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ABSTRACT

Today, there is an argument about the effect of various stretching movements on
the performance of athletes. Therefore, this study investigated the acute effect of static and dynamic
stretching on muscle activity and co-contraction of scapular stabilizer muscles during pull-ups in
gymnasts.

[VETTEEE According to the inclusion and exclusion criteria, 15 professional gymnasts with a mean age
of 23.25+2.57 years, height of 170.93+5.88 cm, and weight of 64.54+5.06 kg were selected as research
samples and divided into three subgroups (each with 5 athletes). In the pre-test, subjects performed pull-
up activity, and muscle activities of the serratus anterior, upper trapezius, middle trapezius, and lower
trapezius muscles were measured using a biometric electromyography device. Then, each subgroup
performed a different stretching protocol in each session, and a post-test was conducted like the pre-
test. Repeated measures analysis of variance, the Bonferroni post hoc test, and the paired t test were
used to test the study hypotheses.

(5T The results showed that static and dynamic stretching caused a significant decrease and increase
in muscle activity in both concentric and eccentric phases, respectively. Also, the results showed that
dynamic stretch caused a reduction in co-contraction of the serratus anterior and middle trapezius
muscles in both concentric and eccentric phases. In addition, there is a significant difference between
the effect of static and dynamic stretch and between dynamic stretch and control on the co-contraction
of the serratus anterior and middle trapezius muscles in the concentric and eccentric phases.

The results showed that the co-contraction of the serratus anterior and middle trapezius
muscles decreased after using dynamic stretching. Therefore, considering the importance of muscle co-
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Introduction

he number of muscles involved and the de-

grees of freedom of movement have made the

study of movement control of the shoulder

girdle extremely difficult. Meanwhile, im-

proper contraction of the two scapular forces,
including the lower and middle trapezius along with the
serratus anterior muscle, causes the upper trapezius and
latissimus dorsi muscles to predominate in the compensa-
tory position and change the movement pattern.

Because they are easy and safe, static stretching exercis-
es are widely used in athletes” warm-up programs. On the
other hand, dynamic stretching is defined as a controlled
movement within the active range of motion of the joint
during movement. However, it cannot be expanded more
than the individual’s ability. Previous research showed
that static and dynamic stretching exercises decrease and
increase muscle performance and strength, respectively. It
is assumed that increasing and decreasing changes in dy-
namic and static stretching in the muscle activity of antag-
onist muscles can affect the agonist muscles by decreas-
ing and increasing muscle activity. Therefore, the present
study aimed to investigate the acute effect of static and
dynamic stretching on muscle activity and co-contraction
of shoulder stabilizer muscles in concentric and eccentric
phases during the gymnasts’ push-up movement.

Materials and Methods

The current research was a crossover quasi-experimental
study with a pre-test-post-test design. The research subjects
were 15 professional gymnasts (mean age: 23.25+2.57
years) from Tehran and Karaj cities, Iran, selected using
random sampling. The subjects were divided into three
subgroups and participated in three training sessions. At
the beginning of each session, the muscle activities of the
serratus anterior, upper trapezius, middle trapezius, and
lower trapezius muscles were recorded using a biometric
electromyography device. Next, in each session, each sub-
group performed a different stretching exercise program,
and at the end of the training session, the muscle activity
of the mentioned muscles was recorded again.

Results

The repeated measures analysis of variance showed that
the interactive effect of timexstretch and the stretching
effect were significant in both concentric and eccentric
phases. The paired t test results showed that the effects
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of static and dynamic stretching on muscle activity in the
concentric and eccentric phases were decreasing and in-
creasing, respectively. Also, the amount of co-contraction
of the serratus anterior-middle trapezius muscles de-
creased after dynamic stretching in both concentric and
eccentric phases. In addition, the post hoc test results
showed significant differences between the effect of static
stretching, dynamic stretching, and control on muscle ac-
tivity and co-contraction (Table 1).

Conclusion

The present research results supported the hypoth-
esis that static stretching decreases muscle activity and
dynamic stretching increases muscle activity. Possible
mechanisms of improved muscle performance after dy-
namic stretching are related to increased muscle and body
temperature, post-activation potentiation in the stretched
muscle, stimulation of the nervous system, and decreased
inhibition of antagonist muscles. Also, two mechanisms
have been proposed to reduce the effect of static stretch-
ing. The first mechanism refers to mechanical factors,
such as reducing muscle-tendon stiffness, which may af-
fect the muscle length-tension relationship and sarcomere
shortening speed, and the second mechanism refers to
neurological factors, such as reduced muscle activation.

Research has shown that the changes in the stiffness of
the muscle-tendon unit may affect the force transmission,
the speed of force transmission, and the speed of detecting
changes in the length or tension of the muscle. Also, more
laxity of the parallel and series elastic components can in-
crease the electromechanical delay by slowing down the
time between the kinetics of myofilament cross-bridges.
In addition, a stretched muscle due to an acute static
stretch can have undesirable cross-bridge overlap, reduc-
ing muscle force output according to the length-tension
relationship.

The results showed that the static stretching protocols
have a decreasing effect, and dynamic stretching has an
increasing effect on the muscle activity in gymnasts. Also,
the co-contraction between the serratus anterior and the
middle trapezius muscles was disrupted after dynamic
stretching. Therefore, the hypothesis of the harmfulness
of static stretching and the usefulness of dynamic stretch-
ing before performing sports, confirmed by previous
research, is rejected. So, to prevent sports injuries of the
shoulder girdle due to muscle co-contraction disruption
during push-up movement, it is suggested that gymnastic
coaches and athletes adjust the stretching in the warm-up
program depending on the sports performance needs.
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Table 1. The Mean and Standard Deviation of the Pre-test, Post-test, the Value of t Tests, Interactive F, Stretching F, and Post Hoc
Tests for Muscle Activity And Co-Contraction

Post Hoc
,_.‘V,’ MeantSD T-test Interactive F Stretching F
Phase 3 S D
[e]
=2
Pre-test Post-test t Sig. F Sig. F Sig. D C C

46.33+18.44  38.66+12.15 2.82 0.014
Con D 46.46+17.48  51.40+14.27 -2.05 0.006" 12.04 0.001' 16.89 0.001" 0.001* 0.017% 0.105

C 46.33+17.06 46.44+17.82 -0.32 0.754

wv
g S 411941427 359841293 4.15 0.001'
Ecc D 41.19+1351  44.87+1449 -429 0.001* 27.69 0.001' 1295 0001 0.001* 0078 0.206
C 411941232 40.93+12.40 057 0.574
S 24.6918.97 20.20+£7.07 474  0.001*
Con D 24294815  39.48+12.07 -452 0.001* 2949 0001' 2504 0001t 0.001* 0.006f 0.003*
c C 25.2248.35 2531#851 -051 0615
- S 21.17+7 17.57£3.96 249 0.026*
Ecc D 21.24%632  4561+1459 -6.83 0.001* 5157 0001' 49.77 0001t 0001* 0332 0.001*
C 21174637  2097+6.46 144 0171
S 24231045  21.09+10.19 244 0.028*
Con D 242341056  45.17#16.99 472 0.001* 2931 0.001' 2844 0.001T 0.001° 0057 0.001*
- c 2436+10.67  24.13+11.23 065 0.522
B S 25.21#10.45  22.12+10.54 392  0.002*
Ecc D 2499¥9.93  59.25#19.99 7.56 0.001* 62.02 0001' 61 0.001" 0001* 0.020° 0.001*
C 255241010 255699  -0.10 0916
S 4003+19.11  32.33#15.69 502 0.001*
Con D 48.03+17.97 51.33+14.81 -145 0169 27.75 0.001' 2035 0.001" 0.001* 0.002* 0.258
C 47.10+18.85  47.08+17.90 0.5  0.955
5
S 51.54+16.77  29.31#14.69 6.63 0.001*
Ecc D 51541630  54.46x1509 -2.84 0.013* 5111 0.001' 36.64 0001 0.001* 0.001* 0.704
C 51.54+16.83  51.60+16.46 -0.07 0.941
S 95.95+47.14  89.70+20.58 041  0.684
Con D 96.04+#47.25  66.66+21.66 290 0.012* 384 0.033" 376 0.036" 0.006° 0.100 0.041°
4 C 95.89+47.16 ~ 95.43#4522 091 0376
= S 87.32434.42  79.26%24.19 060  0.555

Ecc D 87.32+34.42  54.05£25.20 4.07 0.001* 588 0.018" 6.01 0.017" 0.024* 0.100 0.003*

C 87.40+34.47  87.57+34.06 0.48  0.632
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Post Hoc
@ MeantSD T-test Interactive F Stretching F
Phase o S D
(o]
>
Pre-test Post-test t Sig. F Sig. F Sig. D C C

97.68+44.97  113.35+#41.38 -1.51  0.153

Con D 94.35+32.46  117.29+#35.13 -2.56 0.023° 3.12 0064 033 0.678 - - -

C 99.13+45.68  97.86+44.97 035 0.730

1-1n

S 111.29438.88 117.26+36.18 -0.68  0.502

Ecc D 113.16+33.22  85.60+42.80 1.53 0.147 2.64 0.094 164 0.212 - - -

C 112.63+29.97 113.29431.55 0.16 0.869

Scientific Journal of
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Abbreviations: S: static; D: dynamic; C: control; SA: serratus anterior; UT: upper trapezius; MT: middle trapezius; LT: lower trapezius; Con:
concentric; Ecc: eccentric.

“Significance of T test, "Significance of interactive F test, *Significance of F test
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13. Acromion

14. Rotator cuff

15. Elevation

16. Static stretching
17. Dynamic stretching
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1. Glenoid

2. Glenohumeral

3. Scapular dyskinesis
4. Shoulder impingement
5. Upper trapezius

6. Pectoralis major

7. Anterior deltoid

8. Posterior deltoid

9. Latissimus dorsi
10. Middle trapezius
11. Lower trapezius
12. Serratus anterior
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22. Eccentric
23. G-Power
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18. Forehand
19. Backhand
20. McCrary
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29. Point of Discomfort (POD)
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24. Biometric

25. Electromyography

26. MATLAB

27. Root Mean Square

28. Maximum voluntary contraction
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30. Shapiro-Wilk Test
31. Levene's test

32. Paired sample t test
33. Bonferroni
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