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Abstract

The purpose of this study was to investigate the effect of different warm-up protocols (Post Activation
Potentiation model warm-up (PAP) and Static Stretching model warm-up) on Running-based Anaerobic
Sprint Test (RAST) in male athletes. 44 male athletes age: 22.23 ± 1.85 y; height: 176.16 (5.84) cm;
weight: 77.49 (11.21) kg volunteered to participate in this investigation. The athletes who participated in
this study were randomly divided into three groups: Post Activation Potentiation Group (PAPG) (n=15),
Static Stretching Group (SG) (n=14) and Control Group (CG) (n=15). Initial measurement values of
repetitive sprint test for all athletes were made followed by 5 min passive rest after 5 min warm-up at 8
km/h on treadmill. The second measurements of the athletes were performed 48 h after the first
measurements. In analyzing the data, a two-way repeated measure Analysis of Variance (ANOVA) was
conducted. The results indicated that significant group χ time interactions were observed for RAST test
scores in the athletes subjected to different warm-up protocols. As a result, post activation potentiation
warm-up method leads to an acute increase in peak power and mean power scores after the repeated
sprint test (p<0.05) while static warm-up method causes a significant decrease (p<0.05).
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Introduction
Warm-up prior to vigorous physical activities are commonly
accepted movements among athletes [1,2]. The overall aim of
warm-up is to increase the flexibility of muscles and tendons,
provide blood flow to peripheral, enhance body temperature
and improve free and coordinated movements [3,4]. Many
athletes are required to put preliminary warm-up exercises in
their training programs particularly before a severe activity
[1,2,5]. Warm-up is regularly used by athletes to achieve high
performance during training and matches and to protect against
injuries [6]. On the other hand, warm-up is a type of sporting
activity that requires many researches on it [7]. Although the
effects of different warm-up protocols are still being
investigated in various sporting activities, additional research is
needed to ensure specific warm-up needs for athletes if
optimum performance is achieved [7-10].

The positive or negative effects of warming on sportive
performance may vary depending on the type of warm-up.
Some of the studies illustrate that stretching exercises are used
as part of the warm-up may inhibit the sportive performance
[7,11-14]. There has been a great deal of evidence state that
acute muscle stretching exercises can lead to a decrease in
performance with maximum power, torque output, force and
speed [13,15-19]. Two hypotheses have been proposed to
explain the decline in sportive performance caused by
stretching: (1) Mechanical factors including viscoelastic
properties of muscle; (2) Neural factors such as the change of
the motor control strategies or reflex sensitivity [20]. Wilson et

al. has stated that a rigid musculotendinous system can cause
an improvement in power production through contractile
structures, while relaxed and extended muscle leads to lower
power production [21].

Post Activation Potentiation (PAP) is defined as an improved
neuromuscular state observed after high-intensity exercise
where an increase in muscle contraction force following
maximal or near maximal voluntary contraction [7,14,22,23].
This acute increase is thought to be influenced by contributing
factors including the phosphorylation of the myosinin
regulatory light chains, increased motor unit recruitment and
change in pennation angle [22]. Researchers are focused on
three main theories explaining the physiological mechanisms
of PAP [1,22,24]: (1) Previous stimulation phosphorylates the
regulatory light chain of myosin, moving them from the
myosin thick body and approximate them actinine’s filaments
and enhance sensitivity to Ca+2 ion which facilitate interactions
within the sarcomeric apparatus [22,24,25]. (2) Preliminary
activities are increase the transmission of excitation
potentiation’s at the synaptic junction and spinal cord levels
[24]. (3) The idea that a decrease in the pennate angle
following PAP may cause the increase in strength and force
and this change allows the muscle force a more direct
transmission from the muscle fiber to the tendon [22,24].
Based on this result, the aim of this study was to investigate the
effects of post activation model and static stretching model
warm-up exercises on repetitive sprint performance.
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Methods

Subjects
44 healthy, male athletes age: 22.23 ± 1.85 y; height: 176.16
(5.84) cm; weight: 77.49 (11.21) kg volunteered to participate
in this study. The athletes who participated in this study were
randomly divided into three groups: Post Activation
Potentiation group (PAPG) (15 subjects; x̄ age: 22.14 ± 1.96 y),
static stretching group (SG) (14 subjects; x̄ age: 22.43 ± 1.87
y) and control group (CG) (15 subjects; x̄ age: 22.07 ± 1.91 y).
Subjects were informed about the study and signed informed
consent form. Before the data were collected, participants were
familiarized with test procedures (Table 1).

Table 1. Physical characteristics of the male athletes.

Physical
characteristi
cs

PAP group

Mean ± SD

Static stretching
group

Mean ± SD

Control group
Mean ± SD

Age (y) 22.14 ± 1.96 22.43 ± 1.97 22.07 ± 1.91

Height (cm) 173.09 ± 6.42 177.32 ± 4.54 178.23 ± 5.56

Weight (kg) 79.30 ± 12.70 73.91 ± 8.16 79.43 ± 12.37

Measurement tools
Height measurements: Height measurements were measured
by using a wall-mounted stadiometer (Holtain Ltd., UK) at
anatomic standing structure and head at frontal plane position
to the nearest 1 mm.

Weight measurements: Weight measurements were measured
using digital weighing scale (Tanita TBF 401 A, Japan) in
standard sportswear (shorts and t-shirts) to the nearest 0.1 kg.

Running-based anaerobic sprint test (RAST)
measurements: Before the RAST test was administered, total
body mass of the participants was measured. RAST test was
performed on the tartan floor. This test consisted of 6 repeated
35-meter maximum sprints with 10 s passive recovery between
each sprint. The time for each sprint effort was measured by
photocell system (Newtest Powertimer 300-series) and start for
each sprint occurred with a sound from the photocell
equipment.

Data collection
The research sample consisted of power athletes who perform
intense exercise at least 5 y and over 3 d per week. Before the

research study was administered, the participants were
randomly assigned to three groups (Post activation potentiation
group (n=15), Static Stretching group (n=14) and Control
group (n=15)). Participants were instructed to refrain from
intensive physical activity for 24 h prior to each testing
session.

The study was conducted in two phases. In the first phase; all
the athletes participating in the study were subjected to a 5 min
warm-up at a speed of 8 km/h on a treadmill, then 5 min
passive recovery was applied. After the 5 min of passive
recovery, all the athletes were performed a 6 repeated 35-meter
maximum sprint test.

The second measurements of the athletes were performed
minimum 48 h and maximum 72 h after the first
measurements. In the second phase, all of athletes were
performed 5 min warm-up at 8 km/h on treadmill and then 5
min passive recovery was given again. After the 5 min of
passive recovery session, static stretching group was applied 6
static stretching exercises according to the procedures of
Faigenbaum et al. (Table 2) [15]. 2 repetitions of each
stretching exercise were held 15 s at a point of mild discomfort
by the subjects. Between stretching repetitions, the leg was
returned to a neutral position for a 5 s rest period. All
stretching exercises were applied to both legs. Immediately
after the application of the stretching exercise, subjects were
administered 5 min of passive recovery and then RAST test
was performed. On the other hand, PAP group was applied one
set of five repetitions of back squat at their 90% of 1 RM after
the same warm-up and passive recovery session. After the
execution of PAP warm-up protocol, subjects were performed
the RAST test following 5 min of passive recovery. The
control group was directly subjected to RAST test after 5 min
of warm-up and 5 min of rest (Figure 1).

Figure 1. Study design for PAP group, static stretching group and
control group.

Table 2. Static stretching exercises.

 1. Adductor stretching exercise: This stretching movement starts in sitting position with an erect spine, both knees bend, both soles touch each other and allow
knees to fall to the side.

 2. Modified hurdles stretching exercise: This stretching movement starts in sitting position with one leg straight, one leg bent in front of the body and the soles
toward the inner thigh of the straight leg and reach forward.
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 3. Hip Rotator stretching exercise: This stretching movement starts in a supine position with both knees bent and cross the one leg over the other, flex both hips
to or past 90 degrees by pulling on the uncrossed leg.

 4. Bent-over toe raise: This stretching movement starts in a standing position with the heel of one foot slightly in front of the toes of the other foot, the front leg is in
a stretched position and rear leg is lifted up while leaning downward with upper body.

 5. Quadriceps stretching exercise: This stretching movement starts in a standing position with the back straight, bend one knee, grasp top ankle or forefoot
behind and bring soles towards buttocks.

 6. Calf stretching exercise: This stretching movement starts in a standing position with your hands on the wall, front foot is one step behind the wall, take a big
step backwards with other leg. Keeping back leg straight and front leg bent. Afterwards, stretching the back of the outstretched leg.

Statistical analysis
Descriptive statistics (mean ± SD) for age, height and weight
variables were calculated. Normal distribution of data was
tested by Kolmogorov-Smirnov (K-S) test. It was observed that
all variants were normally distributed (p>0.05). A two-way
repeated measure Analysis of Variance (ANOVA) was used to
analyze differences between pre-test and post-test power scores
for the RAST test. First of all, Mauchly’s sphericity test was
used to test of sphericity assumption in within-subject of
repeated measure ANOVA. In cases where the assumption of
sphericity was not met, Greenhouse Geisser corrections were
applied. A repeated measures ANOVA with a Greenhouse-
Geisser correction showed that peak and mean power scores
for RAST test differed significantly between time points
(p<0.05). Bonferroni post hoc test was used to determine
differences between three warm-up groups. Statistical analysis
of the measurements is performed by using SPSS 17.0 for
Windows and P<0.05 is used to determine statistical
significance.

Results
Pre-test and post-test RAST scores for 3 different warm-up
groups (Static Stretching Group, Post Activation Group and
Control Group) are presented in Table 3. The results indicated
that there was a significant interaction between group χ time
for the peak power (F=15.820, p<0.05) and mean power
(F=30.726, p<0.05) scores. We also examined the simple main
effect for group × time and time for peak power and mean
power scores. There was a significant decrease in peak power
and mean power scores for the Static Stretching Group from
pre-test to post-test (p<0.05). There was also a significant
increase in peak power and mean power scores for the Post
Activation Group from pre-test to post-test (p<0.05). In other
words, post activation potentiation warm-up method leads to
an acute increase in peak power and mean power scores after
the repeated sprint test while static warm-up method causes a
significant decrease. After post hoc test, there were no
significant differences between three warm-up groups in terms
of both peak and mean power scores (p>0.05).

Table 3. 3X2 repeated ANOVA results for RAST test following 3 different warm-up protocols.

Variables Pre-test

Mean ± SD

Post-test

Mean ± SD

Group X Time

F

RAST Test

Peak power (watt)

SS group 828.29 ± 155.11 777.36 ± 133.42 15.820* 

PAP group 754.40 ± 151.89 803.67 ± 125.47

Control group 850.80 ± 172.73 842.40 ± 154.56

RAST Test

Mean power (watt) 

SS group 758.29 ± 152.67 689.57 ± 143.15 30.723*

PAP group 682.27 ± 118.90 724.80 ± 102.30

Control group 777.00 ± 154.26 766.27 ± 145.09

Note: *P<0.05; SS Group: Static Stretching Group; PAP Group: Post Activation Potentiation Group.

Discussion
Results of this study indicate that post activation potentiation
warm-up method leads to an acute increase in peak power and
mean power scores after the repeated sprint test while static
warm-up method causes a significant decrease in male athletes.
Several studies have stated that stretching exercises, which
have been traditionally utilized during warm-up exercise, may
inhibit strength, force production, speed, agility and jump
performance [3,11,12,17,18,20,26]. Besides the static
stretching exercises, it is stated that other stretching types may

also reduce the power performance [13]. Static Stretching
exercise may also impair the viscoelastic properties,
sarcomeric cross-bridge kinetics, and stiffness of muscle-
tendon unit [20,21,27] and neural factors like reflex sensitivity
[28]. Therefore, exercise performance following static
Stretching movements can be affected by these results.
However, Behm et al. suggested that the performance
reductions due to a stretching may be related to muscular
inactivation sourced from the stretching event rather than
changes in the elasticity of the muscle-connective tissue
components [11]. Despite several studies suggesting that static
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stretching exercises may reduce exercise performance, some
studies have also failed to find any effect [11-19,29]. This
discrepancy may be due to differences in static Stretching
implementation duration, physical fitness level of participants
and muscle groups stretched. Some studies suggested that short
duration stretching warm-up do not reduce exercise
performance, but the performance will be adversely affected as
the warm-up time lengthens [27,30].

PAP refers to a physiological phenomenon that is an acute
increase in muscle power production and exercise performance
because of previous contraction [23,31]. Despite there is a
great deal of evidence about the effects of PAP warm-up on
muscle performance, some studies have failed to demonstrate
this effect [7,10,24,32-34]. Inconsistencies between studies in
the PAP research have been attributed to differences in
conditioning level and muscle fiber composition of the
subjects, intensity of the PAP warm-up, recovery time between
PAP warm-up and following an execution of high intensity
exercise [7,22,35-38].

One of the important factors affecting PAP warm-up is
recovery time [23,39]. A suitable resting period is important
for demonstrating the effect of PAP warm-up on muscle
performance [31,39]. The recovery time is neither too long to
remove the PAP effects nor too short to cause fatigue
[23,40-42]. There is an optimal time interval between PAP
warm-up and following an execution of high intensity exercise
depending on the type and intensity of the stimulus [23,39,40].
Most studies have reported that time interval between PAP
warm-up and following an execution of high intensity exercise
varied between 3 and 8 min [24,34,40]. However, a suitable
resting period following PAP warm-up may also be related to
intensity of the stimulus [22]. Some studies have used longer
recovery times following high intensity warm-up stimulus and
stated that a PAP warm-up effect may last upto 20 min
[35,37,38,43].

Most of the current literature stated that conditioning
background may be one of the important factors in influencing
the degree of PAP [7,32]. Chiu et al. reported that elite athletes
are likely to make further improvements in athletic
performance than recreationally trained individuals following
PAP stimulus [32]. Wilson et al. stated that regulatory myosin
light chain phosphorylation activity of the elite athletes is
greater than untrained individuals [43]. As a consequence, the
greater regulatory myosin light chain phosphorylation activity
in the trained individuals, the greater the amount of energy in
the muscle and muscular power following PAP stimulus.

Another important factor that affects PAP warm-up stimulus is
muscle fiber type and its distribution within the muscle which
is commonly determined by genetic factors [36]. Studies
indicated that individuals with higher type II muscle fibers
demonstrated greater PAP response [36,44]. The advantage of
a higher percentage of type II muscle fiber is enabled to
generate greater force in a shorter time [45].

Increases in performance following PAP warm-up may also
depend on severity of the stimulus used during PAP movement

[36]. Vandervoort et al. stated that contractions at below 75%
of the maximal voluntary contraction produce little or no
potentiation effect [46]. Most of the current literature was used
high intensity stimulus during PAP warm-up exercise and
showed a significant increase in exercise performance
[22,40,46].

Conclusion
Warm-up prior to strenuous physical activities has always
attracted the attention of sport scientists. Approaches with
regarding to warm-up exercise have been continuously
changed and brings about the contradictions related to the
effects of warm-up type on the performance. Besides, variables
such as duration and severity of the warm-up and recovery
time between warm-up and following an execution of high
intensity exercise may improve or inhibit the execution of
power activities. In this study, we evaluated the repeated sprint
test results of male athletes subjected to different warming
protocols. As a result of this study, we found that post
activation potentiation model warm-up method increases the
repeated sprint values in male athletes during RAST test while
static stretching model warm-up method decrease.
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