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ABSTRACT

This review explores the concept of Post-Activation Performance Enhancement (PAPE), a critical phenomenon in sports science that focuses on the
acute improvement of muscular performance following high-intensity conditioning activities. PAPE has emerged as distinct from post-activation poten‐
tiation, with an emphasis on enhancing voluntary muscle performance rather than relying on twitch force assessments. This review examines the phy‐
siological mechanisms underlying PAPE, including neural factors and metabolic processes, and discusses the significance of these enhancements in
various sports, particularly in activities requiring explosive strength and power. Additionally, it highlights practical applications for athletes and coaches,
outlining how PAPE can be effectively integrated into strength and conditioning programs to optimize athletic performance across different populati‐
ons, from elite athletes to elderly individuals. Despite its potential, PAPE’s variability in response due to factors such as training history, genetic predis‐
positions, and external influences, presents challenges for its practical implementation. Ultimately, this review offers a comprehensive overview of
PAPE, its mechanisms, and its potential to enhance sports performance through evidence-based strategies.
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ÖZ

Yüksek şiddetli aktivitelerden sonra kas performansının akut olarak gelişmesini ifade eden ve spor bilimlerinde önemli bir fenomen olan Aktivasyon
Sonrası Performans Artışı (ASPA), aktivasyon sonrası potansiyasyon yöntemlerinden farklı olarak, yüksek şiddetli kas kasılmasının bilinçli olarak gerçek‐
leştirildiği durumlardan sonra ortaya çıkmaktadır. Bu derlemede ASPA’yı etkileyen fizyolojik mekanizmalar ve bu mekanizmaların altındaki nöral ve me‐
tabolik faktörler açıklanmış ve bu faktörlerin özellikle kuvvet ve güç unsurları barındıran spor branşlarındaki etkileri incelenmiştir. Ayrıca, sporcular ve
antrenörler için ASPA uygulamalarının önemi vurgulanarak, ASPA’nın elit sporculardan yaşlı bireylere kadar farklı popülasyonlarda atletik performansı
optimize etmek için kuvvet ve kondisyon programlarına nasıl etkili bir şekilde entegre edilebileceği açıklanmaktadır. Tüm bunlara ek olarak, antrenman
geçmişi, genetik yatkınlıklar ve dış faktörler nedeniyle kişiye göre değişen ASPA yanıtları ve uygulamadaki zorluklar bu derlemenin konusu olmuştur.
Sonuç olarak, bu derlemede ASPA mekanizmaları açıklanarak kanıta dayalı stratejiler aracılığıyla spor performansını artırma potansiyelinin kapsamlı bir
genel değerlendirmesi yapılmıştır.
Anahtar Sözcükler: Aktivasyon sonrası performans artışı, akut etki, önkondisyonlanma aktivitesi, atletik performans

INTRODUCTION
In sport and exerc�se sc�ences, the pursu�t of understan-
d�ng and harness�ng acute enhancements �n muscular per-
formance �s a foundat�onal endeavor. The s�gn�f�cance of
th�s �s emphas�zed by the pract�ces of coaches and pract�t�-
oners who met�culously �ntegrate pre-compet�t�on warm-
ups to elevate neuromuscular performance (1-3). Warm-ups
are trad�t�onally bel�eved to ampl�fy performance through
both temperature-related mechan�sms, such as decreased
res�stance of muscles and jo�nts, enhanced nerve conduct�-
on rate, thermoregulatory stra�n, augmented release of oxy-
gen from hemoglob�n and myoglob�n, and exped�ted meta-
bol�c react�ons; as well as non-temperature-related mecha-
n�sms, �nclud�ng �ncreased blood �ow, elevated basel�ne
oxygen consumpt�on, and psycholog�cal e�ects (1). Concur-
rently, the �ntroduct�on of an added cond�t�on�ng act�v�ty

(CA) could potent�ally �n�uence subsequent neuromuscular
performance even beyond the e�ects of a standard warm-
up (4, 5).

In both athlet�c and cl�n�cal contexts, the goal �s twofold: to
ach�eve both acute and chron�c �ncrements �n phys�cal
funct�on. Wh�le chron�c �mprovements ar�se from long-term
strateg�es l�ke exerc�se per�od�zat�on (6), acute enhance-
ments are o�en the result of var�ous phys�cal or psycholog�-
cal strateg�es employed dur�ng or �mmed�ately preced�ng
tra�n�ng sess�ons or compet�t�ons (7). Therefore, the con-
cept of post-act�vat�on performance enhancement (PAPE),
wh�ch �s closely assoc�ated w�th post-act�vat�on potent�at�-
on (PAP), has rece�ved cons�derable attent�on w�th�n the f�-
eld of sports sc�ence. Th�s attent�on ar�ses from �ts potent�al
to �mprove athlet�c performance (8). In the realm of sport
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and exerc�se sc�ences, understand�ng the acute enhance-
ment of muscular performance has profound �mpl�cat�ons
for tra�n�ng, compet�t�on, and recovery strateg�es. PAP, as
def�ned by T�ll�n and B�shop (9), �s one of the fundamental
concepts �n th�s doma�n. They descr�be �t as “the phenome-
na by wh�ch muscular performance character�st�cs are acu-
tely enhanced as a result of the�r contract�le h�story”. Ho-
wever, the broad acceptance of th�s def�n�t�on has not been
w�thout content�on. In the�r publ�cat�on, T�ll�n & B�shop (9)
noted that the trad�t�onal understand�ng of PAP �s closely
t�ed to the use of a tw�tch ver�f�cat�on test. Furthermore,
PAP has been character�zed as an enhanced muscle cont-
ract�le response that occurs follow�ng an �ntense voluntary
contract�on. Th�s response �s measured v�a the max�mum
tw�tch force el�c�ted by supramax�mal electr�cal st�mulat�-
on, as documented by Ramsey & Street and MacIntosh et
al. (10, 11). Desp�te that, much of the research conducted �n
sports sett�ngs d�verges from the str�ct parameters of tw�tch
ver�f�cat�on tests. Rather, many of those stud�es grav�tate
towards muscle power tests, such as vert�cal jumps. Th�s
d�screpancy has led to m�sconcept�ons surround�ng the ac-
tual potent�at�on responses (12).

The current l�terature on warm-up strateg�es and PAP reve-
als cons�derable var�ab�l�ty due to d��erences �n exerc�se
type, load �ntens�ty, and execut�on, result�ng �n �ncons�s-
tent f�nd�ngs. Ball�st�c exerc�ses, wh�ch max�m�ze force out-
put and motor un�t recru�tment, are e�ect�ve �n el�c�t�ng
PAP; however, �mproper execut�on parameters, such as de-
layed coupl�ng t�me, can l�m�t the�r e��cacy. T�m�ng rema-
�ns cr�t�cal, as the PAP e�ect peaks w�th�n 4 to 6 m�nutes
post-st�mulus, w�th emerg�ng ev�dence suggest�ng a narro-
wer opt�mal w�ndow between 28 seconds and 3 m�nutes
(13).

Seek�ng clar�ty and d�st�nct�on �n th�s f�eld, Cuenca-Fernán-
dez et al. (14) proposed a separate term: PAPE. Wh�le both
PAP and PAPE emerge from a voluntary CA, the�r d�st�nct�-
ons are p�votal. PAPE spec�f�cally perta�ns to enhancements
�n voluntary exerc�ses, whereas PAP anchors �ts foundat�on
�n �ncreas�ng force as seen dur�ng tw�tch ver�f�cat�on tests.
The nuance here �s subtle yet s�gn�f�cant: �t's not uncom-
mon for PAP and PAPE to be �dent�f�ed a�er �dent�cal CAs
(14, 15).

PAPE �s a phenomenon that leads to an acute �mprovement
�n power and strength performance due to the pr�or volun-
tary contract�le h�story (16). It refers to the acute �ncrease �n
explos�ve neuromuscular capac�ty exper�enced between 3–
10 m�nutes a�er warm-up act�v�t�es performed at max�mal
or near-max�mal �ntens�ty(17). Stud�es have shown that
PAPE can s�gn�f�cantly enhance voluntary muscle force,
w�th a d��erent t�me course compared to other forms of po-

tent�at�on (4). Th�s enhancement �s part�cularly relevant �n
act�v�t�es requ�r�ng max�mal voluntary e�ort, such as sw�m-
m�ng and spr�nt�ng starts and spr�nt accelerat�ons (18, 19).
PAPE, h�ghl�ghted �n strength and cond�t�on�ng tra�n�ng
programs for �ts capac�ty to enhance strength and power
performance (20), also a�ds �n muscle strength and veloc�ty
development (4, 5). Th�s contr�butes to he�ghtened muscle
power and reduced �njury r�sk, even among elderly adults
(20). The e�ect�veness of PAPE has been observed �n var�o-
us exerc�ses, such as squats �nduc�ng enhancement �n jum-
p�ng performance (21), and res�stance exerc�se a�ect�ng up-
per-body performance (22). Var�ous warm-up protocols and
exerc�se modes have been shown to a�ect the magn�tude of
PAPE, underscor�ng the s�gn�f�cance of comprehend�ng the
�mpact of exerc�se range of mot�on on performance enhan-
cement (23). Moreover, the enhancement of spr�nt�ng per-
formance has been assoc�ated w�th PAPE, prompt�ng �nves-
t�gat�ons �nto the �n�uences of d��erent surfaces and tra-
�n�ng modal�t�es on spr�nters (24, 25).

G�ven the scope of th�s rev�ew, the term PAPE �s more su-
�table and w�ll be the pr�mary focus. Hence the a�m of th�s
rev�ew �s to expla�n the s�gn�f�cance of PAPE for athletes,
coaches, and sport/exerc�se sc�ent�sts. Furthermore, to fos-
ter prec�s�on and opt�m�ze the pract�cal appl�cat�on of PAPE
protocols, th�s rev�ew w�ll also d�scuss the appl�cat�ons
used �n l�terature w�th the a�m of clearly outl�n�ng the CA,
target exerc�se (�.e., performance test), and related top�cs.

H�stor�cal Perspect�ve

PAPE has evolved as a concept d�st�nct from PAP. It refers to
the enhancement �n voluntary muscular performance follo-
w�ng h�gh-�ntens�ty CAs w�thout the class�cal conf�rmat�on
of PAP through tw�tch force assessment (12). Ev�dence sup-
port�ng the presence of PAP has been found �n var�ous sce-
nar�os. Metzger and colleagues (26) conducted a research
study focus�ng on skeletal muscle f�bers. They noted an �nc-
rease �n tw�tch potent�at�on w�th�n these f�bers and attr�bu-
ted �t to elevated state of myos�n l�ght cha�n phosphorylat�-
on. Other stud�es have explored the contract�le propert�es
of muscle tw�tches �n subjects cons�stently observ�ng en-
hancements such as �ncreased tw�tch tens�on, faster tens�-
on development rates and shorter relaxat�on t�mes a�er st�-
mulat�on (27, 28). These �nvest�gat�ons quant�f�ed PAP by
analyz�ng the d��erences �n tw�tch character�st�cs before
and a�er st�mulat�on.

Wh�le many attr�bute PAPE to the e�ects of PAP, �t �s essen-
t�al to conf�rm potent�at�on through tw�tch response measu-
rements when assess�ng PAPE (14). Stud�es have explored
PAPE �n var�ous contexts, such as tra�ned athletes undergo-
�ng squat jumps and power push-ups a�er d��erent act�va-
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F�gure 1.  V�sual�zat�on of the changes �n d��erent forms of potent�at�on over
the years along w�th newly �ntroduced terms and the�r funct�onal e�ects.
Redrawn from Blazev�ch and Babault (4).

Mechan�sms Beh�nd PAPE

t�on protocols (29), and the �mpact of h�gh-�ntens�ty �ywhe-
el res�stance tra�n�ng on vert�cal jump performance (30).

The opt�m�zat�on of PAPE for explos�ve act�v�t�es �n compe-
t�t�ve sports has been a subject of �nterest, w�th researchers
seek�ng the most e�ect�ve appl�cat�on methods (23). Add�t�-
onally, �nvest�gat�ons have been conducted on the e�ects of
d��erent exerc�se modes on PAP, h�ghl�ght�ng the trans�ent
nature of skeletal muscle performance �n�uenced by �ts
contract�le h�story (31).

Today, PAPE �s a well-establ�shed concept �n sports sc�ence
and exerc�se phys�ology, w�th pract�cal �mpl�cat�ons for en-
hanc�ng athlet�c performance. The early stages of PAPE re-
search, rooted �n an�mal exper�ments, have paved the way
for a deeper understand�ng of the phys�olog�cal mecha-
n�sms underly�ng PAPE and la�d the foundat�on for unders-
tand�ng the phys�olog�cal responses of muscles to CAs and
the�r subsequent �mpact on performance �n humans (4)(See
F�gure 1).

Understand�ng the phys�olog�cal mechan�sms beh�nd PAPE
�s cruc�al for athletes, coaches, and researchers seek�ng to
leverage �ts e�ects for tra�n�ng and compet�t�on. There are
certa�n fundamental phys�olog�cal mechan�sms that could
lead to PAPE (32). One prom�nent theory suggests that PAPE
�s med�ated by neural factors, such as �ncreased recru�t-
ment of motor un�ts and enhanced motor neuron exc�tab�-
l�ty (8). Add�t�onally, metabol�c factors, �nclud�ng elevated
levels of �ntracellular calc�um and phosphorylat�on of key
regulatory prote�ns, have been proposed to contr�bute to
the enhancement observed a�er a CA (32). The prec�se �n-
terplay between neural and metabol�c mechan�sms �n el�c�-
t�ng PAPE rema�ns an area of ongo�ng �nvest�gat�on w�th�n
the sc�ent�f�c commun�ty.

Phosphorylat�on of the regulatory l�ght cha�n of myos�n �n
conjunct�on w�th tropon�n-C results �n �ncreased sens�t�v�ty
of calc�um �on release from the sarcoplasm�c ret�culum, le-
ad�ng to an augmentat�on �n act�n-myos�n cross-br�dge for-
mat�on upon calc�um release (32). Follow�ng the calc�um-
calmodul�n �nteract�on, calc�um �ons promptly fac�l�tate the
act�vat�on of myos�n l�ght cha�n k�nase. Act�vat�on of myo-

s�n l�ght cha�n k�nase enables the phosphorylat�on of the
myos�n regulatory l�ght cha�n, wh�ch �s presumed to cause
the myos�n head to move away from the th�ck f�lament to-
wards the th�n f�lament. Removal or reuptake of calc�um
a�ects the d�ssoc�at�on of calmodul�n and the �nact�vat�on
of myos�n l�ght cha�n k�nase and potent�at�on ceases w�th
the dephosphorylat�on of myos�n regulatory l�ght cha�n (4).
Phosphorylat�on of myos�n regulatory l�ght cha�n and sub-
sequent rotat�on of the myos�n head result �n an �ncreased
b�nd�ng rate to act�n, lead�ng to an observed �ncrease �n for-
ce product�on (4). At submax�mal calc�um levels, th�s pro-
cess enhances force product�on at a spec�f�c calc�um
concentrat�on.

As a consequence of acute h�gh-�ntens�ty voluntary muscle
contract�ons, there �s an �ncrease �n the number of motor
un�t recru�tments and concom�tantly �n the f�r�ng frequency
of motor un�ts (9). Furthermore, due to the greater number
of sarcomeres per cross-sect�onal area �n pennate muscles,
these muscles possess a super�or ab�l�ty to generate force,
and alterat�ons �n pennat�on angle a�ect the generated for-
ce transm�tted to the tendon (9). Another phys�olog�cal fac-
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tor �s the Ho�mann Re�ex (H-Re�ex), wh�ch encompasses
propr�ocept�ve mechan�sms. Accord�ng to the H-Re�ex, pre-
ced�ng h�gh-�ntens�ty acute voluntary muscle contract�ons
lead to muscle sp�ndle act�vat�on, result�ng �n �ncreased f�-
r�ng of type Ia sensory f�bers (32). Th�s f�r�ng leads to �ncre-
ased exc�tab�l�ty of alpha motor neurons and augmentat�on
�n the �nnervat�on of extrafusal muscle f�bers (alpha-gam-
ma co-act�vat�on).

In stud�es conducted on an�mals, �t has been observed that
an el�c�ted tetan�c �sometr�c contract�on (a cond�t�on ca-
us�ng the st�mulat�on of spec�f�c a�erent neural f�bers,
wh�ch �n turn act�vates alpha motor neurons v�a a�erent
pathways) �ncreases the transm�ss�on of st�mulat�on poten-
t�als along synapt�c junct�ons �n the sp�nal cord (9). Th�s
phenomenon can pers�st �n the m�nutes follow�ng contrac-
t�on and lead to an �ncrease �n the same synapt�c potent�al
dur�ng subsequent act�v�ty (9). Indeed, th�s state of sens�t�-
ve exc�tab�l�ty can last for up to 20 m�nutes (33). In v�vo ob-
servat�ons have �nd�cated that H-re�exes are o�en observed
follow�ng max�mal voluntary muscle contract�ons (34), alt-
hough th�s phenomenon may not be cons�stently observed
(4).

The pennat�on angle (the angle formed by the �nternal apo-
neuros�s and fasc�cles) �n�uences the force transm�tted to
tendons and bones; a smaller pennat�on angle confers a
mechan�cal advantage �n terms of force transm�ss�on to ten-
dons (9). In the vastus lateral�s muscle, the rest�ng pennat�-
on angle was measured before and a�er max�mal voluntary
contract�on, and �t was determ�ned that the angle measured
3-6 m�nutes a�er contract�on s�gn�f�cantly decreased com-
pared to pre-contract�on values (35). Th�s alterat�on �s tho-
ught to result �n a 0.9% �ncrease �n force transm�ss�on to
tendons, wh�le also bel�eved to �n�uence the occurrence of
PAPE.

Factors In�uenc�ng PAPE

Among the factors �n�uenc�ng PAPE, there ex�st b�omecha-
n�cal s�m�lar�t�es between CA and performance act�v�t�es
(36-39), tra�n�ng h�story and strength level (40-43), the �n-
tens�ty of CA (44, 45), volume of CA (46) and the rest per�od
between the CA and the expected change �n performance of
the subsequent movement (7, 47). Add�t�onally, there are
stud�es exam�n�ng the relat�onsh�p between sex and PAPE
(48-50) (See F�gure 2).

Stud�es have explored the e�ects of d��erent CAs on PAPE,
�nd�cat�ng that the type and �ntens�ty of the CA can �n�uen-
ce the magn�tude of performance enhancement (51). D��e-
rent types of exerc�ses, such as heavy res�stance exerc�ses,
plyometr�c act�v�t�es, ball�st�c and �sometr�c exerc�ses, can
el�c�t vary�ng degrees of PAPE (13, 20, 52, 53). The current

l�terature on warm-up strateg�es and PAPE reveals cons�de-
rable var�ab�l�ty due to d��erences �n exerc�se type, load �n-
tens�ty, and execut�on, result�ng �n �ncons�stent f�nd�ngs.
For example, h�gh-�ntens�ty CAs have been shown to cause
local�zed PAPE �n spec�f�c muscle groups (51). Add�t�onally,
the speed of movement dur�ng CAs, such as eccentr�c speed
�n front squats, can �n�uence the responses of �nd�v�dual
muscle groups to PAPE (54). Furthermore, the ut�l�zat�on of
d��erent strateg�es, such as �nterm�ttent voluntary �somet-
r�c contract�ons, has been �nvest�gated to enhance the acute
rate of force development (55) and �mprove performance
outcomes (52). F�scher and Paternoster (55) �nvest�gated
whether neural factors �n�uence PAPE and whether mecha-
n�sms underly�ng PAP contr�bute to PAPE. Wh�le PAP sho-
wed a s�gn�f�cant �mmed�ate �ncrease �n peak torque and
rate of torque development two seconds a�er a cond�t�-
on�ng contract�on, no PAPE e�ects were observed at subse-
quent t�me po�nts, regardless of whether contract�ons were
voluntary or electr�cally st�mulated. The results suggest
that PAP mechan�sms, such as myos�n l�ght cha�n phosp-
horylat�on, are unl�kely to contr�bute to PAPE due to the�r
short-l�ved nature, and no ev�dence for neural �nvolvement
�n PAPE was found.

F�gure 2.  Factors �n�uenc�ng and moderat�ng PAPE

Heavy res�stance exerc�ses have been found to �nduce s�gn�-
f�cant PAPE e�ects, part�cularly �n act�v�t�es l�ke the bench
press throw (20). Plyometr�c exerc�ses have also been sho-
wn to enhance PAPE, w�th stud�es demonstrat�ng �mprove-
ments �n jump�ng performance follow�ng plyometr�c CAs
(56). The spec�f�c�ty of the CAs to the subsequent perfor-
mance task �s cruc�al, as exerc�ses that closely m�m�c the
movement patterns of the target act�v�ty tend to produce
more pronounced PAPE e�ects (14). The task spec�f�c�ty of
CAs has been h�ghl�ghted �n research, suggest�ng that the
e�ects of CAs are greater for athlet�c events w�th movement
patterns s�m�lar to those of CAs (57). The �nterchange of
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agon�st and antagon�st CAs has been recommended �n re-
s�stance tra�n�ng to enhance post-act�vat�on performance �n
upper l�mbs, emphas�z�ng the �mportance of exerc�se selec-
t�on for spec�f�c outcomes (58). Moreover, researchers have
explored the e�ects of res�sted post-act�vat�on spr�nt perfor-
mance enhancement �n el�te spr�nters, demonstrat�ng the
potent�al benef�ts of �ncorporat�ng res�sted spr�nt CAs to en-
hance spr�nt�ng performance (24).

H�gher-�ntens�ty CAs have been assoc�ated w�th greater per-
formance enhancements compared to lower-�ntens�ty act�-
v�t�es (59). For �nstance, stud�es have reported that perfor-
m�ng heavy res�stance exerc�ses at �ntens�t�es above 85% of
one-repet�t�on max�mum (1RM) can lead to substant�al
PAPE e�ects �n act�v�t�es l�ke the bench press throw (60).
Stud�es have also delved �nto the �mpact of strength levels
on adaptat�ons to comb�ned we�ghtl���ng, plyometr�c, and
ball�st�c tra�n�ng, emphas�z�ng the need for further research
to understand how strength levels �n�uence muscle act�va-
t�on and performance outcomes (61).

Moreover, the durat�on of the rest per�od between the CA
and subsequent performance �s cr�t�cal. Opt�mal rest �nter-
vals allow for the potent�at�on e�ect to peak, typ�cally oc-
curr�ng around 7-10 m�nutes a�er the CA (17, 29). The e�ec-
t�veness of the rest per�od �s �n�uenced by factors such as
muscle temperature, muscle f�ber water content, and musc-
le act�vat�on levels (62). Add�t�onally, muscle-spec�f�c fac-
tors l�ke muscle f�ber type, muscle temperature, and sarco-
mere length can a�ect the magn�tude and durat�on of PAPE
(52). The balance between potent�at�on and fat�gue, as well
as the spec�f�c�ty of the st�mulus, and even genet�c factors
also play a role �n determ�n�ng the PAPE response (63, 64).

Pract�cal Appl�cat�ons

Sport-spec�f�c appl�cat�ons of PAPE o�er athletes �n var�ous
sports the opportun�ty to enhance the�r performance thro-
ugh ta�lored CAs. D��erent sports requ�re spec�f�c phys�cal
attr�butes and sk�lls and ut�l�z�ng PAPE strateg�es can be
�nstrumental �n opt�m�z�ng athlet�c performance. In sports
l�ke track and f�eld athlet�cs, where explos�ve power and
speed are cruc�al, athletes can benef�t from PAPE protocols
that focus on exerc�ses such as plyometr�cs and spr�nt-spe-
c�f�c CAs (56). By �ncorporat�ng �ywheel eccentr�c overload
exerc�ses, athletes can target muscle groups relevant to the-
�r sport and enhance sport-spec�f�c performance. Enduran-
ce sports, such as cycl�ng and sw�mm�ng, can also leverage
PAPE to �mprove performance. PAP el�c�t�ng warm-up stra-
teg�es have shown potent�al for enhanc�ng performance �n
endurance events longer than spr�nts (65). By �ncorporat�ng
PAPE protocols �nto pre-compet�t�on strateg�es, endurance

athletes can cap�tal�ze on the acute performance enhance-
ments o�ered by PAPE, part�cularly �n the �n�t�al stages of
the event (66).

Team sports athletes can ut�l�ze PAPE to enhance spr�nt�ng
and ag�l�ty performance. Res�sted sled spr�nt�ng act�v�t�es
can pr�me athletes for subsequent unres�sted spr�nts, �mp-
rov�ng spr�nt performance �n team sports. By �ncorporat�ng
heavy or very heavy res�sted sled spr�nt-based CAs, athletes
can opt�m�ze the�r spr�nt�ng ab�l�t�es and overall on-f�eld
performance (67). Furthermore, sports that emphas�ze exp-
los�ve movements, such as basketball and volleyball, can
benef�t from PAPE protocols that target vert�cal jump per-
formance (68). V�llalon et al. (68) exam�ned the e�ects of
PAPE on vert�cal jump performance �n el�te female volley-
ball players dur�ng compet�t�ve match cond�t�ons. The ex-
per�mental group, wh�ch performed a squat-based act�vat�-
on protocol at 90% of 1RM, showed s�gn�f�cant �ncreases �n
vert�cal jump he�ght �mmed�ately post-act�vat�on and ma�n-
ta�ned �mprovements unt�l the second set of the match,
wh�le the control group exh�b�ted delayed and smaller en-
hancements. These f�nd�ngs suggest that PAPE can enhance
explos�ve performance when comb�ned w�th a well-des�g-
ned warm-up, though �ts e�ects d�m�n�sh over t�me due to
fat�gue and other compet�t�ve factors. Moreover, �mplemen-
t�ng post-�ywheel squat potent�at�on protocols can also en-
hance vert�cal jump and ground react�on force parameters,
�mprov�ng athletes' jump�ng ab�l�t�es (69).

Strength and cond�t�on�ng profess�onals can leverage PAPE
to enhance neuromuscular responses, �mprove force pro-
duct�on, and �ncrease power output dur�ng tra�n�ng sess�-
ons. By �ncorporat�ng PAPE strateg�es, athletes can exper�-
ence �mmed�ate performance enhancements, allow�ng
them to ach�eve h�gher levels of strength and power output
dur�ng subsequent exerc�ses (70). One key aspect of �ncor-
porat�ng PAPE pr�nc�ples �n strength and cond�t�on�ng reg�-
mes �s the select�on of appropr�ate CAs. Ut�l�z�ng h�gh-�n-
tens�ty exerc�ses that target spec�f�c muscle groups relevant
to the subsequent performance task, athletes can max�m�ze
the potent�at�on e�ect and enhance the�r overall perfor-
mance (20). Add�t�onally, man�pulat�ng var�ables such as
rest �ntervals and exerc�se �ntens�ty can further opt�m�ze
the PAPE response and �mprove tra�n�ng outcomes (7). By
strateg�cally �mplement�ng PAPE protocols, athletes can en-
hance the�r bench press performance, �ncrease muscle st-
rength, and opt�m�ze tra�n�ng adaptat�ons (30). Moreover,
strength and cond�t�on�ng profess�onals can ut�l�ze PAPE to
enhance spr�nt accelerat�on performance, �mprove repe-
ated spr�nt ab�l�ty, and opt�m�ze on-�ce performance �n
sports l�ke rugby and �ce hockey (7).
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Table 1. E�ect s�zes for d��erent strength-power-potent�at�on complex components for both stronger and weaker �nd�v�duals (Adapted from
Se�tz and Ha�, 2015).

  Stronger �nd�v�duals Weaker �nd�v�duals
  ES SD 95 % CI n ES SD 95 % CI n
Type of CA                
Trad�t�onal h�gh �ntens�ty 0.54 0.35 0.40–0.68 26 0.34 0.53 0.12 to 0.57 24
Trad�t�onal moderate �ntens�ty 0.19 0.21 0.01–0.36 8 0.30 0.19 0.13 to 0.46 8
Squat depth of CA                
Parallel or below 0.55 0.34 0.37–0.72 16 0.12 0.25 0.00 to 0.25 18
Above parallel 0.60 0.30 0.18–1.01 5 0.67 0.58 0.23 to 1.12 6
Recovery t�me post-CA                
0.3–4 m�n 0.15 0.16 0.06–0.24 15 0.28 0.25 –0.12 to 0.67 4
5–7 m�n 0.62 0.09 0.55–0.70 23 0.30 0.20 –0.19 to 0.79 9
≥8 m�n 0.34 0.21 0.13–0.52 6 0.36 0.38 0.12 to 0.56 17
Number of set(s) of CA                
S�ngle set 0.44 0.35 0.33–0.56 37 0.17 0.23 0.02 to 0.32 27
Mult�ple sets 0.57 0.18 0.49–0.64 23 0.49 0.58 0.16 to 0.81 20
Type of load dur�ng the CA                
Repet�t�on max�mum 0.60 0.42 0.32–0.88 11 0.25 0.58 0.12 to 0.36 10
Sub-max�mal 0.36 0.28 0.25–0.46 30 0.35 0.52 0.12 to 0.58 22
CA: cond�t�on�ng act�v�ty, CI: conf�dence �nterval, ES: e�ect s�ze, SD: standard dev�at�on

Potent�al L�m�tat�ons and Concerns

Inev�tably, there ex�st certa�n poss�ble l�m�tat�ons and con-
cerns regard�ng pract�cal �mplementat�ons of the PAPE app-
roach. These restr�ct�ons are usually due to �nd�v�dual fac-
tors. Scholarly f�nd�ngs �nd�cate that the d�vers�ty �n �nd�v�-
dual responses to PAPE �s compl�cated and shaped by a
blend of factors �nclud�ng tra�n�ng h�story, genet�c �ncl�nat�-
ons, and psycholog�cal aspects. Grasp�ng these elements �s
�mperat�ve for strength and cond�t�on�ng pract�t�oners to
custom�ze PAPE strateg�es accord�ng to athletes' un�que re-
qu�rements, ref�ne tra�n�ng methodolog�es, and max�m�ze
athlet�c performance w�th prec�s�on. For �nstance, tra�ned
�nd�v�duals o�en exh�b�t a more pronounced potent�at�on
e�ect compared to untra�ned �nd�v�duals, as the�r neuro-
muscular system may be more respons�ve to CAs (53). In
another study, apply�ng three sets of three repet�t�ons of he-
avy back-squat exerc�se as a CA d�d not acutely �mprove
change of d�rect�on (COD) performances; on the contrary,
COD performance was negat�vely a�ected due to the lack of
rest�ng t�me, w�th �nd�v�dual performance responses d��e-
r�ng a�er two cond�t�ons for each athlete on COD tests, as
few of the subjects benef�ted from the CA wh�le most of the
others d�d not (71). Furthermore, the role of external factors
l�ke ca�e�ne �ngest�on or whole-body v�brat�on �n �n�uen-
c�ng PAPE outcomes �s an area that warrants more research
(72, 73). Explor�ng how these ergogen�c a�ds �nteract w�th
the mechan�sms of PAPE and whether they enhance or d�-
m�n�sh �ts e�ects can prov�de valuable �ns�ghts for athletes
and coaches.

In conclus�on, wh�le PAPE research has advanced our un-
derstand�ng of acute performance enhancement, there are
st�ll unresolved quest�ons regard�ng �ts def�n�t�on, opt�m�-
zat�on strateg�es, populat�on-spec�f�c e�ects, and �nteract�-
ons w�th external factors. Address�ng these amb�gu�t�es th-
rough further h�gh-qual�ty stud�es w�ll contr�bute to ref�-

n�ng tra�n�ng pract�ces and max�m�z�ng the benef�ts of
PAPE �n athlet�c performance.

Future D�rect�ons

Future stud�es should explore the ex�st�ng knowledge gaps
and emerg�ng challenges related to PAPE. For example, �n-
vest�gat�ng the �mpact of �ntracellular water levels on musc-
le force product�on, part�cularly �n type II f�bers, could pro-
v�de a deeper understand�ng of how these factors contr�bu-
te to enhanced muscle funct�on follow�ng warm-up exerc�-
ses. Add�t�onally, exam�n�ng the e�ects of �ntense exerc�se
on muscle temperature, blood �ow, and �ntracellular water
accumulat�on may reveal the�r roles as potent�al contr�bu-
tors to �mprovements �n muscle funct�on and performance
(4). The �n�uence of �ncreased muscle-tendon st��ness on
muscle funct�on �s another area that warrants attent�on.
Furthermore, the use of techn�ques such as muscle �ma-
g�ng, muscle-tendon st��ness measurements, and advan-
ced b�omechan�cal analys�s could o�er valuable �ns�ghts
�nto how muscle-tendon �nteract�ons a�ect force product�-
on dur�ng PAPE (4).

Assess�ng the e�ect�veness of spec�f�c CAs �n enhanc�ng
athlet�c performance �n scenar�os where athletes complete
comprehens�ve warm-up rout�nes would be benef�c�al to
br�dge the gap between lab stud�es and real-world warm-up
pract�ces (74). Incorporat�ng advanced technolog�es l�ke
electromyography (EMG), muscle �mag�ng, muscle tempera-
ture mon�tor�ng, �ntracellular water measurement dev�ces,
and muscle act�vat�on sensors �n research stud�es can o�er
a comprehens�ve understand�ng of the mechan�sms and
factors �n�uenc�ng PAPE. By leverag�ng these advanced
technolog�es and methodolog�es, researchers can ga�n a
more nuanced understand�ng of the phys�olog�cal respon-
ses and neuromuscular adaptat�ons assoc�ated w�th PAPE,
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lead�ng to enhanced protocols for evok�ng and opt�m�z�ng
the PAPE response.

CONCLUSION
PAPE represents a cr�t�cal concept �n sports sc�ence, enab-
l�ng acute �mprovements �n muscular performance through
spec�f�c CAs performed pr�or to tra�n�ng or compet�t�on.
Wh�le trad�t�onal warm-up rout�nes have long been ut�l�zed
to enhance neuromuscular performance through var�ous
mechan�sms, the �ncorporat�on of h�gh-�ntens�ty CAs o�ers
add�t�onal benef�ts, lead�ng to the development of PAPE as
a d�st�nct phenomenon of performance enhancement. Unl�-
ke PAP, wh�ch refers to force measured through tw�tch ver�-
f�cat�on tests, PAPE focuses on voluntary exerc�ses, unders-
cor�ng the need to d��erent�ate between these two con-
cepts. The relevance of PAPE spans mult�ple doma�ns w�t-
h�n sports sc�ence, �nclud�ng strength and cond�t�on�ng, �n-
jury prevent�on, and performance enhancement across d�-
verse athlet�c act�v�t�es. Its e�ects, last�ng between 3–10 m�-
nutes post-act�vat�on, are observed through �ncreases �n
muscle strength, power, and veloc�ty across var�ous exerc�-
ses, mak�ng PAPE a versat�le tool �n opt�m�z�ng athlet�c
performance.

However, the pract�cal �mplementat�on of PAPE �s accom-
pan�ed by challenges, as �nd�v�dual responses can vary w�-
dely due to factors l�ke tra�n�ng h�story, genet�c pred�spos�-
t�ons, and external �n�uences. Further research �s essent�al
to ref�ne PAPE protocols, focus�ng on the most e�ect�ve
CAs, rest �ntervals, and �ntens�t�es for d��erent populat�ons,
�nclud�ng el�te athletes and the elderly. Add�t�onally, de-
eper explorat�on �nto the neural and metabol�c mecha-
n�sms underly�ng PAPE can �nform the development of tar-
geted �ntervent�ons to max�m�ze �ts benef�ts. Invest�gat�ng
the �nteract�ons between PAPE and external factors such as
nutr�t�onal �ntervent�ons and recovery strateg�es also holds
prom�se for opt�m�z�ng performance enhancement. Advan-
c�ng our understand�ng of PAPE through cont�nued rese-
arch w�ll not only clar�fy �ts phys�olog�cal foundat�ons but
also contr�bute to the development of ev�dence-based stra-
teg�es to enhance athlet�c performance across var�ous
sports and populat�ons.
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