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ABSTRACT

S (oG Flexibility and functional balance are critical for optimal performance in

Article Info: Taekwondo, as they directly impact an athlete's ability to execute precise techniques

and minimize the risk of injury. This study aimed to evaluate the effects of static

stretching and proprioceptive neuromuscular facilitation (PNF) on flexibility and

Accepted: 12 May 2025 functional balance in Taekwondo practitioners.

Available Online: 13 May 2025 M Thirty-seven Taekwondo athletes (mean age: 19.43 * 1.46 years; training
experience: 4.05 + 1.05 years) who met the inclusion criteria participated in this
study. Participants were purposefully selected based on age, sex, and body mass
index (BMI), and were randomly assigned to one of three groups: static stretching,
PNF stretching, or control (no stretching). The PNF protocol employed the contract-
relax-agonist-contract method, while the static stretching group performed 30-
second holds over an eight-week period. Flexibility (measured via 180-degree split),
single-leg stance time (SLST), and hop test (HT) performance were assessed before
and after the intervention. Data were analyzed using ANCOVA with Bonferroni post-
hoc tests, with significance set at p < 0.05.
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Keywords: m Athletes in the PNF group showed significant improvements in 180-degree
split flexibility (p < 0.001), SLST (p < 0.001), and HT performance (p < 0.05) compared

Static stretching; Flexibility; to the control group.

PNF; Balance; Taekwondo PNF stretching appears to significantly enhance flexibility and functional

balance in Taekwondo athletes. This technique may improve joint range of motion,
reduce muscle stiffness, and enhance the execution of complex movements and
quick directional changes essential in Taekwondo performance.
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1. Introduction

One of the key physical requirements in Taekwondo is achieving 180-degree flexibility, particularly in
joints such as the hips, which is essential for executing effective kicks and defensive maneuvers. This
martial art demands a multidirectional range of motion (ROM) in the hip joint, allowing athletes to perform
advanced techniques and rapid movements with precision and efficiency (2). The 180-degree middle split
is a fundamental flexibility technique in Taekwondo that enhances hip ROM, increases muscular
flexibility, and strengthens the adductor muscles. Mastery of this technique enables athletes to deliver more
powerful and accurate kicks, while also improving functional balance and postural stability during
combat—factors that collectively reduce the risk of injury. Enhanced hip flexibility and neuromuscular
control can translate into improved speed, precision, and power, facilitating the execution of complex and
high-speed techniques (3). Stretching methods used to improve these attributes include static, dynamic,
passive, active, isometric, and proprioceptive neuromuscular facilitation (PNF) stretching (2). Given the
technical and tactical demands of Taekwondo, as well as the competitive rules, high levels of lower-limb
flexibility are required, often necessitating dedicated flexibility training to expand the ROM of the hip’s
intricate joint structure (3).

Although the effects of stretching on athletic performance may vary depending on the type and timing of
the stretch, PNF is widely recognized as one of the most effective techniques for enhancing flexibility, with
limited research disputing its efficacy (12). Typically, static and PNF stretching are implemented separately
within training sessions or on alternate days. Furthermore, most previous research has focused on static
stretching and balance control, with relatively few studies directly comparing the effects of multiple
stretching modalities. This study aims to address this gap by comparing two commonly used stretching
protocols—static and PNF—and examining their effects on flexibility (as measured by the 180-degree
middle split) and functional balance in Taekwondo athletes.

2. Methods

Given the nature and objectives of the study, this research employed an applied, quasi-experimental design
with a pre-test—post-test approach and a control group over an eight-week intervention period. The target
population consisted of male and female Taekwondo practitioners aged 15 to 25 years. Participants were
recruited from local sports clubs and were required to have at least three years of Taekwondo experience,
train two to three sessions per week, and be physically capable of completing all performance tests
independently. A total of 39 participants were selected using purposive and convenience sampling. They
were assigned to one of three groups—static stretching, PNF stretching, or control (no stretching)—based
on age, gender, and body mass index (BMI). Two female participants (one from the static stretching group
and one from the control group) withdrew from the study due to lack of interest.

The aim of the study was to evaluate the effects of different stretching protocols on 180-degree middle split
flexibility and functional balance. Participants were instructed to refrain from intense physical activity for
at least 24 hours prior to testing, and no injuries occurred during the intervention period.

The PNF protocol was based on the contract-relax-agonist-contract (CRAC) technique, while static
stretches were performed with 30-second holds. Both protocols were implemented over an eight-week
period. Outcome measures included the 180-degree flexibility test, Single-Leg Stance Time (SLST), and
Hop Tests (HT), assessed before and after the intervention. Statistical analysis was conducted using
analysis of covariance (ANCOVA) followed by Bonferroni post hoc tests, with the significance level set
atp <0.05.

3. Results

Table 1 presents the variables examined in the three groups: static stretching, PNF stretching, and control
(no stretching), including 180-degree flexibility and balance (single-leg stance time and hop tests). The
results showed that athletes who performed PNF stretching demonstrated significantly better performance
in the 180-degree flexibility test (p < 0.001), single-leg stance time (p < 0.001), and hop tests (p < 0.05).
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Bonferroni post hoc comparisons of the groups in the post-test are presented in Fig. 1, adjusted using

ANCOVA.
Table 1. Descriptive statistics of dependent variables for Taekwondo athletes (Mean + SD)

Groups Static stretch PNF stretch Conrol
Variables Pretest Posttest Pretest Posttest Pretest Posttest
180° flexibility 131.72+6.36  137.25+5.44 129.44+5.62 144.61+5 129.25+6.73 132.69+3.79
SLST 45.69+0.77 47.43+0.57 45.81+.070 49.84+0.98 45.65+0.81 46.62+1.74
SLH (DL) 95.95+38.40 96.57+33.95 108.27+39.09  113.15+36.05 104.55+27.44  104.45+26.96
SLH (NDL) 100.18+37.44  102.37+36.47 112.84+20.28 117.87£17.51 96.47+£33.42 95.80+32.24
SLTH (DL) 324.29+86.92  328.23+£82.10 311.53+84.73  326.21+73.27 343.75x77.16  343.80+78.82

SLTH (NDL) 324.95488.73  325.93+87.19  360.16+81.27 374.14+77.78 309.85+60.11  310.72+55.39
Note: SLST: Single-Leg Stance Time (Seconds); SLH: Single-Leg Hop (cm); SLTH: Single-Leg Triple-Hop Test
(cm); DL: Dominant Leg; NDL: Non-Dominant Leg
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Fig. 1. Bonferroni post hoc test results comparing the groups in the post-test
Note: SLST: Single-Leg Stance Time (Seconds); SLH: Single-Leg Hop (cm); SLTH: Single-Leg Triple-Hop Test (cm); DL:
Dominant Leg; NDL: Non-Dominant Leg; 2 Significant difference from the static stretching group (p < 0.01); ¢ Significant
difference from the control group (no stretching) (p < 0.01)
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4. Conclusion

The findings of this study indicate that PNF stretching exercises led to greater improvements in flexibility
among Taekwondo athletes. While static stretching also resulted in an average improvement of
approximately 4.4 degrees compared to the control group (no stretching), this change was not statistically
significant. Stretching exercises are believed to modify muscle structure and enhance the extensibility of
elastic components. Thus, the observed increases in range of motion (ROM) are likely attributable to
improved flexibility within these elastic elements (15). Several physiological mechanisms may underlie
flexibility gains following stretching. Evidence suggests that short-term increases in ROM are more closely
associated with enhanced stretch tolerance rather than reductions in muscle-tendon unit stiffness. Notably,
PNF stretching has been shown to be more effective than static stretching in improving stretch
tolerance (14). For long-term improvements, researchers propose that sustained stretching may lead to an
increase in the number of sarcomeres in series, effectively lengthening the muscle through chronic
adaptation to stretch-induced stress (17). In addition to flexibility, ROM plays a key role in postural control
and balance performance. Limited flexibility can impair the body's ability to regain a stable posture after
external perturbations. For instance, restricted ankle dorsiflexion ROM may lead to compensatory subtalar
joint pronation, increasing postural sway due to reduced stability during pronation and supination (19).

From a neural perspective, it has been suggested that PNF stretching may reduce joint oscillations mediated
by spinal reflexes, thereby facilitating a shift in control to higher motor centers responsible for coordination
and balance (20). Overall, the results of this study suggest that PNF stretching is an effective method for
enhancing both flexibility and functional balance in Taekwondo athletes. By improving joint ROM and

reducing muscle stiffness, this technique may support the execution of complex movements and rapid
directional changes—key elements of performance in sports such as Taekwondo.
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1. Single-Leg Stance Time Test
2. Hop Test

3. Single-leg hop

4. Single-Leg Triple-Hop Test
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1. Limb Symmetry Index
2. Contract-relax-agonist-contraction
3. Passive
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1. Autogenic Inhibition
2. Reciprocal Inhibition
3. Perturbations
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