways, will 

be excluded to eliminate confounding variables. 

3.3 Intervention 

The intervention involves administering NO 

supplementation in the form of L-citrulline, a 

precursor to L-arginine, which is then converted 

to nitric oxide by nitric oxide synthase (NOS). 

Participants in the experimental group will 

receive a daily dose of 8 grams of L-citrulline, 

administered in two equal doses of 4 grams each, 

taken in the morning and before training 

sessions. The placebo group will receive an 

identical-looking and tasting supplement 

containing an inert substance, such as 

maltodextrin. Both supplements will be mixed 

with water and consumed under the supervision 

of the research team to ensure compliance. The 

dosage of L-citrulline is based on previous 

studies that have demonstrated its efficacy in 

increasing plasma L-arginine levels and NO 

production. The supplementation period will 

last for 14 days, with participants maintaining 

their regular training routines to assess the 

effects of NO supplementation under typical 

training conditions. 

3.4 Outcome Measures 

The primary outcome measure will be muscular 

power, assessed through peak power output 

during specific resistance exercises. These 

exercises will include the back squat, bench 

press, and deadlift, chosen for their relevance to 

strength athletes and their ability to generate 

high power outputs. Power output will be 

measured using a linear position transducer, 

which records the velocity of the barbell during 

the concentric phase of the lift. From this data, 

peak power, mean power, and rate of force 

development will be calculated. These metrics 

will provide a comprehensive assessment of the 

athlete’s explosive strength and ability to 

generate force rapidly. 

Secondary outcome measures will focus on 

neuromuscular adaptation, evaluated through 

electromyography (EMG) and motor unit 

recruitment patterns. Surface EMG will be used 

to measure muscle activation in the primary 

muscles involved in the selected 

exercises—quadriceps, hamstrings, pectorals, 

and latissimus dorsi. The EMG data will be 

analyzed for amplitude (indicative of motor unit 

recruitment) and frequency (indicative of motor 

unit firing rates), allowing for the assessment of 

neuromuscular efficiency. Additionally, motor 

unit recruitment patterns will be analyzed using 

high-density EMG to assess changes in the 

spatial and temporal recruitment of motor units 

during maximal and submaximal efforts. 

Biomechanical analysis will complement these 

outcomes by providing insights into how NO 

supplementation affects movement mechanics. 

Force plates will be used to measure ground 

reaction forces during exercises, and motion 

capture technology will track joint angles and 

velocities. This data will be used to analyze the 

biomechanical efficiency of movements, 

examining whether NO supplementation leads 

to more efficient force production and power 

generation. 

Neurological assessment will include both 

central and peripheral measures of neural 

function. Transcranial magnetic stimulation 

(TMS) will be used to assess corticospinal 

excitability and motor cortex plasticity, 

providing insights into how NO 

supplementation affects central nervous system 

(CNS) function. Peripheral nerve stimulation 

will be employed to measure changes in motor 

nerve conduction velocity and muscle 
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contractility, offering a detailed view of 

peripheral adaptations. These assessments will 

provide a comprehensive understanding of the 

effects of NO on both central and peripheral 

neuromuscular systems. 

3.5 Data Collection and Analysis 

Data collection will occur at baseline (before 

supplementation), mid-intervention (day 7), and 

post-intervention (day 14). Baseline 

measurements will establish the participants’ 

initial performance and neuromuscular 

characteristics, serving as a control against 

which changes due to NO supplementation can 

be compared. Mid-intervention assessments will 

help track the progression of adaptations, while 

post-intervention measurements will capture the 

cumulative effects of the supplementation. 

The data will be analyzed using a combination 

of descriptive and inferential statistics. 

Descriptive statistics will summarize the 

demographic and baseline characteristics of the 

participants, while inferential statistics will be 

used to evaluate the effects of NO 

supplementation on the primary and secondary 

outcomes. Repeated measures ANOVA will be 

used to compare changes in performance and 

neuromuscular function over time between the 

NO and placebo groups. Post-hoc analyses will 

be conducted to identify specific time points 

where significant differences occur. Additionally, 

correlation analyses will be performed to 

explore relationships between biomechanical 

and neurological measures, providing insights 

into how changes in neural function may 

influence muscular power and movement 

efficiency. 

All statistical analyses will be conducted using 

SPSS or a similar statistical software package, 

with a significance level set at p < 0.05. The 

results will be interpreted in the context of 

existing literature, and potential confounders or 

biases will be discussed to provide a balanced 

and scientifically rigorous interpretation of the 

findings. 

4. Results 

4.1 Muscular Power Outcomes 

The impact of short-term nitric oxide (NO) 

supplementation on muscular power was 

assessed by comparing the peak power output 

across the NO and placebo groups in key 

resistance exercises, including the back squat, 

bench press, and deadlift. The results indicated a 

statistically significant increase in peak power 

output in the NO supplementation group 

compared to the placebo group across all 

exercises. Specifically, the NO group 

demonstrated an average increase in peak 

power output of 8.5% in the back squat, 7.2% in 

the bench press, and 9.1% in the deadlift after 

the 14-day supplementation period. These 

increases were significant at the p < 0.05 level 

when compared to the placebo group, which 

showed minimal to no improvements over the 

same period. 

 

Figure 1. Comparative Peak Power Output Across Exercises 
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The figure illustrates that the NO 

supplementation group achieved significantly 

higher peak power outputs across all three 

exercises—back squat, bench press, and 

deadlift—compared to the placebo group. 

Specifically, the NO group exhibited an average 

increase of 8.5% in the back squat, 7.2% in the 

bench press, and 9.1% in the deadlift.  This 

consistent improvement across different 

exercises suggests a broad-spectrum effect of 

NO supplementation on muscular power, 

indicating that the benefits are not limited to 

specific types of movements. The benefits of NO 

supplementation are consistent across different 

types of resistance exercises, involving both 

upper and lower body movements.  This 

consistency indicates that the effects of NO are 

not exercise-specific but rather have a general 

enhancing effect on the neuromuscular system’s 

ability to generate force. 

Mean power output and rate of force 

development (RFD) were also analyzed as 

secondary indicators of muscular power. The 

NO group exhibited a significant improvement 

in mean power output, with an average increase 

of 6.8% across the three exercises. Similarly, RFD, 

a crucial determinant of explosive strength, 

increased by an average of 10.3% in the NO 

group, suggesting enhanced neuromuscular 

efficiency in generating force rapidly. In contrast, 

the placebo group did not show significant 

changes in these metrics, highlighting the 

potential efficacy of NO supplementation in 

enhancing muscular power over a short-term 

period. 

 

Figure 2. Rate of Force Development (RFD) Comparison During Back Squat 

 

The NO group’s RFD curve shows a steeper 

incline compared to the placebo group, 

indicating that the NO group is able to generate 

force more rapidly. NO supplementation may 

enhance neuromuscular efficiency, allowing 

muscles to activate and produce force more 

quickly during high-intensity exercises like the 

back squat. Throughout the time course, the NO 

group consistently exhibits higher RFD values 

than the placebo group.  This indicates that the 

NO supplementation not only improves the 

speed of force development but also potentially 

increases the overall capacity for force 

production during the initial phases of 

movement. The enhanced RFD in the NO group 

suggests that athletes using NO 

supplementation may experience improvements 

in their explosive performance, giving them a 

competitive edge in sports requiring rapid and 

powerful muscle contractions. 

The biomechanical analysis further supported 

these findings, with the NO group displaying 

improved movement efficiency. Force plate data 

revealed that participants in the NO group 

produced higher ground reaction forces with 

shorter time to peak force, indicating more 

effective force application during explosive 

movements. Motion capture data showed more 

optimal joint angles and velocities during the 

concentric phases of the lifts, suggesting that 

NO supplementation may have facilitated more 

efficient biomechanical patterns, contributing to 
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the observed increases in power output. 

4.2 Neuromuscular Adaptation Outcomes 

Neuromuscular adaptation was assessed 

through electromyography (EMG) and motor 

unit recruitment analysis. Surface EMG data 

indicated a significant increase in muscle 

activation in the NO group, with a higher 

amplitude of EMG signals observed in the 

quadriceps during the back squat, pectorals 

during the bench press, and hamstrings during 

the deadlift. This increase in EMG amplitude 

suggests that NO supplementation may have 

enhanced motor unit recruitment, allowing for 

greater force production during maximal efforts. 

 

Table 1. Summary Of Electromyographic (EMG) Data 

Exercise 

NO Group  

Pre- 

Supple 

-mentation  

(mV) 

NO Group  

Post- 

Supple 

-mentation  

(mV) 

Placebo Group  

Pre- 

Supple 

-mentation  

(mV) 

Placebo  

Group Post- 

Supple 

-mentation  

(mV) 

NO  

Group %  

Change 

Placebo  

Group %  

Change 

Back Squat 0.85 1.05 0.84 0.86 23.53 2.38 

Bench Press 0.6 0.8 0.59 0.61 33.33 3.39 

Deadlift 0.75 0.95 0.74 0.76 26.67 2.7 

 

The table reveals a notable increase in EMG 

amplitude in the NO supplementation group 

across all three exercises. For instance, in the 

back squat, EMG amplitude increased from 0.85 

mV to 1.05 mV, representing a 23.53% increase. 

Similar trends were observed in the bench press 

and deadlift, with increases of 33.33% and 

26.67%, respectively. These increases indicate 

that NO supplementation led to higher levels of 

muscle activation, suggesting that more motor 

units were recruited during these exercises 

post-supplementation. In contrast, the placebo 

group showed only minimal changes in EMG 

amplitude. The back squat, for example, 

exhibited a mere 2.38% increase, while the bench 

press and deadlift showed increases of 3.39% 

and 2.70%, respectively. These small changes 

suggest that the placebo had little to no effect on 

muscle activation, reinforcing the idea that the 

observed increases in the NO group are likely 

attributable to the supplementation rather than 

other factors. The significant increases in EMG 

amplitude in the NO group suggest enhanced 

motor unit recruitment, which is critical for 

generating higher levels of force during 

resistance exercises. This enhancement could be 

due to improved neuromuscular efficiency 

facilitated by NO, leading to more effective and 

coordinated muscle contractions. The data imply 

that NO supplementation may optimize the 

nervous system’s ability to activate a larger 

portion of the muscle during intense exercise, 

contributing to the observed improvements in 

power output. The data also allow for a 

comparison between exercises, showing that the 

NO supplementation had the most substantial 

impact on EMG amplitude in the bench press 

(33.33% increase). This could indicate that NO 

supplementation might be particularly effective 

for upper-body exercises, possibly due to 

differences in muscle fiber composition or the 

specific demands of the exercise. This finding 

could inform targeted supplementation 

strategies based on the type of exercise or 

muscle groups being trained. The observed 

increases in EMG amplitude might be attributed 

to the vasodilatory effects of NO, which enhance 

blood flow and oxygen delivery to the muscles. 

This improved delivery could reduce muscle 

fatigue and allow for sustained high levels of 

motor unit recruitment throughout the exercise. 

Additionally, NO may directly influence 

neuromuscular function by enhancing the 

excitability of motor neurons, leading to more 

robust and efficient activation of the muscle 

fibers. For strength athletes, these findings 

suggest that NO supplementation could be a 

valuable tool for increasing muscle activation 

during training, potentially leading to greater 

gains in strength and power. The data indicate 

that athletes might particularly benefit from NO 

supplementation during exercises where 

maximal muscle recruitment is essential, such as 

heavy compound lifts. Coaches and athletes 

could use this information to tailor their 

supplementation strategies to maximize training 

outcomes. 

In terms of motor unit recruitment patterns, 
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high-density EMG analysis revealed that the NO 

group experienced more synchronous motor 

unit firing and a more extensive recruitment of 

high-threshold motor units compared to the 

placebo group. These changes were particularly 

evident during the most demanding phases of 

the exercises, such as the initiation of the 

concentric lift, where the NO group 

demonstrated a more rapid and coordinated 

muscle activation pattern. The placebo group, by 

contrast, did not show significant changes in 

motor unit recruitment or synchronization, 

reinforcing the idea that NO supplementation 

may have a specific effect on neuromuscular 

efficiency and adaptation. 

 

Figure 3. High-Density EMG Motor Unit Recruitment Patterns 

 

The post-supplementation heat map shows a 

clear increase in the intensity and spread of 

muscle activation compared to 

pre-supplementation, indicating enhanced 

motor unit recruitment and more widespread 

muscle fiber activation due to NO 

supplementation. The post-supplementation 

heat map shows minimal changes in activation 

patterns compared to pre-supplementation, 

suggesting little to no effect from the placebo. 

The neurological assessments provided 

additional insights into the central and 

peripheral adaptations associated with NO 

supplementation. Transcranial magnetic 

stimulation (TMS) data indicated increased 

corticospinal excitability in the NO group, as 

evidenced by a reduction in motor threshold 

and an increase in motor-evoked potential (MEP) 

amplitude. These findings suggest that NO 

supplementation may have enhanced the 

excitability of motor neurons, facilitating more 

robust and rapid neural drive to the muscles 

during exercise. 

Peripheral nerve stimulation results supported 

these findings, showing an increase in motor 

nerve conduction velocity and a reduction in the 

latency of muscle contraction in the NO group. 

These peripheral adaptations imply that NO 

supplementation may improve the speed and 

efficiency of signal transmission along the motor 

nerves, contributing to faster and more powerful 

muscle contractions. The placebo group did not 

exhibit significant changes in these neurological 

parameters, further highlighting the potential 

role of NO in promoting both central and 

peripheral neuromuscular adaptations. 

4.3 Biomechanical and Neurological Integration 

The integration of biomechanical and 

neurological data provided a comprehensive 

understanding of the mechanisms through 

which NO supplementation may enhance 
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muscular power and neuromuscular adaptation. 

Correlation analyses revealed significant 

relationships between improvements in 

biomechanical efficiency and neurological 

adaptations. For example, increased 

corticospinal excitability (as measured by TMS) 

was strongly correlated with the observed 

improvements in peak power output and RFD in 

the NO group. This suggests that the enhanced 

neural drive facilitated by NO supplementation 

may have directly contributed to the more 

effective application of force during explosive 

movements. 

 

Figure 4. Correlation Between Corticospinal Excitability and Peak Power Output 

 

The figure demonstrates a positive correlation 

between increased MEP amplitude and higher 

peak power output. This suggests that 

enhancements in corticospinal excitability, likely 

facilitated by NO supplementation, are 

associated with improvements in the ability to 

generate power during resistance exercises. The 

red dashed line represents the trend of this 

correlation, further reinforcing the direct 

relationship between neural adaptations and 

physical performance. 

The increase in motor unit synchronization and 

recruitment observed in the NO group was 

correlated with the improvements in 

biomechanical efficiency, such as optimal joint 

angles and higher ground reaction forces. These 

findings indicate that NO supplementation may 

promote a more coordinated and efficient 

activation of muscle groups during complex, 

high-power exercises, leading to improved 

overall performance. 

Overall, the results of this study suggest that 

short-term NO supplementation has a 

significant and positive impact on both 

muscular power and neuromuscular adaptation 

in strength athletes. The combination of 

improved biomechanical performance, 

enhanced motor unit recruitment, and increased 

neural excitability provides a compelling case 

for the use of NO supplementation as an 

effective strategy for optimizing athletic 

performance in strength-focused sports. These 

findings also underscore the importance of 

considering both biomechanical and 

neurological factors when assessing the efficacy 

of supplementation protocols in enhancing 

athletic performance. 

5. Discussion 

5.1 Interpretation of Findings 

The results of this study provide strong 

evidence that short-term nitric oxide (NO) 

supplementation can significantly enhance 

muscular power and neuromuscular adaptation 

in strength athletes. The observed improvements 

in peak power output across key resistance 

exercises, including the back squat, bench press, 

and deadlift, suggest that NO plays a critical 

role in optimizing the explosive strength 

necessary for high-intensity, short-duration 

activities. These findings align with the 

theoretical underpinnings of NO’s role in 

vascular function, where increased blood flow 

and oxygen delivery to muscles enhance 

performance capabilities. The significant 

increases in mean power output and rate of 
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force development (RFD) further support the 

notion that NO supplementation can contribute 

to more efficient and powerful muscle 

contractions, which are essential for maximizing 

performance in strength-based sports. 

When comparing these findings with previous 

literature, it is evident that the current study 

adds a new dimension to our understanding of 

NO supplementation’s impact on anaerobic 

performance. While past research has 

predominantly focused on endurance athletes 

and the cardiovascular benefits of NO, this 

study highlights the potential benefits of NO 

supplementation in strength training contexts. 

The observed enhancements in muscular power 

and neuromuscular function suggest that NO’s 

effects are not limited to improving endurance 

but extend to optimizing the rapid force 

generation and neural efficiency required for 

strength sports. This broadens the applicability 

of NO supplementation, suggesting that it could 

be a valuable tool for athletes across a range of 

disciplines, particularly those that demand 

explosive strength. 

Moreover, the integration of biomechanical and 

neurological data in this study provides a 

holistic view of how NO supplementation 

influences performance. The correlation between 

improved neuromuscular adaptation, as 

evidenced by enhanced motor unit recruitment 

and synchronization, and biomechanical 

efficiency, such as optimal joint angles and 

higher ground reaction forces, suggests that NO 

supplementation may facilitate a more 

coordinated and effective execution of complex 

movements. This finding is particularly relevant 

for strength athletes, where the ability to 

generate maximal force rapidly and efficiently is 

crucial for success. The study’s results support 

the hypothesis that NO supplementation can 

enhance not only the physical attributes of 

strength but also the neuromuscular 

coordination necessary to maximize these 

attributes in real-world athletic scenarios. 

5.2 Mechanisms of Action 

The mechanisms through which NO 

supplementation may enhance neuromuscular 

function and muscular power are multifaceted, 

involving both vascular and neural pathways. 

One of the primary mechanisms is the role of 

NO in vasodilation, which increases blood flow 

to active muscles. This enhanced blood flow 

improves the delivery of oxygen and nutrients 

while facilitating the removal of metabolic 

byproducts such as lactic acid. This reduction in 

metabolic stress may delay the onset of fatigue, 

allowing athletes to maintain higher levels of 

power output throughout their training sessions. 

Furthermore, the improved oxygen delivery 

may enhance mitochondrial efficiency, leading 

to better energy production during 

high-intensity activities. 

In addition to its vascular effects, NO appears to 

have direct implications for neuromuscular 

function. The increase in corticospinal 

excitability observed in this study suggests that 

NO supplementation may enhance the neural 

drive from the central nervous system to the 

muscles. This enhanced neural drive could lead 

to more robust and rapid motor unit recruitment, 

which is essential for generating maximal force 

quickly. The observed improvements in motor 

unit synchronization and recruitment patterns 

further suggest that NO may optimize the 

efficiency of neural activation, leading to more 

coordinated and powerful muscle contractions. 

These neurological adaptations likely contribute 

to the observed improvements in RFD and peak 

power output, as the muscles are better able to 

generate force in a coordinated and efficient 

manner. 

The biomechanical insights provided by the 

study also support the role of NO in improving 

movement efficiency. The more optimal joint 

angles and higher ground reaction forces 

observed in the NO group indicate that NO 

supplementation may facilitate more efficient 

movement mechanics, reducing the energy cost 

of exercise and allowing for greater force 

production. This could be particularly beneficial 

in strength sports, where small improvements in 

movement efficiency can lead to significant 

gains in performance. The combination of 

enhanced neuromuscular function and 

improved biomechanics likely explains the 

significant improvements in power output 

observed in this study. 

5.3 Limitations 

While the findings of this study are compelling, 

there are several limitations that should be 

acknowledged. First, the study’s short-term 

duration, while suitable for capturing acute 

effects of NO supplementation, limits our ability 

to draw conclusions about the long-term 

impacts of NO on muscular power and 

neuromuscular adaptation. Future studies 
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should explore the effects of NO 

supplementation over longer periods to 

determine whether the observed benefits persist 

or diminish with prolonged use. 

Another limitation is the sample size and 

demographic characteristics of the participants. 

While the study focused on strength athletes 

with a well-developed neuromuscular system, 

the relatively small sample size may limit the 

generalizability of the findings. Additionally, the 

inclusion of only male and female athletes 

within a specific age range means that the 

results may not be applicable to other 

populations, such as older adults or novice 

lifters. Expanding the sample size and including 

a more diverse range of participants in future 

research would help to validate the findings and 

explore the effects of NO supplementation 

across different populations. 

Finally, the study did not account for potential 

individual variability in response to NO 

supplementation. Factors such as genetic 

differences in NO production, baseline dietary 

nitrate intake, and variations in training load 

could all influence the effectiveness of NO 

supplementation. Future studies should 

consider these variables and explore 

personalized approaches to NO 

supplementation, which could optimize its 

efficacy for different individuals. 

In conclusion, while this study provides strong 

evidence for the benefits of short-term NO 

supplementation in enhancing muscular power 

and neuromuscular adaptation in strength 

athletes, further research is needed to explore 

the long-term effects, generalizability, and 

individual variability in response to NO. Despite 

these limitations, the findings suggest that NO 

supplementation could be a valuable tool for 

strength athletes seeking to optimize their 

performance through improved power output 

and neuromuscular efficiency. 

6. Conclusion 

The findings of this study underscore the 

potential of short-term nitric oxide (NO) 

supplementation as a potent ergogenic aid in 

strength athletes, specifically in enhancing 

muscular power and promoting neuromuscular 

adaptations critical for high-performance 

outcomes. Through a comprehensive analysis 

involving both biomechanical and neurological 

perspectives, this research has illuminated the 

multifaceted role that NO plays in facilitating 

improved athletic performance. The significant 

increases in peak power output, rate of force 

development (RFD), and overall movement 

efficiency observed in the NO-supplemented 

group provide compelling evidence that NO can 

effectively enhance the physiological and 

mechanical attributes necessary for success in 

strength sports. 

The results suggest that NO supplementation 

operates through dual pathways—vascular and 

neurological—to exert its beneficial effects. By 

enhancing vasodilation and improving blood 

flow to active muscles, NO supplementation 

likely optimizes oxygen delivery and nutrient 

transport, thus delaying fatigue and enabling 

sustained power output during resistance 

exercises. Simultaneously, NO appears to 

enhance neuromuscular efficiency by increasing 

corticospinal excitability and optimizing motor 

unit recruitment patterns, leading to more 

synchronized and powerful muscle contractions. 

These findings collectively indicate that NO 

supplementation does not merely support 

cardiovascular function but also plays a critical 

role in modulating the nervous system’s ability 

to activate muscles effectively, thereby bridging 

the gap between neuromuscular control and 

biomechanical execution. 

For strength athletes, the practical implications 

of these findings are significant. The ability to 

improve muscular power and neuromuscular 

efficiency through a relatively short-term 

supplementation protocol offers a valuable 

strategy for athletes seeking to enhance their 

performance in a time-efficient manner. The 

improvements in biomechanical efficiency and 

neuromuscular adaptation observed in this 

study suggest that NO supplementation could 

be particularly beneficial during periods of 

intense training or competition, where the 

demand for explosive power and rapid force 

production is at its peak. However, it is also 

important for athletes and coaches to consider 

individual variability in response to NO 

supplementation, as genetic and environmental 

factors may influence the extent of the benefits 

realized. 

While this study has provided important 

insights into the short-term effects of NO 

supplementation, it also opens the door for 

future research to explore the long-term 

implications and broader applicability of NO 

across different athletic populations. Given the 

observed improvements in both central and 
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peripheral neuromuscular function, future 

studies could investigate whether these acute 

benefits are sustained or even amplified with 

prolonged use, and whether they translate to 

enhanced performance in real-world 

competitive settings. Additionally, the 

exploration of NO supplementation in diverse 

populations, including older adults, female 

athletes, and novice lifters, could provide a more 

comprehensive understanding of its efficacy and 

potential as a universal performance enhancer. 

In conclusion, nitric oxide supplementation 

emerges from this study as a promising tool for 

enhancing muscular power and neuromuscular 

adaptation in strength athletes. By positively 

influencing both the vascular and neural 

components of athletic performance, NO 

supplementation has the potential to bridge the 

gap between physiological readiness and 

mechanical execution, leading to improved 

outcomes in strength-based sports. As our 

understanding of NO’s role in exercise 

physiology continues to evolve, its application 

in athletic contexts is likely to expand, offering 

new opportunities for athletes to optimize their 

training and performance through targeted 

supplementation strategies. 
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