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ABSTRACT

Object�ve: The aim of this study was to evaluate and compare the effects of back squat exercise on subsequent sprint performance in resistance-ba‐
sed Post Activation Performance Enhancement (PAPE) intervention with two different loads and repetitions.

Mater�al and Methods: Subjects performed three experimental runs in the laboratory for at least 48 hours apart. At the first experimental visit, anthro‐
pometric evaluations, sprint performance and one-repetition maximum (1RM) tests were performed. On the next two visits, each subject completed a
standardized warm-up on the bicycle ergometer at 30 watt/ 60 cadence for 5 minutes, and after a passive transition phase period of 5 minutes, they
performed the resistance based back squat PAPE protocol. After a 12-minute passive transition phase period, subjects performed the sprint cycling
performance.
Results:  PAPE interventions with 1RM%60x6 reps (moderate rep-moderate load) and 1RM %90x3 reps (low rep-high load) loads resulted in statisti‐
cally insignificant slight improvement in mean power values (p<0.47), and no significant effect on peak power (p<0.91), and fatigue index (p<0.79) in
sprint cycling performance.
Conclus�on:  The PAPE interventions resulted in a slight increase in the mean power values when compared to the control condition. However, there
was no statistically significant difference between the two differential loads.

Keywords: Post-activation performance enhancement (PAPE), back squat, cycling sprint performance, peak power

ÖZ

Amaç: Bu çalışmanın amacı, iki farklı yük ve tekrarla yapılan direnç temelli Aktivasyon Sonrası Performans Arttırma (ASPA) girişimlerinde back squat
egzersizinin sonraki sprint performansı üzerindeki etkilerinin araştırılmasıdır.
Gereç ve Yöntemler: Çalışma 48 saatten daha uzun aralıklardan oluşan üç oturumdan oluşmaktadır. İlk laboratuvar ziyaretinde katılımcıların antropo‐
metrik özellikleri, bisiklet ergometresinde sprint performans ölçümü ve 1 tekrar maksimal (1-TM) back squat testi parametreleri ölçülmüştür. Sonraki iki
ziyarette, her katılımcı bisiklet ergometresinde 5 dakika boyunca 30 watt yüke karşılık 60 kadansta standart bir ısınma protokolünü tamamlamış ve 5
dakika pasif geçiş fazı süresinden sonra randomize bir şekilde direnç temelli ASPA protokolünü uygulamıştır. 12 dakikalık bir pasif geçiş fazı sonrası
bisiklet ergometresinde sprint performans testi gerçekleştirilmiştir. Katılımcıların, zirve güç, ortalama güç ve yorgunluk indeksi değerleri kaydedilmiştir.
Bulgular: 1-TM %60x6 tekrar (orta tekrar-orta yük) ve 1-TM %90x3 tekrar (düşük tekrar-yüksek yük) yükleriyle yapılan ASPA girişimleri sprint bisiklet
egzersiz performansının ortalama güç çıktılarında istatistiksel olarak anlamsız bir iyileşmeyaratmış, (p<0.47), zirve güç (p<0.91) yorgunluk indeksi de‐
ğerlerinde (p<0.79) ise anlamlı bir etkisi olmamıştır.
Sonuç: ASPA girişimlerinin kontrol koşuluna göre ortalama güç değerlerini ılımlı derecede iyileştirdiği ancak uygulanan yükler arasında anlamlı bir fark
bulunmadığı görülmüştür.
Anahtar Sözcükler: Aktivasyon Sonrası Performans Arttırma (ASPA), back squat, bisiklet sprint performansı, zirve güç

INTRODUCTION
The capac�ty to el�c�t muscle power qu�ckly �s cr�t�cal for
successful outcomes �n spr�nt�ng and spr�nt-based athlet�c
events. Research shows that Post Act�vat�on Performance

Enhancement (PAPE) �s a phenomenon that can acutely
�ncrease muscle strength and, therefore performance (1,3).
The phys�olog�cal underp�nn�ngs of th�s phenomenon are
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assoc�ated w�th �ncreased sens�t�v�ty of the act�n-myos�n
complex to calc�um �n muscle through max�mal or near ma-
x�mal voluntary contract�ons, enhanced myos�n regulatory
l�ght cha�n phosphorylat�on or motor un�t f�r�ng rate and
strengthen�ng of the neuromuscular system through recru-
�tment of h�gher-order motor un�ts (4). In th�s d�rect�on, nu-
merous stud�es have tr�ed to �dent�fy methods to el�c�t PAPE
through var�ous act�v�t�es dur�ng warm-up rout�nes (2,3,5,6-
10). Res�stance-based stud�es are assoc�ated w�th opt�mal
res�stance repet�t�on numbers (10, 11), the opt�mal exerc�se
model used (12), as well as the trans�t�on phase between st�-
mulat�on and performance (13, 14).

Spr�nt performance �s cons�dered an �mportant determ�nant
of h�gh-level sports performance (15). S�gn�f�cant research
to date has found strong relat�onsh�ps between lower body
strength and spr�nt performance (16). Res�stance-based
exerc�ses have a strong pos�t�ve phys�olog�cal transfer bet-
ween warm-up and ma�n performance, wh�ch creates favo-
rable cond�t�ons for enhanc�ng the PAPE e�ect. Therefore,
most of the researches focus on the load-response relat�-
onsh�p, and recent f�nd�ngs suggest that both h�gh �ntens�ty
and heavy res�stance exerc�ses w�th low repet�t�on rates (11,
17–20) are e�ect�ve �n �mprov�ng performance and that �n-
tervent�ons us�ng moderate or low loads (11, 21–23) may
also have a pos�t�ve e�ect on performance.

The a�m of the study was therefore to evaluate and compare
the e�ects of back squat exerc�se on subsequent spr�nt per-
formance �n PAPE �nterference w�th two d��erent loads and
repet�t�ons. Our hypothes�s �s that h�gh-load, low-repet�t�on
back squat-based PAPE may �mprove cycl�ng spr�nt perfor-
mance more than moderate-load, moderate-repet�t�on.

MATERIAL and METHODS
Exper�mental approach to the problem  

Subjects part�c�pated to three exper�mental sess�ons �n the
laboratory, at least 48 hours apart. Anthropometr�c measu-
rements, spr�nt cycl�ng performance, and the one-repet�t�on
max�mum (1RM) tests were performed before the f�rst expe-
r�mental v�s�t. In the next two v�s�ts, each subject comple-
ted a standard�zed warm-up for 5 m�nutes at a power of 30
watt/ 60 rpm, on the cycle ergometer. Subsequently, sub-
jects performed the PAPE protocol a�er 5 m�n. pass�ve rest.
Subjects performed the cycl�ng spr�nt performance a�er 12
m�n. pass�ve trans�t�on phase (F�gure 1).

Subjects

We used vers�on 3.1.9.7 of the G*Power program to determ�-
ne the number of part�c�pants requ�red �n th�s study. We
measured the e�ect s�ze as 0.7 from the var�ance. The alpha
error was determ�ned as 0.05. Regard�ng these values, the

m�n�mum number of part�c�pants was calculated as 7 (24).
However, 10 male compet�t�ve athletes (seven basketball
and three mart�al arts athletes) were �ncluded �n our study
(Table 1). The cr�ter�a for �nclus�on �n the study were the ab-
sence of any �njury or �llness, a regular tra�n�ng act�v�ty
w�th at least 3 tra�n�ng sess�ons per week, and regular part�-
c�pat�on �n compet�t�ons. The athletes were proh�b�ted from
�ntense phys�cal act�v�t�es for 3 days before and alcohol and
ca�e�ne consumpt�on for 24 hours before the study. Data
were obta�ned at spec�f�c t�me �ntervals of the day (02.00–
05.00 PM) for each part�c�pant. Part�c�pants were �nformed
of potent�al r�sks assoc�ated w�th the study and about expe-
r�mental des�gns before all the tests and gave the�r s�gned
consent before the�r part�c�pat�on. The Eth�cs Comm�ttee of
Dokuz Eylül Un�vers�ty approved all procedures and the ex-
per�mental des�gn (GOA 2022/39-08). The study protocol �s
�n accordance w�th the latest vers�on of the Declarat�on of
Hels�nk�.

F�gure 1.  Exper�mental des�gn 1RM: One repet�t�on
max�mum

Procedures

Anthropometr�c data collect�on

The he�ght measurements of the part�c�pants were obta�ned
w�th a manual stad�ometer. The d�stance between the top of
the head and the sole of the foot was determ�ned �n an up-
r�ght pos�t�on w�th the back turned and recorded �n cent�-
meters (cm). Body we�ghts were measured us�ng an electro-
n�c scale and recorded �n k�lograms (kg).

One repet�t�on max�mum back squat test

The start�ng load for 1RM test �s def�ned as the we�ght that
athletes feel they can or they are capable of l���ng dur�ng
the back squat process based on the�r prev�ous exper�ence
w�th a m�n�mum of 4 repet�t�ons. If the part�c�pants suc-
cessfully l��ed less than 4 repet�t�ons, a 5-m�nute rest was
prov�ded and the test was repeated w�th a reduced load. On
the other hand, �f the part�c�pant successfully l��ed more
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than 12 repet�t�ons, a 5-m�nute rest �nterval was g�ven and
the load was �ncreased for the next round of l���ng (26). The
l��s dur�ng the back squat were obta�ned us�ng Olymp�c
bars and free we�ghts. In terms of l���ng techn�que, the bar
was at shoulder level, feet shoulder-w�dth apart and knees
and h�ps fully extended (2-s eccentr�c and 2-s concentr�c ac-
t�ons w�th a 1-s rest between each repet�t�on). A Google met-
ronome (60 bpm) was used to control the speed of the
movement.

The est�mated 1RM of the part�c�pants was obta�ned us�ng
the Epley formula (1RM= [we�ght l��ed x number of reps x
0.0333] + we�ght l��ed) (25).

Post-act�vat�on performance enhancement protocol

Part�c�pants performed 1 set of back squats us�ng olymp�c
bars and free we�ghts, e�ther 1RM 90%x 3 reps or 1RM 60%x
6 reps at normal speed (2-s eccentr�c and 2-s concentr�c ac-
t�ons w�th a 1-s rest between each repet�t�on) a�er a stan-
dard warm up protocol. A Google metronome (60 bpm) was
used to control the speed of the movement. To standard�ze
the depth of the back squat dur�ng repet�t�ons, the eccentr�c
phase of the movement was performed unt�l the knee angle
was 90°.

Spr�nt cycl�ng test

To measure peak power, average power and fat�gue �ndex,
part�c�pants completed a 20-second spr�nt cycl�ng test on a
b�cycle ergometer (Monark, LC6, Sweden). A f�ve-m�nute
warm-up at 30 watts w�th 60 rpm was done before the sp-
r�nt performance. Follow�ng that, a 20-second spr�nt was
completed, apply�ng the load created by mult�ply�ng the
part�c�pant's we�ght by 0.75 watt. Dur�ng the 20 s spr�nt per-
formance, all part�c�pants were verbally mot�vated by the
researcher.

Stat�st�cal Analyses

The JASP 0.16.2. (JASP Team, 2018; https://jasp-stats.org/,
accessed on 3 Sep 2023) program was used for stat�st�cal
analys�s and to create the ra�ncloud plots. The absence or
presence of the normal d�str�but�on of the data was asses-
sed us�ng the Shap�ro–W�lk test. Accord�ng to the results of
the Shap�ro–W�lk test, all var�ables were normally d�str�bu-
ted Spr�nt performance (peak power, mean power, and fat�-
gue �ndex) results. Therefore, we used a parametr�c test
(one-way repeated measure ANOVA for w�th�n-group com-
par�sons). The s�gn�f�cance level was set for all stat�st�cal
tests at α < 0.05, and 95% conf�dence �ntervals (CI 95%).
Post hoc compar�sons were performed w�th the Bonferron�
test. The e�ect s�zes were reported as Part�al Eta squared
(ηp²). The e�ect s�ze was rated as follows: small e�ect
<0.01, med�um e�ect <0.06, large e�ect <0.14 (27).

RESULTS

Table 1. Descr�pt�ve stat�st�cs

  He�ght 
(cm)

We�ght 
(kg)

Age 
(years)

Tra�n�ng Age 
(years)

1RM 
(kg)

Mean 190 82.60 20.20 10.40 117.53
Std.Dev�at�on 10 16.20 2.48 2.98 30.67
M�n�mum 177 62.00 18.00 5.00 85.97
Max�mum 208 114.00 26.00 15.00 171.88

One-way repeated measures ANOVA was used to exam�ne
the e�ect of control cond�t�on, 1RM 60% load and 1RM 90%
load on peak power. The ma�n e�ects of loads on peak po-
wer were not  s�gn�f�cant [F (2, 18) = 0.08, p<0.91, ηp² =
0.009); F�gure 2] 

F�gure 2.  Peak power outputs dur�ng the cycl�ng
spr�nt performance

One-way repeated measures ANOVA was used to exam�ne
the e�ect of control cond�t�on, 1RM 60% load and 1RM 90%
load on mean power. The ma�n e�ects of loads on mean po-
wer were not s�gn�f�cant [F (2, 18) = 0.77, p<0.47, ηp² =
0.079); F�gure 3].

F�gure 3.  Mean power outputs dur�ng the cycl�ng
spr�nt performance
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One-way repeated measures ANOVA was used to exam�ne
the e�ect of control cond�t�on, 1RM 60% load and 1RM 90%
load on fat�gue �ndex. The ma�n e�ects of loads on fat�gue
�ndex were not s�gn�f�cant [F (2, 18) = 0.23, p<0.79, ηp² =
0.025); F�gure 4].

F�gure 4.  Fat�gue �ndex dur�ng the cycl�ng spr�nt
performance

Table 2. Peak power, mean power, and fat�gue �ndex mean power
output values for basel�ne, 1RM 60%, and 1RM 90% cond�t�ons

Load 
(1RM %)

Peak Power 
Output

Mean Power 
Output

Fat�gue 
�ndex

Basel�ne 631 408 615
60% 628 425 610
90% 627 425 607

DISCUSSION
The a�m of th�s study was to �nvest�gate the e�ect of mode-
rate repet�t�on-moderate load and low repet�t�on-h�gh load
PAPE �ntervent�ons on spr�nt performance outcomes. The
ma�n f�nd�ng of the study was that the PAPE �ntervent�on,
w�th one set of 1RM 60% x 6 repet�t�ons and 1RM 90% x 3
repet�t�ons of back squats, had a sl�ght pos�t�ve e�ect on the
mean power level compared to the control cond�t�on. Wh�le
th�s e�ect may not appear stat�st�cally s�gn�f�cant, �t should
be cons�dered that even sl�ght �mprovements �n well-tra-
�ned compet�t�ve athletes could have a not�ceable and s�gn�-
f�cant �mpact on compet�t�on performance. On the other
hand, no s�gn�f�cant d��erence was found between the two
loads, thus our hypothes�s has not been conf�rmed.

Intervent�ons to obta�n PAPE are �n�uenced by the balance
between fat�gue and neuromuscular potent�at�on (28,29)
and the �ntens�ty of the load used (30).  When the stud�es
were exam�ned, prev�ous f�nd�ngs on the e�ects of PAPE �n-
tervent�ons on performance have shown d��erent results;
some �nd�cated that h�gh load-low repet�t�on (11, 17-20) po-
s�t�vely a�ected performance, wh�le some showed the pos�-
t�ve e�ects of low load-h�gh repet�t�on (11, 21–23). In a s�m�-
lar study, researchers observed a s�gn�f�cant d��erence �n

the spr�nt test result performed 4 m�nutes a�er 3 repet�t�ons
of back squat exerc�se at 1RM 90% load (18).  In another s�-
m�lar study, K�ldu� et al. (31) observed an �mprovement �n
Counter movement jump (CMJ) performance values (espec�-
ally a�er 12 m�nutes) at 15 seconds, 4, 8, 12, 16, and 20 m�-
nutes a�er squat exerc�se w�th a load of 3RM. Atalag et al.
(40) reported that they d�d not observe any �mprovement �n
20-m yard and 40-m yard dash performance a�er an e�ght-
m�nute trans�t�on phase w�th 1RM 90%x3 repet�t�ons of
back squat. Pet�sco et al. (32) found pos�t�ve results �n peak
power output a�er 10 m�n. w�th 60%x10 repet�t�ons, 80%x5
repet�t�ons, and 100%x1 repet�t�ons of 1RM, espec�ally a�er
80%x5 repet�t�ons of 1RM. In a d��erent study w�th 40x3%,
60x3%, and 80x3% repet�t�ons, the 30 m spr�nt �mproved
s�gn�f�cantly a�er 9 and 12 m�nutes, espec�ally at low loads.
The above-ment�oned study results showed that res�stance-
based pope �ntervent�ons contr�buted to performance �ncre-
ase, but performance responses m�ght vary depend�ng on
the appl�ed load. It �s also understood that there are �mpro-
vements �n certa�n phases between �ntervent�on and perfor-
mance. In the l�ght of th�s �nformat�on and our research re-
sults, we th�nk that the �deal protocol should be created by
coaches who have prev�ously exper�enced the load and
trans�t�on phases that prov�de max�mum performance �nc-
rease �n res�stance-based PAPE �ntervent�ons. On the other
hand, �n real compet�t�on cond�t�ons, athletes complete all
warm-up movements approx�mately 10 m�nutes before the
compet�t�on and beg�n other preparat�on processes for per-
formance (such as cloth�ng, mater�al preparat�on or psyc-
holog�cal preparat�on). It �s thought that compet�t�on-or�en-
ted PAPE appl�cat�ons would be useful �n well-tra�ned
athletes.

The mechan�sms underly�ng the e�ects of PAPE �ntervent�-
ons us�ng res�stance on f�eld-based spr�nt performance are
not clear (18). Max�mal spr�nt speed (d�stances >30 m) may
depend on the strength of the h�p extensor muscles to re-
engage the leg �n the sw�ng phase and thus ma�nta�n an
adequate str�de length (33,34). Although PAPE �ntervent�on
can �ncrease muscle strength (1), th�s �ncrease �s dependent
on the PAPE load (36). From a d��erent perspect�ve, heavy
loads (>90% 1RM) and recovery t�mes of >8 m�n may �mpro-
ve spr�nt performance (37). On the other hand, these results
show d��erences accord�ng to the �nd�v�dual character�st�cs
of the athletes (3). It �s known that potent�at�on format�on �s
lower �n athletes w�th low strength potent�al, but the s�tu-
at�on �s d��erent �n those w�th h�gh strength potent�al (11).
The fact that the athletes who part�c�pated �n our study
were at the el�te level w�th a long tra�n�ng background, and
that m�ght have �n�uenced the f�nd�ngs. In athletes at peak
performance levels, acute �ntervent�ons may produce m�n�-
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mal �mprovements, but m�n�mal �mprovements may deter-
m�ne the f�rst and second place at compet�t�ons.

D��erences between the f�nd�ngs of the stud�es presented
also have the potent�al to vary accord�ng to the durat�on of
the trans�t�on phase of performance (35, 38) and the met-
hod of measurement (39). The use of the 1RM 60%x6 reps
and 1RM 90%x3 reps protocols could be an e�ect�ve stra-
tegy to �mprove the phys�cal performance of well-tra�ned
athletes, w�th potent�al consequences for better performan-
ce, espec�ally at the beg�nn�ng of compet�t�ons. Although
�mprovement �s seen �n phys�olog�cally based measure-
ments, d��erences may be seen �n f�eld and laboratory-ba-
sed performance measurements due to psycholog�cal, mot�-
vat�onal, and env�ronmental factors. Coaches should care-
fully cons�der the recovery t�me between PAPE adm�n�stra-
t�on and the start of the match to reduce the r�sk of fat�gue.
Furthermore, although the PAPE protocol �n the present
study led to a moderate �mprovement �n the mean power
outcomes, �t should be elaborated cons�der�ng the �nd�v�du-
al character�st�cs of the athletes.

L�m�tat�ons

There are some l�m�tat�ons that need to be addressed. The
number of part�c�pants was l�m�ted due to the small num-
ber of teams �n the prov�nce where the study was conducted
and the �ntense tra�n�ng and match schedule of the athle-
tes.  Therefore, further stud�es should be conducted w�th a
larger sample s�ze (�f poss�ble) to conf�rm, refute and/or ex-
tend our f�nd�ngs. In add�t�on, the number of repet�t�ons we
determ�ned may have been �nsu��c�ent to show the outco-
mes of both loads.

CONCLUSION
Res�stance-based h�gh load-low repet�t�on or med�um load-
moderate repet�t�on PAPE �ntervent�ons moderately �ncre-
ase the mean power value among spr�nt cycl�ng performan-
ce of well-tra�ned athletes. On the other hand, no potent�al
d��erence was observed between the two appl�ed loads. Fu-
ture research should �nvest�gate the e�ects of d��erent re-
s�stance loads on large groups of part�c�pants w�th s�m�lar
1RM values.
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manuscr�pt.
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