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Statik Germe Siiresinin Gastroknemius Kas Vaskiilarizasyonu Uzerine Akut Etkilerinin Superb Mikrovaskiiler

Goruintiileme Yontemiile Incelenmesi

An Examination of the Acute Effects of Static Stretching Duration on Gastrocnemius Muscle Blood Flow by

Superb Microvascular Imaging Method

Kamile UZUN AKKAYA', Habip Eser AKKAYA®

ABSTRACT

AIM: Static stretching (SS) exercises are frequently used to increase
muscle flexibility, improve physical performance, and reduce muscu-
loskeletal injuries. The purpose of this study was to examine the acute
effects of different SS duration applied to the gastrocnemius muscle
on muscle blood flow by superb microvascular imaging (SMI) method
and compare the impact of stretching at different duration immedia-
tely after stretching and 10 minutes later.

MATERIAL AND METHOD: 30 healthy volunteers aged between
18-35 years were included in this study. The individuals were divided
into two groups randomly. 2-minute SS was applied to the gastrocne-
mius muscle of the first group, and 5-minute SS was performed to the
gastrocnemius muscle of the second group. Blood flow in the muscle
after stretching was evaluated by the SMI method.

RESULTS: It was obtained that muscle blood flow raised as a result
of stretching applications for 2 minutes and 5 minutes, stretching
application for 5 minutes increased blood flow more than stretching
application for 2 minutes (p<0.05), and blood flow values returned to
baseline values after 10 minutes (p>0.05).

CONCLUSION: It was thought that 2 or 5 minutes of stretching app-
lications to increase circulation in healthy individuals might be suffi-
cient.
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OZET

AMAG: Statik germe (SG) egzersizleri, kas esnekligini artirmak, fizik-
sel performansi iyilestirmek ve kas-iskelet yaralanmalarini azaltmak
amaciyla siklikla kullanilir. Bu ¢alismanin amaci gastroknemius kasina
uygulanan farkli SG surelerinin kas kan akimi Uzerine akut etkilerini
superb mikrovaskuler imaging (SMI) yontemi ile incelemek ve farkli
sUrelerde germenin germeden hemen sonra ve 10 dakika sonra etki-
lerini karsilagtirmaktir.

GEREC VE YONTEM: Calismaya 18-35 yaslar arasinda saglikli, 30
gonullt birey dahil edildi. Bireyler randomize olarak iki gruba ayrildik-
tan sonra birinci grubun gastroknemius kasina 2 dakikalik SG, ikinci
grubun gastroknemius kasina ise 5 dakikallk SG uygulamasi yaptirildi.
Germe sonrasi kastaki kan akimi SMI yontemi ile degerlendirildi.

BULGULAR: 2 dakika ve 5 dakika germe uygulamalari sonucunda
kas kan akiminin arttigi, 5 dakika germe uygulamasinin 2 dakika ger-
me uygulamasina gore kan akimini daha fazla artirdigi (p<0.05) ve 10
dakika sonra kan akimi degerlerinin baslangi¢c degerlerine déndigu
sonucuna varildi (p>0.05).

SONUGC: Sagdlikli bireylerde dolasimi artirmak igin 2 veya 5 dakikalik
esneme uygulamalarinin yeterli olabilecegi diistnalda.

Anahtar kelimeler: statik germe, kan akimi, ultrasonografi
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INTRODUCTION

Static stretching (SS) exercises are easy and reliable exercises used
to increase muscle flexibility, im;)rove physical performance, and re-
duce musculoskeletal injuries.’” It is frequently used in warming-co-
oling periods before and after exercise.® Leg cramps are seen in
adults, especially in calf muscles, and the mechanism is not fully
known.* One of the easiest conservative treatment methods applied
to muscle cramps in healthy and sick individuals is stretching app-
lications.’

With increased blood flow in the muscle, more oxygen comes to the
muscle, and thus better nutrition of the muscle is provided. Increa-
sed intramuscular blood flow also contributes to the development of
physical performance.® There are not many studies in the literature
examining the effects of stretching on blood flow in muscle tissue. In
healthy young individuals, the passive movement has been found to
increase muscle blood flow and interstitial vascular endothelial-in-
duced growth factor (VEGF) and endothelial nitric oxide synthase
(eNOS) mRNA independently of metabolic or central hemodynamic
changes.’.® In a study conducted on rats, mechanical stretching/
overload has been shown to increase VEGF levels and capillarizati-
on of skeletal muscles.’ In another study conducted with rats, they
concluded that blood flow increased in plantar flexors after daily
stretching for 4 weeks.” The effects of SS exercise applied to the
rectus femoris muscle in healthy adolescents on muscle blood flow
were evaluated by superb microvascular imaging (SMI) method, and
it was reported that blood flow in the muscle increased after stretc-
hing. In the study, the acute effects of stretches applied for different
SS duration were examined; however, they were not compared.”
SMl is a novel Doppler imaging method developed in recent years to
determine blood flow in microvascular structures. SMI eliminates the
complexity of signals received from normal tissue and vascular stru-
ctures and protects signals obtained only from vascular structures so
that even very low rapid blood flows can be detected. This new tech-
nique supplies detailed information about very slow and fine vascular
structures and allows the imaging of microvascular structures.™ ™
The acute effects of SS exercises on flexibility and performance have
been investigated in many studies in the literature.’,* Stretching exer-
cises are known to increase muscle blood flow; however, the number
of studies investigating the effects of stretching time is small.”," The
purpose of this study was to examine the acute effects of different SS
duration applied to the gastrocnemius muscle on muscle blood flow
with SMI, a new method, and to compare the effects of stretching at
different duration immediately after stretching and 10 minutes later.

MATERIAL AND METHOD

Participants

30 healthy volunteers aged between 18-35 years were included in
the study. Sedentary individuals without ankle, knee, hip pathology,
and who did not undergo any surgery in the lower extremity were
included in the study. Participants with rheumatic, vestibular, neuro-
logical, and musculoskeletal diseases, bone pathologies, metabo-
lic syndrome, diabetes, diffuse joint laxity, inflammatory or arthritic
problems were excluded from the study. Individuals were asked not
to exercise heavily in the last 24 hours before the study. The ethics
committee approval was obtained by the Clinical Research Ethics
Committee of Ankara Training and Research Hospital on 25.06.2020
with the decision number 235/2020. A signed, written consent form
was gotten from the participants indicating that they agreed to join
in the study.

According to the reference study [11] results, they had a large effect
size (dz=0.9) for both groups from the VI difference results. Assu-
ming we can achieve an effect size at that level, a power analysis
was performed before the study. Accordingly, when at least 15 parti-
cipants for each group (total at least 30 participants) were included
in the study, that would result in 80% power with %95 confidence
level (%5 types 1 error rate).

Procedures

Participants were divided into two groups randomly. A free web-ba-
sed instrument (Research Randomizer, Social Psychology Network,
Middletown, CT) was used for randomization. SS was applied to
the gastrocnemius muscle of the first group for 2 minutes, and the
second group for 5 minutes. SS was applied to the dominant lower
extremity of individuals. In order to determine the dominant extre-
mity of the individuals, they were asked which foot they kick the ball
with. Evaluations were performed before, immediately after, and 10
minutes after the SS application. The effects of different stretching
duration were compared.

SS exercise was performed actively by the individual under the su-

pervision of a physiotherapist. Individuals were allowed to place the
non-stretching side limb slightly bent forward from the knee, and the
stretching side foot sole was placed back so that it would not lift off
the ground, and they were placed on a wall edge facing the wall with
their arms in a position to receive support. Individuals were asked to
stay in this position for 30 seconds by springing forward until they
felt discomfort in the gastrocnemius muscle.” Individuals were war-
ned that while the head, neck, spine, pelvis, and back limb were alig-
ned in this position, the back limb was not in external rotation

Figure 1: Gastrocnemius muscle static stretching methods
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Individuals were divided into 2 groups. The first group underwent
2-minute stretching consisting of 2 sets with 30 seconds stretching
and 30 seconds rest, while the second group underwent 5-minute
stretching composed of 5 sets with 30 seconds stretching and 30
seconds rest.

Measures

After stretching, blood flow in the muscle was performed with SMI by
aradiologist who had 8 years of experience in ultrasound and 2 years
of experience in a new method, SMI. Aplio 500 Platinum ultrasound
device (Toshiba-Can Medical Systems Corporation, Japan) with a
high-frequency linear transducer (frequency range, 5-14 MHz) was
used for evaluations. Ultrasound evaluations were performed while
the individuals were comfortable with their knees in extension and
ankles in plantar flexion in the prone position. The probe was placed
at 30% of the lower leg length (from the 5popliteal crease to the lateral
malleolus) distal to the popliteal crease’

Figure 2: Ultrasound measurement

During SMI examination, pulse repetition frequency was set to 200-
230 Hz, frame rate>50 Hz, and color gain was set to 37-42 decibels.
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The vascularity index (VI) measurement method was used to evalu-
ate gastrocnemius muscle blood flow. In SMI mode, a 15 x 10 mm
rectangular ROl was drawn manually. VI values were automatically
calculated by the device

Figure 3: SMI images before stretching (A), immediately after stretc-
hing (B), and 10 minutes later (C).

This calculation was made by dividing the colored pixels showing
blood flow by the total number of pixels in the ROI.

Statistical Analysis

All statistical analyses were performed using SPSS 25.0 software
(IBM SPSS Statistics for Windows, Version 25.0. Armonk, NY:IBM
Corp.). The normal distribution of variables was examined analyti-
cal and visually with method. Categorical variables were defined by
number and percent, and continuous variables were described by
the mean + standard deviation or medians and interquartile range.
Forindependent group comparisons, the Independent samples t-test
was used when parametric test assumptions were provided, the
Mann-Whitney U test was used when parametric test assumptions
were not provided. Friedman test (post hoc: Wilcoxon signed-rank
test with Bonferroni Correction) was used for pre- and post-treat-
ment comparisons. The Fisher Exact test was used to analyse dif-
ferences between categorical variables. Statistical significance was
determined as p<0,05.

RESULTS

30 healthy individuals, 12 of whom were female and 18 of whom
were male, were included in the study. Demographic data of indi-
viduals such as age, height, body mass, gender were similar before
treatment (p>0.05)

Treatment type | 2 minute of 88 (n=13) | 3 minute of 85 (n=13) | Total p

Age (year)

Mean = 5D 2067442 2867497 2917+ 463 0.5630
Height (m)

Mean = 8D 17101 1.76 0.1 1.74+0.1 0.158¢
Weight (kg)

Mean = 8D 67.4+12.36 T4.67+12.16 7103126 0.116"
BMI (kg/m*)

Mean = 8D 23312 239+219 2345269 037
Gender

F/M (%) T8 (46.7/33.3%) 5/10 (33.3/66.7%) 15/15 (50/50%4) | 0.456°

88: Static stretching; 3D: Standard deviation; m: meter; kg: kilogram;

BMI: Body mass index; F: Female, M: Male, 'Independent samples t-test, “Fisher's exact test

Table 1: Demographic data of individuals

The VI values of the individuals were similar in the groups before tre-
atment (p>0.05). There was a significant difference in the VI value in
the 2-minute stretching group (p=0.0001) and the 5-minute stret-
ching group (p=0.0001) immediately after the treatment. VI values
were similar to pre-treatment values in both groups 10 minutes after
treatment (p>0.05)

Pre-treatment | Immediately after 35 | 10 minute after 33
Median Median Median P
23-75IQR) 25-75IQR) (23-75IQR)
Vascularity Index (%)
2 minute of 88 0.0001*%
1.2(09-17)| 23(22-3) 12(09-17) (1-2,2-3)
5 minute of 85
1.2(0.8—-1.8) | 3.6 (2.9-5) 1.7(12-21) 0.0001*%
(1-2,2-3)

*p=0.05 statistically significant, 35: Static stretching; IQR: Interquartile range

1: Pre-treatment, 2: Immediately after 55, 3: 10 minutes after 85, * Friedman Test
Table 2: Comparison of pre- and post-treatment groups
When the differences after the treatment were examined, it was
found that the increase in VI values was significantly higher in 5 mi-

nutes immediately after and 10 minutes after the treatment compa-
red to the SS application for 2 minutes

2 minute of 83 5 minute of 38 | Intergroup p

WVagcularity index (%)
(Rest-Immediately after)
Mean = 8D

WVascularity index (%)

-1.20=051 -283=211 0.01#F

(Rest-10 minute after)

Median (23-73 IQR)

Vascularity index (%)
(Immediately after-10 minute after)
Median (23-73 IQR)

0(-03-0) 0.2(0-12) 0.01%:

13(1-1.8) | 15012-33) | 0.074

*p<0.03 statistically significant; 5 D: Standard Deviation, $5: Static stretching;
IQR.: Interquartile range, Findependent samples t-test, "Mann-Whitney LM test
Table 3: Change values between groups

DISCUSSION

In this study, in which we purposed to investigate the acute effe-
cts of different SS durations applied to the gastrocnemius muscle
on muscle blood flow by SMI method, it was determined that 5-mi-
nutestretching application increased blood flow more than 2-minute
stretching application and blood flow values returned to their initial
values after 10 minutes.

SS exercises are frequently used in rehabilitation to increase muscle
flexibility, normal joint movement, reduce pain, and provide muscle
relaxation.16-18 It is thought that the evaluation of muscle hemod-
ynamics during and after stretching is important because an incre-
ase in muscle microcirculation due to stretching may be associated
with an increase in muscle flexibility and elongability.19 The effects
of SS exercises on muscle flexibility have been extensively investi-
gated in the literature. 16,20,21; however, the impact of stretching
exercises on muscle blood flow on humans has been examined in a
small number of studies. Studies have shown that muscle blood vo-
lume decreases during stretching, and muscle blood flow increases
after stretching.22 This is thought to be the hyperaemic response
after stretching.22,23 Hotta et al.10 reported that daily stretching
exercises in elderly rats for 4 weeks increased endothelial-induced
vasodilatation and induced angiogenesis and thus increased blood
flow in skeletal muscles. Matsuo et al.23 investigated the effects of
SS exercise applied to the gastrocnemius muscle at different times
(20 second, 1 minute, 2 minute, 5 minute, 10 minute) on muscle oxy-
genation and blood volume in healthy individuals with near-infrared
spectroscopy. They reported that muscle oxygenation and blood
volume increased after stretching, and stretchings performed for 2
minutes and longer were more effective for 5 minutes after stretching
to increase blood flow than stretching applied for 20 seconds. As
a result of the study, they stated that the minimum stretching time
was 2 minutes to maintain the increase in muscle blood volume after
stretching.23 Caliskan et al.11 evaluated muscle blood flow by two
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different radiologists with SMI after SS applications to the athletes’
rectus femoris muscle. They concluded that the SMI method is a re-
liable method to obtain quantitative data to evaluate muscle blood
flow. Their study reported that blood flow increased after stretching
for 2 minutes and after stretching for 5 minutes; however, they did
not compare the effects of different application times. Kruse et al.24
evaluated blood flow during and after passive stretching and stated
that microvascular blood volume increased 10 minutes after stret-
ching. In their study, mean blood flow values and baseline values
were similar at the end of 10 minutes. In this study, the effects of SS
exercise on gastrocnemius muscle were evaluated for the first time
in healthy individuals with SMI method, the acute effects of different
stretching duration were examined and compared immediately after
stretching and 10 minutes later. The result of our study was in parallel
with other studies conducted in the literature. In stretches performed
for 2 minutes and 5 minutes, muscle blood flow values increased sig-
nificantly immediately after stretching, and muscle blood flow increa-
sed more after stretching for 5 minutes; however, the values returned
to their initial values after 10 minutes in both stretches. As reported
in other studies, the accumulation of vasodilator metabolites due to
hyperaemia after stretching may have caused an increased blood
flow. Simultaneously, mechanical microvascular compression may
have caused an increase in blood flow due to the effect of stretching
in the muscle.”*

SS exercises are frequently used in a warm-up and cool-down exer-
cises. According to Swanson, warm-up exercises prepare the athlete
for training or competition.* Well-designed warm-up causes physi-
ological changes in the body prevents musculotendinous injuries27
and improves performance by increasing the athlete’s mental focus
on the next task.” On the contrary, there are some studies in the
literature on the acute negative effects of SS exercises on some per-
formance parameters.”,** For this reason, it may be more effective to
apply short SS exercises such as 2 minutes before the activity. Co-
oling exercises are performed after the exercise to increase healing
and reduce muscle damage. Cooling exercises are essential in terms
of metabolic changes such as increased circulation and nutrients, re-
aching tissues, and reducing lactic acid in tissues.6 According to our
study results, it may be sufficient to use 2 or 5-minute SS exercises
to increase circulation in these exercises applied after the exercise.

The study has some limitations. We think that conducting studies
involving more individuals, examining the effects of stretching app-
lications for a long time, and applying stretching exercises in diffe-
rent muscles will contribute to the literature. Also, only the effects of
muscle stretching time on blood flow were investigated in our study.
In future studies, there is a need for studies examining the relations-
hip between increased flexibility and increased blood flow due to
stretching exercises.

In our study, it was concluded that SS exercises applied to the gast-
rocnemius muscle at different times increased muscle blood flow in
healthy individuals, and the increase in muscle flow after 5 minutes
of the application was higher than the increase in blood flow after 2
minutes of application. Also, in our study, it was observed that musc-
le bleeding returned to baseline values in both groups 10 minutes
after stretching. It was concluded that stretching applications for 2 or
5 minutes would be sufficient for increasing circulation in a warm-up
and cool-down exercises.
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