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a Isinma Periyodunda Uygulanan Farkli Pape Protokollerinin Performansa Etkisi

Ahmet Yalgin's, Baris Baydemir”

Abstract

The aim of this study is the result of the acute effects of back squat exercise applied against
resistance as a PAPE (post activation performance enhancement) protocol on the athletic
performance of athletes. 60 athletes playing basketball in the U16 category in different sports
clubs participated in the study (age: 15.38+,715 years; height: 1.77+.06 cm; weight: 68+12 kg;
BMI: 21.714£3.11). Vertical jump and agility performances of the athletes were measured at the
pre-test, 4th, 8th and 12th minutes, and PAPE was applied as 1 set x 4 repetitions with 85% of
one maximal repetition (1RM) of athletes. According to the obtained; It was revealed that there
was a difference as observed in the vertical direction and speed performance of the athletes
following the performance enhancement rules after this activation (p<0.05). In conclusion, it has
been determined that PAPE (Post-activation performance enhancement) applications enhance
agility and vertical jump performance in basketball players. The increase in performance reaches
its peak at the 12th minute, accompanied by elevated heart rate and lactate levels. Considering
the most effective time period for the PAPE protocol, which is taken into account, incorporating
these exercises into the warm-up period can also have a positive impact on match performance.

Keywords Basketball, PAPE, Warm-up, Performance, Vertical Jump, Agility.

Oz

Bu calismanin amaci, PAPE (post activation performance enhancement) protokoll olarak
dirence karsi uygulanan back squat egzersizinin sporcularin atletik performanslar Gzerine akut
etkilerinin arastinlmasidir. Calismaya farkli spor kultiplerinde U16 kategorisinde basketbol
oynayan 60 sporcu katilmistir (yas: 15,38+,715 yil; boy: 1,77+,06 c¢m; kilo: 68+12 kg; BKI:
21,7143,11). Sporcularin dikey sicrama ve ceviklik performanslar protokol dncesinde dntest
olarak 6l¢uldikten sonra PAPE protokolt olarak sporcularin bir maksimal tekrarlarinin (1RM)
985" ile 1 set x 4 tekrar back squat egzersizi olarak uygulanmistir. Ardindan 4., 8. ve 12.
dakikalarda tekrar dikey sicrama ve ceviklik testleri uygulanmistir. Elde edilen bulgulara gére; bu
arastirmada aktivasyon sonrasi performans gelistirme protokoli sonrasinda sporcularin dikey
sicrama ve ceviklik performanslarinda, kalp atim hizi ve laktat degerlerinde istatistiksel olarak
anlamli bir fark oldugu ortaya konmustur (p<0.05). Sonug olarak, PAPE uygulamalarinin
basketbolcularda ceviklik ve dikey sicrama performansini akut olarak artirdigi tespit edilmistir.
Sureler arasindaki artisin 12. dakikada en anlamli ve kalp atim hizi ile laktat degerlerinin en st
seviyede oldugu gorilmustdr. Basketbolculann isinma ¢alismalarina ek olarak uygulanan PAPE
protokolliniin en etkili oldugu stre dikkate alinarak 1sinma periyodunda bu ¢alismalara yer
verilmesi mag performansini da olumlu etkileyecegi séylenebilir.

Anahtar Kelimeler Basketbol, PAPE, Isinma, Performans, Dikey Sicrama, Geviklik
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Introduction

Nowadays, performance differences in competitive sports can greatly affect the success
of an athlete and a team. Therefore, coaches and athletes try to implement advanced
training strategies to further improve athletic performance. Basketball is a sport with a
very high competitive pace. Coaches and athletes follow various warm-up protocols to
improve their performance.

Warm-up, is a set of movements that maximizes performance during competition or
training and it is performed in order to prevent the risk of an injury. It is stated that
stretching movements performed during the warm-up phase and before a challenging
exercise, increase the flexibility and range of motion in the joints. Depending on this
approach, it is a matter of debate that stretching movements performed before
challenging and short-term exercises may negatively affect performance (Baydemir et
al.,, 2016). It has been stated that the loss of strength that occurs due to stretching
exercises during sportive performance may be related to the motor control strategy of
the muscle or mechanical factors including viscoelastic properties or neural factors such
as sensitivity in reflexes (Avloniti et al., 2016).

There are many studies investigating the effects of warming up on sportive
performance. In a meta-analysis study, it was concluded that warm-up practices caused
a 79 percent increase in performance (Fradkin et al., 2010). The warm-up that aims to
maximize the performance includes stretching, submaximal aerobic activity and branch-
specific movements. Increased blood rate and connective and muscle tissue temperature
after warming up are considered as factors that have a positive effect on performance.
As the viscosity of the muscle decreases, mechanical efficiency, elasticity and muscle
contraction speed, nerve conduction speed, and the amount of oxygen coming to the
muscle increase. Improvements in coordination and a decrease in the resistance in the
vascular bed are also observed. The increase in temperature in the muscles helps the
gamma nerve fibers to activate in the event of muscle tension and relax the muscle by
reducing the sensitivity of the muscle spindles. The increase in metabolic rate and
muscle makes it possible to become stronger and able to do more effective work.
However, it should not be ignored that there are different approaches to the effect of
warming up on sportive performance (Silva et al., 2018).

Post-Activation Performance Enhancement (PAPE), applied in the warm-up phase,
has become a protocol applied to achieve acute increases in athletic performance after
voluntary conditioning activity (Blazevich and Babault, 2019). PAPE, typically occurs
after strength-based movements that exceed 85% or more of the maximum weight a
person can lift in one repetition, known as conditioning activity (Lockie et al., 2018).
Because the relationship between fatigue and reinforcement is necessary for PAPE to
occur, resting periods between conditioning activity and performance evaluation
activities are an important factor (Marshall et al., 2019). In this case, the amount of force
a muscle can produce after initial training is the result of the net balance between fatigue
and muscle strengthening (Docherty et al., 2007; Rassier et al., 2000). Optimum
performance occurs when fatigue decreases and reinforcement continues (Hodgson et
al., 2005). PAPE is a phenomenon defined as an acute increase in power output caused
by voluntary contraction of skeletal muscles (Robbins et al., 2005). The performance of
skeletal muscles at any given moment depends on the contraction history of the same
muscles, i.e. their previous contractions of the respective muscles. The most likely
consequence of previous muscle contractions is fatigue, which can negatively impact
performance (Sale, 2002). However, PAPE positively affects performance by providing
maximal or near-maximal voluntary contractions, that is, by increasing peak force and

force generation rate along with Conditioning Activity (Tillin and Bishop, 2009).
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The PAPE protocol appears as an acute increase in muscle performance after a
conditioning activity. It has been stated that following a biomechanically similar
movement performed against resistance leads to acute increases in targeted performance
(Kilduff et al., 2007; Gepfert et al., 2020). On the other hand, there are studies in the
literature reporting that the PAPE protocol does not have positive effects on
performance increase (Padulo et al., 2015, Sygulla and Fountaine, 2014). Different result
reports in the literature have created the need for a deeper research on this subject. For
this reason, it was aimed to investigate the effects of the PAPE protocol added to the
warm-up phase on athletic performance in basketball players and in what time period it

reached the maximal level.

Material and Methods

Research Model

In this study, the effects of different PAPE protocols applied during the warm-up period
on basketball players were examined. Height, body weight, Body Mass Index (BMI),
maximal strength (1RM), relative strength, lactate measurements and instantaneous
heart rate values of the study participants were taken. In addition, Countermovement
Jump (CM]J) and 505 Agility tests were applied to the participants both before the PAPE
protocol and 4, 8 and 12 minutes after the protocol was implemented.
Countermovement Jump and 505 Agility tests of the athletes after 5-7 minute warm-up
exercises specific to Basketball have been measured and compared in the given order;
first measurement (pre-test), then the second measurement (4th minute) followed by
85% 1RM-4 repetitions Back Squat (PAPE), third measurement (8th minute) and fourth
measurement (12th minute). The hypothesis of the study was determined as 85% 1RM-
4 Repeat Back Squat exercise had a positive effect on the athletes’ Countermovement
Jump and 505 Agility test values.

Research Group

60 athletes from the U16 age category, who play basketball in different sports clubs in
Istanbul, participated in the study. Participants of the study were determined by
purposeful sampling method. The research was designed in accordance with the

Declaration of Helsinki and ethics committee permission was obtained.

Data Collection Tools

Height, body weight, Body Mass Index (BMI), maximal strength (1RM), relative strength,
lactate measurement and instantaneous heart rate values of the basketball players
participating in the study were taken and Countermovement Jump (CM]J) and 505
Agility tests were applied.

Anthropometric Measurements

Height measurements of basketball players were made without socks using SECA
(Germany) brand height measuring equipment with an accuracy of 0.1m. The body
weights of basketball players were measured with a SECA (Germany) brand electronic
scale with a sensitivity of 0.5 kg. To determine the Body Mass Index, the formula "Body
Mass Index (BMI) = Body Weight (kg) / Height2 (m2) was used (Benazeera, 2014).

Maximal Force (1RM)
It is the maximum weight that can be lifted at one time within the joint range of motion.
Since the sample consisted of young athletes, the indirect method Brzycki method was

used to avoid any risk factors. The data obtained by lifting the back squat exercise at

https://www.ijoss.org



Yalgin, & Baydemir, 2025.
International Journal of Health, Exercise, and Sport Sciences Vol 2, issue 1, February 2025 Page 80 of 87

maximum repetitions with a weight that the athlete could lift relatively easily was noted,
and then the formula "1RM=100 x Weight / [102.78-(2.78 x Number of Reps)] was used
(Brzycki, 1993).

Lactate Measurement

Lactate Scout Meter (EKF Diagnostics, England) was used to monitor the athletes’
fatigue levels by measuring their lactate values between tests. After completing the 5-7
minute warm-up exercises specific to basketball at Sehit Onbasi Murat Sengéz THAL
Sports Hall, the basketball players were given Countermovement Jump (CM]J) and 505
Agility exercises in the 4th, 8th and 12th minutes after the protocol was applied

(McLaren et al., 2017). After the test, lactate measurement was made.

Determining Heart Rate

During the exercises and tests, the athletes’ instantaneous heart rates were monitored
using the Polar H10 Heart Rate Sensor (Finland). During the practice period at Sehit
Onbagi Murat Sengdéz IHAL Sports Hall, the maximum heart rate counts and
percentages of the physical performances of the basketball players were monitored and

their training loads were kept under control.

Relative Force

It is the highest force that the athlete can produce against their own body weight. It
indicates the force it can exert for every 1 kg. Using the following formula: "Relative Force
= Weight Lifted / Body Weight", basketball players were made to perform back squat
exercises (Bautista et al., 2022).

Countermovement Jump (CM])

It is a vertical jump test performed by the athlete squatting and then jumping as high as
possible. It is used to measure explosive lower body strength. Compared with five
different vertical jump tests, CM] was reported to have the highest reliability among all
tests with a value of .98 and the explosive power factor to show the greatest factorial
validity with a value of .87 (Markovic et al.,, 2004). In a study comparing the MyJump
application with the force platform, the intra-class correlation coefficient was reported
as .997 and the validity assessment was reported as .995 (Balsalobre-Ferndndez et al.,
2015). CM]J values were measured with the iPhone application MyJump, which was
developed to calculate jumping height based on the flight duration using the fast video
recording feature. CM] was performed with the hands on the hips to prevent the athletes
from generating power from arm swing. Athletes were given two tries and their best

scores were taken as basis.

505 Agility Test

It was first discovered by Draper and Lancaster in 1985 to measure agility in the
horizontal plane (Draper and Lancaster, 1985). It is used to measure agility and ability to
change direction. In the study, it was reported that the test was valid and reliable (Stewart
et al., 2014). Performance measurements of the basketball players were conducted with
the SE-320 Wireless Photocell Stopwatch (Turkey) in the presence of assistants using
strips marked on the ground at Sehit Onbasi Murat Sengoz IHAL Sports Hall. After two

attempts, the best time score was recorded.

PAPE Protocol
The PAPE protocol appears as an acute increase in athletic performance after a

conditioning activity. It is the increase in performance performed in biomechanically
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similar movement sequences following a resistance exercise. When the studies in the
literature are examined, the PAPE protocol in the research was applied as a 1 set x 4
repetition back squat exercise with 85% of the athletes’ maximal repetitions (1RM)
(Blazevich and Babault 2019; Gepfert et al., 2020). Measurements were taken by applying
Countermovement Jump and 505 Agility Tests at the 4th, 8th and 12th minutes
following the exercise. Meanwhile, the performance times and physiological parameters
of the athletes were monitored, heart rate with the Heart Rate Sensor (Polar H10), and

lactate values with the Lactate Scout Meter.

Analysis of Data

SPSS analysis program was used to determine the results of the data obtained by
investigating the acute effects of different PAPE protocols applied during the warm-up
period on basketball players' performance. Repeated Measures ANOVA Test was

performed. The significance level was determined as (p<0.05).

Results

Table 1 Evaluation of Participants' Introductory Information and Some Measurements

Average SD Min. Max.
Age (years) 15,38 715 14 16
Years of Exercise (years) 2,52 1,228 1 5
Height (m) 1,77 06 1,59 1,91
Weight (kg) 68 12 47 96
BMI 21,71 3,11 16,37 29,05
Maximal Force (kg) 56 18 30 100
Relative Force (Maximal weight lifted/body

82,19 19 39 1,37

weight)

Table 1 presents the demographic information and some measurements of the
participants. The average age of the participants is 15.38+0.715 years, with the youngest
being 14 and the oldest 16 years old. The average duration of exercise is 2.52+1.228 years,
ranging from 1 to 5 years. The average height is 1.77+0.06 m, and the average weight is
68+12 kg. The body mass index (BMI) has an average of 21.71+3.11. The average
maximal force is 5618 kg, while the relative force (maximal weight lifted/body weight)
is calculated as 0.82+0.19, ranging from a minimum of 0.39 to a maximum of 1.37

Table 2 Repeated Measures ANOVA Results of Pre-Test, 2nd Measurement, 3rd Measurement and
4th Measurement Values of Basketball Players

Page 81 of 87

Test Time

2nd Measurement 3rd Measurement 4th Measurement

Group Pre-test (4th minute) (8th minute) (12th minute) P Difference
12
Countermovement 60 37,59+5,51 38,78+5,85 39,09+5,57 40,48+6,23 0,000% 1-3
Jump (cm) 1-4
14
505 Agility Test (sec) 60 2,7320.20 2,73+0,22 2,7040,22 2,66:40,22 0,000 24
34
1-2
Heart Rate (BPM) 60 164,18+1,24 172154121 176,931,204 186,1141,10 0,000% 1-3
1-4
Lactat Measurement 1-2
o] 60 2,80+0,68 4.80+0,68 6,30+0,68 7,80+0,68 0,000% 1-3
14

*p<0,05, **1 = Pre-test, 2 = 2nd Measurement, 3 = 3rd Measurement, 4 = 4th Measurement
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It was revealed that there was a significant difference between the values taken before
the PAPE protocol in basketball players and the values taken at the fourth, eighth and
twelfth minutes after the Countermovement Jump application (p<0.05). It was
determined that the most significant difference between the values was between the pre-
test and the 4th measurement (12th minute). Moreover, there was significant increase
between second measurement and fourth measurement as well as third measurement
and fourth measurement (p<0,05).

While there was no significant difference between the values taken before the PAPE
protocol in basketball players and the values taken at the fourth and eighth minutes after
the 505 agility test application (p>0.05), it was revealed that there was a significant
difference between the values taken at the twelfth minute (p<0.05). It was found that the
most significant difference between the values was between the 2nd measurement
(fourth minute) and the 4th measurement (twelfth minute). However, there is a
significant increase between the third and fourth measurements as well (p<0.05).

It was revealed that there was a significant difference in the heart rate values of
basketball players before the PAPE protocol between the values taken before and at the
fourth, eighth and twelfth minutes after the application (p <0.05). It was found that the
most significant difference between the values was between the pre-test and the 4th
measurement (12th minute). However, there was significant increase between the
second measurement and third measurement, second measurement and fourth
measurement and third measurement and fourth measurement.

It was revealed that the difference between the lactate values of basketball players
before the PAPE protocol and the values taken before and at the fourth, eighth and
twelfth minutes after the application were significant (p<0.05). It was found that the
most significant difference between the values was between the pre-test and the 4th

measurement (12th minute).

Discussion and conclusion

This research was conducted to determine the effects of the PAPE protocol added to the
warm-up phase on athletic performance in basketball players and the time period in
which it reached maximal level. The age of the athletes that participated in the research
was 15,384,715, while their exercise years were determined as 2,52+1,228, their height
was 1,77+,06, their body weight was 68412, their BMI was 21,71+3,11, their maximal
force was 56+18 and their relative force was 82+,19 (Table 1). It was determined that the
difference in Countermovement Jump (CM]) values in basketball players was statistically
significant. Accordingly, the Countermovement Jump (CM]J) values of basketball players
increased in the pre-test, 4th minute, 8th minute and 12th minute, and the highest value
was detected at the 12th minute. In the 505 Agility Test, it was determined that there
was a statistically significant difference according to the measurements. It was also
determined that the heart rate values of basketball players in the 12th minute were higher
than the heart rate values in the pre-test, 4th minute and 8th minute. This significant
difference between the aforementioned values also shows that heart rate values in
basketball players increase over time. It was determined that there was a statistically
significant difference in the lactate values of basketball players according to the
measurements. Accordingly, it was determined that the lactate values of the participants
at the 12th minute were higher than the lactate values at the pre-test, 4th minute and
8th minute. This significant difference between these values also shows that the lactate
values of the participants increased over time (Table 2).

The PAPE protocol appears as an acute increase in athletic performance after a

conditioning activity. Following a resistance training, the muscle is both fatigued and
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active, and in this case the muscle performance depends on the balance between these
two factors. In their study, Kilduff et al. (2007) stated that explosive movement
performance increased significantly after an 8-minute recovery period following
resistance trainings. In their study, Tsimachidis et al. (2013) examined the effects of a
back squat exercise consisting of 5 sets, in which the mentioned recovery period was
performed between each set. It was concluded that the applied protocol increased both
power and sprint performance. This study stated that the post-activation performance
enhancement effect on sprint performance in basketball players who had not done
resistance training before, emerged after a ten-week resistance and sprint combination
training program.

In their study on basketball players, Xie et al., (2022) examined the acute effects of
two different conditioning methods on vertical jump and 30-meter sprint performance.
The first group of participants, who were divided into two groups, performed flywheel
eccentric exercise as a conditioning activity, consisting of 3 sets of 6 repetitions at low,
medium and high intensities; while the second group performed the barbell back half
squat exercise consisting of 3 sets of 5 repetitions at low (40% 1RM), medium (60% 1RM)
and high (80% 1RM) intensities. Countermovement Jump and 30 meter sprint tests were
applied after 3, 6, 9 and 12 minutes. As a result of the research, it was reported that
neither method provided a significant PAPE effect, but the flywheel eccentric exercise
had a better effect on vertical jump performance. Eken et al., (2022) aimed to compare
the results of motoric performance tests of three different PAPE protocols applied at two
different times of the day in their study with 32 basketball players with at least 2 years of
training age. According to the findings of the study, it was reported that application of
the protocols in the evening showed a higher increase in upper extremity performance
compared to the application in the morning. Researchers have reported that using
basketball-specific PAPE methods in the first part of training programs can provide
specific recommendations to basketball coaches. In the study conducted by Dello et al.
(2016), basketball players and handball players were included. In the study conducted to
investigate the effects of the post-activation performance improvement protocol on the
explosive activities of athletes, it was reported that a single-leg jumping exercise
consisting of 5 sets was applied as the PAPE method. As a result of the research, it was
stated that there was a negative effect on the explosive performances of the athletes
whose Countermovement Jump and 20 meter sprint performances were measured.
Sixteen professional basketball players participated in Gepfert et al. (2020) study to
determine whether resistant and supported conditioning activity corresponding to 5%
of body mass increases movement performance in basketball-specific sliding steps. In
the study, statistically significant results were reported in the performance of basketball
players with supported conditioning activity corresponding to 5% of body weight. The
purpose of the study conducted by Zagatto et al. (2022) was reported to be to investigate
the emergence of post-activation performance improvement after fall jumping and sled
pulling and its effects on sprint ability. As a result of this study conducted with young
basketball players, it was reported that sled pulling exercises had no effect on repeated
sprint ability, but drop jumps had a positive effect on the stated performance. It has been
stated that similar fatigue levels are reached after both conditioning activities and that
drop jumps can be used during sprints to create a PAPE effect in young basketball
players. As a result of their study, Gabbet et al. (2008) found that the fact that the athletes
applied two different dynamic warm-up protocols did not create a statistically significant
difference in terms of basketball players' test results on running by chaning directions,
sprints, vertical jumps and reactive agility. Moreover, his study determined that the
warm-up variations that include closed skill and opened skill movements performed

relatively similar and that these warm-up variations can be used in team sports. In the
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study conducted by Holt and Lambourne (2008), they evaluated the vertical jump
performances of 64 athletes after dynamic warm-up protocols designed in three different
ways by applying the static warm-up method and stated that the vertical jump
performance achieved after the static warm-up protocol was lower than the other warm-
up protocol applied.

When the studies conducted in other branches are examined, Needham et al. (2009)
found in their study that, the vertical jump performance achieved after the football
players were given three different warm-up variations and various resting durations, who
then applied the warm-up protocol that consisted of ten meters - thirty meters speed
performance and dynamic warm-ups with the evaluation of vertical jumps + eight squats
that are equal to twenty percent of the players' body weights had better results compared
to static warm-ups and dynamic warm-ups, whereas the same results were not found in
terms of sprint performance. In another study conducted by Chen et al., (2013) with
volleyball players, it was reported that the athletes, whose jumping performance was
evaluated after the drop jump exercise, reached the highest performance increase 2
minutes after the pre-stimulating exercise. Berriel et al., (2022) conducted a study with
volleyball athletes and investigated the effects of post-activation performance
strengthening protocol on vertical jump performance. In this study, the participants,
consisting of sixteen professional volleyball players, were divided into two groups. The
first group only applied plyometric training in addition to volleyball training, and the
second group applied plyometric training and post-activation performance
enhancement protocol in addition to volleyball training. As a result of the research, it
was reported that the post-activation performance strengthening protocol applied in
addition to technical and tactical training in volleyball had a positive effect on vertical
jump height. In the study conducted by Tseng et al., (2021), it was aimed to examine the
effects of eccentric loading versus traditional resistance loading on post-activation
performance increase. Sixteen male volleyball players participated in the research. The
eccentric loading group performed the half squat exercise consisting of 3 sets of 4
repetitions (eccentric 105% 1RM, concentric 80% 1RM), and the traditional resistance
loading group performed the half squat exercise consisting of 3 sets of 5 repetitions
(eccentric and concentric 85% 1RM). Two-way repeated measures variance was used to
analyze the data. As a result of the study, it was reported that there was no difference
between the two methods when the Countermovement Jump exercise was evaluated.
Researchers have proposed the eccentric loading protocol to overcome fatigue.

McLaren et al., (2017) examined the acute effects of 3 sets of resisted back squat
exercise at 70% of 1 repetition maximum (1RM) in a subsequent 4-meter sprint series,
followed by an 8-minute rest period. They reported significant performance gains in 3
sprints following conditioning contraction and concluded that this effect was sustainable
for up to 11 minutes following resistance back squat exercise. On the other hand, Sygulla
and Fountaine (2014) stated that the PAPE protocol applied in their study did not have
any effect on the acute performances of the athletes (Padulo et al., 2015). Similarly, in
another study conducted with young athletes in handball and basketball branches, there
was a significant decrease in the vertical jump and running performances of the athletes,
and it was recommended that the protocols be used cautiously. When the literature is
examined, there is no single conclusion about the optimal acute load and recovery time
and intensity for performance increase. Different results regarding the PAPE protocol
have been reported in the literature. As a result, it can be said that this situation is due
to the limitations in the sample sizes of the studies and the differences in the training
ages and genders of the athletes.

As a result, it has been determined that PAPE applications increase agility and

vertical jump performance in basketball players. It was observed that the increase
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between periods reached the best level at the 12th minute and heart rate and lactate
values were at their highest level. Considering the period in which the PAPE protocol
applied in addition to the warm-up exercises of basketball players is most effective, it can
be said that including these exercises in the warm-up period will positively affect match
performance. It is recommended that coaches and trainers use these methods in
basketball training and pre-match warm-ups because it may have acute effects on the

performance of athletes
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