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Abstract. Study Objectives: This study aimed to investigate the acute effects of dynamic and static stretching 
exercises on targeting performance in archery. Methods: Thirty intermediate archers participated in the study, 
15 females and 15 males. Participants were assigned into three groups randomly which are no stretching 
(NS), static stretching (SS), and dynamic stretching (DS). 3*10 Arrow shooting test (18 m) were applied to 
each group on three different days (with minimum 72-hour resting intervals between days) after each dif-
ferent stretching protocols with a random order. SPSS 20 statistical package program was used for statistical 
analyses and the significance level was set at p <0.05. Friedman test was used to compare different stretching 
protocols, and Wilcoxon Signed Rank Tests were used to determine the differences between the groups. A 
statistically significant difference was found between the groups in the comparison of an arrow shot tests 
performed after different stretching protocols (p <0.05). Results: As a result of the paired comparisons, there 
was no statistically significant difference between SG and GY groups (p> 0.05), but a statistically significant 
difference was found between SG and DG groups and GY and DG groups (p <0.05). Conclusion: It was found 
that static stretching exercises performed after submaximal running and Archery specific warm-up did not 
affect targeting performance, but dynamic stretching exercises affected performance negatively.
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Introduction

The developments in sports sciences have led 
researchers to use different methods for achieving 
higher performances. The fact that specific exercises 
applied to improve the sportive performance level 
serve this purpose reveals the importance and effects 
of training science (1).

Archery – a sports branch based on throw-
ing spikes called arrows with a bow to inanimate 
targets – originated in the steppes of Central Asia 
and was used for hunting, combating, and entertain-
ing and spread to all around the world with the Turks 
(2,3). Archery, which had been an element of power in 
the army until the invention and use of firearms, has 

gradually become an Olympic sport (4,5). Archery was 
included in the Olympic Games program in the men’s 
category at the 1900 Paris Olympic Games for the first 
time (2). Turkey was affiliated to the World Archery 
Federation, which was formerly known as Fédération 
Internationale de Tir à l’Arc (FITA) founded in 1931, 
as the 16th member in 1955 (6). As a result, the aim 
of archery, which has become an Olympic sport with 
modernization, is to hit a specific target and achieve 
the highest score (3). Force integrity, endurance, bal-
ance, reaction time, psychological state, hormonal 
changes, and postural competence play important roles 
in archery performance (7,8). Hormonal changes affect 
the target performance because they have an impact on 
the heart rate (7).



Progress in Nutrition 2021; Vol. 23, Supplement 1: e20211372

One of the most important issues in sportive per-
formance is to select the best warm-up protocol (9). 
Commonly used warm-up methods are dynamic and 
static stretching exercises performed after submaximal 
warm-up conditions (10,11). Stretching exercises are 
divided into two groups, namely static and dynamic. 
Static stretching exercises include static stretching, pas-
sive stretching, active stretching, PNF (Proprioceptive 
Neuromuscular Facilitation), and isometric stretching 
studies. Dynamic stretching exercises are classified as 
ballistic stretching, dynamic stretching, and isolated 
active stretching (12). Various stretching exercises per-
formed by using internal and external forces to increase 
muscle flexibility and range of motion (ROM) are 
frequently used by athletes, trainers, physicians, and 
physiotherapists to prevent sports injuries and also in 
post-injury rehabilitation (13,14). The respiratory sys-
tem works more effectively and efficiently as a result 
of the reduction of total resistance to blood flow in the 
lungs due to moderate intensity warm-up exercises. 
Therefore, heart rate increases (15). Archery branch has 
been described as a sports activity where both moder-
ate-level static and low-level dynamic exercises are used 
(15, 16). Although phasic muscle interactions, which 
produce explosive movements for successfully exhib-
iting the skills in most sports branches, vary based on 
the biomechanical efficiency level, the shooting skill in 
archery relies on the smooth release of the string and 
then the final throwing movement (17). 

When examining the literature on the topic, the 
addition of appropriate stretching exercises for the 
activity into training programs seems to be a factor 
affecting the sportive performance (18). In this study, 
the purpose was to investigate the acute effect of dif-
ferent stretching exercises applied before shooting on 
the targeting performance in archery.

Table 1. Physical characteristics of archers

Female (n=15)
Mean±SD

Male (n=15)
Mean ±SD

Age (year) 17,13±,74 17,00±,75

Athlete age (year) 3,06±,70 3,26±1,03

Bodyweight (kg) 55,00±2,17 67,60±4,17

Height (cm) 163,26±2,43 173,00±2,10

BMI 20,63±,78 22,57±1,38

Materials and Methods

Participants

30 athletes being 15 male and 15 females par-
ticipated in the study by filling the “informed consent 
form”. The study was deemed appropriate scien-
tifically and ethically based on the decision taken on 
 September 11, 2019, by the Akdeniz University 
Faculty of  Medicine Clinical Research Ethics Com-
mittee. The levels of the athletes were determined as 
intermediate by considering their current background 
and their rankings in the competitions. The research 
was conducted in accordance with the principles of the 
Declaration of Helsinki.

Height Measurement

Height was measured with 0.1 m accuracy in an 
upright position using SECA (Germany) height scale.

Body Weight Measurement

Body weights of the athletes were obtained 
 barefoot with only shorts and t-shirts using SECA 
(Germany) electronic scale with a sensitivity of 0.5 kg.

BMI Calculation

Body mass index (BMI) was calculated using the 
relationship “weight (kg)/height (m)2.

Archery Score Measurement 

FITA target sheet of 3 × 20 cm was used in deter-
mining the archery score.

Procedure 

The athletes were randomly subjected to shoot-
ing tests for 3 days (a 72-hour resting interval 
between each exercise) in three different stretching 
exercises: no stretching (NS), static stretching (SS), 
and dynamic stretching (DS). Therefore, the research 
design shown in Figure 1 was used to minimize both 
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Table 2. Shoulder static stretching exercises applied in the study

Pectoral Static
Stretching

The athlete places the inner surface of the hand parallel to the wall and the body is fixed at the elbow-
shoulder level by slightly rotating in the opposite direction.

Latismus Dorsi
Stretching

The athlete kneels. The two hands are stretched over the fixed object at the body level parallel to the 
floor. The body is fixed at the point where it can stretch as much as possible.

Trapezius Static
Stretching

The athlete kneels. One hand is fixed by holding the tibia of the foot on the floor. The other hand 
stretches the head slightly in the opposite direction.

Subscapular Static 
Stretching

The athlete lies on the left arm. Elbow is fixed parallel to the floor at the 90° shoulder level. The 
shoulder is stretched to the internal rotation with the other hand.

Shoulder Rotator Cuff
Stretching

The arm is fixed at 45º to the body. The outer surface of the hand is fixed to the lumbar region by flexing 
the elbow. With the help of the other hand, the hand is slightly pulled in while holding from the elbow.

Figure 1. The research design (participants applied each protocol with cross over design)

the learning effect and physical advantages of the 
athletes among each other. The research was carried 
out in 3 sessions and a 72-hour resting was provided 
between sessions. Before each session, the athletes 
first do submaximal running exercise for 5 minutes 
and then performed warm-up shootings traditionally 
practiced in archery. Static and dynamic stretching 
exercises were applied in 3 sets for 15 seconds with 
providing 10 seconds between each set. These exer-
cises were applied to the shoulder region as five differ-
ent stretching movements being static and dynamic. 

In the study, the Olympic bow was used. Immedi-
ately after the dynamic and static stretching exercises 
applied in the study, the athletes were subjected to the 
3 × 10 (18 m) shooting test. 

Statistical analysis

Descriptive statistical values such as arithmetic 
mean and standard deviation were calculated for all 
variables. The Friedman test was used to compare dif-
ferent stretching applications between each other, and 
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the Wilcoxon Signed-Rank test was used to determine 
in which groups the differences were seen. 

Results

When examining Table 4, a statistically signifi-
cant difference was found between SS and DS groups 
(p<0.001). A statistically significant difference was 
determined between NS and DS groups (p<0.001).  
However, there was no statistically significant differ-
ence between NS and SS groups (p>0.001).

Discussion and Conclusion

The data obtained as a result of the shooting score 
tests applied to the archers participating in the study 
were examined and it was found that 5 min-submaxi-
mal run and static stretching exercises performed after 
archery specific warm-up did not affect targeting per-
formance, but dynamic stretching exercises decreased 
it. This study reveals the importance of stretching exer-
cises that should be selected in the warm-up phase for 
targeting performance in archery.

There are limited studies in the literature investi-
gating the acute effect of stretching exercises applied 

Table 4. Comparison of different stretching exercises among 
groups

Stretching Protocols

Wilcoxon Test

Z p

Static Stretching
&
Dynamic Stretching

-4.69 .000*

No Stretching
&
Dynamic Stretching

-4.49 .000*

No Stretching
&
Static Stretching

-1.92 .055

Friedman Test

Static Stretching
Dynamic Stretching
No Stretching

X² p

40.24 .000*

p<0,05*

Table 5. Scores of groups with different stretching exercises 
applied

Groups Minimum Maximum Mean±SD

DS 215,00 262,00 244,8333±12,58648

SS 204,00 265,00 245,4667±13,57923

NS 210,00 265,00 246,2000±12,19497

Table 3. Shoulder dynamic stretching exercises applied in the study

Frontal Plane Arm Swing 
The arm is swung with abduction on the frontal plane. The athlete touches the back of the shoulder 
of the other arm from the back of the head. The same movement is performed rhythmically in the 
other arm.

Frontal and Sagittal 
Plane
Arm Swing

The arm is swung with flexion in the sagittal plane and the same arm is touched to the shoulder, 
then it is abducted swing on the frontal plane and the other arm is touched to the back of the 
shoulder. The movements are performed rhythmically in the other arm.

Shoulder Diagonal
Rotation

While doing the frontal rotation with the right arm starting from the front of the body, the rotation 
is performed from the shoulder area in the sagittal plane before ending the movement.

Flexion Extension 
Dynamic Stretching

While the right arm is flexed, the left arm simultaneously is extended.

Shoulder Internal and 
External 
Rotation 

The elbow is fixed at the shoulder level by bending the elbow 90º. Internal and external rotation is 
done from the shoulder area.
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before shooting in archery on targeting performance. 
Turan and Çilli (2016), examining the effect of dif-
ferent warm-up methods on targeting performance in 
archery, concluded that the dynamic warm-up method 
decreased the targeting performance in archery, while 
the static warm-up method did not cause a change 
in the targeting performance (18). The results of that 
study support the results of the present study. The 
reason that dynamic stretching exercises harm target-
ing performance is due to the physiological changes 
caused by dynamic stretching on the body. It is con-
sidered that dynamic stretching exercises have nega-
tive effects on aiming in some branches like archery 
where static movements are applied more intensely 
(19). Physiological, anthropometric, and psychological 
features are significant factors in achieving success in 
sports (20).

There are studies in the literature about the effect 
of different stretching exercises on performance. These 
studies mostly examine the effects of dynamic and 
static stretching exercises on sportive performance. 
Turna (2018) suggests that static stretching exercises 
should be performed together with dynamic stretch-
ing on the account of the fact that they eliminate the 
negative effects caused by static stretching exercises. 
Another result obtained from the findings of that 
study is that although dynamic stretching has a posi-
tive effect on some biomotor properties such as speed 
and strength, static stretching exercises may have a 
negative effect (12). It is stated that static stretching 
applications temporarily suppress the strength, which 
is due to neural and mechanical effects. It is known 
that the elongation occurring in the tendon length at 
the end of the stretching reduces the tension and these 
stretching exercises decrease the motor unit activation 
and firing frequency, causing a reduction in strength 
(21). Muscular strength is very important in practic-
ing the archery technique. If the athlete has enough 
strength to pull and hold the bow, he/she can practice 
the correct archery technique. Because the pulled bow 
load is much lower than the maximum muscle strength 
threshold, the muscles in contraction do not experience 
excessive tension. Therefore, archery technique and 
muscle strength have a direct relationship (22). Stud-
ies are discussing the negative effects of static stretch-
ing, as well as those indicating that static stretching 

doesn’t effect. Torres et al. (2008) claimed that static 
stretching exercises have no effect on upper body mus-
cle strength (23). Ogura et al. (2007) determined a 
decrease in voluntary maximal muscle contraction val-
ues with 60-second static stretching exercises, while 
they could not find a significant change with 30-sec-
ond static stretching exercises (24). Egan et al. (2006) 
stated that the isokinetic test results were not affected 
by static stretching movements applied with 4 move-
ments and 4 repetitions for 30 seconds (25). Cramer 
et al. (2006) stated that the isokinetic test results were 
not affected by static stretching movements (26). The 
findings of these studies provide insight into why 
static stretching exercises of the present study did 
not affect targeting performance. Papadopoulos et al. 
(2006) stated that static stretching causes a statisti-
cally insignificant decrease in isokinetic strength, but 
a significant decrease in the EMG (electromyography) 
values of the rectus femoris muscle (27).  Maisetti et al. 
(2007) stated that the ankle plantarflexion isokinetic 
strength was negatively affected after static stretching 
exercises applied to the calf muscle group and there 
was no difference in the isometric strength generated 
as a result of dorsal flexion movement (28).

There are various literature studies about the 
effect of stretching exercises on performance in various 
sports branches. Eken (2015), investigating the acute 
effects of different warm-up protocols on various per-
formance parameters in judoists, stated that combined 
static and dynamic stretching exercises had a posi-
tive effect on 30 m-speed performances while static 
stretching exercises improved the flexibility (29). Iner 
et al. (2012), examining the effects of different warm-
up methods on the serving speed of tennis players, 
stated that static stretching exercises applied immedi-
ately after traditional warm-up did not affect the serv-
ing speed (11). This study is similar to the results of the 
present study in terms of static stretching. Stretching 
exercises applied before shooting in archery are one 
of the important parameters affecting the targeting 
performance. Although there are a limited number of 
similar studies, the literature supports the results of the 
present study.

In conclusion, in this study conducted to reveal 
the importance and advantages of stretching exer-
cises that should be selected in the warm-up phase of 
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archery, it was found that 5 min-submaximal run and 
static stretching exercises applied after archery specific 
warm-up did not affect the targeting performance, 
but dynamic stretching exercises decreased the perfor-
mance. According to these results, shooting should not 
be done immediately after applying dynamic stretch-
ing exercises just before archery competitions or the 
negative effects caused by dynamic stretching exercises 
can be eliminated by performing static stretching exer-
cises. Further studies to be performed on elite archers 
can compare various variables such as the application 
time of the combinations of different stretching meth-
ods, the number of repetitions, rest intervals, and the 
percentage ratio of different stretching exercises com-
bined. Moreover, while similar studies are being con-
ducted, it is considered that determining the heart rate 
during the aiming phase will be useful in explaining the 
effect of stretching exercises on targeting performance.

Acknowledgements: In this study, 2nd International Congress on 
Medicine and Health Sciences Hippocrates, Istanbul, in Turkey 
was presented as oral presentations.

Conflicts of interest: The authors declare that there is no conflict of 
interest about this manuscript.

References

1. Yüksel O, Hürmüz KOÇ, Özdilek Ç, Gökdemir K. 
Sürekli ve interval antrenman programlarının üniversite 
öğrencilerinin aerobik ve anaerobik gücüne etkisi. Sağlık 
Bilimleri Dergisi 2007: 16: 133-139.

2. Öğretici H, Karcılılar A. Spor Ansiklopedisi 4. Ankara: 
Morpo. 2005: 108-109. 

3. Atabeyoğlu C. Okçuluk Tarihi. Ankara, Türk Spor Vakfı 
Yayınları, 1988.

4. Yavuz K, Canatar M, Mustafa Kânî Bey.  Telhîs-İ  Resâilât-I  
Rumât (Okçuluk Kitabı), İstanbul Fetih Cemiyeti, İstanbul, 
2010: 600. 

5. Leroyer P, Hoecke V, Helal N, Biomechanical study of the 
final push– pull in archery. Journal of Sport Sciences 1993: 
11: 63–69.

6. Öktem Ç. Türkiye’de Okçuluk Sporunun Risk Yönetimi 
Açısından İncelenmesi, Yüksek Lisans Tezi, Akdeniz Üni-
versitesi, Antalya, 2011.

7. Keast D, Elliout B. ‘’ fine body movements and cardiac cycle 
in archery’’ Journal of sport Science 1989: 8: 203-213.

8. Kabak B, Karanfilci M. “Okçuların antrenman ve müsa-
bakada geçirdikleri spor yaralanmalarının incelenmesi.” Kilis 
7 Aralık Üniversitesi Beden Eğitimi ve Spor Bilimleri Der-
gisi 2018: 2: 17-27.

9. Mandengue SH, Miladi I, Bishop D, Temfemo A, Cisse F,  
Ahmaidi S. Methodological approach for determining opti-
mal active warm-up intensity: predictive equations. Science 
& Sports 2009: 24: 9-14.

10. Faigenbaum AD, Kang J, McFarland J, Bloom JM, Mag-
natta J, Ratamess NA,  Hoffman JR. Acute effects of dif-
ferent warm-up protocols on anaerobic performance in 
teenage athletes. Pediatric Exercise Science 2006: 18: 64-75.

11. Gelen E, Dede M, Bergun MB, Aydin M.  Acute effects of 
static stretching, dynamic exercises, and high volume upper 
extremity plyometric activity on tennis serve performance. 
Journal of sports science & medicine 2012: 11: 600.

12. Turna B, Dinamik ve Statik Germe Egzersizlerinin Biyo-
motorik özelliklere akut etkisi, LAP Lambert Academic 
publishing, Saarbrücken, 2018.

13. Denerel HN. Statik ve dinamik germe egzersizlerinin dina-
mik denge üzerine akut etkisi. Tıpta Uzmanlık Tezi İzmir, 
Ege Üniversitesi Tıp Fakültesi, 2011.

14. Gündüz N. Antrenman Bilgisi. (1. Baskı) İzmir: Saray Tıp 
Kitapevi. 1995.

15. Mitchell JH, Haskell WL, Raven PB. Classification of 
sports. Med Sci Sports Exerc; 1994: 26: 242-5.

16. Olgun H, Özer S. Genç sporcularda aritmi ve ani ölüm. 
Hacettepe Tıp Dergisi, 2006: 37: 132-41.

17. Hennessy MP, Parker AW. Electromyography of arrow 
release in archery. Electromyography and clinical neuro-
physiology 1990: 30: 7-17.

18. Turan S, Çilli M. Farklı ısınma yöntemlerinin olimpik okçu-
lukta atış performansına etkisi. Online Türk Sağlık Bilim-
leri Dergisi 2016: 1: 13-20.

19. Ünlü NK, Isınmanın fiziki aktivite ve bazı fizyolojik değerler 
üzerine etkisi. Uzmanlık Tezi, Konya: Selçuk Üniversitesi 
Sağlık Bilimleri Enstitüsü, 1992.

20. Aydos L, Taş M, Akyüz M, Uzun A. Investıgatıon Of The 
Relatıonshıp Between Strength And Some Anthropometrıc 
Parameters In Young Elıte Wrestlers. Beden Eğitimi ve 
Spor Bilimleri Dergisi 2009: 11: 4.

21. Aslankeser Z, Revan S, Kaplan A. Akut statik germe egz-
ersizlerinin izokinetik aralıktaki pik tork ve izometrik diz 
ekstansiyon-fleksiyon kuvvetine etkisi. Spormetre Beden 
Eğitimi ve Spor Bilimleri Dergisi: 2016: 15: 85-92.

22. Humaid H. Influence of arm muscle strength, draw length 
and archery technique on archery achievement. Asian Social 
Science, 2014: 10: 28.

23. Torres EM, Kraemer WJ, Vingren JL, Volek JS, Hatfield 
DL, Spiering BA, Häkkinen K. Effects of stretching on 
upper-body muscular performance. The Journal of Strength 
& Conditioning Research 2008: 22: 1279-1285.

24. Ogura Y, Miyahara Y, Naito H, Katamoto S, Aoki J. Dura-
tion of static stretching influences muscle force production 
in hamstring muscles. Journal of Strength and Conditioning 
Research 2007: 21: 788.



Progress in Nutrition 2021; Vol. 23, Supplement 1: e2021137 7

25. Egan AD, Cramer JT, Massey LL,  Marek SM. Acute 
effects of static stretching on peak torque and mean power 
output in National Collegiate Athletic Association Division 
I women’s basketball players. Journal of Strength and Con-
ditioning Research 2006: 20: 778.

26. Cramer JT, Beck TW, Housh TJ, Massey LL, Marek SM, 
Danglemeier S, Egan AD. Acute effects of static stretching 
on characteristics of the isokinetic angle–torque relationship, 
surface electromyography, and mechanomyography. Journal 
of sports sciences 2007: 25: 687-698.

27. Papadopoulos C, Kalapotharakos VI, Noussios G, Meliggas 
K, Gantiraga E. The effect of static stretching on maximal 
voluntary contraction and force-time curve characteris-
tics. Journal of Sport Rehabilitation 2006: 15: 185-194.

28. Maisetti O, Sastre J, Lecompte J, Portero P. Differential 
effects of an acute bout of passive stretching on maximal 

voluntary torque and the rate of torque development of the 
calf muscle-tendon unit. Isokinetics and Exercise Science 
2007: 15: 11-17.

29. Eken Ö. judocularda farklı ısınma protokollerinin,  30 m. 
sürat,  esneklik,  dikey sıçrama, kuvvet, denge ve anaerobik 
güç performansları üzerine akut etkisinin incelenmesi, Yük-
sek Lisans Tezi, Ege Üniversitesi, İzmir, 2015.

Correspondence 
Bülent TURNA
Faculty of Sport Sciences, 
Akdeniz University, Antalya, Turkey
E-mail: bulentturna@akdeniz.edu.tr


