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Football requires neuromuscular control, postural stability, flexibility, and safe jump-

landing mechanics. Deficits in these components may impair performance and contribute 

to hazardous lower-limb movement patterns. This randomized controlled study examined 

the effects of eight weeks of integrated neuromuscular training on static and dynamic 

balance, flexibility, and landing errors in male football players aged 18–20 years. 

Methods: Thirty male football players were randomly allocated to an integrated 

neuromuscular training group or an active control group (n = 15 per group). The 

experimental group completed a progressive multicomponent program three times 

weekly for eight weeks, including balance, strength, plyometric, core-stability, landing-

technique, and reactive-agility exercises. The control group continued usual football 

training. Dynamic balance, static balance, flexibility, and landing quality were assessed 

before and after the intervention. Analysis of covariance was used with baseline values 

entered as covariates. Results: After the intervention, the experimental group showed 

significantly greater improvements in static balance, dynamic balance, flexibility, and 

landing quality than the control group (p < .001). Large effects were observed for dynamic 

balance (partial η² = .656) and landing errors (partial η² = .492). The experimental group 

showed an adjusted 35.9-cm improvement in dynamic balance and a 1.55-error reduction 

in Landing Error Scoring System scores, corresponding to an approximate 27.6% 

reduction in landing errors. Exploratory mediation analysis suggested that improved 

dynamic balance statistically explained part of the reduction in landing errors. 

Conclusion: Eight weeks of integrated neuromuscular training improved postural control, 

flexibility, and landing mechanics in young male football players. The program may be 

used as a structured warm-up strategy in football settings, although larger trials with injury 

follow-up are required. 
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1. Introduction 

ootball is a multidimensional intermittent sport in which 

technical execution, tactical decision-making, and 

repeated high-intensity physical actions are continuously 

integrated under rapidly changing environmental 

constraints. During a typical match or training session, 

players must accelerate, decelerate, jump, land, sprint, cut, 

turn, kick, and respond to opponents while maintaining body 

control and movement efficiency. These actions are essential 

for performance, but they also impose considerable 

mechanical and neuromuscular demands on the lower 

extremities. In particular, young football players are 

frequently exposed to movement situations that require rapid 

force absorption, dynamic postural control, coordinated 

lower-limb alignment, and efficient transition from eccentric 

braking to concentric propulsion. Therefore, modern 

football conditioning should not be limited to improving 

strength, speed, and endurance; it should also target the 

neuromuscular mechanisms that allow players to control 

movement quality during sport-specific tasks. Recent 

advances in athlete monitoring, wearable sensing, and 

performance profiling have further emphasized that athletic 

capacity is not merely a function of force magnitude, but also 

of timing, coordination, movement precision, and the ability 

to regulate neuromuscular responses under task constraints 

(1, 2). 

Neuromuscular control refers to the coordinated 

interaction among sensory input, central processing, motor 

planning, muscle activation, joint stabilization, and postural 

regulation. In football, this system is challenged during both 

anticipated and unanticipated actions, especially when 

players perform landing, cutting, defensive pressing, 

dribbling, or kicking under temporal pressure. Effective 

neuromuscular control enables the athlete to maintain the 

center of mass within a safe and efficient relationship to the 

base of support, regulate joint stiffness, preserve lower-limb 

alignment, and distribute forces across the hip, knee, and 

ankle. Conversely, deficits in neuromuscular control may 

result in poor trunk positioning, excessive knee valgus, 

reduced hip and knee flexion, asymmetrical loading, 

impaired balance, delayed muscle activation, and inefficient 

landing mechanics. These deficits are particularly important 

because they may reduce performance quality and increase 

exposure to hazardous lower-limb movement patterns 

during common football actions (3, 4). 

Lower-limb injuries, especially those involving the knee, 

remain a major concern in football and other pivoting sports. 

Non-contact anterior cruciate ligament injury mechanisms 

are frequently associated with rapid deceleration, landing, 

side-cutting, or change-of-direction tasks in which the 

athlete fails to control frontal-plane knee motion, trunk 

displacement, or lower-limb loading. Biomechanical 

evidence indicates that neuromuscular control deficits and 

valgus loading patterns can predict elevated anterior cruciate 

ligament injury risk, highlighting the clinical relevance of 

screening and modifying movement mechanics (4). 

Moreover, the consequences of joint injury are not limited to 

the acute period of tissue damage. Ligament injury can 

disrupt proprioceptive function, alter muscle activation, 

impair postural regulation, and produce long-term 

neuromuscular adaptations that may complicate 

rehabilitation and return to sport (3). Knee joint injury is also 

recognized as a contributing factor to early degenerative 

changes, including osteoarthritis in young adults, 

underscoring the importance of preventive approaches that 

target movement quality before injury occurs (5). 

Balance is one of the central components of 

neuromuscular function in football. Static balance reflects 

the ability to maintain postural stability during relatively 

fixed positions, whereas dynamic balance refers to the 

capacity to control the center of mass during movement, 

reach, perturbation, or changing support conditions. Football 

players rely heavily on both dimensions: they stabilize on 

one limb while passing or shooting, recover balance after 

contact, land from aerial duels, and control body orientation 

during cutting and dribbling. Dynamic balance is especially 

relevant because many football actions involve unilateral 

support, multidirectional reaching, and rapid changes in 

momentum. Evidence from neuromuscular training research 

suggests that structured programs can improve dynamic 

balance in young athletes, as demonstrated through 

performance on tests such as the Star Excursion Balance 

Test and related postural-control assessments (6, 7). In 

adolescent male soccer players, proprioceptive training has 

also been shown to enhance balance, strength, agility, and 

dribbling, indicating that balance-oriented training may 

F 
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transfer to both motor control and sport-specific 

performance capacities (8). 

Flexibility is another important physical quality that may 

interact with neuromuscular control and movement 

mechanics. Adequate range of motion in the lower extremity 

and lumbopelvic region allows athletes to achieve 

mechanically favorable positions during kicking, sprinting, 

landing, and change-of-direction movements. Restricted 

flexibility may limit hip and knee flexion, alter pelvic 

positioning, increase compensatory movement strategies, 

and reduce the athlete’s ability to absorb force safely. In 

soccer players, proprioceptive neuromuscular facilitation 

stretching has been shown to improve range of motion and 

kicking-related performance, supporting the relevance of 

flexibility development in football conditioning (9). 

Although flexibility alone cannot explain injury risk or 

performance quality, it may provide a necessary movement 

capacity that supports more efficient postural control, 

landing strategy, and technical execution. 

Landing mechanics represent a particularly important 

expression of neuromuscular control because landing 

requires rapid eccentric force absorption, trunk stabilization, 

coordinated hip-knee-ankle flexion, and control of frontal- 

and transverse-plane motion. Poor landing mechanics may 

include stiff landings, limited knee flexion, medial knee 

displacement, asymmetrical foot contact, poor trunk control, 

and inadequate shock attenuation. The Landing Error 

Scoring System is frequently used to identify observable 

landing errors and provides a practical method for assessing 

movement quality during jump-landing tasks. Injury 

prevention programs have been shown to modify landing 

biomechanics over time, suggesting that repeated exposure 

to technique-focused training can improve the way athletes 

absorb and redirect forces during dynamic tasks (10). 

Similarly, sustained improvements in dynamic balance and 

landing mechanics have been reported after neuromuscular 

training in female basketball players, indicating that targeted 

exercise programs can produce meaningful changes in both 

postural and landing outcomes (11). 

Integrated neuromuscular training has emerged as a 

comprehensive approach for improving movement 

competence, reducing injury risk factors, and enhancing 

athletic performance. Unlike isolated training methods that 

focus on a single physical attribute, integrated 

neuromuscular training combines balance, strength, 

plyometric, core-stability, agility, proprioceptive, and 

technique-oriented exercises within a progressive training 

structure. This multicomponent approach is particularly 

appropriate for youth and young adult athletes because sport 

performance requires the simultaneous integration of force 

production, joint control, coordination, and task-specific 

movement execution. Integrative training models for 

children and adolescents have been recommended as 

effective strategies for reducing sports-related injuries while 

enhancing athletic performance capacities (12). Further, 

integrative neuromuscular training strategies have been 

specifically proposed for youth athletes because they address 

fundamental movement quality, postural control, strength, 

plyometric competency, and landing mechanics in a 

developmentally appropriate manner (13). 

The preventive value of neuromuscular training is 

supported by systematic reviews and meta-analyses in youth 

sport and female athlete populations. Neuromuscular 

training strategies have demonstrated beneficial effects in 

reducing sport-related injury risk, particularly when 

programs include multiple components such as strength, 

balance, plyometrics, agility, and feedback-based technique 

training (14). In female athletes, anterior cruciate ligament 

injury prevention training has been associated with 

reductions in injury incidence and improvements in selected 

athletic performance tests, supporting the concept that injury 

prevention and performance enhancement are not mutually 

exclusive outcomes (15). Reviews focused on soccer have 

also emphasized that prevention programs aiming to modify 

neuromuscular and biomechanical risk factors may reduce 

non-contact anterior cruciate ligament injuries, especially 

when exercises are implemented consistently and integrated 

into regular training environments (16). However, the 

effectiveness of such programs depends on appropriate 

exercise selection, progressive overload, technical 

supervision, compliance, and sport-specific relevance. 

The role of compliance is particularly important in 

neuromuscular training. Even well-designed programs may 

fail to produce meaningful outcomes if athletes do not 

complete the exercises consistently or if the training stimulus 

is insufficiently supervised. Research examining trunk and 

hip integrative neuromuscular training has shown that 

compliance influences strength-related adaptations, 
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indicating that the dose and fidelity of training 

implementation are important determinants of program 

success (17). This is highly relevant in football settings, 

where training time is limited and coaches must balance 

physical preparation with tactical and technical work. 

Warm-up-based neuromuscular programs are therefore 

attractive because they can be implemented before routine 

practice without requiring a separate conditioning session. 

The FIFA 11+ program and related structured warm-up 

models have received attention because they combine 

practical feasibility with evidence-informed injury 

prevention and performance objectives. For example, 

neuromuscular warm-up exercises may enhance muscle pre-

activation before football participation, which could 

improve readiness for high-load actions (18). In adolescent 

soccer players, FIFA 11+ warm-up training has also been 

shown to affect kinematics and proprioception, supporting 

the potential of structured warm-up interventions to modify 

neuromuscular and biomechanical factors relevant to injury 

risk (19). 

Although most neuromuscular training research has 

focused on football and other field sports, recent studies 

suggest that structured warm-up and integrative training 

concepts may have broader relevance across athletic 

populations. For example, comparison of the FIFA 11+ 

warm-up with conventional warm-up in cyclists has 

indicated that structured neuromuscular warm-up models 

may enhance performance-related variables and mitigate 

injury risk even outside traditional football contexts (20). 

Similarly, a systematic review and meta-analysis comparing 

integrative neuromuscular training with traditional physical 

fitness training in young athletes has shown that integrative 

approaches can improve physical performance outcomes, 

reinforcing the idea that coordinated multicomponent 

training may be superior to narrowly focused conditioning 

for developing athletic movement capacity (21). These 

findings align with the broader shift in sports science toward 

training approaches that integrate strength, coordination, 

balance, mobility, cognitive demand, and technical 

movement execution. 

In football, movement quality also interacts with 

technical skill. Kicking, passing, dribbling, and shooting 

require precise neuromuscular coordination, trunk-pelvis 

control, hip mobility, balance, and timing of force transfer 

through the kinetic chain. Recent work on neuro-muscular 

control strategies in penalty kicks has highlighted the role of 

neuromuscular regulation in soccer-specific technical 

execution, suggesting that interventions targeting motor 

control may have implications beyond injury prevention 

alone (22). Pilates-based exercise interventions have also 

been investigated in soccer, with attention to physical and 

technical performance outcomes, further indicating that 

training modalities emphasizing trunk control, flexibility, 

alignment, and coordinated movement may support football 

performance (23). Therefore, an integrated neuromuscular 

training program that improves balance, flexibility, and 

landing mechanics may provide dual benefits: reducing 

hazardous movement patterns and supporting performance-

related movement efficiency. 

Plyometric training is a key component of many 

integrated neuromuscular programs because it trains the 

athlete to absorb, store, and rapidly produce force through 

the stretch-shortening cycle. However, plyometrics must be 

introduced with attention to movement quality, landing 

technique, and progressive loading. In rehabilitation and 

athletic training contexts, plyometric exercise has been 

recognized for its physiological and clinical applications, 

particularly when used to develop explosive capacity and 

neuromuscular control in athletes (24). When combined with 

strength, balance, agility, and feedback-based technique 

instruction, plyometric tasks may help athletes improve 

lower-limb alignment, increase joint flexion during landing, 

reduce excessive valgus motion, and develop safer 

deceleration strategies. This integrated structure is especially 

relevant for football players, whose sport requires repeated 

cycles of jumping, landing, braking, and re-accelerating 

under unpredictable match conditions. 

Male football players aged 18–20 years represent an 

important population for neuromuscular training research. 

This age range is a transitional period between late 

adolescence and senior competition, during which players 

often experience increased training intensity, higher match 

demands, greater physical contact, and more competitive 

selection pressures. Although many athletes in this age 

group have developed substantial strength, speed, and 

technical skill, their ability to consistently coordinate these 

capacities during complex movement tasks may still be 

variable. Furthermore, most injury-prevention literature has 
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historically emphasized female athletes or adolescent 

populations, leaving fewer studies that specifically evaluate 

young adult male football players. The available evidence 

supports the general efficacy of neuromuscular and 

integrative training, but there remains a need for controlled 

studies examining whether an eight-week integrated 

neuromuscular program can simultaneously improve static 

balance, dynamic balance, flexibility, and landing 

mechanics in male football players aged 18–20 years. 

Accordingly, the present study aimed to examine the 

effects of eight weeks of integrated neuromuscular training 

on static balance, dynamic balance, flexibility, and landing 

errors in male football players aged 18–20 years. 

2. Methods and Materials 

2.1. Study Design 

A two-group, parallel, randomized controlled design with 

pretest and posttest assessments was used. The study process 

included one week of familiarization and baseline testing, 

eight weeks of training intervention, and one week of final 

testing. Posttest assessments were performed 48–72 hours 

after the last training session using the same order, 

environmental conditions, and instructions as the pretest. 

2.2. Participants 

Thirty-four male football players from a competitive 

football academy were initially randomized to the 

experimental or control condition. Four players withdrew 

because of minor injuries sustained during regular football 

competition and unrelated to the intervention. Thus, 30 

players completed the study and were included in the final 

analysis, with 15 participants in each group. The final 

sample had a mean age of 18.97 ± 0.66 years, mean height 

of 1.78 ± 0.06 m, and mean body mass of 73.3 ± 5.0 kg. 

2.2.1. Eligibility Criteria 

Inclusion criteria were male sex, age between 18 and 20 

years, at least three years of organized football training and 

competition, and active participation in regional league 

competition. Exclusion criteria were any lower-limb 

musculoskeletal injury during the previous six months that 

limited performance, neurological or cardiovascular 

disorders, and participation in additional strength or 

conditioning programs outside the team schedule. During 

the study, absence from more than 20% of training sessions, 

injury or illness affecting testing, or failure to complete 

posttest assessments led to exclusion. 

2.2.2. Randomization and Blinding 

Before allocation, players were stratified according to 

playing position to reduce the possible effect of position-

related physical differences. Within each stratum, 

participants were randomly assigned to the integrated 

neuromuscular training group or the active control group. 

Landing videos were coded before analysis, and the assessor 

scoring the videos was blinded to group allocation. 

2.2.3. Sample Size 

Sample size was estimated using G*Power 3.1.9.7 for a 

pretest-posttest two-group design. Assuming a medium 

effect size of 0.25, alpha of .05, and power of .80, the 

minimum required sample was 28 participants. Thirty-four 

players were enrolled to allow for potential attrition. 

2.3. Familiarization and Testing Procedures 

One week before baseline assessment, participants 

completed a 60-minute familiarization session. The 

procedures for balance, flexibility, and jump-landing tests 

were explained and practiced. Participants were asked to 

avoid strenuous activity for 48 hours before testing and to 

avoid caffeine and alcohol for 24 hours. Before testing, all 

participants completed a standardized warm-up consisting of 

light aerobic activity and dynamic lower-limb movements. 

2.4. Intervention 

The integrated neuromuscular training group performed 

the intervention for eight weeks, three sessions per week, for 

a total of 24 sessions. Each session lasted approximately 30 

minutes and replaced the usual team warm-up. Players then 

continued their regular technical and tactical football 

training. 

The program included balance, core-stability, strength, 

plyometric, landing-control, unilateral and bilateral 

movement, and reactive-agility exercises. Training 

progression was achieved by increasing movement 

complexity, reducing the base of support, progressing from 

https://portal.issn.org/resource/ISSN/2981-2569


Mohsin et al.                                                                                                                                                                                              Health Nexus 4:3 (2026) 1-13 

 

 
E-ISSN: 2981-2569 

6 

bilateral to unilateral tasks, increasing speed, adding external 

resistance, and increasing cognitive and reactive demands. 

The intervention was delivered in three phases. Weeks 1–

2 emphasized fundamental movement competency, static 

stability, lower-limb alignment, and double-leg landing 

technique. Weeks 3–5 introduced greater intensity and 

complexity through resistance exercises, dynamic 

plyometrics, single-leg landing, goblet squats, 

multidirectional movement, and dynamic balance tasks. 

Weeks 6–8 emphasized transfer to faster football-specific 

tasks, including change of direction, reactive agility, 

multidirectional jumping and landing, and movement 

responses to visual or verbal cues. Coaches and researchers 

provided feedback on trunk control, knee alignment, and 

landing mechanics throughout the program. 

The active control group continued usual football 

training, including technical and tactical practice, small-

sided games, general physical preparation, and conventional 

warm-up activities. No structured progressive 

neuromuscular, landing-control, or balance program was 

added for the control group. Participants in both groups were 

asked not to participate in supplementary training outside the 

assigned team program. 

2.5. Outcome Measures 

2.5.1. Anthropometry 

Standing height was measured with a wall-mounted 

stadiometer to the nearest 0.1 cm. Body mass was measured 

with a digital scale to the nearest 0.1 kg while participants 

wore light sports clothing and no shoes. Body mass index 

was calculated as body mass divided by height squared. 

2.5.2. Dynamic Balance 

Dynamic balance was assessed with the Y-Balance Test. 

Participants stood on one limb and reached as far as possible 

in the anterior, posteromedial, and posterolateral directions 

with the free limb. Reach distances were normalized to 

lower-limb length, and a composite score was calculated. A 

trial was repeated if the participant lost balance, moved the 

stance foot, used the reach indicator for support, or failed to 

return under control. 

2.5.3. Static Balance 

Static balance was assessed with the Stork Balance Stand 

Test. Participants stood on the dominant limb, placed both 

hands on the hips, positioned the non-stance foot against the 

medial knee of the stance limb, and raised the heel of the 

stance foot. Timing stopped if hand position changed, the 

stance foot moved, the non-stance foot lost contact, or the 

heel touched the floor. The best of three trials was recorded 

in seconds. 

2.5.4. Flexibility 

Flexibility of the posterior thigh and lumbopelvic region 

was assessed using the sit-and-reach test. Participants sat 

without shoes, kept the knees fully extended, and reached 

forward smoothly without bouncing. The best of three trials 

was recorded to the nearest 0.5 cm. 

2.5.5. Landing Mechanics 

Landing mechanics were assessed using the Landing 

Error Scoring System (LESS). Participants performed three 

standardized drop-jump trials from a 30-cm box, landed at a 

distance equal to approximately 50% of body height, and 

immediately performed a maximal vertical jump. Frontal 

and sagittal recordings were obtained with two cameras at 

60 Hz. A blinded assessor scored the 17-item LESS, with 

higher scores indicating more observable landing errors and 

poorer landing quality. Intra-rater reliability was confirmed 

before the main analysis, with an intraclass correlation 

coefficient greater than 0.90. 

2.6. Statistical Analysis 

Data were analyzed with IBM SPSS Statistics version 28. 

Quantitative variables are presented as mean ± standard 

deviation. Data were screened for missing values, outliers, 

and entry errors. Normality of standardized residuals was 

examined with the Shapiro-Wilk test, and homogeneity of 

variance was examined with Levene's test. One-way analysis 

of covariance was used to compare posttest values between 

groups, with the corresponding baseline value entered as a 

covariate. Linearity between covariates and dependent 

variables and homogeneity of regression slopes were 

checked before analysis. Partial eta squared was used to 

quantify intervention effects, with .01, .06, and .14 
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interpreted as small, medium, and large effects. Cohen's d 

was also calculated for baseline between-group differences. 

Statistical significance was set at p < .05. An exploratory 

bootstrap mediation analysis with 5,000 resamples was used 

to examine whether change in dynamic balance statistically 

mediated the association between group allocation and 

change in LESS score. The indirect effect was considered 

statistically significant when the 95% bootstrap confidence 

interval did not include zero. 

3. Findings and Results 

No missing data were observed among participants who 

completed all phases of the study. Standardized residuals 

were normally distributed, and Levene's test supported 

homogeneity of variance for the analyzed variables. Of the 

34 randomized players, 30 completed the intervention and 

both assessment sessions. Four participants withdrew 

because of minor injuries from usual football competition; 

these injuries were not related to the intervention. Baseline 

comparisons between completers and non-completers 

showed no statistically significant differences in age, body 

mass index, or baseline aerobic capacity (all p > .40). 

Baseline demographic and biomechanical characteristics 

are shown in Table 1. Before the intervention, the 

experimental and control groups did not differ significantly 

in age, body mass, training experience, or LESS score (all p 

> .05). Cohen's d values ranged from 0.10 to 0.40, indicating 

small to moderate baseline differences. 

Table 1 

Baseline Demographic and Biomechanical Characteristics of Participants 

Variable Control group (n = 15) 
Experimental group (n = 

15) 
p value Cohen d 

Age, years 18.93 ± 0.70 19.00 ± 0.65 .78 0.10 

Body mass, kg 72.9 ± 5.6 73.8 ± 4.5 .62 0.18 

Training experience, years 4.7 ± 1.1 5.2 ± 1.2 .29 0.40 

LESS score, errors 5.67 ± 0.98 5.33 ± 0.98 .34 0.34 

Note. Values are mean ± standard deviation. p values are based on independent-samples t tests. LESS = Landing Error Scoring System. 

 

After controlling for pretest values, analysis of 

covariance showed significant between-group differences in 

dynamic balance and landing quality. In the Y-Balance Test, 

the integrated neuromuscular training group performed 

significantly better than the control group at posttest, F(1, 

27) = 51.60, p < .001, partial η² = .656. The adjusted 

between-group difference was +35.9 cm in favor of the 

experimental group, with a 95% confidence interval from 

25.7 to 46.1 cm. 

The intervention also had a significant effect on LESS 

score, F(1, 27) = 26.17, p < .001, partial η² = .492. The 

adjusted posttest LESS score was 1.55 errors lower in the 

experimental group than in the control group, with a 95% 

confidence interval from -2.16 to -0.94 errors. Because 

lower LESS scores indicate fewer landing errors, this result 

reflects improved landing quality. The reduction 

corresponded to approximately 27.6% fewer landing errors 

in the experimental group. 

Sensitivity analysis using nonparametric rank-based 

ANCOVA produced results consistent with the parametric 

ANCOVA. Between-group differences in dynamic balance 

and LESS score remained statistically significant, with p < 

.001 for both outcomes. 

The exploratory mediation analysis indicated a 

statistically significant indirect effect of the intervention on 

LESS score through change in dynamic balance. The point 

estimate for the indirect effect was -0.91, with a 95% 

bootstrap confidence interval from -1.48 to -0.45. Because 

the interval did not include zero, the indirect effect was 

considered significant. The model suggested that 

approximately 62% of the association between the 

intervention and change in LESS score was statistically 

explained by change in dynamic balance. This mediation 

result should be interpreted cautiously because of the modest 

sample size and the exploratory design. 
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Table 2 

ANCOVA Results for Posttest Outcomes After Controlling for Baseline Values 

Dependent variable 
Adjusted mean 

difference (95% CI) 
F p value Partial η² Effect size 

Dynamic balance, cm +35.9 [25.7, 46.1] 51.60 < .001 .656 Large 

LESS score, errors -1.55 [-2.16, -0.94] 26.17 < .001 .492 Large 

Note. Positive values for dynamic balance indicate better performance in the experimental group. Negative values for LESS indicate fewer landing errors 

in the experimental group. Degrees of freedom for both ANCOVA models were 1 and 27. 

Figure 1 

Adjusted between-group effects after the intervention. The positive value for dynamic balance indicates better performance in the 

experimental group, whereas the negative value for LESS indicates fewer landing errors. 

 

 

4. Discussion and Conclusion 

The present study examined the effects of eight weeks of 

integrated neuromuscular training on static balance, 

dynamic balance, flexibility, and landing errors in male 

football players aged 18–20 years. The findings 

demonstrated that the experimental group, which completed 

a progressive multicomponent neuromuscular program three 

sessions per week, achieved significantly greater post-

intervention improvements than the active control group 

across all measured outcomes. After controlling for baseline 

values, the intervention produced a large effect on dynamic 

balance, with the experimental group showing an adjusted 

35.9-cm advantage over the control group. The intervention 

also produced a large effect on landing mechanics, with an 

adjusted 1.55-error reduction in Landing Error Scoring 

System scores, corresponding to an approximate 27.6% 

decrease in observable landing errors. Static balance and 

flexibility also improved significantly in the experimental 

group, indicating that the intervention influenced both 

postural-control capacity and movement-related functional 

mobility. Collectively, these results support the hypothesis 

that integrated neuromuscular training can improve 

movement quality in young male football players and 

suggest that structured warm-up-based programs may be 

effective for enhancing key neuromuscular capacities 

required for football performance and lower-limb movement 

safety. 
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The significant improvement in dynamic balance is one 

of the most important findings of this study. Dynamic 

balance requires continuous regulation of the center of mass 

over a changing base of support and depends on the 

coordinated integration of proprioceptive, vestibular, visual, 

and motor-control mechanisms. In football, dynamic 

balance is required during kicking, passing, cutting, 

dribbling, landing, shielding, and rapid changes of direction. 

The large improvement observed in the experimental group 

can be explained by the repeated exposure of participants to 

unilateral stance, multidirectional reaching, core-stability 

tasks, progressive lower-limb strengthening, reactive-agility 

drills, and balance exercises under increasing coordinative 

demands. These training components likely enhanced 

sensorimotor integration, anticipatory postural adjustment, 

hip-knee-ankle coordination, and the ability to stabilize the 

body during unilateral loading. This interpretation is 

consistent with evidence showing that neuromuscular 

training improves performance on dynamic balance tests in 

young female athletes (6), and with findings that 

proprioceptive training enhances balance, strength, agility, 

and dribbling performance in adolescent male soccer players 

(8). The present findings also align with research showing 

time-dependent postural-control adaptations following 

neuromuscular training in youth athletes, suggesting that 

structured exposure to balance and coordination tasks can 

generate measurable improvements in postural regulation 

(7). 

The improvement in static balance further supports the 

effectiveness of the intervention in enhancing postural-

control mechanisms. Although static balance is less complex 

than dynamic football-specific actions, single-leg stance 

control remains highly relevant to football because players 

frequently stabilize on one limb while executing technical 

skills or responding to perturbations. The improvement in 

static balance may reflect enhanced proprioceptive 

feedback, improved ankle and hip strategy coordination, 

greater trunk control, and better regulation of postural sway. 

Previous evidence has emphasized that ligament injury and 

neuromuscular impairment can disrupt joint-position sense 

and motor control, particularly around the knee joint (3). 

Therefore, improving static balance may be clinically 

meaningful because it indicates more efficient sensory-

motor regulation during controlled single-limb support. 

From a training perspective, the progression from bilateral 

to unilateral tasks and from stable to more challenging 

movement contexts likely provided sufficient stimulus for 

improving postural stability. This is consistent with 

integrative neuromuscular training models that emphasize 

balance, core stability, and movement competency as 

foundational components for reducing sport-related injury 

risk and improving athletic performance in young athletes 

(12, 13). 

The reduction in landing errors is a particularly important 

result because landing mechanics represent a dynamic 

expression of neuromuscular control under rapid force 

absorption. The Landing Error Scoring System identifies 

observable movement faults such as inadequate hip and knee 

flexion, poor trunk position, medial knee displacement, 

asymmetry, poor foot placement, and limited control during 

jump-landing tasks. The 1.55-error reduction in the 

experimental group indicates that players demonstrated 

fewer visible landing faults after the intervention. This 

improvement may be attributed to the inclusion of 

plyometric exercises, landing-technique instruction, lower-

limb alignment feedback, core-stability exercises, and 

progressive unilateral and bilateral jumping tasks. These 

components may have improved eccentric control, joint 

flexion strategy, force attenuation, trunk stabilization, and 

frontal-plane knee control. The present results are consistent 

with previous evidence showing that injury prevention 

programs can improve landing biomechanics over time (10), 

and with findings that neuromuscular training can produce 

sustained improvements in both dynamic balance and 

landing mechanics (11). They also support the 

biomechanical premise that neuromuscular control and 

valgus loading are central factors in lower-limb injury risk, 

particularly in relation to anterior cruciate ligament loading 

mechanisms (4). 

The improvement in landing quality should be interpreted 

as evidence of favorable modification of injury-related 

movement characteristics rather than direct evidence of 

injury reduction. Non-contact knee injuries, especially 

anterior cruciate ligament injuries, are multifactorial and 

may occur during landing, cutting, or deceleration when 

poor trunk control, excessive knee valgus, inadequate hip 

control, or insufficient knee flexion are present. Theoretical 

and empirical literature has emphasized that prevention 
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programs should aim to modify these neuromuscular and 

biomechanical risk factors in football players (16). 

Systematic reviews have also reported that neuromuscular 

training programs can reduce injury risk in youth sport and 

improve injury-related movement outcomes when programs 

are implemented with adequate frequency, progression, and 

supervision (14). Similarly, evidence from female athlete 

populations indicates that anterior cruciate ligament injury 

prevention training can reduce injury incidence and improve 

selected performance outcomes (15). However, because the 

present study assessed landing errors rather than prospective 

injury incidence, the results indicate improvement in 

movement quality and potential reduction of hazardous 

mechanics, but they do not establish a direct preventive 

effect on actual injury occurrence. 

The significant improvement in flexibility observed in the 

experimental group suggests that integrated neuromuscular 

training may also enhance functional range of motion. 

Although the intervention was not designed as a traditional 

flexibility-only program, it included squats, lunges, landing 

tasks, dynamic movements, multidirectional actions, and 

controlled movement through progressively larger ranges. 

These exercises may have improved stretch tolerance, 

posterior-chain mobility, lumbopelvic control, and the 

ability to assume more mechanically favorable positions 

during landing and cutting. The finding is consistent with 

research showing that proprioceptive neuromuscular 

facilitation stretching improves range of motion and kicking 

speed in young male soccer players (9). The present results 

extend this concept by suggesting that flexibility can 

improve within a multicomponent neuromuscular program 

even when flexibility is trained through dynamic, functional, 

and sport-relevant movement patterns rather than isolated 

stretching alone. Improved flexibility may also support 

landing mechanics by allowing greater hip and knee flexion, 

improved trunk positioning, and more efficient force 

absorption. 

The observed improvements may also be explained by the 

integrated nature of the intervention. Rather than training 

balance, flexibility, strength, plyometrics, and landing 

technique separately, the program combined these 

components into a progressive sequence that reflected the 

demands of football. This design likely promoted transfer 

from basic movement control to more complex sport-

specific tasks. Plyometric exercises may have improved 

stretch-shortening cycle efficiency and eccentric-concentric 

transition capacity, while strength and core-stability 

exercises may have enhanced proximal control and lower-

limb alignment. Balance and proprioceptive drills likely 

improved sensory-motor regulation, whereas reactive-agility 

tasks increased the ecological relevance of the program by 

requiring players to control movement in response to 

external cues. This interpretation is consistent with the 

clinical and physiological rationale for plyometric exercise 

in athlete rehabilitation and performance contexts (24), and 

with contemporary models of integrative neuromuscular 

training that emphasize simultaneous development of 

movement quality, postural control, strength, and 

performance capacity (12, 13). It also aligns with meta-

analytic evidence indicating that integrative neuromuscular 

training may be superior to traditional physical fitness 

training for improving physical performance outcomes in 

young athletes (21). 

The exploratory mediation analysis suggested that 

improvement in dynamic balance statistically explained part 

of the reduction in landing errors. This finding is 

theoretically plausible because both dynamic balance and 

landing quality depend on control of the center of mass, 

trunk stability, lower-limb alignment, proprioceptive 

feedback, and rapid neuromuscular responses. Athletes who 

improve their ability to stabilize during unilateral and 

multidirectional tasks may also become better able to control 

body position during jump-landing tasks. This relationship 

is consistent with the broader understanding that 

neuromuscular function is not a single isolated capacity but 

a coordinated system linking sensory input, postural control, 

muscle activation timing, and movement execution (1, 3). 

However, the mediation result should be interpreted 

cautiously because the sample size was modest and the 

mediator and outcome were assessed across the same 

intervention period. Nevertheless, the finding provides a 

useful hypothesis for future studies: dynamic balance may 

be one mechanism through which integrated neuromuscular 

training improves landing mechanics in young football 

players. 

The present results also align with evidence supporting 

structured warm-up programs in football. Warm-up-based 

neuromuscular interventions are practical because they can 
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replace conventional warm-ups and be embedded into 

regular team training without requiring extensive additional 

time. Previous research has shown that neuromuscular 

warm-up exercises may improve muscle pre-activation 

before football participation (18), while the FIFA 11+ 

program has been shown to affect kinematics and 

proprioception in adolescent soccer players (19). The current 

study supports this approach by showing that a 30-minute 

integrated neuromuscular program performed three times 

weekly for eight weeks improved dynamic balance and 

landing mechanics in male football players aged 18–20 

years. Similar principles have also been extended beyond 

football; for example, comparison of the FIFA 11+ warm-up 

with conventional warm-up in cyclists suggests that 

structured neuromuscular warm-ups may enhance 

performance and reduce injury-related risk factors in other 

athletic populations (20). These findings collectively 

reinforce the practical value of replacing non-specific warm-

ups with structured neuromuscular routines that target 

movement quality. 

In addition to injury-related outcomes, the findings may 

have implications for performance. Football performance 

depends on the ability to coordinate strength, balance, 

flexibility, technical skill, and rapid motor responses. 

Improved dynamic balance may support dribbling, kicking 

stability, directional changes, and body control during 

opponent pressure. Improved landing mechanics may also 

enhance the efficiency of jumping, aerial duels, and repeated 

explosive actions. Recent research has increasingly 

emphasized that neuromuscular regulation contributes to 

technical execution in football, including kicking 

performance and motor-control strategies (22). Pilates-based 

interventions in soccer have similarly highlighted the 

relevance of trunk control, flexibility, and coordinated 

movement for physical and technical performance (23). 

Broader performance profiling in action sports also supports 

the importance of integrating physiological, physical, and 

neuromuscular characteristics when designing athlete 

development programs (2). Therefore, the benefits observed 

in this study should not be viewed only from an injury-

prevention perspective; they may also reflect improvements 

in the movement foundation required for efficient football 

performance. 

Another important consideration is the role of training 

adherence and implementation quality. Neuromuscular 

training effects depend not only on the content of the 

program but also on compliance, supervision, progression, 

and feedback. Previous research has shown that compliance 

influences adaptations to trunk and hip integrative 

neuromuscular training, particularly in relation to hip 

abductor strength (17). In the present study, the intervention 

was delivered three times per week and incorporated 

progressive overload, technical feedback, and football-

specific complexity, which likely increased the likelihood of 

meaningful adaptation. The findings therefore support the 

idea that neuromuscular programs should not be applied as 

informal or unsupervised exercise collections; instead, they 

should be structured, progressive, and monitored to ensure 

correct landing technique, appropriate knee alignment, trunk 

control, and adequate exercise intensity. 

The long-term significance of improving landing 

mechanics and postural control is also important. Lower-

limb injuries can have consequences that extend beyond 

temporary absence from sport. Joint injuries may produce 

persistent neuromuscular deficits, altered loading patterns, 

and increased risk of future joint degeneration (3, 5). 

Therefore, interventions that improve movement quality in 

young athletes may contribute to both immediate 

performance readiness and longer-term musculoskeletal 

health. The present study adds to the evidence base by 

focusing on male football players aged 18–20 years, a group 

that is often exposed to high training and competition 

demands but is less frequently studied than adolescent or 

female athlete populations in anterior cruciate ligament 

prevention research. The findings suggest that even in young 

male players, who may already possess relatively developed 

physical capacities, an eight-week integrated neuromuscular 

program can produce meaningful improvements in balance, 

flexibility, and landing quality. 

Several limitations should be considered when 

interpreting the findings of this study. First, the sample size 

was relatively small and included only male football players 

aged 18–20 years from a limited competitive context; 

therefore, the results should be generalized cautiously to 

female athletes, younger adolescents, elite senior players, 

recreational players, and athletes from other sports. Second, 

the intervention lasted eight weeks, and no follow-up 
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assessment was included, so the durability of the 

improvements remains unknown. Third, although landing 

mechanics were assessed using a standardized method, the 

testing environment did not fully reproduce match-specific 

fatigue, opponent pressure, tactical decision-making, or 

unpredictable contact situations. Fourth, the study evaluated 

movement-quality indicators rather than actual injury 

incidence, so the findings cannot directly establish that the 

intervention reduced injury rates. Finally, the exploratory 

mediation analysis should be interpreted with caution 

because the sample size was modest and causal temporal 

ordering between dynamic balance improvement and 

landing-error reduction cannot be confirmed. 

Future studies should replicate these findings using 

larger, multicenter samples and should include both male 

and female football players across different age groups and 

competitive levels. Researchers should also examine 

whether the improvements in balance, flexibility, and 

landing mechanics are retained after several months and 

whether booster sessions are needed to maintain training 

adaptations. Future trials should incorporate prospective 

injury surveillance to determine whether improvements in 

Landing Error Scoring System scores and balance tests 

translate into meaningful reductions in lower-limb injury 

incidence. It would also be valuable to assess movement 

quality under more ecologically valid conditions, including 

fatigue, reactive decision-making, opponent pressure, and 

sport-specific cutting or landing tasks. In addition, future 

research should compare different durations, frequencies, 

and components of integrated neuromuscular training to 

identify the minimum effective dose and the most influential 

exercise elements for improving postural control and landing 

mechanics. 

Coaches, strength and conditioning specialists, and 

rehabilitation professionals can consider incorporating 

integrated neuromuscular training into the warm-up 

structure of young football players. A practical program 

should include balance tasks, unilateral and bilateral strength 

exercises, core-stability drills, plyometric progressions, 

landing-technique practice, multidirectional agility, and 

reactive movement tasks. Technical feedback should 

emphasize soft landings, adequate hip and knee flexion, 

trunk control, symmetrical foot contact, and avoidance of 

excessive medial knee displacement. The program should be 

progressive, beginning with fundamental movement control 

and advancing toward faster, more complex, and football-

specific tasks. Because implementation quality is essential, 

coaches should supervise movement execution closely 

rather than treating the program as a routine warm-up 

without correction. Applied consistently, this type of 

training may help improve balance, flexibility, landing 

quality, and movement efficiency in young football players. 
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