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Background: Neuromuscular training (NMT) and supplementation with 
essential minerals such as calcium (Ca), magnesium (Mg), and zinc (Zn) may 
enhance muscular reaction time (RT) and electromechanical delay (EMD). 
However, research on this topic, particularly among taekwondo athletes, is 
limited.  

Aim: This study aimed to evaluate the effects of NMT and Cal-Mg-Zn 
supplementation on RT and EMD in taekwondo athletes. 

Materials and Methods: Sixty athletes from a single taekwondo club in Tabriz, 
Iran, were randomly assigned to four groups of fifteen: Control, Ca-Mg-Zn, 
NMT, and Cal-Mg-Zn + NMT. NMT was conducted in 60 min sessions, four 
times a week, for six consecutive weeks, prior to main taekwondo training. 
RT and EMD were measured using electromyography before the 
intervention (T1), three weeks after (T2), and six weeks after (T3). Data 
were analyzed using SPSS with a confidence level greater than 0.95, 
employing repeated measures ANOVA and Bonferroni post hoc tests. 

Results: No significant differences in RT and EMD were observed among the 
groups at baseline (P> 0.05). In both post-test assessments, the Cal-Mg-Zn 
+ NMT group exhibited significantly lower RT and EMD compared to the 
other groups (P< 0.05). 

Conclusion: The inclusion of NMT with zinc supplementation can effectively 
improve RT and EMD, thereby enhancing the athletic performance of 
taekwondo athletes. 
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1. Introduction 

Taekwondo is a very popular martial art 

practiced by 75 to 120 million athletes in 

140 countries [1]. A key factor in the 

success of Taekwondo athletes is the ability 

of the lower limbs to perform fast kicking, 

jumping and landing techniques, which are 

highly dependent on reaction time (RT).  

Research has shown that winning in 

taekwondo is related to a shorter RT rather 

than the complexity of the techniques [2, 3]. 

Fast, explosive movements, the 

simultaneous use of hands and feet and the 

ability to attack and defend quickly are all 

influenced by RT. Consequently, an 

athlete's success in both offensive and 

defensive maneuvers in martial arts 

depends largely on their speed of 

movement, joint flexibility and RT [4]. 

RT is the time it takes to react to a 

stimulus, e.g. an opponent's kick. Exercises 

that improve RT can increase the 

effectiveness of taekwondo techniques and 

increase the chances of winning 

competitions [5]. Conversely, prolonged 

RT can negatively impact a muscle's ability 

to quickly stabilize joints against external 

forces during physical activity, increasing 

the risk of muscle and ligament injuries [6]. 

Normally, the sensory organs, nervous 

system and muscle strength contribute to an 

inherent delay in muscle response. This 

delay is referred to as the electromechanical 

delay (EMD) and is defined as the time 

interval between neural stimulation at the 

neuromuscular junction and the onset of 

force development in the muscle [7, 8].  

One study found that prolonged EMD 

may increase the risk of anterior cruciate 

ligament (ACL) injuries and ankle sprains 

by impairing metabolic-muscular 

interactions and excitation-contraction 

coupling [9]. Therefore, techniques to 

reduce RT and EMD are critical to 

improving performance and minimizing 

injury risk. Neuromuscular training (NMT) 

is one strategy that can have a positive 

impact on RT and EMD. It includes 

resistance, balance, strength and stability 

exercises that can improve dynamic 

resistance mechanisms and joint support 

velocity [10, 11].  

A meta-analysis found that athletes 

who practiced NMT had shorter RT and 

EMD, improved performance, greater 

flexibility, better coordination, higher 

endurance, and lower risk of injury [12]. In 

addition, two recent studies have shown that 

NMT significantly improves lower limb 

function and joint position sense in athletes 

with functional ankle instability [13] and 

decreased RT and EMD of the peroneus 

longus muscle in athletes with a history of 

concussion [14].   

A study with female rugby players 

showed that NMT reduces injuries and RT. 

NMT improves retrieval patterns and 

muscular RT while generating stabilizing 

forces in the joints that counteract stability-

reducing forces, prevent connective tissue 

injuries and improve joint control and 

positional awareness [15, 16]. However, the 

combination of NMT and regular 

taekwondo training can lead to increased 

excretion of essential minerals via sweat 

and urine [17]. Calcium (Ca), magnesium 

(Mg) and zinc (Zn) are crucial for athletic 

performance. Although these minerals occur 

naturally in the diet, this is often not enough 

to cover the requirements. Therefore, 

combined mineral supplements, such as Ca-

Mg-Zn, have become very popular.  

The intake of this dietary supplement 

by athletes can help to regulate changes in 

the skeletal, metabolic and immune 

systems. Calcium (Ca) is essential for bone 

health; therefore, Ca supplementation can 

promote bone formation and inhibit bone 

resorption. In addition, Ca is crucial for the 

conversion of vitamin D into its active form 
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[18, 19]. Magnesium (Mg) supplementation 

has been shown to reduce chronic 

inflammatory markers such as C-reactive 

protein and interleukin 6 [20]. In addition, 

Ca-Mg-Zn supplementation supports the 

regulation of glucose levels in competitive 

athletes [21, 22, 23], reduces inflammation 

[24], alleviates anxiety by stimulating the 

parasympathetic nervous system [25, 26] 

and improves sleep quality [27]. As a result, 

this can lead to shorter RT and improved 

explosive muscle development (EMD), 

which ultimately enhances athletic 

performance [28]. The physiological 

functions of these minerals are particularly 

important for Taekwondo athletes as they 

are involved in muscle contraction, heart 

rhythm regulation, nerve signaling, oxygen 

transport, protein synthesis, cellular 

integrity and bone health. These processes 

are enhanced during exercise and contribute 

to improved RT and EMD [28]. 

Although NMT and mineral 

supplements can reduce RT and EMD [15, 

29, 30], further research is needed to 

establish optimal protocols for their use [29, 

31]. In addition, there is limited research on 

the combined effects of NMT and mineral 

supplementation on RT and EMD in 

taekwondo athletes. This study aims to 

address these gaps by investigating the 

effects of NMT and Ca-Mg-Zn therapy on 

RT and EMD in this population. 

2. Materials and Methods  

This study, conducted in 2023, used a four-

group randomized controlled design. The 

sample size was determined with G*Power 

software (v. 3.0.10) using the parameters 

for the F-test of variance analysis with a 

constant effect, a type I error rate of 0.05, a 

type II error rate of 0.15, an effect size of 

0.50 and three degrees of freedom for four 

groups. The calculations revealed a need for 

54 participants, and 60 athletes were finally 

recruited [32, 33]. Participants were 

randomly divided into four groups of 15 

each— control, Ca-Mg-Zn, NMT and Ca-

Mg-Zn+NME— using block randomization 

with block sizes of 4 and 8. 

A colleague not involved in the study 

created the randomization sequence using 

the Random Allocation Software. To 

conceal this sequence, it was placed in sixty 

identical opaque envelopes numbered from 

1 to 60 for each participant. This ensured 

that both the researchers and the 

participants were unaware of the 

randomization until the envelopes were 

opened. In addition, the participants and 

their taekwondo instructors were kept in the 

dark about the preliminary results of the 

study (Figure 1). 

2.1. Participation 

Sixty elite male taekwondo athletes who 

had placed first to third in national or 

international competitions in the past five 

years participated in the study. Out of 75 

athletes from a single club in Tabriz, Iran, 

60 were randomly selected to participate. 

All participants competed at the same level, 

underwent identical technical exercises, had 

the same coaches and regularly attended 

two-hour training sessions four times a 

week from 18:00 to 20:00. 

The sampling criteria included people 

aged 16 to 20 years who had regularly 

practiced taekwondo at first dan (black belt) 

level in the last six months. Participants were 

not allowed to have suffered any sports 

injuries in the last six months, not have 

participated in other NMT programs and not 

have taken any dietary supplements during 

the study. Those who missed taekwondo 

training more than three times, missed NMT 

training once, or sustained a muscle injury 

during the study were excluded. 
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Figure 1. The flow diagram of the study 

 

2.2. Instrument 

RT was measured by five repetitions of the 

bandal tchagui technique, the most common 

taekwondo kick, with a 3-5 sec pause 

between sets [34]. Trochanter height, 

defined as the distance from the trochanter 

to the ground, was used to determine the 

target distance. An electronic device 

emitted a light stimulus to indicate the 

optimal moment for the kick. RT was 

recorded as the time from the light stimulus 

to the athlete's foot movement using either 

a foot guard with electronic sensor (GEN2, 

Daedo) or a trunk guard with electronic 

sensor (HGD10, Daedo). The impact time 

was measured from the light stimulus to the 

contact of the foot with the target. The best 

and worst performance of each participant 

was excluded, and the mean of the three 

remaining trials was recorded. Prior to the 

measurements, participants attended an 

orientation session to familiarize 

themselves with the equipment. 

EMD was measured using 

transcutaneous electrical stimulation 

(EMG) of the common peroneal nerve [35]. 

The EMG electrode was placed on the nerve 

at the posterior aspect of the fibular head. 

The reaction force on the lateral floor 

indicated the mechanical response to the 

stimulation. Each participant positioned 

their test leg at a specific location on the 

force plate, with the other leg resting 

outside the plate to support themselves 

while holding onto a railing to prevent 

swaying. They were instructed to maintain 

this position and look forward. The 

stimulation intensity was gradually 

increased until a maximal efferent response 

was recorded via electromyography. At this 

intensity, the peroneal nerve was stimulated 

ten times, with an interval of 15 sec between 

each stimulation. The time of onset of the 

electromyographic response and the 

strength of the lateral ground response were 

identified as the moment at which the signal 

exceeded the mean resting activity during 

standing. EMD was defined as the time 

interval between the onset of 

electromyographic activity in the longus 

peroneus muscle and the onset of the lateral 

floor response strength. 

Electromyographic activity was 

recorded using a sixteen-channel wireless 

electromyograph (V.4.24, Biomed Co., 

Iran) with pre-taped Ag-AgCl disposable 

electrodes for amplification. Data were 

recorded at a sampling rate of 1000 Hz. The 

Eligible participants were 

randomized (n= 60) 

Allocated to the 

control group 

(n=15) 

Allocated to the Cal-Mag-

Zinc group 

(n=15) 

Allocated to the 

NME group 

(n=15) 

Allocated to the Cal-Mag-

Zinc +NME group 

(n=15) 

Analyzed 

(n= 15) 

Analyzed 
(n= 15) 

Analyzed 

(n= 15) 

Analyzed 

(n= 15) 

Assessed for eligibility (n= 75) 
Excluded (n= 15, Ineligibility) 

Allocation 

Lost to follow 

up (n = 0) 
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amplifier had an input impedance of 1.0 

MΩ, a common mode rejection ratio of 90 

dB, and high-pass and low-pass filters of 20 

Hz and 400 Hz, each. RT and EMD were 

measured at three time points: before the 

intervention, three weeks after, and six 

weeks after (T1–T3). 

2.3. Procedure 

The NMT intervention was conducted with 

participants from both the NMT and Ca-Mg-

Zn + NMT groups. It consisted of five core 

exercises (Table 1) performed in 6 min 

sessions four times a week, four hours before 

actual taekwondo training, for six weeks.  

 

Table 1. The NME protocol of the study 

1. warm-up (10 min) 

• General activities: 

a) Jogging: 3 min 

b) Running backwards: 3 min 

c) Lateral shuffle: 1 min 

• Specific activities: 

a) Carioca (knee rollover and backflip): 1 min 

b) Potentiation (depth jumps and walking lunges): 2–3 sets of 3–5 repetitions each 

2. NMT (40–45 min, 3 sessions per week for up to 6 weeks) 

• Agility (3 min total): 

a) Dynamic lunge to stretch the hamstring 

b) Standing hip abduction 

c) 90–90 hip extension 

• Stability and proprioception exercises: 

a) Ap-chagi: Perform the exercise with either the front or back leg while maintaining balance. Perform 12 

repetitions for 2 sets with 60 sec rest between sets. 

b) Catch and throw a basketball without putting your foot down: 12 repetitions for 2 sets with 60 sec rest 

between sets. 

c) One-legged stand on a balance board: Maintain balance while throwing and catching a ball overhead for 60 

sec. 2 sets with 60 sec rest between sets. 

• Core strengthening: 

a) Dumbbell split-squat (80% of maximum for one repetition): 6 repetitions for 2 sets with 60 sec rest between 

sets. 

b) Dumbbell thruster (80% of maximum in one repetition): 6 repetitions for 2 sets with 60 sec rest between 

sets. 

c) Dumbbell chest press (80% of maximum for one repetition): 6 repetitions for 2 sets with 60 sec rest 

between sets. 

d) Sit-ups: 15 repetitions for 2 sets with 60 sec rest between sets. 

• Speed training: 

a) Running: 5 repetitions of 20 meters with 30 sec- Plyometric and dynamic movement training. 

b) Single leg jump/switch: 30 sec for 3 sets with 30 sec rest between sets. 

c) Jump over a 30–60 cm high obstacle: 30 sec for 3 sets with 30 sec rest between sets. 

3. Recovery and cooling down (10 min) 

• Cycling for recovery: Progressive cycling helps the athlete to remove metabolic waste from the muscles. This 

is done on a light stationary bike (AMH Fitness E110) for 5 min. 

• Stretching to cool down (5 min): 

a) Forward bend: 30 sec 

b) Standing hamstring stretch: 30 sec for each leg 

c) Standing glute stretch: 30 sec for each leg 

d) Chest opener: 30 sec 

e) Standing quad stretch: 30 sec for each leg. 

The Borg RPE, which ranges from 6 to 

20, was used to ensure that the intensity of 

NMT was maintained at a level of 15 to 17. 

Participants in the Ca-Mg-Zn and Ca-Mg-

Zn + NMT groups received one Ca tablet 

each night [34]. Each tablet contained 1,050 

mg calcium carbonate, 525 mg magnesium 

oxide and 15 mg zinc oxide. To assess 



Zarneshan A, Farahmandi- Alanagh Y, Calleja- Gonzalez J. 

 

 

Sport Sciences and Health Research, 2024, 16(2) 196 

treatment adherence, the number of tablets 

not taken was recorded. Participants also 

completed a side effect booklet and were 

advised that they should contact us for 

medical help in the event of severe side 

effects. In addition, each participant was 

asked about their medical history and 

lifestyle habits and kept a food diary to 

document their food intake over the 

previous three days (Table 1). 

2.4. Statistic 

The data analysis was performed with IBM 

SPSS (v.16.0) with a confidence level of 

over 0.95. The Shapiro-Wilk test assessed 

the normality of the study data. A one-way 

analysis of variance compared the 

demographic characteristics of the 

participants as well as the TR and EMD 

baseline scores of the individual groups. In 

addition, a repeated-measures analysis of 

variance was used for within-group and 

between-group comparisons to assess TR 

and EMD variation at four measurement 

time points. Sphericity was tested using the 

Mauchly test, and post-hoc analyses were 

performed using the Bonferroni method. 

Cohen's effect size was calculated for 

pairwise comparisons. 

3. Results 

No significant differences were found 

between the four study groups in terms of 

age, height, weight and body mass index of 

the participants (P> 0.05; Table 2). 

 

Table 2. Participant’s demographics characteristics 

BMI (kg/m2) 

Mean± SD 
Height (cm) 

Mean± SD 

Weight (kg) 

Mean± SD 

Age (years) 

Mean± SD 
n Groups 

21.95±2.40 177.20±5.30 69.13±6.43 17.93±1.48 15 Cal-Mag-Zinc 
22.39±2.25 175.3±5.96 68.66±5.42 17.86±1.45 15 NME 
22.07±2.52 177.46±6.55 69.33±6.35 17.73±1.38 15 Cal-Mag-Zinc+ NME 
23.44±2.85 172.93±6.25 70.33±7.99 18.20±1.26 15 Control 

0.36 0.16 0.91 0.82 P value* 

NMT: Neuromuscular training; BMI: Body Mass Index 

*The results of the one-way analysis of variance, P<0.05 
 

While there was no significant 

difference in RT at baseline (P= 0.47), the 

interaction between group and time in RT 

was significant (P< 0.05). Notable 

differences in mean RT were found at T2 

and T3 (P< 0.01), with the Ca-Mg-Zn+ 

NMT group showing a significantly lower 

mean RT compared to the other groups (P< 

0.05). 

In addition, the effect of time on RT 

was significant in the Ca-Mg-Zn + NMT 

and NMT groups, with significant 

differences found between T1 and T2, T1 

and T3, and T2 and T3 (P< 0.05). However, 

the effect of time on RT was not significant 

in the control and Ca-Mg-Zn groups (P> 

0.05). The largest and smallest effect sizes 

were recorded in the Ca-Mg-Zn + NMT 

group (0.88) and the control group (0.04), 

respectively. 

There were no significant differences in 

the mean EMD values of the biceps femoris, 

semimembranosus and semitendinosus 

between the groups during knee flexion at 

velocities of 60, 180 and 300 

degrees/second (P> 0.05). The range of 

motion for knee extension ranged from 120 

to 0 degrees, with 0 degrees representing 

full extension.  
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Table 3. Comparisons of mean values for EMD within and between groups at three measurement time points  

P valueb 
P valuea Ca-Mg-Zn Control NMT Ca-Mg-Zn+ NMT Group              Time Muscles 

Time×group Group 

< 0.001 < 0.001 

0.98 23.42±0.99 23.46±0.74 23.53±0.97 23.51±0.76 Baseline 

60 ˚/s 

B
icep

s fem
o
ris 

< 0.001 23.90±1.16 23.76±0.94 23.13±0.91 21.80±0.94 3 weeks after 

< 0.001 24.03±1.10 23.96±0.85 22.60±0.91 20.53±0.74 6 weeks after 

- 0.44 0.25 0.36 0.84 Effect size 

- 
0.02 [1-2] 

0.004 [1-3] 

0.49 [2-3] 

0.29 [1-2] 

0.004 [1-3] 

0.56 [2-3] 

0.33 [1-2] 

0.01 [1-3] 

0.01 [2-3] 

< 0.001 [All] Time  P valueb 

< 0.001 < 0.001 

0.18 41.63±1.43 42.76±1.62 42.30±1.49 42.06±1.10 Baseline 

180˚/s 
< 0.001 42.26±1.43 43.24±1.66 40.86±1.4 39.93±0.96 3 weeks after 

< 0.001 42.26±1.43 43.30±1.72 39.46±0.99 36.66±1.67 6 weeks after 

- 0.77 0.23 0.85 0.92 Effect size 

- < 0.001 [All] 
0.13 [1-2] 

0.002 [1-3] 

1.00 [2-3] 
< 0.001 [All] < 0.001 [All] Time  P valueb 

< 0.001 < 0.001 

0.07 51.13±3.39 51.26±4.00 52.66±1.91 49.53±3.02 Baseline 

300˚/s 
< 0.001 50.93±3.47 51.53±3.90 51.26±2.71 46.13±2.97 3 weeks after 

< 0.001 50.80±4.21 51.66±3.99 49.73±2.76 41.73±3.03 6 weeks after 

- 0.019 0.18 0.66 0.92 Effect size 

- 1.00 [All] 

0.31 [1-2] 

0.16 [1-3] 

1.00 [2-3] 

0.005 [1-2] 

< 0.001 [1-3] 

0.002 [2-3] 
< 0.001 [All] Time  P valueb 

< 0.001 < 0.001 

0.44 24.16±1.53 24.63±1.49 23.83±1.33 24.20±0.86 Baseline 

60 ˚/s S
em

im
em

b
ran

o
su

s 

< 0.001 24.20±1.82 25.06±1.70 22.53±1.12 22.20±0.94 3 weeks after 

< 0.001 24.60±2.32 25.13±1.72 21.53±0.91 20.13±0.35 6 weeks after 

- 0.10 0.35 0.77 0.92 Effect size 

- 
1.00 [1-2] 

0.73 [1-3] 

0.16 [2-3] 

0.05 [1-2] 

0.02 [1-3] 

1.00 [2-3] 
< 0.001 [All] < 0.001 [All] Time  P valueb 

< 0.001 0.007 

0.85 44.23±2.36 44.46±3.28 44.76±2.69 45.13±3.41 Baseline 

180˚/s 
0.005 44.13±2.64 44.86±3.56 42.86±2.09 41.33±2.41 3 weeks after 

< 0.001 44.20±3.66 44.93±3.55 41.33±0.002 37.53±2.97 6 weeks after 

- 0.002 0.30 0.77 0.84 Effect size 
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P valueb 
P valuea Ca-Mg-Zn Control NMT Ca-Mg-Zn+ NMT Group              Time Muscles 

Time×group Group 

- 1.00 [All] 
0.12 [1-2] 

0.04 [1-3] 

1.00 [2-3] 
< 0.001 [All] < 0.001 [All] Time  P valueb 

< 0.001 0.001 

0.75 51.93±2.71 51±3.83 51±3.38 50.73±2.89 Baseline 

300˚/s 
0.002 51.66±3.69 50.86±4.42 48.93±3.63 46.66±2.76 3 weeks after 

< 0.001 51.26±5.21 51.20±4.03 46.93±3.21 42.73±2.86 6 weeks after 

- 0.033 0.045 0.72 0.87 Effect size 

- 1.00 [All] 
1.00 [1-2] 

0.24 [1-3] 

1.00 [2-3] 

0.001 [1-2] 

0.001 [1-3] > 

< 0.001 [2-3] 
< 0.001 [All] Time  P valueb 

< 0.001 < 0.001 

0.31 24.33±1.71 23.60±0.87 23.66±1.12 24.11±1.06 Baseline 

60 ˚/s 

S
em

iten
d
in

o
su

s 

< 0.001 24.46±2.09 24±0.92 22.06±0.96 22.33±1.23 3 weeks after 

< 0.001 24.66±2.38 24.13±0.83 21.46±0.99 20.33±0.61 6 weeks after 

- 0.07 0.48 0.85 0.89 Effect size 

- 
1.00 [1-2] 

0.68 [1-3] 

1.00 [2-3] 

0.01 [1-2] 

0.001 [1-3] 

0.49 [2-3] 

< 0.001 [1-2] 

< 0.001 [1-3] 

0.008 [2-3] 
< 0.001 [All] Time  P valueb 

< 0.001 < 0.001 

0.55 43.73±2.66 44.66±3.17 45.26±3.14 44.36±2.83 Baseline 

180˚/s 
0.001 44.33±2.63 44.86±3.29 43.33±2.89 40.80±2.45 3 weeks after 

< 0.001 44.33±2.63 45±3.20 41.53±2.50 37.46±2.44 6 weeks after 

- 0.43 0.25 0.79 0.84 Effect size 

- 0.0017 [All] 
0.24 [1-2] 

0.05 [1-3] 

0.49 [2-3] 
< 0.001 [All] < 0.001 [All] Time  P valueb 

< 0.001 < 0.001 

0.46 50.13±3.75 50.53±3.41 51.66±2.82 50±2.42 Baseline 

300˚/s 
0.001 50.40±3.81 51.26±3.36 49.06±3.53 46±3.13 3 weeks after 

< 0.001 50.60±4.18 51.06±3.34 47.13±3.81 41.13±1.95 6 weeks after 

- 0.16 0.15 0.78 0.90 Effect size 

- 

0.31 [1-2] 

0.20 [1-3] 

1.00 [2-3] 

0.42 [1-2] 

0.26 [1-3] 

1.00 [2-3] 

< 0.001 [1-2] 

< 0.001 [1-3] 

1.00 [2-3] 

< 0.001 [All] Time  P valueb 

a The results of the one-way analysis of variance; b The results of the repeated measures analysis of variance and Bonferroni’s post hoc test; NMT: Neuromuscular 
training;*P<0.05 
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Table 4. Comparisons of mean values for RT within and between groups at three measurement time points  

P valueb 
Effect 

size 

6 weeks 

after 
Mean±SD 

3 weeks 

after 
Mean±SD 

Baseline 

Before 

intervention 

Mean±SD 

Time 

Groups 
Time×

Group 
Group Time 

< 0.001 0.005 

< 0.001 [All] 0.88 0.29±0.02 0.33±0.03 0.38±0.04 
Ca-Mg-

Zn+NMT 
0.007 [1-2] 

< 0.001 [1-3]   
0.009 [2-3] 

0.66 0.36±0.03 0.38±0.04 0.38±0.03 NMT 

1.00 [All] 0.04 0.36±0.02 0.38±0.04 0.36±0.04 Control 
1.00 [1-2] 

0.57 [1-3] 
0.49 [2-3] 

0.09 036±0.02 0.38±0.03 0.35±0.03 Ca-Mg-Zn 

------------------ < 0.001 0.003 0.47 P valuea 
a The results of the one-way analysis of variance; b The results of the repeated measures analysis of variance and 

Bonferroni’s post hoc test; NMT: Neuromuscular training; RT: reaction time; *P<0.05 

 

All eccentric knee extension 

movements were performed with maximal 

voluntary effort over the entire range of 

motion, with subjects starting without any 

pre-activation. Subjects were initially 

monitored during the movements and then 

given several exercise trials in which they 

were instructed to apply maximal resistance 

to the machine-controlled knee extension at 

constant velocities of 60, 180 and 300 

degrees. 

However, significant differences in 

EMD values for these three muscles were 

observed between groups at all knee flexion 

angles at T2 and T3 (P< 0.05), with the Ca-

Mg-Zn + NMT group having significantly 

lower EMD values than the other groups. In 

addition, the effect of time was significant 

in the Ca-Mg-Zn+ NMT and NMT groups 

(P< 0.05), while it was not significant in the 

control and Ca-Mg-Zn groups (P> 0.05). 

The interaction between time and group 

also had a significant effect on the mean 

EMD values (P< 0.05), with the Ca-Mg-Zn 

+ NMT intervention showing the largest 

effect size for EMD. 

4. Discussion 

This study investigated the effects of NMT 

and Ca-Mg-Zn therapy on RT and EMD in 

taekwondo athletes. The results showed that 

both NMT and the combination of Ca-Mg-

Zn with NMT significantly reduced RT and 

EMD while improving neuromuscular 

control for joint stabilization. This is 

consistent with several previous studies [35, 

36, 37]. Of note, the Ca-Mg-Zn + NMT 

intervention was more effective than other 

interventions in reducing EMD in the lower 

limb muscles. EMD varies with the 

structure of the musculotendinous unit and 

the action potential of the muscle 

membrane. The Ca-Mg-Zn + NMT 

intervention reduced EMD probably by 

increasing the stiffness of the muscle-

tendon unit, which may improve the speed 

of force transmission. Increased stiffness 

may reduce the time required for force 

transmission during contractions and 

movements [8].  

One study found that increased stiffness 

of the musculotendinous unit was 

associated with a shorter EMD [38]. Our 

results show that angular velocity during 

knee flexion significantly affects the 

electromyographic delay (EMD) of lower 

limb muscles. Increased angular velocity 

may impair hamstring neuromuscular 
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function, potentially reducing knee joint 

stability [39]. The study found that the Ca-

Mg-Zn + NMT intervention significantly 

decreased EMD at all measured angles. In 

contrast, another study reported that NMT 

did not significantly reduce RT or EMD. 

This discrepancy may be due to the fact that 

we used an integrated NMT protocol, 

whereas the other study focused solely on 

plyometric and dynamic stability exercises 

[40]. 

We also observed that the Ca-Mg-Zn  + 

NMT intervention was more effective in 

reducing RT compared to other 

interventions. RT varied depending on 

factors such as age, type of exercise (static 

or dynamic) and warm-up training. One 

study suggests that optimal warm-up 

training positively influences neuronal 

conduction and signal transmission [41]. 

We performed both static and dynamic 

warm-up exercises before the pretest and 

posttest to ensure uniform conditions for all 

participants. Additionally, NMT improves 

strength, neural response, agility and speed. 

It utilises the reciprocal coordination of 

concentric and eccentric muscle 

contractions and allows the muscles and 

connective tissue to store elastic potential 

energy for immediate concentric 

contractions [42]. These improvements may 

result from increased neuromuscular 

activation, shortened contact time and 

increased stiffness of the muscle-tendon 

unit [12]. The positive effect of Ca-Mg-Zn 

therapy on RT and event-related potential 

(EMD) may be due to its ability to increase 

attention. This therapy appears to activate 

motivational and motor response pathways, 

increasing arousal and focus on specific 

targets, which could lead to improved RT 

and EMD [43]. In addition, dietary 

supplements containing essential minerals 

such as Ca-Mg-Zn improve the speed of 

target identification and retention [44]. 

To our knowledge, this study is the first 

to show that the combination of NMT with 

Ca-Mg-Zn therapy significantly reduces RT 

and EMD. At elevated Ca concentrations, 

troponin shifts from its actin partner to the 

calcium-loaded troponin, allowing 

tropomyosin to return to a position near the 

grooves of the actin double helix. This 

repositioning exposes the myosin binding 

sites, facilitating the interactions between 

actin and myosin that generate force. An 

important mechanism in this process is the 

increased phosphorylation of regulatory 

myosin light chains, which increases the 

sensitivity of actin-myosin interactions to 

Ca ions released from the sarcoplasmic 

reticulum [14]. Consequently, this effect 

may improve muscle stiffness and further 

reduce RT and EMD. In addition, 

maintaining adequate Zn levels in skeletal 

muscle through supplementation may help 

prevent muscle fiber loss [45]. Mg can 

enhance the effect of NMT by increasing 

the availability of glucose to the brain and 

muscles while reducing the accumulation of 

lactate in the muscles. In one study, a 

significant positive correlation was found 

between Mg levels and muscle function, 

including grip strength, lower leg strength 

and maximal isometric trunk flexion [46]. 

In addition, Ca-Mg-Zn therapy before 

taekwondo main training can improve 

athletes’ performance by lowering the 

motor neuron stimulation threshold [47]. 

5. Conclusions 

This study shows that six weeks of NMT 

and Ca-Mg-Zn therapy significantly 

reduces recovery time (RT) and muscle 

damage (EMD) in taekwondo athletes. 

Their combined application brings even 

more pronounced benefits. Together, NMT 

and Ca-Mg-Zn therapy can increase the 

intensity of the fight for these athletes. In 

addition, Ca-Mg-Zn therapy can improve 
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muscle strength, adaptation and overall 

athletic performance, especially in multiple 

daily competitions. Future research with 

larger, more diverse samples and longer 

intervention periods is recommended to 

further clarify the effects of NMT and Ca-

Mg-Zn therapy on RT and EMD. 

6. Limitation 

There were few studies in the area of the 

study subject that could be used for 

comparison, and we had no follow-up to 

assess the durability of the effects of the 

study interventions. In addition, the study 

sample consisted only of male taekwondo 

athletes. 
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