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ABSTRACT

Background: The purpose of this study was to investigate the effects of an
eight-week structured dance training program on static balance, dynamic bal-
ance, and coordination performance in taekwondo athletes.

Methods: The study was conducted as a randomized controlled trial us-
ing a two-group pre-test—post-test parallel design. Thirty-four licensed male
taekwondo athletes (18-24 years) who regularly participated in competitive
taekwondo training were randomly assigned to either an experimental group
(dance training plus taekwondo) or a control group (taekwondo training only).
The intervention consisted of an eight-week structured dance training program
performed twice weekly (45—60 min/session) in addition to regular taekwondo
training. Static balance, dynamic balance, and coordination were assessed using
the Flamingo Balance Test, Y-Balance Test, and Hexagon Test, respectively. Data
were analyzed using a 2 x 2 mixed-design analysis of variance (ANOVA).

Results: No significant time % group interaction was observed for static bal-
ance performance (p > .05). However, significant time x group interactions were
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INTRODUCTION

.06) and left (F(1, 32) = 24.68, p <.001, np? = .44) lower extremities, indicating
greater improvements in the experimental group. Similarly, coordination perfor-
mance assessed by the Hexagon Test showed a significant time x group inter-
action (F(1, 32) = 34.43, p <.001, np? = .52), favoring the experimental group.

Conclusion: An eight-week dance-based training program significantly im-
proves dynamic balance and coordination performance in taekwondo athletes,
but does not provide additional benefits for static balance. Dance-based training
may be considered an effective complementary training strategy for improving
dynamic balance and coordination in trained taekwondo athletes. From a practi-
cal perspective, incorporating structured dance sessions into regular taekwondo
training may support neuromotor performance components relevant to combat
sport athletes.

Keywords: Taekwondo, Dance training, Dynamic balance; Coordination

but also, to a large extent, on neuromotor com-

Taekwondo is a combat sport character-
ized by high-speed kicking techniques, rapid
changes of direction, jumping actions, and
technical movements frequently performed
during single-leg support phases, all of which
impose substantial demands on balance and
coordination. Owing to these characteristics,
tackwondo performance depends not only on
physical attributes such as strength and speed

ponents, including static and dynamic balance,
postural control, and upper—lower extremity
coordination (Fong & Ng, 2011; Hrysomal-
lis, 2011). Recent studies have demonstrated
that balance capacity in tackwondo athletes
is closely associated with technical accuracy,
movement efficiency, and injury risk profiles
(Dong et al., 2025; Oztiirk et al., 2025).
Enhancing balance and coordination in
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tackwondo athletes is of critical importance
for both performance optimization and injury
risk reduction. Particularly in this discipline,
where lower-extremity—dominant techniques
are widely used, maintaining postural stability
during single-leg support and rapidly adapting
to multidirectional movements are decisive.
In this regard, recent systematic reviews have
reported that tackwondo training can induce
positive adaptations in dynamic balance and
postural control, and that these adaptations are
closely related to sport-specific performance
outcomes (Han & Ju, 2025; Leong etal., 2011).

In addition to traditional sport-specif-
ic training methods, complementary and
multi-component training approaches have re-
cently gained increasing attention for the de-
velopment of balance and coordination skills.
Among these approaches, dance-based train-
ing has emerged as a promising modality due
to its structure, which simultaneously targets
rhythm perception, timing, intersegmental co-
ordination, and spatial awareness. Dance is
defined as a holistic form of physical activity
that supports neuromotor adaptations by con-
currently stimulating multi-planar movement
control, sensory integration, and motor plan-
ning processes (Liu et al., 2021; Seidler et al.,
2013).

Previous studies have demonstrated that
dance-based interventions improve dynamic
balance, postural control, and motor coordina-
tion across different populations (Burzynska
et al., 2017; Jouira et al., 2024; Kattenstroth
et al., 2013). However, whether these benefits
translate into benefits for trained tackwondo
athletes remains unclear.

Previous studies have shown that com-
plementary training interventions, when per-
formed alongside regular tackwondo prac-
tice, can improve neuromotor performance
and physical fitness. Therefore, investigating
dance-based training as a complementary in-

tervention may further advance current knowl-
edge in this area (Herrera-Valenzuela et al.,
2016).

These findings suggest that dance-based
training may serve as an effective comple-
mentary tool for sports characterized by high
demands on balance and coordination. Never-
theless, despite the growing body of research
examining the effects of dance-based inter-
ventions on balance and coordination across
studies
structured, sustained dance training programs
in tackwondo athletes remain limited. More-

various populations, investigating

over, a considerable proportion of existing
studies have assessed balance and coordina-
tion using a single measurement tool, which
may fail to represent the multidimensional
nature of motor performance adequately. Bal-
ance and coordination should instead be con-
ceptualized as multidimensional motor skills
comprising static balance, dynamic balance,
and change-of-direction/coordination com-
ponents. Accordingly, the selection of assess-
ment tools that appropriately represent each
motor component is of paramount importance.
The Y-Balance Test, widely used to assess
dynamic balance, has demonstrated validity,
reliability, and field applicability in athletic
populations, as supported by recent system-
atic reviews (Lesch et al., 2024; Plisky et al.,
2021). The Flamingo Balance Test is frequent-
ly employed for the evaluation of static bal-
ance due to its assessment of single-leg postur-
al control and its inclusion in the Eurofit test
battery (Sember et al., 2020). The Hexagon
Test, incorporating rapid changes of direction,
foot placement, and motor coordination, has
been reported as a field-based test with high
test—retest reliability for assessing agility and
coordination performance in athletes (Beekhu-
izen et al., 2009; Sporis et al., 2010).
Although previous studies have shown that
dance-based interventions improve balance
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and coordination in various populations, evi-
dence in trained tackwondo athletes remains
limited. Moreover, no randomized controlled
study has simultaneously examined the effects
of an eight-week dance training program on
static balance, dynamic balance, and coordina-
tion using multiple validated assessment tools.
Therefore, the aim of this study was to investi-
gate the effects of an eight-week dance training
program on static balance, dynamic balance,
and coordination in licensed tackwondo ath-
letes using a randomized controlled pre-test—
post-test design. It was hypothesized that the
dance training group would demonstrate great-
er improvements in dynamic balance and co-
ordination than the control group, whereas no
additional improvement was expected in static
balance.

METHODS

Research Design

This study was designed as a randomized
controlled trial using a two-group pre-test—post-
test parallel design. In this model, measure-
ments were obtained from both experimental
and control groups before and after the inter-
vention, allowing for a comparative evaluation
of the intervention effects (Karasar, 2012).

Participants were randomly assigned to
either the experimental group (dance training
+ tackwondo) or the control group (tackwon-
do only).

Participants were randomly allocated to the
experimental and control groups using a com-
puter-generated randomization procedure in
Microsoft Excel. A random number sequence
was generated using the RAND() function,
and group assignments were determined based
on sorted random values. The randomization
process was performed by an independent
researcher not involved in data collection or
analysis to minimize allocation bias. Stratified
randomization according to competitive lev-

el or training experience was not performed
because all participants were recruited from
the same training environment, met identical
inclusion criteria, and had similar training
backgrounds and competitive characteristics.
Therefore, simple randomization was consid-
ered appropriate for group allocation.

Due to the nature of the intervention, par-
ticipants were not blinded to group allocation.
However, outcome assessors were blinded to
group assignments to reduce potential measure-
ment bias. The study was reported in accordance
with CONSORT guidelines for randomized
controlled trials. The trial was not prospectively
registered in a public trial registry.

In this study, both groups performed their
regular tackwondo training three times per
week (60—90 minutes per session). The exper-
imental group additionally participated in a
structured dance training program conducted
twice per week for eight weeks (45—60 minutes
per session). In contrast, the control group did
not receive any additional training. The dance
training was implemented as a complementary
intervention and did not replace sport-specific
tackwondo training.

Both groups completed the same regular
tackwondo training program under the super-
vision of the same coach throughout the inter-
vention period. The only difference between
the groups was the additional dance training
performed by the experimental group. Before
the intervention, all participants were instruct-
ed to maintain their usual training routines
and refrain from engaging in any additional
structured physical exercise outside the study
protocol. Compliance with these instructions
was reinforced and monitored through regular
communication with the participants through-
out the intervention period.

Prior to the intervention, balance and co-
ordination abilities of both groups were as-
sessed using valid and reliable measurement
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tools, and the obtained data were recorded as
pre-test values. Following the completion of
the eight-week intervention period, the same
measurement protocol was repeated to obtain

post-test data. Accordingly, the effects of the
dance training program on balance and coor-
dination performance were statistically ana-
lyzed.

Randomized Controlled Trial Design

( Assessed for eligibility (n = 34) )

( Random Allocation (n = 34) J

v
Experimental Group (n =17)

* Tackwondo Training 3x per week

v
Control Group (n =17)

* Tackwondo Training 3x per week

(60-90 min) (60—90 min)
* Dance Training 2x per week
(45—60 min)
. J .
—b( Outcome Assessments JG—
[

Pre-Test ——»  Post-Test J

v v v

( Y-Balance Test J (Flamingo Balance Test) ( Hexagon Test J

Figure 1. Research Design

Participants

A total of 34 male tackwondo athletes aged
between 18 and 24 years, who were students
at a faculty of sport sciences and actively en-
gaged in regular training, voluntarily partici-
pated in this study. Inclusion required at least
2 years of licensed tackwondo experience, and
all participants provided voluntary consent to
participate in the research.

The inclusion criteria were as follows: (a)
being 18 years of age or older, (b) having at
least two years of licensed tackwondo experi-
ence, (c) engaging in regular training at least
three days per week, and (d) voluntarily agree-
ing to participate in the study.

The exclusion criteria included: (a) the use
of stimulants, psychoactive substances, nar-

cotic medications, or performance-enhancing
supplements during the testing procedures or
throughout the study period; (b) the use of
supplements that could affect hormonal levels
(e.g., steroids or hormone-regulating agents)
within the previous three months; and (c) the
presence of any orthopedic, neurological, car-
diovascular, pulmonary, or metabolic condi-
tions that could potentially influence balance
or coordination performance. Compliance
with the inclusion and exclusion criteria was
verified before the intervention through both
written and verbal declarations obtained from
all participants. Participants confirmed that
they were not using performance-enhancing
supplements, prohibited substances, or med-
ications that could influence the study out-
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comes and agreed to refrain from using such
substances throughout the intervention period.
Participant recruitment, allocation, follow-up,
and analysis are presented in the CONSORT
flow diagram (Figure 2).

Data Collection Procedures

Training Protocol

The dance training program was imple-
mented as a complementary training modality
alongside the participants’ regular tackwondo
training. The experimental group maintained
its routine tackwondo training schedule during
the intervention period.

In this study, a dance training protocol com-
prising 16 sessions over an eight-week period
was implemented to improve coordination and
balance performance in tackwondo athletes.
Training sessions were conducted twice per
week, each lasting approximately 45—60 min-
utes. Each training session comprised three
phases: a 10-minute warm-up, a 30—40-minute
main section, and a 5—10-minute cool-down
period. The training tempo was initially set at
120-125 beats per minute (BPM) and was pro-
gressively increased to 135—-145 BPM in the
later weeks.

All dance sessions were conducted by the
same instructor, a faculty member in the Fac-
ulty of Sport Sciences with professional expe-
rience in dance training, to ensure consistency
across interventions. Before each session, the
instructor demonstrated all movements, and
participants received continuous verbal feed-
back and technique corrections throughout
the training to ensure correct and standardized
execution. Training tempo was progressively
advanced through increases in musical tempo
(BPM) across the intervention period; howev-
er, physiological training load was not objec-
tively monitored. Participant adherence was
monitored throughout the intervention, and at-
tendance was 100%, with all athletes complet-

ing every scheduled dance training session.

The warm-up phase included joint mobili-
zation exercises, dynamic stretching, low-tem-
po walking steps, and basic rthythm exercises.
This phase aimed to prepare the musculoskele-
tal system and facilitate rhythmic synchroniza-
tion prior to the main training activities.

During the main phase, rhythm-based exer-
cises targeting different BPM levels and dance
styles were applied in the first two sessions,
and the structure of a dance block consisting of
4 x 8 counts was introduced. In the third and
fourth sessions, walking steps were performed
at a tempo of 125-130 BPM, with empha-
sis placed on maintaining rhythmic cadence
and perceiving the initiation and termination
points of dance phrases. In the fifth session,
combinations referred to as Series A—com-
prising walking steps, mambo steps, V-steps,
and basic dance movements—were practiced
in a synchronized manner. In the sixth session,
movements included in Series B, such as for-
ward tapping and lunge actions, were repeated
to reinforce motor learning. In the seventh ses-
sion, Series C was introduced, incorporating
step-touch and heel-step movements.

From the eighth session onward, training
focused on performance execution and group
synchronization. Athletes performed cho-
reographies consisting of four fundamental
step blocks in a synchronized group format at
a tempo of 135-145 BPM. During the ninth
and tenth sessions, two basic step-block se-
quences were repeated for each movement,
with particular attention given to synchroniza-
tion with musical tempo. In the eleventh and
twelfth sessions, intra-group choreographies
were designed, combining previously learned
steps with arm movements to enhance fluidity
of movement. In the thirteenth and fourteenth
sessions, athletes were instructed to create
their own step-block sequences at a tempo of
135-145 BPM, thereby reinforcing creativity
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and coordination skills. In the fifteenth ses-
sion, spatial awareness and alignment exer-
cises were emphasized, and in the sixteenth
session, the program was completed with the
performance of a short final dance routine con-
sisting of two step blocks (Jouira et al., 2024).

The cool-down phase consisted of gradual-
ly reducing the dance tempo, static stretching
exercises, and breathing exercises. Overall, the
applied dance training protocol was systemati-
cally designed to enhance rhythmic ability, co-
ordination of the upper and lower extremities,
and dynamic balance performance in tackwon-
do athletes.

Anthropometric Measurements

Inorder to determine the descriptive charac-
teristics of the participants and to ensure group
homogeneity, measurements of age, height,
body mass, and body mass index (BMI) were
obtained. Particularly in interventions such as
dance training that may influence motor per-
formance, participants’ physical characteris-
tics are considered important variables in in-
terpreting outcomes. Therefore, demographic
information was recorded for all athletes.

Body mass was measured using a digital
scale with a precision of 0.01 kg. Measure-
ments were conducted while participants were
barefoot, wearing shorts, and standing in an
anatomical position. Height was measured in
the anatomical position with participants bare-
foot, heels together, head aligned in the fron-
tal plane, and breath held, with the headboard
positioned to contact the vertex. Height mea-
surements were recorded electronically using
a Soehnle Ultrasonic Stadiometer with a pre-
cision of £1 mm, and values were documented
in centimeters.

Body mass index (BMI) was calculated us-
ing the formula BMI = body mass / height* (kg/
m?). The anthropometric data obtained were
used to ensure homogeneity between the study

groups and to facilitate accurate interpretation
of balance and coordination outcomes follow-
ing the dance training intervention.

Hexagon Test

In this study, the original Hexagon Test de-
veloped by Beekhuizen et al. (2009) was ap-
plied. The test was performed on a hexagonal
layout with each side measuring 60 cm and
internal angles of 120 degrees. Participants
began the test standing in the exact center of
the hexagon, facing forward, with feet togeth-
er and hips stabilized. During the test, athletes
were instructed to jump forward and backward
over each of the six sides of the hexagon in a
clockwise sequence.

All trials were recorded using an i0S-based
smartphone (iPhone XS; Apple Inc., Cuperti-
no, CA, USA) at a frame rate of 240 Hz. The
device was positioned approximately 1 m from
the testing area and mounted on a fixed tripod
using a GripTight Mount Pro (Joby, USA). The
recorded videos were subsequently reviewed
by two researchers to determine the comple-
tion time and verify the correct execution of
the test protocol. Any discrepancies identified
during the evaluation were resolved through
joint review and consensus before the final val-
ues were recorded. This procedure was adopt-
ed to enhance the consistency and reliability of
the measurements.

During the test, a 0.5-second penalty was
added for each contact with the boundary lines,
and a 1-second penalty was applied when the
correct jumping sequence was not followed.
Prior to the valid trial used for analysis, partic-
ipants completed one familiarization (practice)
trial to ensure proper understanding of the test-
ing procedure.

Y-Balance Test
The Y-Balance Test was administered to
assess dynamic balance, lower-extremity sta-
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bility, and postural control capacity. During
the test, athletes maintained balance on one
leg while reaching as far as possible with the
contralateral limb in three directions: anterior,
posteromedial, and posterolateral. The test was
conducted using the maximal-reach principle
in predefined directions while maintaining sin-
gle-leg balance.

The three reach directions—anterior (for-
ward/frontal), posteromedial, and posterolater-
al—were assessed for both lower extremities.
Testing was performed sequentially as right
anterior, right posteromedial, right posterolat-
eral, left anterior, left posteromedial, and left
posterolateral reaches.

The starting position was defined by plac-
ing the stance foot on the starting line while

extending the free limb as far as possible in the
designated direction. All measurements were
recorded to the nearest 0.5 cm from the start-
ing line. Each reach direction was performed
3 times, and the maximum reach distance for
each direction was used in the statistical anal-
ysis.

To account for individual anthropometric
differences, reach distances were normalized
to each participant’s lower-limb length, mea-
sured with a flexible tape measure before test-
ing. Normalized reach distance was calculated
using the following formula:

Normalized reach distance (%) = (maxi-
mum reach distance / lower-limb length) x 100

In addition, a composite score was calcu-
lated for each participant as follows:

Composite score (%) = [(anterior + posteromedial + posterolateral reach distances) /

(3 x lower-limb length)] x 100

The normalized composite scores were
used for all statistical analyses (Shaffer et al.,
2013).

Flamingo Balance Test

The Flamingo Balance Test was used to
evaluate static balance ability and postural
control during single-leg stance. The test mea-
sures the ability to maintain balance on a stable
support surface with minimal body movement
and is commonly employed to assess low-
er-extremity stability, proprioceptive control,
and muscular coordination (Eurofit, 1993).

In this study, the Flamingo Balance Test
was used to assess the static balance of tae-
kwondo athletes. Prior to testing, participants
completed a standardized 10-minute general
warm-up and stretching routine while wearing
sports attire. Following the warm-up, athletes
stood on their dominant foot on a balance beam
measuring 50 cm in length, 3 cm in width, and
4 cm in height.

(1)

During the test, participants flexed the free
leg at the knee toward the hip and held the foot
with the hand on the same side. Athletes were
instructed to maintain this position for one
minute. Each time balance was lost—either
by releasing the held foot or stepping off the
balance beam—the timing was stopped. When
balance was regained and the athlete returned
to the beam, timing resumed from where it had
stopped.

At the end of the test duration, the total
number of balance losses was recorded, and
this numerical value was used as the static bal-
ance score (Eurofit, 1993).

Statistical Analysis

The results of the Shapiro—Wilk normality
test and Levene’s test for homogeneity of vari-
ances are presented in Table 1.

Participants were divided into two groups:
an experimental group that received the dance
training intervention and a control group that
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did not. Both groups underwent pre-test and
post-test measurements. Accordingly, time
(pre-test vs. post-test) was treated as a with-
in-subject factor, while group (experimental
vs. control) was treated as a between-subject
factor.

To examine the effects of the dance train-
ing program on static balance, dynamic bal-
ance, and coordination performance, a 2 x 2
mixed-design analysis of variance (ANOVA)
was performed. This analysis tested the main
effects of time, the main effects of group, and
the time x group interaction.

The level of statistical significance was
set at p < .05. To facilitate interpretation of
both statistical and practical significance,
effect sizes were reported using partial eta
squared (np?). When significant interaction

effects were identified, Bonferroni-adjusted
pairwise comparisons were conducted to
determine the source of the differences.

To justify sample size adequacy and
ensure sufficient statistical power, an a
priori power analysis conducted
using G*Power software (Faul et al., 2007).
For a mixed-design ANOVA (within—be-

tween interaction) with two groups and

was

two measurements, the analysis assumed a
medium effect size (f= 0.25), a = .05, statis-
.80, a correlation among

tical power
repeated measures (r = .50), and ¢ = 1.00.
The calculation indicated that a minimum
of 16 participants per group was required.
Considering potential dropouts, the study
was planned with a total of 34 taekwondo
athletes.

Table 1. Results of the Shapiro—Wilk normality test and Levenes test for homogeneity of

variances
Outcome Experimental Experimental Control (Pre) Control (Post) Levene (p)
Measure (Pre)W/p (Post) W/p W/p W/p (Pre / Post)
Flamingo Balance 5 17, = 601 0385/<.001 0.533/<.001 0470/<.001 0.413/ 348
(Non-dominant)
Flamingo Balance 305, = 001 0262/<.001  0.470/<.001 0.385/<.001 0.348/ 238
(Dominant)
Hexagon Test 0.921/.153 0.896 / .058 0.931/.226  0.951/.467 0.536/.371
Y-Balance Test ) 557/ 504 0.958 /.595 0.962/.661  0.968/.778 0.736/.816
(Right)
Y'Ba(lﬁgﬁg Test 960/ 625 0.961/.657  0.931/.226 0971/.835 0.735/.344

Note. W = Shapiro—Wilk statistic; p = significance value.

The Shapiro—Wilk test was used to assess the normality

assumption, whereas Levene’s test was used to evaluate the homogeneity of variances between groups. A p value
> .05 indicated that the corresponding assumption was satisfied.

Use of Artificial Intelligence

In preparing this manuscript, artificial
intelligence tools (e.g., ChatGPT, OpenAl)
were used for language editing and to im-
prove the clarity of academic expression.

The authors reviewed and verified all out-
puts generated by the Al tool and take full

responsibility for the content of the manu-
script.

RESULTS

A CONSORT flow diagram illustrating
participant recruitment, allocation, follow-up,
and analysis is presented in Figure 2.

144



JOURNAL of Applied Sports Sciences 10(1)/2026

Assessed for eligibility (n = 34) |

<
Excluded (7 = 0)
* Not meeting inclusion criteria ( 7 = 0)
* Declined to participate ( n = 0)
* Other reasons ( n = 0)

| Randomized (n = 34) |
1
- v
Allocated to Experimental Group (r = 17) | | Allocated to Control Group (n =17) |

* Allocated to tackwondo only (n =17)
* Received allocated intervention (n = 17)
* Did not receive intervention ( n = 0)

* Allocated to dance training + tackwondo ( n = 17)
* Received allocated intervention (n = 17)
* Did not receive intervention ( n = 0)

v v

| Lost to follow-up (n = 0) | | Lost to follow-up (n = 0) |
v v

| Discontinued intervention (n = 0) | | Discontinued intervention (n = 0) |
v v

| Analyzed (n = 17) [ | Analyzed (n = 17) |
v

| Excluded from analysis (n = 0) | | Excluded from analysis (n = 0) |

Figure 2. CONSORT flow diagram of participant recruitment, randomization, and analysis.

Table 2. Anthropometric Characteristics of the Participants (n = 34)

Variable M= SD Min-Max
Height (cm) 179.50 +£4.93 172-190
Body mass (kg) 68.74 +7.52 54-82
Body mass index (kg/m?) 21.31+£1.93 17.04-23.84
Age (years) 21.59 +£1.52 1924

Note. No significant differences were observed between the dance and control groups in anthropometric charac-
teristics at baseline (p > .05).

Table 3. Descriptive statistics and 95% confidence intervals for all outcome variables

Outcome

Variable Group Pre-test (M £+ SD; 95% CI) Post-test (M £ SD; 95% CI)
Flarlningo Dance 0.18 £ 0.39 (—0.029 to 0.382) 0.12 £ 0.33 (—0.062 to 0.297)
(Noﬁzgﬁiano Control 0.24 + 0.44 (0.030 to 0.441) 0.18 + 0.39 (—0.003 to 0.356)
Flarlningo Dance 0.12 + 0.33 (—0.062 to 0.297) 0.06 + 0.24 (—0.085 to 0.202)
&,ﬁﬁ;ﬁo Control ~ 0.18 +0.39 (—0.003 to 0.356) 0.12 £ 0.33 (—0.026 to 0.261)
Dance 6.54 + 1.52 (5.839 to 7.243) 5.28 +0.89 (4.719 to 5.836)
Hexagon Test (s)
Control 6.57 + 1.31 (5.869 to 7.273) 6.96 + 1.33 (6.399 to 7.516)
Y-Balance Test Dance  88.52+2.65 (87.086 t0 89.961)  92.26 + 2.81 (90.786 to 93.732)
(Right) Control ~ 89.29 +3.14 (87.851 t0 90.726)  90.91 + 3.14 (89.439 to 92.385)
Y-Balance Test Dance  87.29 £2.63 (86.042 to 88.547)  90.94 £ 2.78 (89.667 to 92.204)
(Left) Control  88.00 + 2.44 (86.748 to 89.252) 90.11 + 2.33 (88.843 to 91.381)

Note. Values are presented as mean + standard deviation (SD). Values in parentheses represent the 95% confidence

interval (CI) estimated from the mixed-design ANOVA model.
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Table 4. Mixed ANOVA Results for the Effects of Time, Group, and Time % Group Interaction
on Static Balance, Dynamic Balance, and Coordination Performance Variables

Variable Effect df F D np?

Time 1,32 0.48 49 .02

Non-Dominant Static Balance Group 1,32 0.32 .57 .01
Time x Group 1,32 0.00 1.00 .00

Time 1,32 0.48 49 .02

Dominant Static Balance Group 1,32 0.63 43 .02
Time x Group 1,32 0.00 1.00 .00

Time 1,32 407.90 <.001 .93

Right Y Balance (Dynamic) Group 1,32 0.09 77 .00
Time x Group 1,32 63.34 <.001 .66

Time 1,32 349.21  <.001 .92

Left Y Balance (Dynamic) Group 1,32 0.01 95 .00
Time x Group 1,32 24.68 <.001 44

Time 1,32 9.73 .004 23

HEX (Coordination) Group 1,32 4.20 .049 12
Time x Group 1,32 34.43 <.001 .52

Note. np? denotes partial eta squared (an effect size). Significance level was set at p < .05.

Descriptive statistics indicated great-
er improvements in the experimental group
than in the control group across the primary
outcome measures. Right Y-Balance perfor-
mance increased by 4.2% in the experimen-
tal group (88.52 to 92.26), compared with a
1.8% increase in the control group (89.29 to
90.91). Similarly, left Y-Balance performance
improved by 4.2% in the experimental group
(87.29 to 90.94), whereas the control group
improved by 2.4% (88.00 to 90.11). Coordina-
tion performance, assessed using the Hexagon
Test, improved by 19.3% in the experimen-
tal group (6.54 to 5.28 s), while the control
group showed a 5.9% decline (6.57 to 6.96 s).
These descriptive findings are supported by
the mixed-design ANOVA results and are con-
sistent with the Bonferroni-adjusted post hoc
comparisons.

The mixed-design ANOVA revealed no

significant main effects of time or group, and
no significant time x group interactions for
either dominant or non-dominant static bal-
ance (p > .05). These findings indicate that
static balance performance did not change
significantly over time and that the dance
training program did not produce addition-
al improvements compared with the control
condition.

In contrast, significant main effects of time
were observed for both right and left Y-Bal-
ance scores (p < .001), indicating substantial
improvements in dynamic balance perfor-
mance from pre-test to post-test when the two
groups were considered collectively.

Importantly, significant time x group inter-
actions were identified for both right (F(1, 32)
=63.34,p<.001,np*=.66) and left Y-Balance
scores (F(1, 32) =24.68, p <.001, np* = .44).
These results indicate that the magnitude
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of improvement in dynamic balance was
significantly greater in the dance training group
compared with the control group. Bonfer-
roni-adjusted post hoc comparisons confirmed
that the experimental group demonstrated sig-
nificantly greater improvements from pre-test
to post-test than the control group for both
right (adjusted p <.001) and left (adjusted p <
.001) Y-Balance performance. These findings
are consistent with the descriptive statistics
presented in Table 3.

Consistent with the findings for dynamic
balance, coordination performance assessed
by the Hexagon (HEX) test also showed sig-
nificant changes over time. The mixed-design
ANOVA revealed a significant main effect of
time for HEX coordination performance (F(1,
32) =9.73, p = .004, np* = .23), indicating a
significant overall improvement from pre-test
to post-test across both groups.

In addition, a significant main effect of

group was observed (F(1, 32) =4.20, p =.049,
np? = .12), suggesting overall differences in
coordination performance between the groups
when averaged across measurement time
points.

Most importantly, the time X group in-
teraction for HEX performance was sta-
tistically significant (F(1, 32) = 34.43, p <
.001, np? = .52). This interaction indicates
that changes over time differed significantly
between groups, with the dance training
group demonstrating a markedly greater
improvement in coordination performance
compared with the control group.

Bonferroni-adjusted post hoc comparisons
further confirmed that coordination perfor-
mance improved significantly from pre-test to
post-test in the experimental group compared
with the control group (adjusted p < .001),
supporting the significant Time x Group in-
teraction observed in the mixed ANOVA.

Right Y-Balance

oy —— Dance
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92 1

Score

871 —
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Figure 3A. Right Y-Balance
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DISCUSSION

The purpose of this study was to investigate
the effects of an eight-week structured dance
training program on static balance, dynamic
balance, and coordination performance in tae-
kwondo athletes. The main findings demon-
strated that dance training resulted in significant
improvements with large effect sizes in dynam-
ic balance (Y-Balance Test) and coordination
(Hexagon Test), whereas no significant changes
were observed in static balance performance as
assessed by the Flamingo Balance Test.

Importantly, the dance training program
was applied as a complementary intervention
alongside regular tackwondo training and did
not substitute for sport-specific practice, ensur-
ing that the observed effects can be attributed
to the additional training stimulus.

The findings on static balance showed no
significant time X group interaction in the
dance training group. This outcome may be
explained by the fact that tackwondo athletes
already possess a relatively high level of
single-leg postural control due to long-term
sport-specific training. Previous research has
suggested that prolonged exposure to disci-
pline-specific training may lead to a “ceiling
effect,” particularly in static balance perfor-
mance, thereby limiting the potential impact
of additional interventions on this parameter.
Furthermore, the Flamingo Balance Test, due
to its single-plane structure and limited move-
ment variability, may not adequately capture
the neuromotor adaptations induced by dance
training, which involves multi-planar and
rhythm-based stimuli. This limitation sug-
gests that static balance tests may exhibit re-
duced sensitivity to training-induced changes
in athletic populations. In addition, the very
low number of balance losses observed in the
Flamingo Balance Test suggests a floor effect,
and the marked non-normality of these data
further limits the sensitivity of the test to de-

tect between-group changes. Therefore, the
static balance findings should be interpreted
cautiously.

In contrast, the findings related to dynam-
ic balance represent one of the strongest out-
comes of the present study. The significant
time % group interactions observed for both the
right and left lower extremities in the Y-Bal-
ance Test, along with the large reported effect
sizes (np? = .44—.66), indicate that dance train-
ing provided a specific and meaningful con-
tribution to the development of dynamic bal-
ance. These improvements can be attributed
to the inherent characteristics of dance, which
involve multidirectional reaching, single-leg
support phases, rhythmic transitions, and fre-
quent changes of direction. Previous studies
have similarly reported that dance-based train-
ing simultaneously stimulates lower-extremi-
ty stability, proprioceptive feedback, and pos-
tural control mechanisms, thereby enhancing
dynamic balance performance (Jouira et al.,
2024; Kattenstroth et al., 2013).

From a biomechanical perspective, the
improvements observed in the present study
may be explained by enhanced sensorimotor
integration and neuromuscular control. Dance
training requires continuous regulation of the
body’s center of mass over a dynamically
changing base of support through multidi-
rectional stepping patterns, rhythmic move-
ments, and repeated single-leg tasks. These
movement characteristics are known to im-
prove proprioceptive function, postural con-
trol, and intermuscular coordination, thereby
enhancing movement efficiency and dynamic
balance performance. Recent evidence indi-
cates that proprioceptive and sensorimotor
training induces meaningful improvements
in balance performance, motor function, and
neuromuscular adaptations across athletic
populations (Yilmaz et al., 2024). Likewise,
the integration of proprioceptive exercises
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into dance-based training has been shown
to enhance neuromotor performance, pos-
tural stability, and movement quality by im-
proving sensorimotor coordination and body
awareness (Mancini et al., 2025). Therefore,
the improvements in dynamic balance and co-
ordination observed in the present study are
likely attributable to these neuromechanical
adaptations. Although these adaptations may
be relevant to tackwondo-specific movements
such as kicking, landing, and rapid changes of
direction, the present study did not directly
assess technical performance. Therefore, any
transfer of these adaptations to sport-specific
performance should be interpreted with cau-
tion and requires confirmation in future re-
search.

When considered within the context of
tackwondo, improvements in dynamic bal-
ance may be functionally relevant because
many technical actions, such as kicking
during single-leg support, rapid directional
changes, and transitions into counterattacks,
require high levels of dynamic postural con-
trol. Previous studies have reported associ-
ations between Y-Balance Test performance
and performance indicators or injury risk
profiles in taekwondo athletes (Dong et al.,
2025; Plisky et al., 2021). However, because
the present study did not directly evaluate
tackwondo-specific technical performance or
competitive outcomes, it cannot be concluded
that the observed improvements in dynamic
balance translated into enhanced sport-spe-
cific performance. Future studies incorporat-
ing technical performance assessments are
required to clarify this potential relationship.

The results of the Hexagon Test further
highlight the pronounced effects of dance
training on coordination performance. The
significant time x group interaction and the
reported moderate-to-large effect size (np? =
.52) indicate that the dance-based interven-

tion effectively improved change-of-direc-
tion ability, foot placement accuracy, and
motor planning processes. The literature em-
phasizes that dance training enhances rhythm
perception, intersegmental timing, and spatial
awareness, all of which contribute positively
to coordinative performance (Burzynska et
al., 2017; Seidler et al., 2013). Given that the
Hexagon Test requires rapid cognitive—motor
integration, the observed improvements fol-
lowing dance training appear physiologically
and neuromotorically consistent.

Overall, the findings of this study suggest
that dance-based training is more effective in
enhancing complex motor skills such as dy-
namic balance and coordination than static
balance. These findings support the notion that
multi-component and rhythm-based training
approaches may be more suitable for improv-
ing functional balance, agility, and coordina-
tion in athletic populations. However, these
findings should be interpreted with caution.
Because the experimental group completed an
additional structured dance training program,
the total exercise volume was greater than that
of the control group. Although participants
were instructed to maintain their regular tae-
kwondo training throughout the study, overall
training load was not objectively monitored.
Therefore, it cannot be completely excluded
that a portion of the observed improvements
was influenced by the greater overall training
volume rather than the specific characteris-
tics of the dance intervention. Future stud-
ies should objectively quantify total training
load to better distinguish the specific effects
of dance training from those of increased ex-
ercise volume.

The effect sizes observed in the present
study, particularly for dynamic balance out-
comes, were relatively large. Although these
findings may reflect the relatively homoge-
neous sample, the controlled intervention
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protocol, and the neuromotor demands of the
dance-based training program, they should
also be interpreted with caution given the rel-
atively small sample size. Small sample sizes
may increase the variability of effect size es-
timates and potentially inflate estimates of in-
tervention effects. However, the a priori power
analysis indicated that the planned sample size
was sufficient to detect the expected effects.
Therefore, future randomized controlled stud-
ies with larger, more diverse samples are need-
ed to confirm the magnitude and generalizabil-
ity of the observed effects.

Study Limitations

Several limitations of the present study
should be acknowledged. Static balance was
assessed solely using the Flamingo Balance
Test, and kinetic or sensory contributions to
postural control were not examined. In addi-
tion, although training tempo was progressive-
ly advanced through increases in musical tem-
po (BPM), physiological indicators of internal
training load, such as heart rate and rating of
perceived exertion (RPE), were not monitored.
Therefore, the physiological training load and
internal demands of the intervention could not
be objectively quantified.

Furthermore, the Flamingo Balance Test
data showed a floor effect and marked non-nor-
mality, which may have reduced the sensitivi-
ty of the static balance analysis; these findings
should therefore be interpreted cautiously. Al-
though participants were instructed to main-
tain their usual training routines and refrain
from engaging in additional structured physi-
cal exercise outside the study protocol, overall
training load was not objectively monitored.
Therefore, the potential influence of differ-
ences in total training volume between groups
cannot be entirely ruled out.

Finally, the inclusion of only male ath-
letes limits the generalizability of the find-

ings. Future studies should include larger
and more diverse samples, female athletes,
different age groups and competitive levels,
objective monitoring of internal and external
training load, various dance styles, long-term
follow-up assessments, and biomechanical or
neurophysiological measures to further clar-
ify the mechanisms underlying the observed
adaptations.

CONCLUSION

In conclusion, this study demonstrated that
an eight-week structured dance training pro-
gram significantly improved dynamic balance
and coordination performance in trained male
tackwondo athletes, with large effect sizes,
whereas no additional benefits were observed
for static balance.

These findings suggest that structured dance-
based training may represent a promising com-
plementary training strategy for improving dy-
namic balance and coordination in tackwondo
athletes. However, the findings should be inter-
preted with caution because the study included
a relatively small sample of male athletes, did
not objectively monitor overall training load,
and evaluated the effects of a single eight-week
intervention without long-term follow-up.
Therefore, further randomized controlled stud-
ies involving larger and more diverse popula-
tions, different competitive levels, and longer
intervention and follow-up periods are required
before firm practical recommendations regard-
ing the routine incorporation of dance training
into tackwondo practice can be made.
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