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Summary

Introduction: Athletic performance is the result of
the interaction of various factors. The flexibility of
the joints plays an important role in athletic per-
formance. The effect of static and dynamic
stretching on physical performance has been
studied, but with no mention to variable duration.
This study aims to examine the effect of duration
of acute static and dynamic stretching on sprint
performance, in terms of speed and flexibility.

Methods: Seventeen football players (mean age
15.9+0.8 years) participated in the study. All per-
formed three static stretching protocols and three
dynamic stretching protocols with variant duration,
in six different training days with random order.

Muscles, Ligaments and Tendons Journal 2018;8 (1):37-42

The static and dynamic stretching protocols, last-
ing 20 seconds each, were performed in three dif-
ferent sets of repetition: 1x20 sec (volume 20 s),
2x20 sec (volume 40 s) and 3x20 sec (volume 60 s).
Range of motion was determined during hip flexion,
extension and abduction, knee flexion and ankle
dorsiflexion using a goniometer. Five pairs of pho-
tocells at various distances (0 m, 5 m, 10 m, 20 m
and 30 m) were used for speed evaluation.

Results: Sprint performance remained unchanged
at the whole distance of 30 m after dynamic
stretching for 20, 40 and 60 s. Static stretching for
40 and 60 s the sprint performance decreased
(p<0.05), while it remained unchanged for the first
20 meters (m) and decreased in the last 10 m,
when the stretching duration was 20 s. Indepen-
dently from duration static and dynamic stretch-
ing increased joint flexibility.

Conclusion: The findings indicate that dynamic
stretching does not influence sprint performance,
independently of the duration (20-60 s). However,
static stretching performed for more than 20 s
(40-60 s) seems to decrease sprint speed. Both
static and dynamic stretching improves joint flexi-
bility, in a way irrelevant to duration.

Level of evidence: lla.

KEY WORDS: static stretching, dynamic stretching,
duration, range of motion, sprint performance, football
players.

Introduction

Athletic performance is the result of the interaction of
various factors. One of the main factors improving
and maximizing performance is the development of
physical fithess, which includes physical factors such
as strength, power, speed and flexibility, as well as
their combinations such as strength and muscular en-
durance. The flexibility of the joints plays an impor-
tant role in athletic performance?.

Several studies have been published regarding the
direct effect of stretching on power production and
jumping. However, the effect of stretching on free
running speed of athletes has not been extensively
studied. Most studies report a negative effect of acute
stretching on power and jump height, while the out-
come on running speed is contradictory, maybe due
to the intervention of other variables related to the
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performance, such as output power, contraction
speed, running economy and psychology of the indi-
vidual athlete2-5.

Siatras et al. examined the direct effect of static and dy-
namic acute stretching on gymnasts’ free running
speed in vaulting. Participants performed three pro-
grams. In the first one they performed 5 min general
warm-up and static stretching in the legs, in the second
program they executed 5 min general warm and active
stretches and in the third program they executed only
general warm-up 5 min. The results showed a signifi-
cant decrease in the performance when static stretch-
ing was preceded, while no inhibitory effect was ob-
served with active stretching®. Fletcher and Jones ex-
amined the effect of four different stretching methods
on the performance of free running speed to amateur
rugby athletes. The first method included static stretch-
ing for 20 sec (passive static method). The second
method consisted of slow rhythmic movements and dis-
placements in the joint for 20 sec (active static
method), the third method included stretching, which
were rhythmically with the contraction of the agonists
and active lengthening of antagonists (active dynamic
method) and the fourth method, in which the practition-
er performed 20 repetitions of the static position with
stretching exercises similar to the active motion (static
dynamic method). The researchers found that static
stretching had a negative impact on the performance of
free running speed at 20 meters in rugby athletes, while
performance in running speed was increased or not af-
fected with dynamic stretching”. Bacurau et al. demon-
strated that static stretching on lower extremities results
in reduced maximum muscle strength, despite the
acute favorable effect on flexibility compared to ballistic
stretching®. Nelson et al. also examined the direct ef-
fects of static stretching on performance of free running
speed in professional athletes of various sports. The
program of static stretching had duration of 120 sec
(4x30”). They found that static stretching had a nega-
tive impact on the performance of athletes®. However,
Kokkonen et al. measured an improvement in flexibility
and 20 m sprint performance after the application of a
chronic 10-week intervention program of static stretch-
ing of lower extremities'. It is clear that acute stretch-
ing negatively affects sprint performance®?, while a
chronic static stretching protocol maybe beneficial©.
Considering the fact that the aforementioned stretch-
ing protocols have duration of 45 sec up to 1 hour for
each muscle group and, though, are not used i.e. by
football players before their sport activity!'-'2, it would
be of interest to examine whether the duration of
stretching plays a role in the performance of free run-
ning speed. The effect of static and dynamic stretch-
ing on physical performance has been studied, but
with no mention to variable duration. The innovation
of study lies on the parameter of duration. The pur-
pose of this study is to examine the direct effect of
duration of static and dynamic stretching protocols on
(I) free running speed performance and (ll) joints flex-
ibility in 17 young amateur football players.
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Materials and methods

Seventeen (17) young football players aged 15.9+0.8
years participated in this study. All athletes were
agreed to participate voluntary in the study and gave
oral consent. The research protocol was designed ac-
cording to the Declaration of Helsinki and was con-
ducted in compliance with the Aristotle University of
Thessaloniki code of conduct.

Flexibility measurements

For flexibility measurements, two types of goniome-
ters were used: a) the goniometer Brodin; is only
used in the abduction of the hip and consists of a
fixed and a movable arm projecting by 60 cm, in or-
der to adapt on the longitudinal anatomical axis of the
femur and b) the goniometer Myrin (Lic Rehab
17183), which measures vertically and horizontally
and was used in other joints; its function is based on
the bending goniometer Leighton (1955): it consists
of a circular scale (0-180) with a turntable and two in-
dicators. The one indicator is arranged in the center
of the disc and is controlled by gravity, while the other
is orientation indicator for horizontal movements.
Measurements of the flexibility of the joints were ex-
pressed in degrees.

Measurements of flexibility included hip extension,
flexion and abduction, knee flexion and ankle dorsi-
flexion with the knee in a flexed position, as suggest-
ed by Ekstrand et al.'® All measurements were per-
formed only on the participants’ right leg. During each
training session flexibility measurements were per-
formed at two time points: one before the initiation of
the training program and one after the program was
completed. The flexibility measurements were per-
formed by two testers, experienced and familiar with
the technique, on a medical bed — except the ankle
measurement which was performed at the stand-up
position with the knee flexed on a low and flat object.
Examiners gave preliminary instructions to the partici-
pants about measurements, the duration of the mea-
surement and its details. The points of each joint
were marked by the same examiner always. Maxi-
mum passive joint movement was assessed by the
examiner measuring the maximum joint resistance
developed by the participant’s muscle group stre-
tched. There was no intermission between each joint
measurement, except only the time necessary for the
correct placement of the instrument on each joint. All
measurements were performed under the same con-
ditions for all participants. The results of each test of
the measurement were recorded in a special data ac-
quisition protocol.

Stretching protocol

Football players were applied three static and dynam-
ic stretching programs of different duration, which ab-
stained one week from each other. The series, the
manner and the time executed were common for all
players. Each person was performing the particular
program on different days, in order to avoid possible
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adjustments or fatigue during measurements. The
protocol included: I. initial flexibility measurements; II.
10 min warm-up; lll. initial (i.e. baseline) maximum
speed measurement, |1V. application of the stretching
program; V. final flexibility and maximum speed mea-
surements. The first program included static stretch-
ing with duration 20 sec (1x20). The second program
involved the same procedure, except that the stretch-
ing program was performed 2 times (2x20) for 20
sec. The third program was exactly the same, except
that the stretching program was performed 3 times
(8%20) for 20 sec. These 3 programs of static stretch-
ing were executed by the same process, but not with
the same duration. In the 4th program the duration
length of dynamic stretching was 20 sec and was ex-
ecuted only once (1x20). The 5th program was per-
formed twice (2x20) for 20 sec, while in the 6th was
performed three times (3x20) for 20 sec. The stretch-
ing programs included stretches so as to have anteri-
or (quadriceps) femoris muscles, posterior femoris
muscles, posterior tibial muscles, iliopsoas muscle
and adductor muscles stretched. Each stretching was
performed in two parts of the body alternately. The
rest period between repetitions lasted 20 sec. The
repetitions were completed for each specific muscle
group and then the next muscle group was taken on.
Stretching exercises selected were performed in the
same order, manner and time in all the flexibility pro-
grams.

Free running speed measurement protocol

The running speed of athletes was measured by pho-
tocells of company TAG HEUER with integrated print-
er in electronic timer Omega, capable of measuring
up to milliseconds. For the free running speed mea-
surements, the electronic timer was connected with
five pairs of photocells. The photocells were mounted
in a special tripod at shoulder height. The time was
recorded each time the trainee interrupted the photo-
cell beam with his shoulder. We assessed the maxi-
mum speed at distances 0 m, 5 m, 10 m, 20 m and
30 m'4.

At each training session, two sprints were performed
at baseline, before the stretching program, and two
sprints at the end of the stretching program. All
sprints were performed at maximum intensity.

Initially the subjects performed a 10 min general and
specific preheating”. Then, two sprints with maximal
intensity were performed and followed by the inter-
vention program of stretching. Finally, the participants
performed two final sprints. Of the two attempts per-
formed in each test, the best one was recorded (i.e.
the shortest time). The intermission period between
the two sprints was 3 min and between the two initial
and final sprints was around 20 min (the whole period
of the intervention including stretching program 10-12
min and final flexibility measurements). Sprint started
from an upright position, with the dominant foot in
front of the other and one meter right behind the
imaginary line of first photocells. All participants were
wearing football shoes and provided verbal stimula-
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tion. The free running speed measurements were
carried out in a football stadium. The conditions un-
der which all measurements were performed were the
same for all athletes (no sport activity prior and the
day of the measurement).

Statistical analysis

There were two independent variables, the variable A
(training program) with six levels and the variable B
(initial measurements) with two levels. The depen-
dent variables were two: |. flexibility after the training
program; Il. free running speed after the implementa-
tion of training programs (final measurements). For
the statistical analysis the variance analysis method
3x2 (programs x measurement) (ANOVA) was used,
with the last factor to be repeated in order to compare
the significance of the difference of averages be-
tween values in the flexibility and free running speed
among the 3 programs of static stretching. The same
was used also for the 3 programs of active stretching.
To detect the difference between the initial and final
values of flexibility and free running speed method t-
test for independent measurements for each stretch-
ing program separately was used. The statistical sig-
nificant level was defined p<0.05.

Results

The statistical analysis showed significant improve-
ments (p<0.05) in the kinematic range of joints after
running any protocol, either it was dynamic or static
type. Concerning the running speed, the statistical
analysis showed a significant reduction in free run-
ning speed of performance in every distance traveled
by the adolescents players (0-5, 0-10, 0-20, 0-30 m),
when static stretching was applied of duration 2x20
and 3x20 sec (Fig. 1).

When the duration of static stretching was only 20
sec (Fig. 2), a reduction in the running speed of
young players was observed only in the last few me-
ters of the total distance of 30 m ( p<0.05).

On the contrary, no significant decrease in perfor-
mance in the other intervals of the total distance of 20
m (0-5, 0-10 and 0-20 m) was observed (p>0.05).
The performance of free running speed remained at
the same level across all distances traveled by the
adolescent football players (0-5, 0-10, 0-20, 0-30 m)
independently of the duration of dynamic stretching
once for 20 sec (1x20), twice for 20 sec (2x20) or
three times for 20 sec (3x20) (Fig. 3), (p>.0.05).

Discussion

Research is mainly focused on the direct effect of
muscle stretching in muscular performance of ath-
letes when applied during the warm-up. This study
examined the direct effect of duration of static and
dynamic stretching in flexibility and free running
speed performance in adolescent football players.
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Figure 1. Significant reduction in free running speed of performance in every distance traveled by the adolescents players
(0-5, 0-10, 0-20, 0-30 m), when static stretching was applied of duration 2x20 before and after the application of the proto-
col. Mean values + SD; * and *** represent statistical values of p<0.05 and p<0.01, respectively. Similar results are depicted
in a graph (not shown here) when static stretching was applied of duration 3x20 sec.
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Figure 2. Within a 20 sec duration of static stretching significant reduction in the running speed of adolescent players was
only observed in the last meters of the total distance of 30 m (p<0.05) before and after the application of the protocol. No
significant difference in maximum running speed in the other intervals of the total distance of 20 m (0-5, 0-10 and 0-20 m)
was observed. Mean values + SD; * represents statistical value p<0.05.

The results showed improvements in joint range of
motion of the legs after application of either static or
dynamic stretching, regardless of their duration. Our
results also showed significant reductions in the per-
formance of free running speed when the total dura-
tion of static stretching was 40 and 60 sec, while it re-
mained unchanged for the first 20 meters, when the
duration of stretching was 20 sec only. On the con-
trary, running speed was not affected when dynamic
stretching was preceded, independently of the dura-
tion (20, 40 or 60 sec).

Our results agree with studies performed long dura-
tion programs with static or dynamic or active
method 519, Flexibility of the joints is improved as the
muscle lengthens statically or dynamically. Older re-
ports have shown that the muscle is adjusted de-
pending on the elongation?0. Zakas et al. investigated
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the acute effects of passive stretching after a general
warming-up bout, as well as the effects of passive
stretching alone of the leg muscles, by the applica-
tion of 3 different flexibility-training protocols in sepa-
rate training sessions in 18 young footballers. The
first protocol included jogging for 20 minutes; the sec-
ond consisted of the same followed by passive
stretching of the lower extremities and the trunk; the
third included passive stretching alone. The results
showed that both stretching exercises alone and
stretching exercises after preheating were of great
importance to improve flexibility of all the joints of the
lower limbs and the trunk flexion'®.

Studies comparing the effect of dynamic or static
stretching on muscle performance are limited and not
considering the role of duration of stretching on mus-
cle performance. Our research is focusing on how
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Figure 3. Maximum running speed remained at the same level across all distances traveled by the adolescent players (0-5,
0-10, 0-20, 0-30 m) independently and non significant of the duration of dynamic stretching once for 20 sec (1x20) (graph
not shown), twice for 20 sec (graph not shown) and three times for 20 sec (3x20) (Fig. 3), (p>.0.05) before and after the ap-

plication of the protocol. Mean values + SD.

the duration of stretching exercises in a training peri-
od affects the flexibility of the joints and the running
speed of football players. Regarding the direct effect
of stretching on performance of free running speed
our results agree with research using long duration,
at least over 20 sec, and with similar research of stat-
ic stretching type assets executed®2!. Siatras et al.
found a significant decrease in the performance of
free running speed when a program of static stretch-
ing duration 60 sec (2x30) was applied. Reduction in
free running speed was found in our results, when
static stretching either 40 (2x20) or 60 (3x20) sec
was applied which suggests that a static stretching
duration over 20 sec can have a negative influence
on free running speed, while a duration of 20 sec
does not adversely affect the running speed at the
first 20 m. The results concerning that a static stretch
duration lasting more than 20 sec is reducing free
running speed stand in line with the results of Nelson
et al. who found reductions in free running speed in
professional athletes, when static stretching 120 sec
(4x30) was performed?!. Unlike static stretching, the
results of this study showed running speed not to be
negatively impacted when either short (20 sec) or
longer (40 or 60 sec) dynamic stretch was performed.
The results of this study are consistent with results
from other studies, where the duration of active
stretching was 60 sec or 20 sec®7. These results sug-
gest that dynamic stretching could not adversely af-
fect running speed independently of the duration.

The mechanisms that are held responsible for reduc-
tions in muscle performance after static stretching are
not yet specified, and as possible explanations have
been proposed mechanical factors related to the
muscle-tendon system?22-25_ the neural inhibition25.26
and deterioration of muscle tissue of prolonged static
stretching, as evidenced by increased creatine kinase
detected in the blood?”. Static stretching possibly in-
creases the compliance of the muscles and tendons
units and, consequently, reduces their capability as
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elastic energy storage’. Moreover, dilatation over
20% of the length of the muscle fibers may damage
the contractile elements with a direct negative effect
on power output.

The reason why dynamic stretching does not adversely
affect the muscular performance remains unclear. One
of the possible mechanisms is the largest increase in
the internal temperature of the body, induced by active
stretching compared to static stretching. The increase
in the internal temperature causes an increase in the
sensitivity of nerve receptors and increase the speed of
nerve conduction, facilitating muscle contractions28,
Some researchers, however, deny that the internal dif-
ferences in temperature can cause changes in the per-
formance of free running speed’. It is proposed that
rhythmical movements performed in active stretching
protocols better simulate athletic activity. Probably dy-
namic stretching enhances proprioception, movement
coordination and allows the muscles to stimulate earli-
er and faster than static stretching, leading in the pro-
duction of more power explaining the insignificant dif-
ferences in the sprint time?29.

Conclusion

Flexibility of hip, knee and ankle joints was improved
in adolescent football players after static or dynamic
stretching exercises, independent of their duration.
Static stretching of short duration did not adversely
affect the running speed up to 20 m. However, longer
(40 or 60 sec) duration static stretching increases
sprint time over the distance of 20 m. Active stretch-
ing exercises do not alter running speed independent
of their duration. We conclude that stretching duration
is a determining factor on the outcome of static
stretching on sprint performance, while it does not
seem to affect the outcome of active stretching. Im-
provement of joint flexibility after stretching (active or
passive) is not influenced by duration, as well.
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