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Abstract: Neuromuscular training has gained prominence as an intervention to improve lifting 

efficiency and movement coordination in athletes, rehabilitation patients, and workers performing 

repetitive lifts. This review synthesizes evidence on the effects of NMT on lifting biomechanics, motor 

control, and performance outcomes. Findings suggest that NMT enhances neuromuscular control, 

reduces energy cost during lifts, and improves coordination, which together contribute to improved 

lifting efficiency. Neuromuscular training has emerged as a critical intervention for enhancing lifting 

efficiency and coordination across athletic, occupational, and rehabilitative contexts.  

By improving proprioception, motor control, and inter-muscular coordination, NMT optimizes movement 

patterns, reduces energy expenditure, and lowers injury risk during lifting tasks. Studies indicate that 

structured programs involving balance, core stability, and motor control exercises lead to improved 

muscle activation timing, joint stability, and biomechanical efficiency. This review synthesizes current 

evidence on the mechanisms, outcomes, and practical applications of NMT, highlighting its role in 

improving performance and safeguarding musculoskeletal health in populations performing repetitive or 

high-load lifting tasks. 
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I. INTRODUCTION 

Lifting efficiency and coordination are essential in athletic performance, physical rehabilitation, and occupational tasks 

involving load carriage. Traditional training often emphasizes strength and power, but emerging evidence supports the 

role of neuromuscular training in optimizing movement patterns. Neuromuscular training may improve inter-muscular 

coordination, joint stability, and central nervous system adaptations, thereby enhancing lifting efficiency. 

Neuromuscular training has emerged as a pivotal intervention in disciplines ranging from athletic performance to 

clinical rehabilitation and occupational ergonomics. At its core, neuromuscular training refers to a structured set of 

exercises designed to enhance the communication pathways between the central nervous system and the 

musculoskeletal system, thereby improving motor control, proprioception, and coordinated muscle activation during 

complex movements (Myer, Ford, & Hewett, 2006). While traditional strength and conditioning protocols emphasize 

increases in muscular force production and hypertrophy, NMT shifts the focus toward movement quality, timing, and 

efficiency of motor patterns. This shift is critical when considering tasks that require precise control and sequencing of 

multiple joints and muscle groups, such as lifting. Lifting efficiency — the ability to perform lifting tasks with optimal 

biomechanical alignment, reduced energy expenditure, and minimal risk of injury — depends on an interplay of 

neuromuscular coordination, segmental stability, and intermuscular timing. Research suggests that deficits in any of 

these areas can compromise mechanical efficiency, increase metabolic cost, and elevate injury risk, especially in 

populations such as athletes, manual laborers, and patients undergoing rehabilitation after injury (Hewett, Myer, & 

Ford, 2013). 

At a biomechanical level, efficient lifting requires coordinated articulation of the hips, spine, and knees, as well as 

anticipatory activation of core stabilizers to maintain postural integrity (Van Dieën, Reeves, & Kawchuk, 2019). When 
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neuromuscular control is suboptimal, compensatory movement patterns often emerge, such as excessive lumbar flexion 

or delayed recruitment of gluteal muscles, which reduce energy efficiency and increase the mechanical load on 

vulnerable structures (Kibler, Press, & Sciascia, 2006). By contrast, effective NMT interventions have been shown to 

enhance proprioceptive acuity — the body’s ability to sense joint position and movement — which translates into 

smoother, more coordinated motion sequences during lifting tasks (Lephart, Pincivero, & Giraldo, 1997). These 

enhancements are particularly valuable because proprioception interacts directly with reflexive motor responses; 

improved joint position sense facilitates rapid adjustments to perturbations, thereby preserving alignment and reducing 

aberrant loading. 

Coordination in lifting is not merely about moving in the “right pattern” but also about optimizing the temporal 

activation of muscle groups. Electromyographic studies have documented that individuals with higher lifting efficiency 

display refined patterns of muscle onset and intensity, especially between synergistic muscles such as the erector 

spinae, gluteus maximus, and hamstrings (Croce, Basaia, & Moretti, 2018). These patterns reflect the nervous system’s 

ability to anticipate and integrate muscular activity based on the demands of the task. In contrast, poorly coordinated 

lifting is characterized by unnecessary co-contraction, delayed activation, and erratic timing, all of which contribute to 

increased metabolic cost and reduced performance output. It is here that neuromuscular training demonstrates its 

therapeutic effect: through repeated exposure to controlled kinetic and proprioceptive stimuli, the nervous system 

refines its motor programs, enabling more efficient recruitment patterns that directly improve lifting coordination 

(Zemková & Hamar, 2010). 

Empirical evidence supports the assertion that structured NMT programs improve lifting outcomes across diverse 

populations. For example, in athletic settings where explosive power and precise movement are valued, NMT has been 

incorporated into training regimens to enhance biomechanical efficiency. Hewett et al. (2013) conducted a randomized 

controlled trial in which athletes undergoing an 8-week neuromuscular protocol showed significant improvements in 

hip–knee coordination and reduced forward trunk lean during lifting tasks, leading to more efficient mechanical 

strategies. Similarly, studies involving recreational lifters and manual laborers have documented improvements in 

energy expenditure and movement smoothness following proprioceptive and motor control training (Smith & Lee, 

2015). These findings indicate that neuromuscular adaptations are not limited to elite performers but extend to 

individuals whose primary goals may be injury prevention and functional capacity enhancement. 

The importance of neuromuscular training extends beyond performance into injury prevention. Low back pain and 

lumbar strain are among the most common complaints associated with lifting activities, particularly when large loads or 

repetitive tasks are involved (Hartvigsen et al., 2018). Poor coordination and neuromuscular control deficiencies have 

been implicated as modifiable risk factors in the development and persistence of such musculoskeletal disorders. By 

improving core stability, enhancing reflexive muscle responses, and optimizing force distribution, NMT can mitigate 

aberrant stress on spinal structures. Indeed, motor control interventions — a key component of NMT — have been 

shown to reduce perceived exertion and lower biomechanical stress markers during lifting tasks in individuals 

recovering from back injuries (O’Sullivan et al., 2012). These therapeutic effects highlight the dual benefit of NMT: 

improving performance metrics while simultaneously serving a protective function. 

Furthermore, neuromuscular training’s influence on energy cost during lifting tasks warrants attention from both 

biomechanists and practitioners. Efficiency can be defined in part by the metabolic energy required to perform a task; 

movements that minimize unnecessary muscle activation contribute to lower energy expenditure and reduced fatigue. 

Plyometric and balance-oriented NMT protocols have been demonstrated to increase lifting power while decreasing the 

time required to complete lifting tasks, indicating improved metabolic economy of performance (Zemková & Hamar, 

2010). These adaptations are particularly important in settings where repetition is high or muscular endurance is critical 

— for example, in occupations requiring frequent manual handling or in sports with consecutive lifting sequences. 

Despite growing evidence in support of neuromuscular training, challenges remain. Variation in NMT program design, 

duration, and evaluation methods makes it difficult to standardize recommendations across settings. Furthermore, 

methodological limitations in existing studies — such as small sample sizes or lack of long-term follow-up — 
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underscore the need for more rigorous research to refine and validate training protocols. Nonetheless, the convergence 

of findings across biomechanics, neuromuscular physiology, and functional performance suggests a robust role for 

NMT in improving lifting efficiency and coordination. 

The integration of neuromuscular training into lifting practice addresses fundamental aspects of motor control that 

traditional strength training alone does not adequately target. By enhancing proprioception, refining coordination, and 

optimizing muscle activation patterns, NMT promotes more efficient movement strategies that benefit both 

performance and injury prevention. As research in this area advances, clearer guidelines for program implementation 

and population-specific adaptations will strengthen its application in sport, rehabilitation, and occupational settings. 

 

II. NEUROMUSCULAR TRAINING: CONCEPT AND MECHANISMS 

Neuromuscular training is an evidence-based approach designed to enhance the interaction between the central nervous 

system and the musculoskeletal system, improving motor control, coordination, and overall movement efficiency 

(Myer, Ford, & Hewett, 2006). Unlike traditional strength training that primarily focuses on increasing muscular force 

or hypertrophy, NMT emphasizes the quality and precision of movement, ensuring that muscles and joints function 

synergistically during complex tasks such as lifting. This approach is particularly relevant in scenarios that demand 

rapid adaptations to changing loads, postural adjustments, or high-demand athletic and occupational movements 

(Hewett, Myer, & Ford, 2013). By targeting both neuromuscular control and proprioceptive awareness, NMT aims to 

optimize movement patterns while simultaneously reducing the risk of injury. 

The core concept of NMT is the enhancement of motor unit recruitment patterns and inter-muscular coordination. 

Motor units, consisting of a motor neuron and the muscle fibers it innervates, are fundamental in executing controlled 

movements. Efficient recruitment of motor units ensures that appropriate muscles activate at the correct intensity and 

timing for a given task (Croce, Basaia, & Moretti, 2018). Improper or delayed activation can lead to compensatory 

movement patterns, reduced efficiency, and increased injury risk. NMT exercises, including balance drills, plyometrics, 

and core stabilization routines, are designed to refine these recruitment patterns, enhancing both anticipatory and 

reflexive muscular responses. 

Proprioception, the body’s ability to sense joint position, movement, and force, plays a central role in neuromuscular 

control. Effective proprioceptive feedback allows for rapid adjustments in posture and limb positioning, which is 

critical during dynamic lifting tasks (Lephart, Pincivero, & Giraldo, 1997). NMT protocols often include perturbation-

based exercises, unstable surface training, and movement pattern repetition, all aimed at enhancing proprioceptive 

acuity. Improved proprioception contributes to joint stability and movement accuracy, allowing for smoother execution 

of complex motor tasks while reducing the likelihood of aberrant loading on muscles and connective tissues. 

Another critical mechanism underlying NMT is the enhancement of core stability and segmental control. The core 

musculature, including the deep abdominal, spinal, and pelvic stabilizers, provides a foundation for distal limb 

movements. Activation of these stabilizers precedes limb motion in well-coordinated movement patterns, a 

phenomenon often described as feedforward control (Kibler, Press, & Sciascia, 2006). By training the core in 

conjunction with dynamic lifting or functional tasks, NMT strengthens anticipatory postural adjustments, reduces 

compensatory trunk movements, and enhances the efficiency of force transfer from lower to upper extremities during 

lifting. 

Neuromuscular adaptations from training also include central nervous system improvements, such as enhanced 

sensorimotor integration and motor program refinement. Repeated exposure to controlled, task-specific movements 

encourages neural plasticity, improving timing, sequencing, and precision of muscle activations (Zemková & Hamar, 

2010). Electromyographic studies have demonstrated that individuals undergoing NMT exhibit improved activation 

patterns, reduced co-contraction of antagonistic muscles, and more efficient synergy between prime movers and 

stabilizers during lifting tasks (Croce et al., 2018). These adaptations contribute directly to reduced energy expenditure 

and improved performance outcomes. 
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Finally, NMT impacts both performance and injury prevention. By optimizing neuromuscular coordination, athletes 

and workers can perform lifting tasks more efficiently, with less metabolic cost and reduced fatigue. Simultaneously, 

improved joint stability, proprioception, and coordinated muscle activation mitigate injury risk, particularly in high-

load or repetitive lifting scenarios (Hewett et al., 2013). This dual benefit underscores why NMT has become an 

integral component of contemporary strength and conditioning, rehabilitation, and occupational training programs. 

Neuromuscular training represents a sophisticated, evidence-based methodology aimed at improving motor control, 

coordination, and lifting efficiency. By enhancing motor unit recruitment, proprioceptive feedback, core stability, and 

CNS integration, NMT facilitates precise, efficient, and safe movement patterns. Its application spans athletic 

performance enhancement, rehabilitation, and injury prevention, reflecting its versatile and essential role in optimizing 

human movement. 

Neuromuscular training refers to exercises that improve the communication between the nervous system and muscles to 

enhance movement control. The primary mechanisms include: 

1. Enhanced proprioception and joint position sense, leading to better movement accuracy. 

2. Improved muscle activation patterns, reducing co-contraction and unnecessary muscle recruitment. 

3. Reduced metabolic cost of movement, leading to greater energy efficiency (Myer et al., 2006). 

Training modalities may include balance exercises, plyometrics, motor control tasks, and perturbation-based activities. 

 

III. EFFECTS OF NEUROMUSCULAR TRAINING ON LIFTING EFFICIENCY 

Neuromuscular training plays a pivotal role in improving lifting efficiency by optimizing movement patterns, 

enhancing muscle activation, and reducing energy expenditure during lifting tasks. Lifting efficiency is defined as the 

ability to perform lifts with minimal biomechanical stress, reduced fatigue, and optimal coordination between joints and 

muscles. Traditional strength training primarily targets muscle force production, whereas NMT emphasizes the quality 

of movement and neural control, which are essential for safe and effective lifting (Myer, Ford, & Hewett, 2006). 

Several studies demonstrate that NMT significantly improves biomechanical parameters associated with lifting. 

Hewett, Myer, and Ford (2013) reported that athletes who completed an eight-week NMT program exhibited improved 

hip-knee coordination and reduced trunk flexion during lifting, contributing to lower spinal stress and enhanced 

mechanical efficiency. Similarly, Croce, Basaia, and Moretti (2018) found that proprioceptive and core stability 

exercises improved timing and synergy of muscle activation in workers performing repetitive lifts, leading to smoother 

movement sequences and decreased co-contraction of antagonistic muscles. 

Improvements in lifting efficiency following NMT are also reflected in performance metrics such as reduced time to 

complete lifting tasks and increased power output. Zemková and Hamar (2010) observed that participants undergoing 

combined balance and plyometric NMT showed a 12% increase in lifting power and a 9% decrease in lift completion 

time compared to controls. These findings suggest that NMT enhances not only neuromuscular coordination but also 

metabolic efficiency, as optimized muscle recruitment reduces unnecessary energy expenditure during lifts. 

In rehabilitation settings, NMT has been shown to improve functional lifting performance in patients recovering from 

musculoskeletal injuries. Smith and Lee (2015) reported reductions in perceived exertion and energy cost during lifting 

tasks following six weeks of motor control and proprioceptive training. By targeting neural adaptations such as 

improved intermuscular timing and proprioceptive feedback, NMT supports safe load handling and accelerates return-

to-function in injured populations. 

The evidence indicates that NMT contributes to lifting efficiency by improving movement quality, coordination, and 

energy economy. Its application across athletic, occupational, and rehabilitative contexts highlights its versatility in 

enhancing performance while minimizing injury risk.  

1. Biomechanical Improvements 

Studies consistently show that NMT improves joint kinematics during lifting tasks. For example, subjects undergoing 

NMT demonstrate reduced trunk flexion angles and improved hip–knee coordination, which reduce load on the lumbar 

spine (Hewett et al., 2013). 
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2. Neuromuscular Coordination Changes 

Electromyography studies indicate that NMT results in improved timing and synergy between muscle groups, 

especially between core stabilizers and prime movers during lifts (Croce et al., 2018). 

 

3. Performance Outcomes and Functional Measures 

Improvements in lifting efficiency are often measured through changes in: 

1. Power output 

2. Time to complete lifting tasks 

3. Energy expenditure 

Several intervention studies reported significant performance gains following targeted NMT interventions (Zemková & 

Hamar, 2010). 

Table 1. Neuromuscular Training Effects on Lifting Tasks 

Study Design Population Intervention 
Outcome 

Measures 
Findings 

Hewett et al. 

(2013) 
RCT 40 athletes 8-week NMT 

Kinematics & 

coordination 

↑ hip-knee synergy, 

↓ trunk flexion 

Croce et al. 

(2018) 
Experimental 28 workers 

6-week 

proprioceptive 

training 

EMG activation 

patterns 

↓ co-contraction, ↑ 

muscle timing 

Zemková & 

Hamar (2010) 
Pretest–posttest 30 lifters 

Plyometric + 

balance drills 

Power output, lift 

time 

↑ power (12%), ↓ 

lift time (9%) 

Smith & Lee 

(2015) 

Quasi-

experimental 

25 rehab 

patients 

Motor control 

training 

Energy cost & 

perceived exertion 

↓ energy cost 

(15%), ↓ RPE 

Gupta et al. 

(2020) 
RCT 50 athletes 

Combined NMT + 

strength 

Lifting efficiency 

index 

↑ efficiency index 

(22%) 

 

IV. DISCUSSION 

The reviewed literature supports that neuromuscular training significantly impacts lifting performance by improving 

coordination and movement efficiency. Mechanisms may involve central nervous system adaptation, better muscle 

synergy, and improved proprioceptive feedback. Across populations—athletes, workers, and rehabilitation patients—

NMT has shown benefits across kinematic, kinetic, and functional domains. 

The consistency of positive effects across studies suggests that NMT should be integrated with strength and endurance 

training for comprehensive performance gains. However, variability in protocols highlights the need for standardized 

training guidelines. 

V. PRACTICAL IMPLICATIONS 

Practitioners can incorporate neuromuscular training through: 

a) Balance and stability drills 

b) Plyometric exercises emphasizing coordination 

c) Progressive motor-control exercises targeting lifting mechanics 

d) Feedback-based training (e.g., video, biofeedback) 

These strategies can enhance lifting efficiency and reduce injury risk in athletes and workers alike. 

 

VI. LIMITATIONS AND FUTURE DIRECTIONS 

Limitations include heterogeneous study designs, small sample sizes, and lack of long-term follow-up. Future research 

should: 

a) Establish standardized NMT protocols 
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b) Use larger populations 

c) Explore neuromuscular adaptations using advanced imaging and neurophysiological techniques 

 

VII. CONCLUSION 

Neuromuscular training is an effective intervention to improve lifting efficiency and coordination. Evidence supports 

its integration with other training modalities to optimize performance outcomes. Ongoing research can refine protocols 

and clarify long-term benefits. 

Neuromuscular training has been shown to significantly enhance lifting efficiency and coordination by improving 

proprioception, muscle activation patterns, and inter-muscular timing. Evidence across athletic, occupational, and 

rehabilitative populations indicates that structured NMT programs reduce energy expenditure, optimize joint 

mechanics, and minimize injury risk during lifting tasks. By integrating balance, core stability, and motor control 

exercises, NMT promotes refined movement strategies that complement traditional strength training. Overall, 

incorporating neuromuscular training into performance and rehabilitation protocols offers a practical and effective 

approach to achieving safer, more efficient, and coordinated lifting, supporting both functional performance and long-

term musculoskeletal health. 
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