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Background: Trunk control defect is one of the neuromuscular defects that can 
cause sports-related injuries in athletes. 

Aim: This research investigated whether neuromuscular training affects several 
kinetic parameters in male athletes who had trouble controlling their trunks 
during a change-of-direction movement. 

Materials and Methods: The present study used a pre-test-post-test design 
and was conducted semi-experimentally. Purposefully chosen male 
athletes (n= 29) with trunk control defects were randomly divided into two 
groups: control (n= 14) and experiment (n= 15). A Kistler force plate was 
used to quantify kinetic variables. The exercises were performed for 6 
weeks, 3 sessions per week (30 min each session). To analyze the data, 
dependent t-test and analysis of covariance and SPSS software version 21 
were used at the significance level of P<0.05.  

Results: The findings indicated a significant decrease in the time to peak 
anterior-posterior force (P=0.010), time to peak mediolateral force 
(P=0.001), time to peak vertical force (P=0.003), and rate of loading 
(P=0.001) of the experimental group. The differences in all control group 
variables were insignificant, P>0.05. 

Conclusion: Performing neuromuscular training is likely to improve the 
direction change mechanism and prevent injury in athletes with trunk 
control defects. 
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1. Introduction 

Neuromuscular control defects are defined 

as incorrect activation patterns, feeble 

muscle power, and strength in the trunk and 

lower extremities, which result in increased 

stresses on the anterior cruciate ligament 

and knee joint during athletic activity [1, 2]. 

Trunk dysfunction, which is characterized 

by insufficient control and coordination to 

combat trunk inertia during athletic 

movements, is one of these neuromuscular 

control flaws [3, 4].  

In general, it should be noted that being 

able to regulate the trunk during athletic 

activities is crucial since it offers a sturdy 

platform for the lower body's motions [5, 6]. 

This region contains the trunk and hip 

muscles, whose actions occur before the 

major motions and are very important for 

avoiding sports injuries [7]. Before the 

major motions, the trunk muscles are 

contracted, increasing the spine's stiffness 

to provide sturdy support [8, 9]. 

Meanwhile, several studies have 

examined non-collision ACL injuries as a 

result of inadequate body control, which 

can place the knee joint of the athlete at risk 

[10]. This means that the presence of a 

defect in an area, particularly the trunk, 

which plays a crucial role in transferring 

energy and connecting the movements of 

the lower and upper extremities, can expose 

the athlete to severe sports injuries [8].  

According to studies, athletes need 

enough strength in their hip and trunk 

muscles to achieve the required stability in 

various movement planes [11, 12], and a 

decline in the strength and control of these 

muscles results in a weak and unstable 

foundation for growth. and the lower leg 

receives force [13]. To put it another way, it 

can be said that a lack or reduction in trunk 

control is one of the risk factors for lower 

limb injuries because it is directly linked to 

their occurrence, particularly in sports that 

involve running, jumping, and other rapid 

movements [12, 13]. However, in sports 

like football, handball, and basketball, 

which place a premium on this talent, good 

direction-changing is seen as the key to 

success [14, 15]. Angle and speed might 

affect the biomechanical requirements for 

shifting directions. As a result, shifting 

directions will presumably cause athletes to 

apply strategies and kinetic parameters 

differently [16]. Movements that change 

direction are also thought to be a major 

contributor to the development of non-

collision ACL injury [17, 18].  

It is advised to adopt a variety of 

training regimens in this respect to lower 

the risk of anterior cruciate ligament injury. 

It has been shown that the probability of 

anterior cruciate ligament injury has 

lowered from 51 to 88%, particularly in 

training regimens intended to improve 

neuromuscular capacity. In rehabilitation 

settings, specialized exercises known as 

neuromuscular training are often utilized to 

improve muscle strength and stability in the 

hips and trunk [19]. Adult research 

demonstrates that these exercises may be 

utilized in this situation to improve trunk 

control, lessen valgus pressure, and guard 

against lower limb injuries. Proprioception 

and sensory inputs are enhanced by the 

practice of these activities to help adults 

avoid lower limb injuries [19]. 

In this regard, Read et al. (2021) 

reported that performing neuromuscular 

training led to a decrease in the tuck jump 

score and landing test error. In other words, 

regardless of the participants' maturity 

level, they demonstrated an improvement in 

the landing mechanism and a decrease in 

the risk of damage [20].  

In this line, Mohammadi and Ghaeeni 

(2019) found that the incidence of trunk 
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control abnormalities among the male 

athletes they were connected to non-

collision injuries to the anterior cruciate 

ligament. Regarding the significance of 

lower limb injuries, particularly the stresses 

on the knee, 26% of respondents indicated 

that emphasis be paid to programs to 

address this deficit [21].  

According to Mirjamali et al. (2019), 

who compared the effects of central 

stability exercises on stable and unstable 

levels on the static and dynamic balance of 

female athletes with trunk control defects, 

both types of exercises, which strengthen 

the trunk and hip muscles, help women with 

trunk control defects balance better. This 

exercise is suggested to the appropriate 

athletes owing to the established trunk 

control deficiency and the increased impact 

of workouts on an unstable level [22].  

Hadadnezhad et al. (2015) examined 

the impact of stability exercises on the 

activity of the trunk muscles in women with 

defects in trunk control and found that after 

completing the exercises, the amount of 

activity in the muscles of the experimental 

group decreased, indicating an 

improvement in neuromuscular control 

[23]. 

Paying attention to the athlete's ability 

to control and properly absorb forces, 

during dynamic and functional activities, 

can be considered as a basic key in 

preventing injuries, especially lower limb 

injuries [14]. Uncontrolled forces are one of 

the causes of sensory information 

disruption, inappropriate muscle activation, 

and the formation of abnormal movement 

patterns that can cause various lower limb 

injuries [24]. On the other hand, trunk and 

thigh neuromuscular training can increase 

trunk and thigh control by improving 

proprioceptive information and increasing 

the integration of sensory inputs and muscle 

coordination, which ultimately reduces 

valgus pressure and prevents lower limb 

injuries [20]. 

Thus, regarding the report of trunk 

control deficiency in male athletes, and the 

significance of investigating the 

consequences and correcting it in the 

nervous-muscular-skeletal system, it is 

required to pay attention to the trunk and hip 

neuromuscular training program, which is 

more functional than the exercises applied 

in the literature, not finding a study to 

correct the trunk control deficiency in male 

athletes despite its suggestion and the lack 

of evidence to study the task of changing the 

direction of men who are prone to injury in 

sports fields that need successive changes 

of direction, so this study aims to survey 

neuromuscular training trunk and hip were 

done on a selection of kinetic variables of 

male athletes with a trunk control defect 

during the change of direction maneuver. 

2. Materials and Methods  

2. 1. Subjects 

The method of the present study was semi-

experimental and practical with a pre-test-

post-test design along with a control group. 

The statistical population of this study 

involved all male athletes (handball, 

basketball and football with trunk control 

impairments) of Kharazmi University, with 

32 qualified male athletes from the 

mentioned statistical population in two 

control and experimental groups (16 people 

in each group randomly) as statistical 

sample applying G power software with 

statistical power of 0.8, alpha 0.05, effect 

size 0.28 and regarding 10% drop, mean 

and standard deviation of the community 

and statistical sample of the studied 

variables due to similar studies [25]. 

The inclusion criteria included the 

following: Male student-athletes at 
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Kharazmi University, 18 to 25 years old, 

play football, basketball, and handball (with 

at least 5 years of playing experience) 

having issues with trunk control, as seen by 

the tuck jump test with ongoing athletic 

exercise (Beck questionnaire score of 13 to 

15). They are classified as competitive 

athletes and belong to the second class 

under the McKinney criteria (according to 

which, the male athletes in the current study 

work out for at least two hours per session, 

three times per week, and are prepared to 

compete in formal competitions) [26, 27]. 

Its body mass index (kg/m2) is within the 

normal range [28].  

Exclusion criteria also include: 

Subjects in an injury prevention exercise 

program in the past 6 months, history of 

injury in the past year in the trunk and lower 

limbs, the presence of lower limb 

abnormalities (crossed knee, braced knee, 

backward knee, Flat soles) can be detected 

by visual assessment, the presence of pain 

at the time of research or a history of 

surgery in the trunk and lower limbs, the 

presence of a history of vestibular, inner ear 

and ligament damage in the lower limbs in 

the past year, the subjects' lack of 

satisfaction and unwillingness. To continue 

the research process, they were missing two 

consecutive sessions and three non-

consecutive sessions in exercises and lack 

of compatibility with exercises [28]. 

Based on this, a call to action for 

subjects to submit to screening and 

participate in the research was issued 

between October and November 2022. 

The pre- and post-tests for this study 

were conducted between December and 

March of 2022 in the Mofaqian laboratory 

of Sharif University of Technology (pre-test 

and post-test), as well as Pahlavanan Hall at 

Kharazmi University (6 weeks of 

neuromuscular training that were carried 

out on the experimental group in January 

and February). In the end, 1 and 2 subjects 

from the experimental and control groups, 

respectively, were eliminated from the 

research because they did not match the 

aforementioned requirements. The 

experimental group, which consisted of 15 

individuals, took part in pre-and post-tests 

after 6 weeks of neuromuscular training. 

The 14 members of the control group went 

about their daily activities throughout this 

period. 

Before the research began, all subjects 

completed an informed consent form after 

receiving information about the study's 

objectives, procedures, length of 

participation, advantages, dangers, or 

potential problems, the subject's nature of the 

study, and the confidentiality of the data. 

Moreover, this study attempted to comply 

with the ethical principles mentioned in the 

2008 Helsinki Declaration of Ethics, and its 

generalities were approved and registered by 

the National Ethics Committee in 

Biomedical Studies under the number 

IR.SSRC.REC.1401.032 on 2022-05-21. 

2. 2. Instrument 

The Tuck Jump Test was developed to 

assess (before performing the pre-test, to 

screen and select the subjects) the lack of 

trunk control. Each patient was required to 

stand with their feet shoulder-width apart, 

begin leaping vertically, and elevate their 

knees as far as possible to identify the trunk 

control deficit. The hips are parallel to the 

ground at the height of the leap. The 

subjects must start the subsequent tuck 

jump after touching down. Ten seconds will 

pass during this test. To increase the 

precision of the examination, two video 

cameras (Two Sony FDR-AX53 video 

cameras, Made in Japan) were employed. 

The cameras were positioned parallel to the 

frontal and sagittal planes and adjusted for 
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the subjects' height. After the test, Kinova 

software was applied to check the jumping 

sequences. A subject who is unable to land 

at the starting point of the jump, whose hips 

are not parallel to the ground at the peak of 

the jump, and whose jumps are done with a 

pause of 10 sec, was regarded as a subject 

with trunk control deficiency. To be sure 

about the existence of trunk defects in male 

athletes, before handling the study, an 

experimental plan or pilot of the Tuck jump 

test was carried out [27]. 

Figure 1. Tuck jump test 

 

Next, kinetic parameters in the anterior-

posterior, mediolateral, and vertical 

directions as well as the amount of 

incoming stress were assessed using a 

Swiss-made Kistler-9260AA6 force plate 

angle (Figure 2) and Cortex software.  

Figure 3. Performing a maneuver to change of 

direction on the force plate 

 

The natural frequency for these 

components is 400 Hz. The greatest center 

of pressure inaccuracy was 2 mm, while the 

vertical frequency was 200 Hz. To measure 

the frequency, the power plate was set with 

a sampling rate of 1000 Hz (Data collection 

was done in the last 50% of the stance 

phase) [20]; Furthermore, data noise was 

decreased using Butter worthy digital low-

pass filter of the fourth order and with a cut-

off frequency of 50 [29]. 

The measured variables included the 

time to peak anterior-posterior force, time 

to peak mediolateral force, time to peak 

vertical force and rate of loading. Times to 

peak force were calculated using Winter's 

inverted pendulum formula [28].  

The rate of loading as a normalized 

peak vertical force, divided by the time to 

first peak of the ground reaction force from 

the moment the heel contacting (The point 

is considered heel contact when the vertical 

ground reaction force exceeds 10 N) was 

calculated [28]. 

The formula for calculating the rata of 

loading is: 

 

Finally, the subjects in this study were 

exposed to a risk of ACL injury by 

performing a change of direction task at a 

45° angle (Figure 4). By sprinting from a 

distance of 10 m at their full speed, the 

subjects of the experimental and control 

groups in the pre-test and post-test then 

abruptly halt (with the dominant leg) at the 

location specified on the force plate and 

shift their direction at an angle of 45° [30]. 

2. 3. Neuromuscular training protocol 

The training protocol, which was employed 

in 18 training sessions over 6 weeks, was 

adapted from research work by Myer et al. 

(2008) Steps, one's body weight, a medicine 

ball, a Swiss ball, and a bosu ball were used 

for these workouts [31]. Each training 

session lasted about 30 min, including the 
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starting warm-up and the closing cool-down 

(10 min each). This training was created in 

5 steps such that at the start of each phase, 

the training was done with a straightforward 

form, reduced volume, both legs, correct 

technique, and a reasonable degree of ease. 

The methods and actions then progressively 

became better and harder depending on the 

subjects' performance and ability. The 

subject moved on to the next stage when the 

trainer was confident in the athlete's 

effectiveness and competence in putting 

particular approaches into practice (Table 

1). When required, the training should be 

conducted to execute the right technique, 

coupled with feedback, and the subject 

should complete the exercises at the set 

volume and intensity. During the training 

period, the control group did their daily 

activities [31]. 
 

Table 1. Variables of neuromuscular training 

Intervention 

group 

Mean±SD 

Control 

group 

Mean±SD 
Variable 

22.8±2.5 ±2.7 23.6 Age (year) 

178.1±8.2 ±6.3 177.3 Height (cm) 

73.5±3.2 ±2.7 74.5 Weight (kg) 

21.9±2.1 ±1.0 22.4 BMI (kg/m2) 

2. 4. Statistic 

Kinetic data was filtered with Butterworth 

4th order with a cut of frequency of 30 hertz 

[29]. MATLAB software version 2021 was 

used to filter and process the force plate 

data, and ORIGIN software version 2021 

made in the USA was used to present the 

output information [28]. The Shapiro-Wilk 

test was used to investigate the normality of 

the data. Dependent t-test was used to 

obtain intragroup changes. In order to 

compare the two groups with each other in 

the post-test, the analysis of covariance test 

was used to control the effect of the pre-test 

as a covariate variable. A P< 0.05 was 

considered statistically significant. The data 

were analyzed using SPSS (Version 21).  

3. Results 

In this study, 29 athletes with trunk control 

deficits, ages 18 to 25, were divided into 

two control (14) and experimental (15) 

groups (Table 2). Shapiro-Wilk test verified 

that the data had a normal distribution. In 

the following, to examine a selection of 

kinetic variables that include the time to 

peak anterior-posterior, time to peak 

mediolateral, and time to peak vertical 

force, and the rate of loading from the 

analysis of T test applied Intra-group 

changes in the time to peak anterior-

posterior force of the control group from the 

pre-test (Mean=0.20, SD=0.11) to the post-

test (Mean=0.20, SD=0.09) T=0.052, 

P=0.822, which shows no difference; the 

intra-group changes of the control group 

were significant, while the intra-group 

changes of the experimental group from the 

pre-test (Mean=0.22, SD=0.06) to the post-

test (Mean=0.10, SD=0.07) T=2.534, 

P=0.037 were significant (Table 3). 

Furthermore, in the examination of inter-

group changes in post-test, the time to peak 

anterior-posterior force F=25.691, P=0.010 

has a significant difference (Table 4).  

The control group's time to peak 

mediolateral force did not alter between the 

pre-test (Mean=0.38, SD=0.09), and post-

test (Mean=0.37, SD=0.15), indicating no 

intra-group differences T=0.122, P=0.549. 

But the experimental group's intra-group 

changes from the pre-test (Mean=0.39, 

SD=0.10) to the post-test (Mean=0.25, 

SD=0.20) were significant T=3.411, 

P=0.007 (Table 3). Furthermore, in the 

examination of inter-group changes in post-

test, the time to peak mediolateral force 

F=31.542, P=0.001 has a significant 

difference (Table 4).   
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Table 2. Basic demographics of the subjects 

Type of exercise Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 

Lateral jumping 

progression 

Lateral jump and 

hold 
Lateral jumps Lateral hop and hold Lateral hops 10- hops 

Single-leg anterior 

progression 
Step-hold Jump- single-leg hop Hop hold Hop-hop- hold Crossover hop-hop- hold 

Prone trunk stability 

progression 

BOSU (round) toe-

touch swimmers 

BOSU (round) swimmers with 

partner perturbations 

Prone bridge (elbows and 

knees) hip extension 

opposed shoulder 

flexion 

Prone bridge (elbows and 

toes) hip extension 

Prone bridge (elbows and 

toes) hip extension 

opposite shoulder flexion 

Kneeling trunk stability 

progression 

BOSU (round) 

double-knee-hold 
BOSU (round) single-knee-hold Swiss ball bilateral kneel 

Swiss ball bilateral kneel 

with partner 

perturbations 

Swiss ball bilateral kneel 

with lateral ball catch 

Single-leg lateral 

progression 

Single-leg lateral 

Airex hop hold 

Single-leg lateral BOSU (round) 

hop hold 

Single-leg lateral BOSU 

(round) hop hold with 

ball catch 

Single-leg four-way BOSU 

(round) hop hold 

Single-leg four-way BOSU 

(round) hop hold with ball 

catch 

Tuck jump progression 
Single tuck jump 

soft landing 
Double tuck jump Repeated tuck jump Side-to-side tuck jump 

Side-to-side reaction barrier 

tuck jump 

Lunge progression Front lunges Walking lunges 
Walking lunges 

unilaterally weighted 

Walking lunges with plate 

crossover 

Walking lunges with 

unilateral shoulder press 

Lunge jump progression Lange jumps Scissor jumps 
Lange jumps unilaterally 

weighted 

Scissor jumps unilaterally 

weighted 

Scissor jumps with ball 

swivel 

Hamstring-specific 

progression 

BOSU (flat) pelvic 

bridge 

BOSU (flat) single-leg pelvic 

bridge 

BOSU (flat) single-leg 

pelvic bridge 

Supine Swiss ball 

hamstring curl 

Russian hamstring curl with 

lateral touch 

Single-leg rotatory 

progression 

Single leg 90 hop 

hold 
Single leg 90 Airex hop hold 

Single leg 90 hop-hold 

reaction ball catch 

Single leg 180 Airex hop 

hold 

Single leg 180 Airex hop-

hold reaction ball catch 

Lateral trunk progression 
BOSU (round) 

lateral crunch 

Box lateral crunch BOSU (round) lateral 

crunch with ball catch 

Swiss ball lateral crunch Swiss ball lateral crunch 

with ball catch 

Trunk flexion 

progression 

Box double crunch Box swivel double crunch BOSU (round) swivel ball 

touches (feet up) 

BOSU (round) double 

crunch 

BOSU (round) swivel 

crunch 

Trunk extension 

progression 

Swiss ball back 

hyperextensions 

Swiss ball back hyperextensions 

with ball reach 

Swiss ball hyperextensions 

with back fly 

Swiss ball hyperextensions 

with ball reach lateral 

Swiss ball hyperextensions 

with lateral ball catch 
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Table 3. Intra-group changes of the dependent t-test of kinetic variables  

P T 
Post-test Pre-test 

Variable (ms) Groups 
Mean±SD 

0.822 0.052 0.20±0.09 0.20±0.11 
TPKAPF Control experimental 

0.037 * 2.534 0.10±0.07 0.22±0.06 

0.549 0.122 0.37±0.15 0.38±0.09 
TPKMLF Control experimental 

0.007 * 3.411 0.25±0.20 0.39±0.10 

0.465 0.134 0.26±0.11 0.25±0.04 
TPKVF Control experimental 

0.028 * 2.985 0.13±0.24 0.25±0.07 

0.573 0.116 0.49±0.15 0.48±0.17 
RL (N) Control experimental 

0.004 * 3.877 0.35±0.54 0.49±0.19 

* Significantly difference; TPKAPF: Time to Peak Anterior-Posterior Force; TPKMLF: Time to Peak 

Mediolateral Force; TPKVF: Time to Peak Vertical Force, RL: Rate of Loading (N) 

 

Table 4. Intergroup changes of covariance analysis of kinetic parameters  

P df F 
Post-test 

Mean±SD 
Variable (ms) Groups 

0.010 * 1 25.691 
±0.09  0.20 

TPKAPF Control experimental 
±0.07  0.10 

0.001 * 1 31.542 
±0.15  0.37 

TPKMLF Control experimental 
±0.20  0.25 

0.003 * 1 27.198 
±0.11  0.26 

TPKVF Control experimental 
±0.24  0.13 

0.001 * 1 36.747 
±0.15  0.49 

RL (N) Control experimental 
±0.54  0.35 

* Significantly difference; TPKAPF; Time to Peak Anterior-Posterior Force, TPKMLF; Time to Peak 

Mediolateral Force, TPKVF; Time to Peak Vertical Force, RL; Rate of Loading (N). 

 

The intra-group changes in the time 

vertical force of control group from the pre-

test (Mean=0.25, SD=0.04) to the post-test 

(Mean=0.26, SD=0.11) T=0.134, P=0.465 

which shows no significant difference in the 

changes within the group, it was the control 

group, while the changes within the 

experimental group from the pre-test 

(Mean=0.25, SD=0.07) to the post-test 

(Mean=0.13, SD=0.24) T=2.985, P=0.028 

are significant (Table 3). Furthermore, in 

the examination of inter-group changes in 

post-test, the time to peak vertical force 

F=27. 198, P=0.003 has a significant 

difference (Table 4).  

Intra-group changes in the rate of the 

loading control group from the pre-test 

(Mean=0.48, SD=0.17) to the post-test 

(Mean=0.49, SD=0.15) T=0.116, P=0.573 

was provided, which shows no significant 

difference in intra-group changes. In 

control group, the intra-group changes of 

the experimental group from the pre-test 

(Mean=0.49, SD=0.19) to the post-test 

(Mean=0.35, SD=0.54) T=3.877, P=0.004 

are significant (Table 3). Furthermore, in 

the examination of inter-group changes in 

post-test, the rate of the loading F=36.747, 

P=0.001 has a significant difference (Table 

4).  

4. Discussion 

This research was designed to study the 

effect of trunk and hip neuromuscular 
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training on a selection of kinetic variables 

of male athletes with trunk control defects 

during the change of direction maneuver. 

The findings of this research indicated the 

significant effect of neuromuscular training 

on the time to peak anterior-posterior force, 

time to peak mediolateral force, time to 

peak vertical force and rate of loading in the 

comparison of pre-test to post-test of the 

experimental group. While the pre-test to 

post-test comparison of noted variables in 

the control group was not significant. 

Moreover, by the comparison among the 

groups, the differences were significant 

only in comparing the post-tests, which 

indicates the effect of these exercises in the 

experimental group and their significant 

improvement in the post-test. 

Thus, the findings of this research are 

similar to the findings of researchers like 

Ghaderi et al. (2021) [25], Letafatkar et al. 

(2020) [32], Rostami et al. (2020) [33], 

Mohamadpour et al. (2019) [34], Hewett et 

al. (2017) [35] are consistent. 

Male athletes who had ACL repair were 

the subjects of Ghaderi et al.'s (2021) 

investigation on the effects of 

neuromuscular training employing an 

external focus of attention. Twenty-four 

male athletes were divided into two 

experimental groups (12 each) and a 

placebo control group (12 each). Finally, 

the researchers of this study concluded that 

neuromuscular training with an external 

focus of attention enhances landing 

biomechanics in patients following ACL 

surgery. The experimental subjects showed 

a reduction in the vertical force of the 

ground response [25].  

Letafatkar et al. (2020) also looked at 

how neuromuscular training with a focus on 

knee valgus control advice affected the 

biomechanics of men runners' lower limbs. 

The effects of neuromuscular training with 

a focus on knee valgus control tools were 

investigated in 60 male runners divided into 

three groups of 20 (neuromuscular training, 

neuromuscular training with a focus on 

valgus control instructions, and placebo 

group). Neuromuscular training groups 

with and without instructions reported a 

decrease in injuries of 65.52% and 31.58%, 

respectively. The damage increased by 

13.46% in the placebo group. The authors 

concluded that trained male runners' kinetic 

forces may be decreased with 

neuromuscular training that includes valgus 

control instructions. Additionally, it may be 

useful in lessening the damage caused by 

these persons [32]. 

After strengthening muscle structures 

during neuromuscular training, 

proprioceptive ability can be increased via 

the stimulation of muscle spindle and Golgi 

tendon organ [36]. Muscle spindles receive 

stimuli from static and dynamic gamma 

afferent neurons, and these exercises may 

increase the activity of gamma afferents, 

which, consequently, increases joint 

position sense, and correct activation 

patterns and actions [37].  

According to the theory of system 

performance, which views the capacity to 

control body position in space as a result of 

the intricate interaction of the nervous 

system and the skeletal-muscular system, 

the influence of kinetic variables in subjects 

with trunk control defects through 

neuromuscular training is likely possible in 

this regard [36]. This posture control system 

views maintaining equilibrium and 

subsequently producing movement as 

needing the interference of sensory input to 

identify the location of the body in space 

and the capacity of the muscular-skeletal 

system to apply force. This hypothesis 

states that the biomechanical relationships 

between various components, muscle 
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properties, and joint range of motion are all 

important skeletal-muscular elements in 

controlling body control [37]. 

The mechanisms that allow for the 

conversion of sensory stimulation into a 

nerve signal, transmission of that signal 

through afferent pathways to the central 

nervous system, integration of that signal by 

various brain centers, and motor responses 

that result in activity are collectively 

referred to as the sensory-motor system 

[38]. Muscles used for joint stability and 

performing functional tasks are considered 

to be muscular. Information communicated 

by joint afferents has a significant impact on 

information received by muscle spindles, 

which are muscle sensory receptors. Nerve 

afferents are significant movement control 

components. In other words, a joint-tendon-

muscle interaction is represented by an 

efferent reaction to afferent signals that 

result in joint dynamic control [39]. 

As a result, the effect of afferent-

efferent pathways as well as muscle sensory 

receptors may contribute to the 

improvement of kinematic variables in 

subjects as a result of neuromuscular 

training. Another factor may be the 

improvement in posture stability and 

stability of movement in subjects as a result 

of sports training, which is influenced by 

sensory organs that can also influence 

movement and posture [38].  

In other words, the development of the 

central nervous system's ability to activate 

the muscles of the trunk and lower limbs, 

followed by the correction of the movement 

angles of the joints, may be related to the 

success of the exercises performed in the 

current study. By itself, this problem may 

improve the body's capacity to withstand 

ground reaction forces, ensuring that such 

forces are evenly distributed throughout the 

lower limbs and don't result in painful 

motions [39]. 

The coordination and interaction 

between the feedforward and feedback 

activity of the lower limb muscles, which 

results in the creation of suitable muscle 

stiffness in the lower limb muscles, actually 

allows for the response and reaction to the 

ground reaction forces during the change of 

direction. According to reports, the knee 

muscles' feedback activity occurs primarily 

as a reflex following foot contact with the 

ground [40].  

According to scientific research, in 

contrast to the feed-forward activity of the 

muscles, which is mostly carried out by the 

nervous system's pre-designed programs, 

the feedback activity is primarily carried out 

spontaneously and in reaction to the 

information received. In actuality, the 

perception of location is a second regulator 

that affects the activation of muscle 

feedback [41]. The movements utilized in 

the exercises used in the current study 

create higher involvement of sensory 

receptors and continually engage and 

activate the sensory-motor system since 

they are often done in a closed movement 

chain. The knee joint has full proprioceptive 

receptors, which communicate with the 

neurological system through afferent 

signals. As a result, the nervous system 

responds to the joints' requests for 

movement by sending more exact 

movement orders [41]. 

Meanwhile, the results of the future 

study do not agree with those of Camacho 

(2019). This researcher looked at the 

neuromuscular risk factors for anterior 

cruciate ligament injury in female college 

soccer players as part of his study. He used 

a novel technique of central stability 

exercises and looked at the ground response 

force and other biomechanical variables in 

three dimensions before, during, and after 
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central stability workouts for lateral cutting. 

The findings of this investigation did not 

reveal a statistically significant difference 

in the factors mentioned [42].  

This discrepancy may be caused by 

several factors, including the length and 

type of exercises used (in the present study, 

the exercises were performed for 6 weeks 

and were neuromuscular, whereas the 

exercise in Camacho et al.'s study was a 

new method of central stability that was 

performed for 8 weeks, the subjects 

examined (in the present study, male 

athletes with trunk control deficits were 

examined, whereas Camacho' study 

concentrated on female college football 

players and their performance) [42]. 

In total, the neuromuscular training of 

the present study, probably through 

improving the proprioceptive information, 

increasing the integrity of this information, 

and accuracy in calling and coordinating the 

trunk and thigh muscles, has been able to 

establish the correct control of these areas 

in athletes with trunk control deficiency 

[25]. As a result, by correcting the abnormal 

and uncontrolled movement pattern due to 

the implementation of the stated exercises, 

has led to correct control and proper 

absorption of forces in the post-test of the 

present study [39]. 

It must be mentioned that this study has 

limitations like the impossibility of 

comparison with other neuromuscular 

defects such as ligament dominance and 

considering female athletes in the research. 

As a research proposal derived from the 

present study, it can be mentioned to 

compare the effect of neuromuscular 

training between female and male athletes 

with different neuromuscular defects such 

as trunk control defects, ligament 

dominance, etc. 

5. Conclusions 

The findings of the current study 

demonstrated that, in male athletes with 

trunk control deficits, 6 weeks of trunk and 

hip neuromuscular training can improve the 

kinetic variables in the task of changing 

direction, allowing for use in the 

rehabilitation and avoidance of potential 

injuries to these athletes' lower limbs. 

Highlights 

• Neuromuscular training of the trunk and 

hips in male athletes with trunk control 

defects can decrease the time to peak 

anterior-posterior (F=9.691, P=0.004), 

time to peak mediolateral (F=11.342, 

P=0.008) and time to peak vertical force 

(F=8.798, P=0.033). 

• Neuromuscular training of the trunk and 

hips in male athletes with trunk control 

defects can decrease the rate of loading 

(F=6.777, P=0.021). 

Plain Language Summary 

One of the major neuromuscular deficits 

that may result in inconsistent muscle 

activation, appropriate movement patterns, 

energy transfer, establishing 

communication between the upper and 

lower limbs, and eventually injury to the 

lower limbs is a deficiency of trunk control. 

In this research, 29 male athletes with trunk 

control deficiencies were randomly split 

into two control groups (14 people) and an 

experimental group (15 people) using the 

functional jump rope test. 

For 6 weeks, the experimental group 

engaged in 3 sessions of weekly hip and 

trunk neuromuscular training. Selected 

ground response force parameters that were 

measured using a force plate during the 

change of direction maneuver were 

examined in the pre-test and post-test. In 

male athletes with deficiencies in trunk 
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control, neuromuscular training of the hips 

and trunk significantly improved and 

decreased the aforementioned variables in 

the experimental group. As a result, doing 

neuromuscular training might be thought of 

as helpful for protecting against and treating 

potential injuries in these athletes. 
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