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ABSTRACT Objective: In sports literature, warm-up plays a crucial role in
preparing athletes both physiologically and psychologically to optimize their
performance. While there is a consensus among researchers that warm-up
practices positively influence sports performance, there remains ongoing de-
bate about which specific stretching techniques during the warm-up phase are
most effective. This study aims to investigate the effects of static and propri-
oceptive neuromuscular facilitation (PNF) stretching techniques, applied dur-
ing the warm-up phase over an 8-week period, on the anaerobic power and
static balance performance of professional tackwondo athletes. Material and
Methods: This cross-sectional study included 30 voluntary tackwondo ath-
letes aged between 18-25 years. The vertical jump test was used to measure
anaerobic power performance, while the flamingo balance test assessed bal-
ance performance. The collected data were analyzed using IBM Statistics soft-
ware. Results: In this study, there was no statistically significant difference
between the balance and anaerobic power performances of tackwondo ath-
letes, neither in the pre-test and post-test scores, nor between the groups
(p>0.05). Therefore, it can be concluded that 8 weeks of static and PNF
stretching techniques during the warm-up phase did not directly affect the
anaerobic power and balance performance of tackwondo athletes. Conclu-
sion: In conclusion, the findings highlight that neither static stretching nor
PNF stretching alone is sufficient to elicit improvements in anaerobic power
and balance performance in professional tackwondo athletes during the warm-
up phase. Future research could refine warm-up protocols for tackwondo ath-
letes by combining stretching and activation strategies, building on these
findings.

Keywords: Warm-up; static stretching; dynamic stretching;
anaerobic power; balance

OZET Amag: Spor literatiiriinde 1s1nma, sporcularin fizyolojik ve psikolojik
olarak en uygun sekilde hazirlanmasi ve performanslarini artirmalari i¢in
6nemli bir rol oynamaktadir. Her ne kadar aragtirmacilar arasinda 1sinma uy-
gulamalarmin sportif performans iizerinde olumlu etkilerinin oldugu konu-
sunda bir fikir birligi olsa da i1sinma evresinde uygulanan cesitli germe
teknikleri arasinda goéreceli olarak optimal germe uygulamalarinin, ne oldugu
konusunda tartigmalar devam etmektedir. Bu baglamda bu aragtirmanin amact,
8 hafta boyunca 1sinma evresinde uygulanan statik ve proprioseptif néromus-
kiiler fasilitasyon (PNF) germe tekniklerinin profesyonel tackwondocularin
anaerobik gii¢ ve statik denge performans: tizerindeki etkilerini incelemektir.
Gereg ve Yontemler: Kesitsel tipte olan bu arastirma, 18-25 yas arasinda 30
tackwondocunun goniillii katilimi ile gerceklesmistir. Katilimeilarin anaero-
bik gii¢c performanslarini belirlemek amaciyla dikey sigrama testi, denge per-
formanslarini belirlemek amaciyla ise flamingo denge testi uygulanmistir.
Aragtirmada toplanan veriler, IBM istatistik yazilimi kullanilarak analiz edil-
mistir. Bulgular: Arastirmada tackwondo sporcularmin denge ve anaerobik
gii¢ performanslari arasinda, ne 6n test ve son test skorlarinda ne de gruplar
arasinda istatistiksel olarak anlamli bir fark tespit edilmistir (p>0,05). Dolayis1
ile 1sinma evresinde 8 hafta boyunca uygulanan statik ve PNF germe teknik-
lerinin tackwondocularin anaerobik gii¢ ve denge performansini dogrudan et-
kilemedigi soylenebilir. Sonug¢: Elde edilen bulgular, 1sinma agamasinda
profesyonel tackwondo sporcularinda anaerobik gii¢ ve denge performansini
artirmak igin yalniz basina statik esneme veya PNF esneme yontemlerinin ye-
terli olmadigin1 gostermektedir. Gelecekteki arastirmalar, bu bulgular dog-
rultusunda esneme ve aktivasyon stratejilerini birlestirerek tackwondo
sporculart i¢in daha etkili 1sinma protokolleri gelistirebilir.

Anahtar Kelimeler: Isinma; statik esneme; dinamik esneme;
anaerobik gii¢; denge
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Taekwondo, which originated in Korea, has
transitioned from a traditional martial art to an offi-
cial Olympic sport, making it one of the most widely
practiced martial arts globally.! In tackwondo com-
petitions, athletes frequently use both their hands and
feet to effectively engage in combat.”? Tackwondo is
a highly technical combat sport, where the athlete’s
explosive power, coordination, spatial awareness,
psychological quality, besides performance parame-
ters to give an example speed, flexibility, and en-
durance, are crucial.’ These physical skills, which are
essential for competitive environments, require sig-
nificant balance abilities to be effectively executed.*”
Enhanced performance parameters substantially con-
tribute to the overall effectiveness of athletes in their
sport; hence, determining optimal methods to develop
these skills is of great importance.®

Numerous studies examining the sport perfor-
mance parameters in tackwondo athletes have re-
ported that anaerobic power is a critical measure of
success.”® One of the key indicators of anaerobic
power in tackwondo, vertical jump performance, is
of significant importance.” Moreover, balance per-
formance is considered one of the determinants of
athletic success in tackwondo, given that many tech-
niques are executed on one leg.!” Considering these
requirements, researchers have examined various
methods to enhance anaerobic power and balance;
one effective approach is the incorporation of spe-
cific stretching techniques during the active warm-up
phase, which is critical for optimizing perfor-
mance.” '

In the active warm-up method, widely preferred
by many athletes and coaches, various stretching
techniques are utilized. Among these, static stretching
(SS), which aims to enhance flexibility by holding a
muscle in a fixed position at a certain point, and pro-
prioceptive neuromuscular facilitation (PNF) stretch-
ing, where the muscle is stretched through a cycle of
passive elongation and contraction-relaxation, are the
most popular methods.!! In a study by Akarsu et al. it
was reported that SS did not result in a statistically
significant difference in vertical jump performance, a
key indicator of anaerobic power in tackwondo ath-
letes.” Conversely, Alemdaroglu et al. reported sig-
nificant decreases in sprint performance, another

36

indicator of anaerobic power, following both SS and
PNF stretching in tackwondo athletes.!> These find-
ings are contradictory and primarily focus on acute
effects. Additionally, there is limited information on
how stretching techniques used during warm-up af-
fect balance performance in tackwondo athletes. To
our knowledge, there are no studies examining the
long-term effects of SS and PNF stretching tech-
niques on these parameters. Therefore, understand-
ing how SS and PNF stretching techniques used
during the warm-up phase affect the anaerobic power
and balance performance of tackwondo athletes in the
long term remains an important question.

Given the existing literature on static and PNF
stretching techniques, further research is essential to
explore their effects on balance performance, which
is critical for executing techniques effectively in taek-
wondo. Understanding how these stretching methods
influence balance could provide valuable insights for
optimizing warm-up protocols and enhancing over-
all athletic performance. In this context, the present
study aims to investigate the effects of SS and PNF
stretching techniques applied during warm-up over
an 8-week period on the anaerobic power and balance
performance of tackwondo athletes.

I MATERIAL AND METHODS
PARTICIPANTS

The sample size for this study was established using
the G'Power analysis program (version 3.1.9.3, Franz
Faul, Universitit Kiel, Kiel, Germany). The power
analysis indicated that at least 27 participants were
necessary, based on an effect size of 0.50, an alpha
level of 0.05, and a power of 0.80. Therefore, a total
of 30 participants were included in the study, with
random assignments made to either the PNF Stretch-
ing Group (PNF-G; n=15) or the SS Group (ST-G;
n=15). Participant selection was conducted accord-
ing to specific inclusion and exclusion criteria. The
inclusion criteria were as follows: being a male taek-
wondo athlete aged 18-25 years with a black belt de-
gree, having at least 3 years of professional
tackwondo experience, participating in tackwondo
training sessions for a minimum of 2 days per week
and over 1 hour per session during the past year, hav-
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ing no injury problems in the last 6 months, having no
chronic health conditions, and voluntarily agreeing
to participate in the study.

The exclusion criteria were as follows: not being
aged 18-25 years, being an amateur tackwondo ath-
lete, having experienced an injury problem in the last
6 months, having a chronic health condition, not at-
tending regular tackwondo training sessions, not
holding a black belt degree, identifying as female,
and not consenting to participate voluntarily. Before
the commencement of the study, all participants
signed an informed consent form. The biometric
characteristics of the participants are presented in
Table 1.

RESEARCH DESIGN

This cross-sectional study was conducted following
approval from the “Diizce University Scientific Re-
search and Publication Ethics Committee” (Date: De-
cember 11, 2023, no: 2023/403) and in accordance
with the Helsinki Declaration. The study utilized an
experimental research model. SS and PNF stretching
techniques were applied during the warm-up phase
before the their main clup training phase for 8 weeks,
3 days a week (Monday-Wednesday-Friday). Prior to
each stretching technique, a 5-minute low-intensity
running session was performed. To assess balance
performance, the flamingo balance test was con-
ducted, while anaerobic performance was evaluated
using the Vertical Jump Test. Both tests were admin-
istered twice, once at the beginning and once at the
end of the study. The Vertical Jump Test was con-
ducted prior to the Balance Test to prevent the effects
of fatigue on test results. Since the Balance Test may
fatigue the lower extremity muscles and the central

nervous system, it could negatively influence the sub-
sequent Vertical Jump Test. Conducting the Vertical
Jump Test first allows participants to perform at their
maximum capacity, thereby enhancing the validity of
the measurements. A 3-minute rest period was given
between performance tests. This study was conducted
during the general preparation period, during which
tackwondo athletes primarily focus on general con-
ditioning and endurance training. The research plan
flow chart is presented in Figure 1.

BIOMETRIC MEASUREMENTS

Body weight and height measurements were per-
formed according to the “International Society for the
Advancement of Kinanthropometry” protocol.'* Par-
ticipants’ height was assessed using a wall-mounted
height gauge (Holtain Ltd., UK), while body weight
was recorded using an electronic scale (Seca, Ger-
many). All measurements were taken in the morning
between 09:00 and 10:00.

PERFORMANCE TEST MEASUREMENTS

In this study, athletes underwent performance tests in
a specific sequence, with explosive strength tests con-
ducted first, followed by balance tests. This order was
chosen to minimize the potential influence of explo-
sive strength and balance performance on each other,
aligning with the recommendations in the literature.
In this context, Hyun, Kim, and Ryew emphasized
the importance of test sequencing to mitigate the
effects of fatigue on various physical performance
parameters in tackwondo athletes. Their study
demonstrated that post-fatigue treadmill exercise sig-
nificantly reduced vertical jump performance and
postural stability. Specifically, parameters of ground

TABLE 1: Biometric characteristics of the participants.
Group Variables n Minimum Maximum X SD
Static stretch group Age (years) 15 18.00 25.00 21.33 2.66
Height (cm) 15 172.00 184.00 177.93 3.92
Body weight (kg) 15 66.00 80.00 71.87 4.02
PNF stretch group Age (years) 15 18.00 25.00 21.00 2.33
Height (cm) 15 172.00 183.00 177.47 3N
Body weight (kg) 15 60.00 77.00 70.00 410

SD: Standard deviation; PNF: Proprioceptive neuromuscular facilitation.
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FIGURE 1: Research flow chart.

reaction forces and postural balance indices were ad-
versely affected, revealing that fatigue impairs both
dynamic and static balance as well as explosive
power.'* These findings support the notion that con-
ducting explosive strength measurements, such as
vertical jumps, prior to balance or stability tests is
more appropriate during assessments or training.

VERTICAL JUMP TEST-ANAEROBIC POWER

The vertical jump test was applied to determine the
anaerobic power performance of the athletes. Ath-
letes were instructed to distribute their body weight
equally on both feet and stand with their feet shoul-
der-width apart. Then, they were asked to reach the
highest point they could on the Vertec device (Jump
USA, USA), which was considered the zero starting
point. Athletes were instructed to jump without tak-
ing a step, bending at the knees, hips, and ankles, and
touch the highest point they could reach on the
Vertec. The athletes performed the test twice, and the

best value was recorded in centimeters.!* Anaerobic
power was calculated using Lewis formula. Lewis
formula is presented in Figure 2.

FLAMINGO BALANCE TEST

The athletes were instructed to stand on a wooden
flamingo balance platform which was 50 c¢cm in
length, 5 cm in height, and 3 cm in width (European
Fitness Badge, Germany) with their dominant leg,
and to bend the other leg at the knee and bring it to-
ward their hips, holding it with their hands. This po-
sition was considered the starting and balance
position. The test was paused whenever participants
lost their balance (e.g., falling off the balance plat-
form, the bent leg separating from the hip, etc.), and
the time was resumed once they returned to the start-
ing position. The test continued until the completion
of a 1-minute duration. Each instance of balance loss
was recorded as 1 point within the 1-minute period.
A stopwatch (Seiko, Japan) was used during the mea-
surements. The test was performed twice, and the re-
sulting score was recorded for evaluation.'®

STRETCHING PROTOCOLS

The application and rest durations in both the PNF
Stretching Protocol and the SS Protocol were de-
signed to ensure consistency. In the PNF protocol,
which utilized the contract-relax and hold-relax tech-
niques, each exercise lasted approximately 30 seconds.
Similarly, in the SS Protocol, the duration of each ex-
ercise was also approximately 30 seconds. Addition-
ally, the rest interval between exercises was
standardized at 30 seconds. To accurately evaluate the
effectiveness of the protocols and enable a fair com-
parison between the 2 methods, care was taken to en-
sure similarity in application and rest durations. The
total duration of the PNF protocol was approximately 5
minutes, while the SS Protocol lasted about 6 minutes.

Pe= \/ 4.9 x Body Weight x /D

P: Anaerobic power (in watts)
Body Weight: The person’s weight in kilograms

D: Vertical jump height (in meters)

FIGURE 2: Lewis formula.
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PROPRIOCEPTIVE NEUROMUSCULAR
FACILITATION STRETCHING PROTOCOL

PNF, a common stretching method using inhibition
techniques, includes techniques like contract-relax
and hold-relax. PNF stretching is typically performed
at 100% maximum voluntary isometric contraction,
recommended to be applied for 3-10 seconds.'”'® The
PNF stretching protocol involved exercises for the
abdominal oblique muscles “Russian twist”, adductor
muscles “wide leg seated stretch”, hamstring muscles
“lying supine, pulling the bent leg to the chest”,
quadriceps muscles “lying prone, pulling the leg to
the hip by bending at the knee”, and gastrocnemius
muscles “dorsiflexion” for 10 seconds each using the
contract-relax and hold-relax technique."’

STATIC STRETCHING PROTOCOL

SS involves holding a joint at the end of its range of
motion (pain threshold) for 15-60 seconds.?® Static
warm-up exercises were performed for 30 seconds at
the sensitivity limit of the pain threshold.?! The exer-
cises included “Russian twist” for the abdominal
muscle group, “wall chest stretch” for the pectoralis

biometric information of the participants. The nor-
mality of the data was tested using skewness and kur-
tosis values (+2), and the data were found to be
normally distributed (Table 2).2>* Accordingly, the
Paired Samples t-test was utilized to identify differ-
ences between the pre-test and post-test scores. The
level of statistical significance was established at
p<0.05.

In Table 2, the skewness and kurtosis results of
the normality test for the groups’ variables are pre-
sented. According to these results, the data are nor-
mally distributed (+2, -2).

I RESULTS

The findings of the research are presented in tables
below.

Table 3 shows that there were no statistically
significant differences between the pre-test and post-
test scores for either anaerobic power or balance per-
formance among the participants (p>0.05).

major muscle group, “wall forward bend” for the TABLE 2: Normalty distribution
latissimus dorsi muscle group, “lying supine, pulling
the bent leg to the chest” for the hamstring muscles, Grup Variable Skewness  Kurtosis
“lying prone, pulllng the 1eg to the hlp by bending at PNF stretching Balance pre-test -0.160 -1.402
' . ” . Balance post-test 0.149 -0.844
the knee” for the quadriceps muscles, and “dorsi- ,
. . Anaerobic power pre-test 0.153 -1.450
flexion” for the gastrocnemius muscles. e s 0.356 0687
Static stretching ~ Balance pre-test -0.059 -1.003
STATISTICAL ANALYSIS Balance post-test -0.118 -1.174
Research data were analyzed using SPSS (IBM Anaerobic power pre-test -0.292 -0.284
Statistics, version 26.0, Armonk, NY, USA) software Anaerobic powerpostfest 0290 0573
package. Descriptive statistics were used to obtain the PNF: Proprioceptive neuromuscular facilitation.
TABLE 3: Scores for anaerobic power and balance performance.
Performance test Group Test n X SD t value df p value
Pre-test 15 265.459 18.211 -0.650 14 0.526
SEDEE ey Post-test 15 266.116 17.447
Anaerobic power Pre-test 15 259.342 14.834 -1.263 14 0.227
ANFSIEEIY Post-test 15 260.294 13.986
Pre-test 15 2.800 1.264 1.031 14 0.320
Balance Static stretching Post-test 15 2400 1,055
Pre-test 15 2.800 1373 1.169 14 0.262
PNF stretching Post-test 15 2533 0.990

*p<0.05; SD: Standard deviation; PNF: Proprioceptive neuromuscular facilitation.



Sinan ERDEM et al.

Turkiye Klinikleri J Sports Sci. 2025;17(1):35-42

TABLE 4: Independent sample t-test results for the difference between the groups.

Dependent variable Grup n X SD t value df p value
Static stretching 15 2.8000 1.26491

Balance (Pre-test) PNF stretching 15 28000 1.37321 0.000 27.813 1.000
Static stretching 15 2.4000 1.05560

Balance (Post-test) PNF stretching 15 25333 0.99043 -0.357 27.887 0.724
Static stretching 15 56.8000 3.29935

Anaerobic power (Pre-test) PNF stretching 15 572667 3.21751 -0.392 27.982 0.698
Static stretching 15 57.1333 3.35659

Anaerobic power (Post-test) PNF stretching 15 575333 292445 -0.348 27.484 0.731

*p<0.05; SD: Standard deviation.

When Table 4 is analyzed, it is seen that there is
no statistically significant difference between the
groups in the balance and anaerobic power perfor-
mance scores of the participants (p>0.05).

I DISCUSSION

The aim of this study was to investigate the effects
of SS and PNF stretching techniques, applied during
warm-up, on anaerobic power and balance performance
in tackwondo athletes over an 8-week period. The find-
ings revealed no statistically significant improvements
in balance or jump performance with either stretching
technique. These results suggest that SS and PNF, when
performed as part of warm-up, may not provide a per-
formance benefit for tackwondo athletes under the
given conditions. These findings present contrasting re-
sults compared to existing literature on the effects of
stretching techniques, which often report performance
improvements.

For example, Akarsu et al. stated that SS did
not cause a significant change in the vertical jump
performance of tackwondo athletes.” Similarly,
Alemdaroglu et al. observed that both SS and PNF
stretching techniques significantly decreased sprint
performance.'” On the other hand, Cengiz et al. re-
ported that dynamic stretching techniques caused a
greater reduction in maximum anaerobic power and
a significant increase in creatine kinase (CK) levels in
wrestlers.”® These differing findings suggest that the
effects of stretching techniques are influenced by fac-
tors such as duration, intensity, and method of appli-
cation. Moreover, these studies have examined the
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acute effects of stretching techniques applied during
warm-up on performance. However, our current re-
search focuses not on acute effects but on the impacts
of methods applied over an 8-week period. The ob-
served discrepancies in research findings indicate the
necessity for further studies in this field.

The lack of effect found in this study could be
attributed to the fact that the participants were pro-
fessional-level athletes. The muscle adaptations and
proprioceptive awareness of professional athletes
may limit the effects of such techniques. The litera-
ture highlights that professional athletes tend to be
less affected by stretching techniques due to their
higher muscle elasticity and proprioceptive sensitiv-
ity.?® In this context, it can be suggested that studies
on the effects of stretching techniques should more
thoroughly consider the experience level of athletes.

Another potential reason for the ineffectiveness
of the stretching techniques could be related to the
duration, intensity, and type of the protocols used.
Franco et al. noted that 40 seconds of SS negatively
impacted athletic performance, and 60 seconds of
stretching led to a noticeable decrease in muscle
strength.”” Ogura et al. found that 30 seconds of
stretching had no effect on muscle performance,
while 60 seconds of stretching caused a significant
reduction in muscle strength.”® These findings under-
score the need for further investigation into the ef-
fects of stretching duration. The impact of factors
such as stretching duration, intensity, and frequency
may vary depending on the athlete’s adaptation level
and the type of movement performed.
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The lack of a significant effect of stretching
techniques on balance performance observed in this
study suggests that the effectiveness of these tech-
niques may vary depending on factors such as the
method of application, duration, and frequency, and
that these factors could lead to different outcomes.
The literature emphasizes that proprioceptive train-
ing improves balance performance and enhances
neuromuscular control of the muscular system, help-
ing to prevent injuries.” Consequently, the effects of
stretching techniques on balance are not solely deter-
mined by their duration but also by their frequency
of application and the athlete’s level of expertise. Fur-
thermore, the way athletes utilize their balance con-
trol systems in response to various environmental
factors should also be considered as a potential factor
explaining these findings.*

It should also be noted that the results of this
study may have been influenced by the limitations of
the research. Specifically, the fact that the stretching
protocols did not directly target the same muscle
groups and the minor differences between the applied
protocols represent limitations in this study.

In conclusion, the results of this study indicate
that neither SS nor PNF stretching significantly im-
pacted anaerobic power or balance performance in
tackwondo athletes. However, these findings high-
light the need for further investigation into the influ-
ence of variables such as stretching duration,
intensity, and frequency. Given the potential limita-
tions posed by the high adaptation levels of profes-
sional athletes, it is crucial to conduct more in-depth
research to better understand how various stretching
techniques may affect athletic performance. Such
studies are essential for refining warm-up protocols to
enhance performance outcomes in high-intensity
sports.

I CONCLUSION

The findings of this study indicate that SS and PNF
stretching techniques did not produce a significant ef-
fect on anaerobic power and balance performance in
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tackwondo athletes. When compared to the literature,
the effects of stretching techniques on performance
present mixed results, with their effectiveness vary-
ing depending on factors such as the method of ap-
plication, duration, and frequency. In the present
study, muscle adaptations and enhanced proprio-
ceptive awareness in professional-level athletes
may have limited the effectiveness of these tech-
niques, as these athletes might have already reached
a performance plateau. Additionally, the type and
duration of the stretching protocols are important
factors determining their impact on performance. In
this context, it is concluded that studies on the effects
of stretching techniques should be examined in
greater detail. Finally, it is clear that more compre-
hensive research is needed to explore the effects of
stretching methods on the performance of profes-
sional athletes.
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