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Purpose: This study aimed to compare a dynamic neuromuscular training program with a static neuromuscular
training program for taekwondo players.

Methods: This study design was a randomized control trial. Three high school taekwondo teams (taekwondo
neuromuscular training [TNT] group, 22; Get Set group, 17; and control group, 24) participated in the study. Get
Set group performed a program focused on the static movement, and TNT group performed a program which was
modified Get Set to dynamic movement. Control group maintained the existing taeckwondo training without any
intervention. The intervention group performed 15-minute training three times a week for 6 weeks. Dynamic Postural
Stability Index (DPSI) and time-to-boundary test (TTB) tests were performed before and after 6 weeks of training.
Results: As a result of DPSI, an interaction effect was observed only in the anterior/posterior stability index of the dominant
leg of the TNT and Get Set groups (p<0.05). However, there was no difference between the TNT and the Get Set groups.
As a result of TTB analysis, no statistical effect was observed in all variables of the dominant and non-dominant legs.
Conclusion: As a result of conducting 6-week dynamic and static neuromuscular training for tackwondo athletes,
the effect of training was found in both the intervention group. However, differences in training effects between
groups could not be proved. Therefore, it is necessary to clearly confirm the difference between the two training
through long-term follow-up studies.
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Table 1. Physical characteristics of subjects
Characteristic TNT group Get Set group Control group
No. of patients 18 15 16
Age (yr) 16.6110.61 16.4710.64 16.63+0.50
Weight (ka) 63.33+15.92 69.97+13.36 60.58+8.56
Height (cm) 169.65+7.14 174.39+7.85 168.98+7.59

Values are presented as number only or meanzstandard deviation.

TNT: taekwondo neuromuscular training.
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Fig. 1. Experimental design (CONSORT flow diagram).
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Table 2. Get Set exercise program

Exercise Volume
Level 1
Bow and arrow 8—16 repsx3 sets
Pull down 8—16X%X3 sets
Y exercise 8—16 repsx3 sets
Kneeling lunge with rotation 8 repsx3 sets
Squat 8—16 repsx3 sets
Deep sumo squat 8 repsx3 sets
Level 2
Pull down 8—16 repsx3 sets
Y exercise 8—16 repsx3 sets
Bow and arrow 8—16 repsx3 sets
Squat 8—16 repsx3 sets

8 repsx3 sets
8—16 repsx3 sets
5 repsx3 sets

Deep sumo squat
Multidirectional lunges
The diver

Level 3
Plank with rotation
Kneeling lunge with rotation
Single leg squat As many as possible
Sideway hop 8 repsx3 sets
Turns 8—16 repsx3 sets

As many as possible
8—16 repsx3 sets
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Table 3. Taeckwondo neuromuscular training program

Exercise

Volume

Level 1

Bow and arrow
Pull down
Y exercise

Countermovement jump

Ankle jump
Vertical jump

Level 2

Pull down

Y exercise

Bow and arrow
Huldle jump

Double leg hop
Horizontal line jump
The diver

Level 3

8—16 repsx3 sets
8—16 repsx3 sets
8—16 repsx3 sets
8 repsx3 sets
8—16 repsx3 sets
8 repsx3 sets

8—16 repsx3 sets
8—16 repsx3 sets
8—16 repsx3 sets
8—16 repsx3 sets
8 repsx3 sets

8—16 repsx3 sets
5 repsx3 sets
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Table 4. Baseline characteristics by one-way ANOVA

Variable TNT group Get Set group Control group F p-value
D_MLSI 0.3440.06 0.3840.08 0.3740.08 0.972 0.386
D_APSI 1.44+0.06 1.46+0.12 1.48+0.11 0.488 0.617
D_VSI 5.36+0.65 4.86+0.94 5.53+0.72 3.158 0.052
D_DPSI 5.56+0.63 5.0940.91 5.74+0.70 3.068 0.056
D_Min TTBx 0.394+0.14 0.414+0.15 0.36+0.08 0.721 0.492
D_Min TTBy 1.37+0.49 1.22+0.45 1.14+£0.34 1.311 0.280
D_Mean Min TTBx 1.51+£0.55 1.57+0.65 1.44+0.40 0.202 0.818
D_Mean Min TTBy 4.71+1.36 4.39+1.81 4.13+1.34 0.649 0.527
ND_MLSI 0.38+0.06 0.3740.06 0.3740.06 0.035 0.966
ND_APSI 1.44+0.10 1.40+0.11 1.47+£0.11 1.815 0.174
ND_VSI 5.2840.81 4.89+0.85 5.55+0.71 2.779 0.073
ND_DPSI 5.49+0.78 5.10+0.84 5.76+0.69 2.878 0.066
ND_Min TTBx 0.42+0.13 0.4040.19 0.3940.14 0.184 0.833
ND_Min TTBy 1.23+£0.35 1.23+0.35 1.1940.30 0.279 0.758
ND_Mean Min TTBx 1.49+0.52 1.57+0.75 1.51+£0.44 0.088 0.916
ND_Mean Min TTBy 4.73+1.09 4.24+1.46 4.31+£0.79 0.937 0.399

Values are presented as meanzstandard deviation.

ANOVA: analysis of variance, TNT: taekwondo neuromuscular training, D: dominant leg, MLSI: medial-lateral stability index,
APSI: anterior-posterior stability index, VSI: vertical stability index, DPSI: Dynamic Postural Stability Index, Min: minimum,
TTB: time—to—boundary, TTBx: TTB x—axis (medial-lateral), TTBy: TTB y-axis (anterior-posterior), ND: non—-dominant leg.
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Table 5. Results of dominant leg MLSI, APSI, VSI, and DPSI by 3x2 two—-way ANOVA with repeated measure

Variable TNT group Get Set group  Control group Time Group Group xtime
MLSI
Before 0.3440.06 0.38+0.08 0.37+0.08 0.229 0.071 0.094
After 0.31+0.06 0.36+0.07
APSI|
Before 1.45+0.06 1.46+0.12 1.4840.11 0.001%x 0.055 0.006%
After 1.3840.09 1.36+0.14
VS|
Before 5.36+0.65 4.864+0.94 5.563+0.72 0.018% 0.034* 0.388
After 5.26+0.82 4.69+1.01
DPSI
Before 5.56+0.63 5.0940.91 5.74%+0.7 0.009** 0.033% 0.258
After 5.45+0.79 4.914+0.98 5.71£0.6

Values are presented as meanzstandard deviation.

MLSI: medial-lateral stability index, APSI: anterior—-posterior stability index, VSI: vertical stability index, DPSI: dynamic
postural stability index, ANOVA: analysis of variance, TNT: taekwondo neuromuscular training.

*p<0.05, **p<0.01.
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Table 6. Results of non—-dominant leg MLSI, APSI, VSI, and DPSI by 3x2 two-way ANOVA with repeated measure

Variable TNT group Get Set group Control group Time Group GroupXtime
MLSI 0.116 0.301 0.067
Before 0.38+0.06 0.37£0.06 0.37+0.06
After 0.33+0.05 0.35%0.06 0.39+0.06
APSI| 0.006+** 0.044+ 0.160
Before 1.4440.10 1.40+0.11 1.47+0.11
After 1.38%£0.08 1.364£0.13 1.46+0.09
VS| 0.005%* 0.053 0.650
Before 5.2840.81 4.89+0.85 5.55+0.71
After 5.17+0.93 4.72+0.91 5.48+0.58
DPSI 0.003** 0.047+ 0.594
Before 5.4940.78 5.1£0.84 5.76+0.69
After 5.37+0.89 4.94+0.89 5.69+0.55

Values are presented as meanzstandard deviation.

MLSI: medial-lateral stability index, APSI: anterior-posterior stability index, VSI: vertical stability index, DPSI: dynamic
postural stability index, ANOVA: analysis of variance, TNT: taekwondo neuromuscular training.

*p<0.05, **p<0.01.

Table 7. Results of dominant leg Min TTBx/y and Mean TTBx/y by 3x2 two—-way ANOVA with repeated measure

Variable TNT group Get Set group Control group Time Group Group xtime
Min TTBx 0.192 0.729 0.851
Before 0.39+0.14 0.41+0.15 0.36+0.08
After 0.41£0.27 0.44+0.18 0.41£0.11
Min TTBy 0.373 0.483 0.893
Before 1.37+0.49 1.2210.45 1.1440.34
After 1.43+1.05 1.35+£0.45 1.284+0.42
Mean Min TTBx 0.542 0.974 0.614
Before 1.51+£0.55 1.5710.65 1.4440.40
After 1.52+1.16 1.54+0.51 1.65+0.56
Mean Min TTBy 0.400 0.700 0.910
Before 4.71+£1.36 4.39+1.81 4.13+£1.34
After 4.84+3.12 4.52+1.41 4.48+1.31

Values are presented as meanzstandard deviation.
Min: minimum, TTB: time—-to—boundary, TTBx: TTB x—axis (medial-lateral), TTBy: TTB y-axis (anterior—posterior), ANOVA:
analysis of variance, TNT: taekwondo neuromuscular training.
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Table 8. Results of non—dominant leg Min TTBx/y and Mean TTBx/y by 3x2 two—-way ANOVA with repeated measure

Variable TNT group Get Set group Control group Time Group Group xtime
Min TTBx 0.138 0.705 0.826
Before 0.4240.13 0.40+0.19 0.39+0.14
After 0.48+0.33 0.45+0.18 0.41+0.15
Min TTBy 0.444 0.865 0.909
Before 1.2340.35 1.1440.39 1.1940.3
After 1.27+£1.11 1.19£0.26 1.30£0.33
Mean Min TTBx 0.271 0.760 0.436
Before 1.4940.52 1.5710.75 1.51+£0.44
After 1.96+1.94 1.6+0.49 1.55+0.56
Mean Min TTBy 0.613 0.949 0.115
Before 4.73+£1.09 4.24+1.46 4.31£0.79
After 3.95+3.03 4.36+1.14 4.62+1.17

Values are presented as meanzstandard deviation.

Min: minimum, TTB: time—-to—boundary, TTBx: TTBx: TTB x—axis (medial-lateral), TTBy: TTB y-axis (anterior—posterior),
ANOVA: analysis of variance, TNT: taekwondo neuromuscular training.
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