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Abstract  
Maintaining balance while performing “Hakdariseogi” in 
Taekwondo, which involves standing on one leg, is a critical as-
pect of the Poomsae competition. The purpose of this study was 
to investigate the effect of proprioceptive training and lower-limb 
muscular strength training on the balance of Taekwondo Poomsae 
athletes over a 6-week period. Thirty Taekwondo Poomsae ath-
letes were randomly assigned to three groups, namely, a proprio-
ception training group, a lower-limb muscular strength training 
group, and a control group. Biomechanics data were collected us-
ing eight infrared cameras (Qualysis, Sweden) at 200 Hz and a 
force plate (Kistler, Switzerland) at 2,000 Hz while the partici-
pants performed “Hakdariseogi” before and after the 6-week in-
tervention. Balance and stability variables were calculated using 
customized MATLAB R2014b software (Mathworks, Inc., USA). 
The medio-lateral (M/L) center of pressure (CoP) range, M/L CoP 
mean velocity, antero-posterior (A/P) CoP range, A/P CoP mean 
velocity, and the vertical ground reaction torque after the training 
were reduced at P1 in the PG groups (p < 0.05). A decrease in the 
A/P CoP range, A/P CoP mean velocity, and vertical ground reac-
tion torque after the training were observed at P2 in the PG and 
SG groups (p < 0.05). The PG exhibited a smaller A/P CoP range 
and A/P CoP mean velocity, in comparison to CG (p < 0.05). The 
A/P CoP position at P1 was negatively correlated with the vertical 
ground reaction torque, A/P CoP range, and A/P CoP mean veloc-
ity at P2(r = −0.438, r = −0.626, r = −0.638). Based on the above 
results, this study determined that both proprioception training 
and lower-extremity muscle strength training resulted in an im-
provement of athletic performance. It was also desirable to move 
the CoP position through conscious effort forward at P2 in order 
to maintain the crane stance without sway. 
 
Key words: Taekwondo; crane stance, balance; proprioceptive 
training, muscular strength training 
 

 

 
Introduction 

 
Balance is the ability to maintain the condition of 
equilibrium in the body. In sports activities, balance plays 
an important role in maintaining posture and conducting 
given tasks, owing to a close relation between balance and 
motor performance capacity (Davlin, 2004; Hahn et al., 
1999). Balance can be applied to a static condition while 
standing on a base of support (BoS) with minimum 
movement, and also to a dynamic situation while 
maintaining a stable posture and performing techniques 
(Bressel et al., 2007). Thus, in sports, both static and 
dynamic balances are related to performance enhancement 
(Paillard et al., 2006). In biomechanics, balance can be 
measured by the analysis of the antero-posterior (A/P) and 

medio-lateral (M/L) displacement of the CoP, and the CoP 
velocity of the body (Doyle et al., 2007; Lugade et al., 
2011; Pai and Patton, 1997; Rocchi et al., 2004; Ryu et al., 
2012; Yoo and Ryu, 2012). 

Balance is an important aspect of Taekwondo 
Poomsae competitions because Taekwondo Poomsae is a 
form of self-practice, which is designed to be performed by 
following the lines of movement in a pre-planned manner 
by using Taekwondo techniques against an imaginary 
opponent (Kukkiwon, 2006). According to the rules of the 
Taekwondo Poomsae competition, balance is defined as 
the ability to maintain a straight posture without inclining 
or tilting (Kukkiwon, 2006). In terms of biomechanics 
variables, balance can be evaluated by the center of mass 
(CoM) and the center of pressure (CoP) movement in the 
course of performing individual motions and connecting 
these motions. The CoP is positioned within the base of 
support, and balance ability may appear differently 
depending on changes in such position (Lugade et al., 
2011). Furthermore, the ability to adjust the body weight 
into a motion without losing balance in the process of 
releasing the force at the target point is important for the 
purpose of competition (Korean Taekwondo Association 
(KTA), 2015; World Taekwondo Federation (WTF), 
2015). In particular, it is challenging to maintain one’s 
balance while performing both the 'Hakdariseogi' of the 
“Kumgang” Poomsae, which includes standing on one leg, 
and the front and turning sidekicks of the “Pyongwon” 
Poomsae, which connect at high speed. Thus, a small 
mistake in “Hakdariseogi” may change the final outcome 
of a competitive event (Kukkiwon, 2006). Therefore, 
balance is an essential element in assessing the proficiency 
of Taekwondo Poomsae athletes. 

In studies where the balance of skilled Taekwondo 
Poomsae athletes were compared to the balance of less 
skilled athletes, differences existed in joint coordination 
and a close relationship existed between increased balance 
skill and lower-limb muscle strength (Ryu et al., 2012; Yoo 
and Ryu, 2012). However, studies on Taekwondo motion 
balance improvement have yet to be conducted even 
though balance is an important assessing factor in 
Taekwondo Poomsae competitive event. Thus, there is a 
need to study training methods in order to improve the 
balance of Taekwondo Poomsae athletes. 

Various studies on proprioceptive training 
programs aiming to improve awareness of body aspects 
such as posture, movement, and change of balance have 
been reported. Proprioception is defined as the sense or 
ability to comprehend the position and speed of movement 
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or weight, as well as the resistance of the body (Hoffman 
and Payne, 1995). Studies suggest that proprioceptive 
training improves the balance of unstable ankles, adjusts 
postural control, and diminishes ankle sprains (Eils and 
Rosenbaum, 2001; Matsusaka et al., 2001; Mcguine and 
Keene, 2006; Osborne et al., 2001; Ross et al., 2007; 
Soderman et al., 2000; Verhagen et al., 2004). Moreover, 
proprioceptive training has improved the balance of 
healthy adults and the balance capacity of athletes 
(Hoffman and Payne, 1995). In addition, it has been 
reported that this training modality produces effective 
results in five weeks (Hoffman and Payne, 1995). On the 
other hand, muscular strength training is also reported to 
improve balance. Muscle activation of the lower limbs is 
related to balance and the ability to control posture (Patel 
et al., 2009; Tanaka et al., 2007). Studies have suggested 
that increasing the muscular strength of the lower limbs 
may improve the balance of the body (Hasselgren et al., 
2011; Horlings et al., 2009; Pant et al., 2006). In addition, 
studies also found that muscular strength training improves 
static and dynamic balance (Ramsbottom et al., 2004; 
Sarshin et al., 2012). It has been suggested that strength 
training using a low load is the most effective way to 
improve capabilities for balance (Orr et al., 2006; Ribeiro 
et al., 2009). Thus, it is necessary to examine lower limb 
muscular strength training and proprioceptive training to 
determine whether they play a positive role in improving 
the balance of Taekwondo Poomsae athletes. 

Therefore, the first purpose of this study was to 
investigate balance improvements of Taekwondo Poomsae 
athletes following proprioceptive training and low-load 
lower-limb muscular strength training. The second purpose 
of this study was to evaluate the relationship between CoP 
position  within  the  BoS  and balance variables. The first 
hypothesis of this study was that proprioceptive training 
and low-load lower-limb muscular strength training are 

both effective in improving the balance of Taekwondo 
Poomsae athletes. The second hypothesis of this study was 
that CoP within the base of support being in a more forward 
position would reduce the range and speed of CoP 
indicating improved balance ability. 
 
Methods 

 
Participants  
Initially, 36 Taekwondo Poomsae athletes participated in 
the testing (Figure 1). However, 6 athletes were excluded 
from the study owing to injury or absence from training; 
therefore, the 30 athletes who completed the 
biomechanical analysis training were categorized as 
follows: proprioception training group (PG; n = 10; age = 
20.0 ± 2.6 years; height = 171.8 ± 5.9 cm; body weight = 
64.4 ± 6.5 kg), low-load lower-limb muscular strength 
training group (SG; n = 10; age = 19.2 ± 0.8 years; height 
= 171.9 ± 6.3 cm; body weight = 64.0 ± 11.2 kg), and 
control group (CG; n = 10; age = 19.1 ± 0.7 years; height 
= 172.1 ± 7.3 cm; body weight = 65.7 ± 8.9 kg). All groups 
were assigned 8 male and 2 female athletes. 
 
Experimental design 
An initial sample size of 21 was determined using the M/L 
CoP range of previous studies (Ryu et al., 2012) with 
regard to balancing during the performance of the 
Taekwondo Poomsae “Hakdariseogi” stance. The mean 
and standard deviation of M/L CoP range from the afore-
mentioned precedent study were used to calculate the effect 
size of 1.5 (G-power software), with a statistical power set 
to 0.80 and an alpha level of 0.05. However, considering 
that the athletes could be absent during the training  period,  
36 athletes  with  winning  histories  in the  Korean  
National  Taekwondo   Poomsae  competition, participated 
in  the  pre-test.  All  participants  were  recruited  through

 
 

 

 
 

 
 

                               Figure 1. Flow diagram of the progress through the parallel study design for each group. 
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various announcment and local meetings organized by the 
Department of Taekwondo at the Korea National Sport 
University. The participants signed informed consent 
letters, and the study was approved by the university’s 
ethics committee. In the pre-test, all participants performed 
Hakdariseogi, which is the stance in which it is most 
difficult to maintain balance during the Taekwondo 
Poomsae competition. In order to accurately observe the 
effect of training, three groups were assembled by the 
adapted randomization method (Kang et al., 2008) using 
the factors of sex, M/L CoP range, M/L CoP mean velocity, 
and root mean square (RMS) of the ground reaction torque 
in the pre-test. The adapted randomization method can be 
effectively used to balance important covariates among 
control and training groups (Hedden et al., 2006). In 
covariate adaptive randomization, the method for assigning 
participants to either the control or treatment group 
included (1) calculating P values for each of the covariates 
using a t test and analysis of variance (ANOVA) for 
continuous variables; (2) assigning the participant to the 
group with the larger P value to avoid more imbalances in 
groups.  Using  this approach, a smaller P value represents  

greater imbalances among treatment groups. 
 
Exercises  
The 60-minute training sessions were completed 3 times 
per week over a period of 6 weeks. Warm-up exercises 
were performed as stretching during a 10-minute period. 
Warm-up exercises consisted of neck tilts, neck rotations, 
neck stretch, triceps stretch, shoulder stretch, torso 
rotations, chest expansions, side arm raises, arm rotations, 
hip rotations, knee circles, toe touches, hops on the spot, 
and side to side hops. Each exercise was performed 10 
times. These exercises focused primarily on some large 
muscle groups and the joints of neck, shoulders, hips, knees 
and lower back. 

Table 1 and Table 2 include detailed descriptions of 
the proprioception training developed by previous studies 
(Ross et al., 2007; Ruiz and Richardson, 2005; Soderman 
et al., 2000; Verhagen et al., 2004; 2005). The 
proprioceptive training program consisted of 4 ~ 6. All 
proprioceptive training sessions were conducted with eyes 
open.

 
Table 1. The exercises used during proprioceptive training.  

1 step 
(on the floor) 

2 step 
(a pair on the floor) 

3 step 
(on balance board) 

4 step 
(a pair on balance board) 

Exercise 1 
One legged stance with the 
knee flexed. Step out on the 
other leg with the knee 
flexed and keep balance for 
60 seconds. Repeat 3 sets. 

Exercise 5 
One legged stance with the knee 
flexed. Throw and catch under a 
ball to each other while maintain-
ing balance for 60 seconds. Re-
peat 3 sets. 

Exercise 10 
One legged stance with the 
knee flexed. Step out on 
the other leg with the knee 
flexed and keep balance for 
60 seconds. Repeat 3 sets. 

Exercise 14 
One legged stance with the knee 
flexed. Throw and catch under a 
ball to each other while maintain-
ing balance for 60 seconds. Repeat 
3 sets. 

Exercise 2 
One legged stance with the 
hip and the knee flexed. 
Step out on the other leg 
with the hip and the knee 
flexed, and keep balance 
for 60 seconds. Repeat 3 
sets. 

Exercise 6 
One legged stance with the knee 
flexed. Throw and catch over a 
ball to each other while maintain-
ing balance for 60 seconds. Re-
peat 3 sets. 

Exercise 11 
One legged stance with the 
hip and the knee flexed. 
Step out on the other leg 
with the hip and the knee 
flexed, and keep balance 
for 60 seconds. Repeat 3 
sets. 

Exercise 15 
One legged stance with the knee 
flexed. Throw and catch over a ball 
to each other while maintaining 
balance for 60 seconds. Repeat 3 
sets. 

Exercise 3 
One legged stance with the 
knee flexed. Throw and 
catch a ball over head alone 
while maintaining balance 
for 60 seconds. Repeat 3 
sets. 

Exercise 7 
One legged stance with the knee 
flexed. Throw and catch one 
hand under a ball to each other 
while maintaining balance for 60 
seconds. Repeat 3 sets. 

Exercise 12 
One legged stance with the 
knee flexed. Throw and 
catch a ball over head alone 
while maintaining balance 
for 60 seconds. Repeat 3 
sets. 

Exercise 16 
One legged stance with the knee 
flexed. Throw and catch one hand 
under a ball to each other while 
maintaining balance for 60 sec-
onds. Repeat 3 sets. 

Exercise 4 
One legged stance with the 
knee flexed. Throw and 
catch a ball over the wall 
alone while maintaining 
balance for 60 seconds. Re-
peat 3 sets. 

Exercise 8 
One legged stance with the knee 
flexed. Throw and catch one 
hand over a ball to each other 
while maintaining balance for 60 
seconds. Repeat 3 sets. 

Exercise 13 
One legged stance with the 
knee flexed. Throw and 
catch a ball over the wall 
alone while maintaining 
balance for 60 seconds. Re-
peat 3 sets. 

Exercise 17 
One legged stance with the knee 
flexed. Throw and catch one hand 
over a ball to each other while 
maintaining balance for 60 sec-
onds. Repeat 3 sets. 

- 

Exercise 9 
One legged stance with the knee 
flexed. Throw and catch at the 
same time a ball to each other 
while maintaining balance for 60 
seconds. Repeat 3 sets. 

- 

Exercise 18 
One legged stance with the knee 
flexed. Throw and catch at the 
same time a ball to each other while 
maintaining balance for 60 sec-
onds. Repeat 3 sets. 
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The lower-limb muscular strength training program 
consisted of squats, dead lifts, lunges performed using free 
weights, and leg extensions, leg curls, calf raises, and 
tibialis anterior raises performed using weight machines. 
Strength training loads were set to 20% of maximal 
strength (Orr et al., 2006; Ribeiro et al., 2009). One 
repetition maximum was calculated using the Brzycki 
equation (Brzycki, 1993). Each training was performed in 
3 sets of 15 repetitions, rest periods between sets were 40 
seconds, and rest periods between exercises were 2 
minutes. All participants, including the control group, 
performed regular Taekwondo Poomsae practice for 2 
hours, 5 times per week. However, the control group had 
no specific training intervention during these 6 weeks. 

 
Table 2. The six-week proprioceptive training program. 

No. Session Exercise 
1 Week 1 session 1 1 2 3 4 
2 Week 1 session 2 5 6 7 8 9 
3 Week 1 session 3 10 11 12 13 
4 Week 2 session 1 14 15 16 17 18 
5 Week 2 session 2 1 2 5 6 
6 Week 2 session 3 3 4 7 8 9 
7 Week 3 session 1 10 11 14 15 
8 Week 3 session 2 12 13 16 17 18 
9 Week 3 session 3 1 2 10 11 
10 Week 4 session 1 3 4 12 13 
11 Week 4 session 2 5 6 14 15 
12 Week 4 session 3 7 8 9 16 17 18 
13 Week 5 session 1 1 5 10 14 
14 Week 5 session 2 2 6 11 15 
15 Week 5 session 3 3 7 12 16 
16 Week 6 session 1 4 8 9 13 17 18 
17 Week 6 session 2 1 2 14 15 
18 Week 6 session 3 5 6 10 11 

 
Measures 
The balance test of the Taekwondo Poomsae athletes was 
evaluated based on the Hakdariseogi motion of the 
“Kumgang” Poomsae. Hakdariseogi is named after the 
shape of a crane standing on one foot. The center of gravity 
is located on one foot, while the other foot is placed on the 
side of the supporting leg’s knee in order to maintain 
balance (Kukkiwon, 2006). All participants conducted a 
sufficient warm-up for 20–30 m before the tests. Each 
participant was given a defined starting point for 
positioning the supporting foot on the force plate while 
performing Hakdariseogi (Kistler, Type 9286A, 
Switzerland). Six markers were attached in order to 
confirm the joint points and the BoS (left lateral malleolus, 
left medial malleolus, left second phalangeal, left lateral 
metatarsal-phalangeal joint, left medial metatarsal-
phalangeal joint, and left heel bone) for the single standing 
leg (Lugade et al., 2011). Eight infrared cameras (Oqus 
300, Qualisys, Sweden) were used in order to capture the 
participants’ motion during the assigned tasks. The 
sampling rates were 200 Hz for motion analysis and 2,000 
Hz for the force plate. 

The Qualisys Track Manager Software (Qualisys, 
Sweden) and MATLAB R2009b software (Mathworks, 
USA) were used to analyze the balance variables in 
Hakdariseogi. The movement was divided into two phases: 

Phase 1, which involved balancing when shifting the CoM 
while changing from a normal standing position (P1) to a 
single-leg stand, and Phase 2, which involved maintaining 
balance in the single-leg stance without a tremor (P2). The 
analytical data were smoothed using a Butterworth second-
order low-pass filter with a cut-off frequency of 6 Hz. The 
analysis phases are shown in Figure 2. 

 
 

 

 
 

Figure 2. Event (E1: right foot off, E2: right foot attach at left 
knee, E3: motion finish) and phase (P1: E1-E2, P2: E2-E3). 

In this study, the variables were calculated in the 
following manner. The A/P and M/L ranges, and the CoP 
velocities were calculated from the instantaneous ground 
reaction force (Fx, Fy, Fz) and moment (Mx, My, Mz) based 
on the following equations: 

CoP୶ ൌ
౯


, CoP୷ ൌ

౮


, and 𝑇௭ ൌ 𝑀௭  ൫𝐹௫ ൈ 𝐶𝑜𝑃௬൯ െ

൫𝐹௬ ൈ 𝐶𝑜𝑃௫൯, 
where x indicates M/L, y indicates A/P, and Tz indicates 
the ground reaction torque (Winter et al., 1998; Lugade et 
al., 2011; Pai and Patton, 1997). 
 

The center of the BoS was calculated using the 
following equations (see Figure 3): 

C1 ൌ 𝑋ଶ  ሺ𝑋ଵ െ 𝑋ଶሻ ൈ
ଵ

ଶ
, 𝑌ଶ  ሺ𝑌ଵ െ 𝑌ଶሻ ൈ

ଵ

ଶ
, 

C2 ൌ 𝑋ଷ  ሺ𝐶1 െ 𝑋ଷሻ ൈ
ଶ

ଷ
, 𝑌ଷ  ሺ𝐶1 െ 𝑌ଷሻ ൈ

ଶ

ଷ
, 

C3 ൌ 𝑋ସ  ሺ𝐶2 െ 𝑋ସሻ ൈ
ଷ

ସ
, 𝑌ସ  ሺ𝐶2 െ 𝑌ସሻ ൈ

ଷ

ସ
, 

C4 ൌ 𝑋ହ  ሺ𝐶3 െ 𝑋ହሻ ൈ
ସ

ହ
, 𝑌ହ  ሺ𝐶3 െ 𝑌ହሻ ൈ

ସ

ହ
, and 

Centre of BoS ൌ 𝑋  ሺ𝐶4 െ 𝑋ሻ ൈ
ହ


, 𝑌  ሺ𝐶4 െ

𝑌ሻ ൈ
ହ


, 

where x indicates M/L, and y indicates A/P. 
 

The CoP position within the BoS was calculated 
using the instantaneous CoP position, the position of the 
second phalangeal position (Y-axis) and the center of BoS 
(datum point) were calculated using the following steps 
(Figure 4). 

(1) The CoP angle was calculated from the vector of the 
second phalangeal (Y-axis) position and the vector of the 
instantaneous CoP position (X, Y) on the basis of the center 
of BoS (datum point) by using the scalar product. 
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(2) The distance between the center of BoS and CoP 
position (D) was calculated. 

(3) The CoP position within the BoS was calculated 
using the following equations: 

𝐶𝑜𝑃௫ ൌ 𝐷𝑠𝑖𝑛𝜃, and 𝐶𝑜𝑃௬ ൌ 𝐷𝑐𝑜𝑠𝜃, 
where x indicates M/L and y indicates A/P. 
(4) The CoP position within the BoS was normalized 

using the length of the foot. 
 

Statistical analysis 
The mean difference between the pre-test and post-test is 
expressed with 95% confidence limits (lower to upper 
confidence interval). For each dependent variable, a 2 × 3 
two-way repeated ANOVA measure was performed. If 
there was a time × group interaction, the Bonferroni post-

hoc test was conducted in order to identify specific 
differences across the groups. In addition, a paired t-test 
was conducted in order to assess the differences in any of 
the three groups. The effect sizes were reported as partial 
eta squared ( 𝜂

ଶ ), and the statistical power was also 
reported. The partial eta squared of the repeated ANOVA 
measures was interpreted as 0.01, 0.06, and 0.14 according 
to classifications recommended by Cohen (1988), which 
shows a small effect, intermediate effect, and large effect, 
respectively. The degree of relationship between the CoP 
position within the BoS and the balance variables was 
investigated using Pearson's correlation coefficients. A 
statistical program (SPSS version 18.0; SPSS Inc., 
Chicago, IL, USA) was used to identify the differences at 
an alpha level of 0.05, for all of the variables.  

 
 

 
 

 
 

                                 Figure 3. Centre of BoS. 
 

 
 

 
 

 
 

Figure 4. Calculation of CoP position. 
 
Results 
 
The results for the main effects are listed in Table 4. The 
mean ± SD with 95% confidence interval for all variables 
are listed in Tables 4 and 5.  

There was no significant main effect for the 
differences between time, group, and time × group, in the 

M/L CoP range at P1 and P2. However, there was a 
significant main effect for the differences between time in 
the M/L CoP mean velocity at P1 (p < 0.05). There was a 
significant main effect for the differences between time in 
the A/P CoP range and for the mean velocity at P1 
(p < 0.05). Additionally, there was a significant main effect 
for the differences between the time and an interaction 
effect between the time × group in the A/P CoP range and 
the mean velocity at P2 (p < 0.05). However, for the 
differences between the groups, a significant effect was 
only observed in the A/P CoP range at P2 (p < 0.05). There 
was a significant main effect for the differences between 
the time for the vertical ground reaction torque at P1 and 
P2 (p < 0.05). There was a significant main effect for the 
differences between the time in the M/L CoP position 
within the BoS at P2 (p < 0.05). Finally, there was a 
significant main effect for the differences between time in 
the A/P CoP position within the BoS at P2 (p < 0.05). In 
addition, there was a significant interaction effect for the 
differences between time × group in the A/P CoP position 
within the BoS at P1 and P2 (p < 0.05, Table 3). 

After six weeks, athletes in both the PG and SG 
showed improvement with regard to the variables of 
balance ability, decreased the M/L and A/P CoP range and 
mean velocity, and reduced vertical ground reaction torque 
(Table 4). In addition, the A/P CoP range and mean 
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velocity of the control group were greater, in comparison 
to the PG and SG (p < 0.05).  

Regarding the location of the CoP during 
performance, with regard to the center of BoS (Table 5), 
the post-hoc tests revealed that the A/P CoP position within 
the BoS was more anteriorly located in the PG, in 
comparison to the CG in the post-test in P1 (p < 0.05). The 
A/P CoP position within the BoS was also more anteriorly 
located in the PG and SG, in comparison to the CG in the  

post-test in P2 (p < 0.05). 
Pearson's correlation coefficients between the CoP 

positions within the BoS and the balance variables are 
presented in Table 6. The A/P CoP position at P1 was 
negatively correlated with the vertical ground reaction 
torque, A/P CoP range, and A/P CoP mean velocity at P2 
(r = −0.438, p < 0.05; r = −0.626, p < 0.05; r = −0.638, 
p < 0.05). 

                  
                  Table 3. Effect sizes and statistical power for main effects over time and between groups. 

Variables Phase Analysis F tests F value P value Effect size (𝜼𝒑
𝟐) Statistical power

Medio-lateral 
CoP range (cm) 

P1 Time 4.063 .057 .162 .485 
Group .150 .861 .014 .070 
Time ⅹ Group 1.311 .291 .111 .252 

P2 Time .076 .785 .004 .058 
Group 1.018 .378 .088 .204 
Time ⅹ Group .665 .525 .060 .147 

Antero-posterior 
CoP range (cm) 

P1 Time 6.314 .020* .231 .669 
Group .753 .483 .067 .161 
Time ⅹ Group 1.562 .233 .129 .294 

P2 Time 7.211 .014* .256 .726 
Group 5.888 .009* .359 .822 
Time ⅹ Group 4.643 .021* .307 .719 

Medio-lateral 
CoP mean veloc-
ity (cm/s) 

P1 Time 5.928 .024* .220 .642 
Group .025 .975 .002 .053 
Time ⅹ Group .738 .490 .066 .158 

P2 Time .221 .643 .010 .073 
Group .410 .669 .038 .108 
Time ⅹ Group 2.194 .136 .173 .397 

Antero-posterior 
CoP mean veloc-
ity (cm/s) 

P1 Time 8.994 .007* .300 .816 
Group .736 .491 .065 .158 
Time ⅹ Group 1.766 .195 .144 .328 

P2 Time 6.944 .015* .249 .710 
Group 1.727 .202 .141 .321 
Time ⅹ Group 5.402 .013* .340 .787 

Vertical ground 
reaction torque 
(Nm) 

P1 Time 17.259 .000* .451 .977 
Group 2.169 .139 .171 .393 
Time ⅹ Group 1.601 .225 .132 .300 

P2 Time 14.046 .001* .401 .946 
Group .025 .975 .002 .053 
Time ⅹ Group 2.838 .081 .213 .497 

Medio-lateral 
CoP position 
within BoS (%) 

P1 Time .574 .457 .027 .112 
Group 1.926 .171 .155 .354 
Time ⅹ Group 1.870 .179 .151 .345 

P2 Time 12.194 .002* .367 .914 
Group .533 .594 .048 .126 
Time ⅹ Group 1.068 .362 .092 .212 

Antero-posterior 
CoP position 
within BoS (%) 

P1 Time 4.254 .052 .168 .503 
Group 2.757 .086 .208 .484 
Time ⅹ Group 4.060 .032* .279 .657 

P2 Time 9.294 .006* .307 .828 
Group 2.520 .104 .194 .449 
Time ⅹ Group 7.761 .003* .425 .916 

                   * Indicates statistically significant difference p < 0.05. 
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Table 4. Mean±SD and 95% confidence intervals for balance variables in the study for three groups. 
     95% confidence levels 
Variable Phase Group Pre-test Post-test Lower Upper 

Medio-lateral CoP 
range (cm) 

P1 PG 3.40±1.32 2.70±0.89 0.11 1.30 
 SG 2.92±0.89 2.82±0.87 -0.50 0.69 
 CG 2.91±0.97 2.72±0.88 -0.40 0.79 

P2 PG 2.32±0.29 2.13±0.46 -0.17 0.54 
 SG 2.25±0.30 2.26±0.40 -0.37 0.35 
 CG 2.44±0.62 2.53±0.62 -0.45 0.27 

Antero-posterior 
CoP range (cm) 

P1 PG 4.14±1.05 2.58±0.49* 0.41 2.73 
 SG 3.87±0.82 3.22±0.66 -0.50 1.81 
 CG 4.10±2.19 3.90±1.86 -0.96 1.36 

P2 PG 4.90±0.79 2.97±0.35* 0.66 3.19 
 SG 4.74±0.87 3.30±0.97* 0.18 2.71 
 CG 4.73±1.09 5.27±1.93ab -1.81 0.72 

Medio-lateral CoP 
mean velocity 

(cm/s) 

P1 PG 6.04±2.12 4.79±1.59 0.10 2.40 
 SG 5.76±1.60 4.99±0.83 -0.37 1.92 
 CG 5.68±1.80 5.38±1.62 -0.85 1.45 

P2 PG 1.51±0.26 1.37±0.25 -0.05 0.34 
 SG 1.42±0.15 1.36±0.15 -0.13 0.26 
 CG 1.42±0.20 1.55±0.40 -0.33 0.07 

Antero-posterior 
CoP mean velocity 

(cm/s) 

P1 PG 7.60±2.37 4.84±1.28* 0.82 4.71 
 SG 7.71±1.63 5.92±1.42 -0.15 3.74 
 CG 7.33±2.73 7.03±2.53 -1.65 2.24 

P2 PG 2.54±0.42 1.59±0.28* 0.28 1.60 
 SG 2.57±0.38 1.69±0.32* 0.21 1.53 
 CG 2.24±0.32 2.60±1.26a -1.03 0.29 

Vertical ground 
reaction torque 

(Nm) 

P1 PG 8.60±2.87 4.87±2.31* 1.69 5.76 
 SG 5.69±2.20 4.35±1.18 -0.70 3.37 
 CG 8.05±3.41 6.08±2.61 -0.06 4.01 

P2 PG 11.65±4.51 8.22±3.33* 0.87 5.99 
 SG 12.39±2.16 8.13±2.60* 1.69 6.82 
 CG 10.35±4.13 10.03±3.61 -2.25 2.88 

a Indicates statistically significant (p < 0.05) difference between PG and CG at the same test. b Indicates 
statistically significant (p < 0.05) difference between SG and CG at the same test. c Indicates statistically 
significant (p < 0.05) difference between PG and SG at the same test. p < .05. * Indicates statistically 
significant (p < 0.05) difference between pre-test and post-test at the same group.  

 
Table 5. Mean±SD and 95% confidence intervals for CoP position variables in the study for three groups. 

     95% confidence levels 
Variable Phase Group Pre-test Post-test Lower Upper 

Medio-lateral CoP 
position within BoS 

(%) 
 

P1 PG 16.13±13.05 10.00±11.78 -7.75 20.00 
 SG 9.50±8.49 16.88±25.60 -21.25 6.50 
 CG 8.13±14.75 -1.88±10.52 -3.87 23.87 

P2 PG 16.88±12.11 0.38±14.73 4.64 28.36 
 SG 16.00±9.58 3.00±17.99 1.14 24.86 
 CG 6.00±17.76 1.00±15.54 -6.86 16.86 

Antero-posterior 
CoP position within 

BoS (%) 
 

P1 PG 27.00±3.85 36.00±5.76 -15.62 -2.38 
 SG 24.38±7.41 30.13±8.17 -12.37 0.87 
 CG 27.00±8.25 23.63±7.65a -3.25 10.00 

P2 PG 20.75±5.18 34.38±7.76* -23.08 -4.17 
 SG 19.25±5.23 36.13±14.46* -26.33 -7.42 
 CG 24.13±11.29 17.63±9.29ab -2.95 15.95 

a Indicates statistically significant (p < 0.05)  difference between PG and CG at the same test. b Indicates 
statistically significant (p < 0.05) difference between SG and CG at the same test. c Indicates statistically 
significant (p < 0.05) difference between PG and SG at the same test. * Indicates statistically significant (p 
< 0.05) difference between pre-test and post-test at the same group.  
 

Discussion 
 
This study was conducted in order to investigate the effect 
of a six-week intervention consisting of either 
proprioception training or lower-extremity strength 
training on the balance ability of athletes in Taekwondo 
Poomsae.  

The results of the COP were similar to the result of  
study by conducted by Paillard et al. (2006) which 
compared the balance ability of soccer players, the CoP 
mean velocity of soccer players was 1.67 ± 0.47 cm/s. In 
the current study, the M/L CoP mean velocity, A/P CoP 
range, A/P CoP mean velocity, and the vertical ground 
reaction torque following training were reduced at P1 in the  
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    Table 6. Pearson's correlation coefficient for CoP position and balance variables. 
 
Phase 

 Phase 1 Phase 1 
Variables M/L CoP  

within BoS 
A/P CoP  

within BoS 
M/L CoP  

within BoS 
A/P CoP 

 within BoS 
P1 M/L CoP range r=.018(p=.903) - - - 

 M/L CoP mean velocity r=-.187(p=.203) - - - 
 Vertical ground reaction torque r=-.020(p=.892) r=-.219(p=.136) - - 
 A/P CoP range - r=-.274(p=.059) - - 
 A/P CoP mean velocity - r=-.301(p=.038) - - 

P2 M/L CoP range - - r=-.234(p=.110) - 
 M/L CoP mean velocity - - r=-.023(p=.877) - 
 Vertical ground reaction torque - - r=.019(p=.898) r=-.438(p=.002)* 
 A/P CoP range - - - r=-.626(p=.000)* 
 A/P CoP mean velocity - - - r=-.638(p=.000)* 

     * Indicates statistically significant (p < .05) difference. 
 
PG, which required balancing while lifting one leg. A 
decrease  in  the  A/P CoP  range, A/P CoP mean velocity, 
and vertical ground reaction torque after the training was 
observed at P2 from both the PG and SG groups, which 
required the maintenance of balance while lifting one leg. 
In particular, the PG exhibited a smaller A/P CoP range and 
A/P CoP mean velocity, in comparison to the CG after the 
training. In the meantime, no difference was observed 
between any of the groups before the training. 

Proprioception is the sense or ability to understand 
the position and velocity of body movements, weight and 
resistance (Hoffman and Payne, 1995). As reported in 
various studies (Eils and Rosenbaum, 2001; Matsusaka et 
al., 2001; Mcguine and Keene, 2006; Osborne et al., 2001; 
Ross et al., 2007; Soderman et al., 2000; Verhagen et al., 
2004), proprioception training seems to have a positive 
effect on improving the balance of Taekwondo Poomsae 
players. Hoffman and Payne (1995) demonstrated that a 
five-week proprioceptive training program improved the 
balance of healthy adults as well as the balance ability of 
athletes. The six-week proprioception training in the 
current  study was also sufficient to improve balance. 
However, Verhagen et al. (2005) argued that 5.5 week 
proprioception training did not cause any decrease in the 
CoP range. By considering that the participants in the study 
were engaged in exercise only for 15 minutes, twice a 
week, we may conclude that the obtained result is not 
surprising. The participants in our study were required to 
exercise for 1 hour, 3 times per week, for a total period of 
6 weeks, in order to increase the intervention effect. On the 
other hand, studies have also suggested that muscular 
strength training improves balance, as the muscle 
activation of the lower extremities is closely related to 
balance ability and the ability to control posture (Patel et 
al. 2009; Tanaka et al., 2007). Furthermore, several studies 
have reported high relevance between balance and 
muscular strength that lead to plantarflexion and 
dorsiflexion of the ankle joint (Pant et al., 2006; 
Suponitsky et al., 2008). Strength training seems to have a 
positive effect on improving the anterior-posterior balance 
of Taekwondo Poomsae players as A/P CoP range and A/P 
CoP mean velocity after training was decreased in strength 
training group. These findings indicate that low-load 
strength training is an effective method for improving body 
balance. 

In support of the first hypothesis of this study, it was 
found that proprioceptive training and low-load lower-limb 

muscular strength training had a positive effect on the 
improvement  of  balance  of Taekwondo Poomsae athletes. 
However,  the   study  did  not  identify  which  of the two  
training methods was more effective in improving balance. 

Yoo et al. (2014) mentioned that the CoP position 
within the BoS could potentially provide a method to 
improve balance ability. In P1, the CoP position of the PG 
was located at a relatively more forward position after the 
training, in comparison to its position before training. In 
particular, after the training, the CoP position of the PG 
was located at a more forward position, in comparison to 
CG. In P2, after the training, the CoP position of the PG 
was located at a relatively more central position, in 
comparison to its position before training. According to a 
study conducted by Yoo et al. (2014) on the effects of an 
exercise program for children who were proficient at sports 
involving single-leg standing balance, the CoP position 
within the BoS was moved in the direction of the toes by 
30% after the exercise. This indicates that in order to 
maintain single-leg standing balance, the CoP position 
should be located at the fore-foot. In the future, more 
reliable results may be obtained if a greater number of 
participants are used and a greater variety of cases are 
studied in order to investigate the relationship between 
balance variables and CoP position within the BoS. 

Finally, the correlation between the CoP position 
and balance was investigated. The results showed that the 
vertical ground reaction torque, A/P CoP range, and A/P 
CoP mean velocity at P2, became smaller as the position of 
the CoP at P2 moved forward. To stably perform a single-
leg stand at P2, it was desirable to perform motion while 
moving the CoP position forward from the center point of 
the foot. It was also desirable to move the CoP position 
forward at P2 in order to maintain the crane stance without 
sway. For Taekwondo athletes to effectively maintain their 
balance when performing the crane stance, conscious effort 
to perform the stance with a greater load being applied to 
the forefoot area is needed, while it is also necessary to de-
velop training methods focused on improving this skill.  

Limitations in this study included the fact that par-
ticipants in all groups performed Taekwondo training. 
Studies by Fong et al. (2012b; 2013a) reported that 
Taekwondo had a positive effect on the static balance of 
children with developmental disorders, while studies by 
Fong et al., Fu, & Ng (2012a; 2013b) reported that 
Taekwondo can improve postural control ability of adoles-
cents.   However,  since  all  participants  in this study per- 
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formed the same Taekwondo training, it did not likely have 
an impact on testing the training effect. 
 
Conclusion 
 
In this study, it was found that both proprioception training 
and lower-extremity muscle strength training improved 
athletic performance and raised the skill level of athletes 
with regard to maintaining the Taekwondo crane stance. 
Therefore, applying these training methods into 
Taekwondo training programs may have a positive effect 
on improving the competitive performance of Taekwondo 
athletes. In particular, the findings confirmed that 
conscious effort to perform the stance with load being 
applied to the forefoot area was related to maintenance of 
balance when performing the crane stance on one leg. 
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Key points 
 
 The proprioception training improved the balance of 

Taekwondo athletes. 
 The lower-extremity muscle strength training im-

proved the balance of Taekwondo athletes. 
 It was desirable to move the CoP position through 

conscious effort forward in order to maintain the 
"Hakdariseogi" stance without sway. 
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