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ABSTRACT

Warm-up aimed at inducing the physiological phenomenon of post-

Article Info: activation performance enhancement (PAPE) is considered one of the most important

factors in improving athletic performance. Moreover, barbell balance at the end of the
Received: 27 June 2025 concentric phase of the bench press is regarded as a key factor in powerlifting
Accepted: 9 Sep. 2025 competitions. This study aimed to compare the effects of ballistic, heavy-resistance,
Available Online: 11 Sep. 2025 and dynamic stretching warm-up protocols on barbell balance at the end of the

concentric phase of the bench press in male students.

Eighteen male students (mean age: 23.8 + 1.3 years; height: 174.4 + 3.36
cm; body mass: 74.4 + 3.8 kg) with at least one year of training experience
participated in this study. After determining the one-repetition maximum (1RM) for
each subject, participants were randomly assigned to three groups (A, B, and C) and
tested on three separate days with 72 hours of rest between sessions. A 3D motion
analysis system was used, and each subject performed a 1RM bench press following
the designated warm-up protocol. Barbell balance at the end of the concentric phase
of the bench press was assessed. Statistical analyses were conducted using one-way
ANOVA and Bonferroni post hoc tests, with the significance level set at p < 0.05.

Keywords: Significant differences were observed between the ballistic warm-up protocol
and both the heavy-resistance and dynamic stretching protocols (F = 20.2, p = 0.001,

Warm-up; PAPE; Bench 2 = 0.44), with ballistic warm-up demonstrating superior barbell balance at the end

press; Ballistic exercises; of the concentric phase.

Heavy-resistance exercises The findings suggest that warming up with ballistic exercises, compared

to heavy resistance or dynamic stretching, has a positive effect on barbell balance at
the end of the concentric phase of the bench press.
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1. Introduction

Rashedi et al. (2015) introduced the bench press as one of the most common exercises for developing the
pectoralis major muscle and noted that performance in this movement is often used to represent maximal
upper-extremity strength among athletes (1). In powerlifting competitions, a successful lift is recorded
when the barbell reaches its highest point at the end of the concentric phase, with the elbows fully extended
and the wrists aligned in a straight line, showing minimal positional deviation (3). Post-activation
performance enhancement (PAPE) is defined as a physiological phenomenon that occurs following a
conditioning contraction stimulus (CC) (7, 8). Ballistic or throwing exercises are characterized by
explosively projecting the resistance load into the air (7). According to the criteria set by the World
Powerlifting Federation, barbell balance at the end of the concentric phase of the bench press is a critical
factor. If the athlete completes the lift with substantial wrist misalignment, the attempt may be rejected by
the judges (3). Therefore, identifying new training methods that can improve an athlete’s ability to maintain
barbell balance at the end of the concentric phase is of considerable importance. The present study was
designed to address the following question: What is the effect of ballistic, heavy-resistance, and dynamic
stretching warm-up protocols on barbell balance at the end of the concentric phase of the bench press in
male students?

2. Methods

Eighteen male students (mean age: 23.8 + 1.3 years; height: 174.4 £+ 3.36 cm; body mass: 74.4 + 3.8 kg),
each with at least one year of training experience, participated in the study. Following the 1RM assessment
session, participants were randomly assigned to three groups (A, B, and C) according to the protocol
proposed by Amiri Khorasani and Gulik (2015) (17). Testing was conducted on three separate days, with
at least 48 hours of recovery from heavy activity between sessions. Each evaluation included a general
warm-up followed by one of the specific warm-up protocols: ballistic, heavy-resistance, or dynamic
stretching of the primary muscles. After completing the assigned warm-up protocol, participants rested for
8 minutes. Subsequently, eight passive reflective markers were attached to anatomical landmarks (lateral
tip of the acromion, lateral epicondyle of the elbow, and styloid process of the ulna). In addition, two
markers were placed on the barbell, 0.2 m apart (2). Participants then performed a 1RM bench press within
the calibrated volume of the 3D motion analysis system. Elbow joint angles and wrist positions were
recorded. Barbell balance assessment was conducted as follows. The maximum elbow extension angle at
the end of the concentric phase of the bench press was identified. At this angle, the vertical (Z-axis) position
of both wrists was determined. The absolute difference between the vertical coordinates of the right and
left wrists was calculated and defined as the barbell balance.

3. Results

The angular velocity of elbow extension was also affected across the different events. A significant effect
was observed at Vmax1, Vmin, and Vmax2 (F = 8.9, p=10.013, > = 0.32). Post hoc comparisons revealed
that angular velocity was higher following the ballistic warm-up protocol compared with the dynamic
stretching protocol at all events (Fig. 1). In addition, after the ballistic warm-up protocol, a significant
improvement in barbell balance was observed compared with the other two protocols (F = 20.2, p = 0.001,
n? = 0.44). Specifically, participants demonstrated better balance maintenance and the lowest difference in
wrist positions following the ballistic protocol. Although the heavy-resistance warm-up protocol produced
better barbell balance compared with the dynamic stretching protocol, the difference was not statistically
significant (F = 1.21, p=0.85, 1= 0.11) (Fig. 2).

4. Discussion

The aim of this study was to compare the effects of different warm-up protocols—ballistic, heavy-
resistance, and dynamic stretching—on barbell balance at the end of the concentric phase of the bench
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press. The main findings were that elbow extension velocity was higher at Vmax1, Vmin, and Vmax2
following the ballistic warm-up compared with the other two protocols. Furthermore, barbell balance at
the end of the concentric phase was significantly better after the ballistic protocol than after either heavy-
resistance or dynamic stretching. This enhancement in performance is most likely attributed to post-
activation performance enhancement (PAPE) (2), which, as suggested by Blazevich and Babault (2019),
becomes substantive only after several minutes (21). Several mechanisms may explain the observed
improvements in bench press performance following ballistic warm-up. The rapid downward and upward
phases of the ballistic bench press may stimulate the stretch-shortening cycle with minimal amortization
time between eccentric and concentric actions, thereby maximizing the use of stored elastic energy (22).
Additionally, ballistic warm-up may enhance potentiation of contractile elements and increase activation
of the pectoral and deltoid muscles, the prime movers in the bench press (4). Another possible mechanism
is that during ballistic contractions, the threshold for motor unit recruitment is lower than during slower,
ramped contractions (22, 23). These findings provide coaches and athletes, particularly in powerlifting,
with a practical and accessible strategy to optimize 1RM bench press performance. Practitioners may
consider prescribing ballistic warm-up protocols before maximal bench press attempts.
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Fig. 1. Mean (xSD) angular elbow extension at the different events after the three warm-up protocols.
* indicates a signficant difference in velocity between these two protocols for this event (p<0.05)
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Fig. 2. Mean (xSD) difference of wrists’ position after the three warm-up protocol
* indicates a signficant difference in barbell balance between three warm-up protocols (p<0.05)

Hedayati et al. Post-Activation Strategies and Barbell Balance in Bench Press. J Sport Biomech.2026;11(4):360-376. 362




Journal of

363

Ethical Considerations

Compliance with ethical guidelines

This study was approved by the Ethics Committee of the Faculty of Sport Sciences and Health, University
of Tehran (IR.UT.SPORT.REC.1402.136).

Funding

This research did not receive any financial support from the government, private, or non-profit
organizations.

Authors' contributions
All authors contributed equally to preparing the article.

Conflicts of interest

The authors declare that there are no conflicts of interest associated with this article.

Hedayati et al. Post-Activation Strategies and Barbell Balance in Bench Press. J Sport Biomech.2026;11(4):360-376.




G039 SWBagu dhxo

¥ o,lowd VY 2595 VF+ ¥ oyl

gy dlio

2 Ug) S g i ioglin (Swindls SCS 1> 31 0ol by Jlad g 8 Shos i3 331 i1
Qs v 33 &5 3> 90 Wb Jolas

“:Slml)& S0l (85 oo ¢ ‘@J‘%&ﬁ‘ LS jaoomo «

‘u’ig“.}.h uﬁ.w,gf"

118 ol il st SIS 39 6 5 N ot T SIS 155 Seilage 09,5 )

d https://doi.org/10.61882/JSportBiomech.11.4.360

st youn devie o s and Hedayati Y, Amirseyfaddini MR, Amiri-Khorasani M. The Effect of Post-Activation Performance
Enhancement Using Ballistic Movements, Heavy Resistance, and Dynamic Stretching on Barbell Balance During the
Bench Press. Journal of Sport Biomechanics.2025;11(4):360-376. https://doi.org/10.61882/JSportBiomech.11.4.360

DS

Sy FSE (e 5 Idom 3,as I3l (Sojder el oy W Baal g 0355 08
Ol A (o 85> (6150393 IS ! 53 I U3l (omiomed Sl (o559 3ok S92
om 3808 I3 dunlie Bualy idggs (Sl 4293390 Sistid jol Slirbune )3 oo (S
i S 3 A S5l 2 Ly S 5 (i lnglie sl SBCS > 1 o3liiasl b Jlad
b il ¢y GLgEedilD 53 W o2 S5 6155 0093

=G5 WEIF £ YY) 08 Sl YW £ /Y) s 0uSiloo s puny (g50e013 VA caslllan (1 > [EIEDY
On 31 o N QBRI (o059 Cadlad Sl S JBlas asls L (0,5'5kS Y/ 2 W/A) (o 052 9 (50
395 4 33 9 NS i C 9 B A 09,5 dus sy b gingo T o o903l p2 (g2 8 o by 1,55 G lde
Pl (I > LT s 31 03Misen! b (6525 o i85 4153 051 3 )90 o sl Casluw VY L oglite
2 AW ol g W Iy O dinin 1S5 Sy (sl @ sl BSSTgp b W ddgejl g Cdpdy
Sogesl i o3lil b (g lol JIUT )5 )18 (sl 3,90 i (o €55 51,5 (09,3 i Sl
S Ll P < [0y (g g (ol 9 43 )by il lg LT

b dugliie 3 Sl SlaCS o 51 o3l b (33,5 0,5 ol (gyoline ©glis (g ylel (gWaoals
SR 3 W Jolss 3 (N2 = +/FF P =efo v} = Vo ¥) U1, gy (S g (eins shagllie WS >
313 U Al (o1 S8 (51,5 039,0 GRS

b duglio )3 Sl (S yo 51 o3l b (13,5 0,5 &5 w30 (L gl o] S
3,13 i (w3 5 > (61,5 039, iRy S 53 S oS 1 (e I gy ol g (i Shoglie

e OleMb!

V¥ L5 8 icdl & U

VEF st WAy 2,6
VEE g Ve Wi G ,U

ojly wls

o 28es aljal ey p )5
SBCS > s o o Jlb
soglie (S > (Sl

JQ/M uiw,g

IRl Ol (olosS Pl el DRS00 ke 9 (St S5 DISWEID (b9 SlKogat 09,5 1]

you.hedal364@gmail.com : aes!

Wi gy ES o 3 0l 3l 4 Ligy atS g i (oglile cSiundly SBES o 1 3lisenl U b oy 3,Shos 331 51 oyl Kon o alia

4


https://orcid.org/0009-0004-4684-6359
https://orcid.org/0000-0001-8137-0860
https://orcid.org/0000-0002-0199-7522
https://doi.org/10.32598/biomechanics.7.1.3

¥ ol (VY 2,90 NF+F oyl LS‘:;"J.Jﬁ dp&wm

.

LV R

Sl dlie drwgs Cax odlatulyyge (S > o iwly I (S plgisa ) dw oy <S> (V410) ohlSen 5 s,
Ol oo (V) Wt S a5 )3 (B plil ©)a8 cules Sobled |y ) 559 o 3 S > cnl 2l 9 03,5 (B S
e lpsar Sloj <8 nl Gl (V) 2900 Jold 51 (St y9b) (595 ()l iy Al oS > I (o S >
a s g o 3L Meols Sl Oygod bagsyl 4 5,5 o JLE gy anl 590 S jol Glilas > 3890 5,Sles
Lo gl ol wlazel G pd liwd o (35 ) 8 b g dwp <8 > 6l)S 950 Lisw leal 2 0gs SIS cusdse oy YL
Sy (L-RM) aiy 1S5 G sy Ae 1 G slayl o a8 6ol lis (Vo A Ledl 9 M5 09 o9 () JSC5) (V) 2
GBS ox 3 Al 4 ekigd Jlasl (558 b oualT (Suiiur 4l oS <5 5090 anl 5l ol 5 s o
O 4l aw 4Ty ojl ol (Ve r8) Ll g M5 53 (g9 -8l (il e S puo e85 SERL (pl oits 53 9 005 yieS (e
M 18 s 5l ) e et o S g 45 3 53900 s Sy o 5 S gy < S S
bl 9 8l ialil g (Vimax) oy diier gl & (umbgo 0sl b (Vo) yao e b S50 (gl dhze o
o 4l )0 ey <8 (615 090 pisu 53 (Vmin) cae pw oy yieS 4 b cdl Lials plla ce o ¢ Sdiws 4l 3 4l

(F) o) &5 > )5 093 S5 53 (Vimaxe) 395 jlake s (remgd 41 9 8L (halidl o)bgd sl s ((Sdinmsr

S a5 G s pd Al i slayb s a8 ol slpiiy (Y0 VA) oy Ken o2l j85 o (Y2IY) o) Kes oF g0
oo 5L (Sl p C,S)> d‘;dﬁﬁ e T e Cowly @)1 sl fato ad 5L dl“&’.sl} Cas o (s (o g2
o " (PAP) Jd s (ilodiog s ooty (5 ,0) 3yl te pl odls angy ol 9 eS8yl o bags)l JolS
O 25 P pa ) Slgie g 298 dhae ) gy g Il el (ool (AL Sl g & Cunl (Sfgl i
V) 33,5 eSSl (gloxiil O yguods oS Sloj 0k 9 Vb ad b (1hjy9 slacled (sl pn 15 094 g bgy ©jg0n
gl sl (Al YA 5505) 3,05 1y ddds <G 5l eSSk 4y 395 lde diudis ) 5,80k 4 Jiled PAP o5l aas 5L (A
o 148 Ve U5 5 Slas Gae 4 dn g5 LW(PAPE) Jlad ey 5,Sdes iol58l oty (Yo V) oS 9"632’ Oikot 50 5L

(3) 2 ole aind 4 S35 oLl slaclb <l

— Jola g 3 palla —

Jolas pas a5 y2lla

S ot S8 o S 530 e Sl o s Joleipae 5 o aunlis ) IS5

. Van den Tillar

. Ettema

. Sticking Region

Moir

. De Freitas

. Post-Activation Potentiation

. Xeni

. Post-Activation Performance Enhancement

1
2
3
4,
5
6
7
8

o g Sy 43 0l Jala Uy S g i aglie ccSiiandly S o 51 o3lisen! b Jlad yuay 3,Shos 331 31 oyl Kon g alia




939 S g dlome ¥ 0ylons 1) 0,93 VFoF ylan;

Olysdr dinder )5 o 2o Al G BY (g (alaasjy jloslatel Stsidjob glacad) Sl i (e slag S e )5 5
e )15 Aty & sy 9 PAPE  SiseSilpy b g (K aglie slocS o lgis b jluooslel ol S e
395 Suigaeid a5 (e 5555 45 Gl 3 95,8 ol (V70) GhSilaed 5 (oulll (11) ol 03 Slgiy
Clld lyetal (gl (e — uac 5 (Splie laptusn 3 Sos Colos )3 45 3980 gg) (Stud slad L 2)S (0 pa3
V) el salgd Jis ) K55, o8 Lials & 205 b SYob e (gl Llgh o5 SMae (oLail g adly yials
Coows & gy wilS)8 oo YU lace yu )3 0594 5 1,5 59,0 Lol p3 a8 woly slpiiy (VYY) o)) e 5' Sl
ol sl e Aty @8l gyt Mo (005,80 Caa YU o uWilS )8 4l st il aST dgd e basls )

(VF) sslse 5YL el 5 53 PAPE iy 5 S onimd )l o alaals

S)lonl ©ygods AL 49 b KB )9 (o Slgi e & (taglie )L &S At S ol (Gla S (Sedl) (2B sbeS o
(V) 2blien Jaidyge ©)lan (sl 3 K559 o)lxiil plgs (ol dacS > Bl slal Jl Ban 33,5 (o Uy Tgo &
4 S S 090 i Sl 3 (el )b & Dy e (Seglie oS> 3 oS il plo (YY) ollSen 5 S
S oy Sboged (5 F%e | (S e e cnl el 3 e Ol oy oo sho 4 )gllS wonD 5 g (gS
wls Jolis )5l ooily Gl (VYT Sila Gl 5 aloele (1Y) Asln (SB58 pll )3 iy (295 Ol & (ol
95 ol Sl Jele |y lgm a0 Jle Oy 5 <8 o ()5 050 i slatl 3 e 4y (a0l (el I ey gl
d]w OMac J«ol.w LY A (g JP 0 );).) u.l.w‘ OMac dl.:y u«.wf Oyl (\\c) .b'lo.)}oi u_%):w u.slS99 P]JJI 2

() 2980 0dlatsl (55398 Sl yed )3 35855 Sy, Sl (S plgisds Al gilpwdn 9 550 S5

5 Od pls OLREeg% argia)ge (e )8 5 olg e lagis) ) edlanel L PAPE (3585 3l 98 b
eS8 o S o Lise sl Tl ol Sl glocS > ) ozl b odgy ) gl 1 Lol el 0395 SilSogas
Copdy pbl 40 f gyl b pole Glaghy culplh fcusl oxile (laiz (ySing} 203 gl3 5l (e BB (liee 4 dinw (o0
» Al ol PAPE  S5uSSl 5 b 09,58 ,5 Baal bgy (i g (S  eglie «Situdl slacs s (glynl o o

)85 g2y (5)loline Cglds yuy ligmils ) A oy S > (1S (19y> e Skl
wlad (g
L 3901

@l B 5 ggdse il g (o pSaed g5 5 el 5 Gig) el p oSieasl Sloj oS Sl ol iegly
b 3l ] Slasuie 45 839 loyS b dugd olKisly juw bomeiily jl,a WO ypsls imgh (o)lol drels il o
W/ £ Y/Y8) 38 Jlo VYA EVY) oy 0p5ko b o Sdg03] 03,5 &l yseil oyloyS il s ol&iisly Sscen 5 JS 0,0

1. Zhang

2. Lake

3. Mausehund
4. Krosshaug

Yss

Wi gy ES o 3 0l 3l 4 Ligy atS g i (oglile cSiundly SBES o 1 3lisenl U b oy 3,Shos 331 51 oyl Kon o alia




¥ oylowd VY 0,95 VFeF oyl 999 SwWo g dlxo

o3l (Bola (5 pSdiged (o) 4 (Sleglie Syl dbl Jlo o Bl b g (p)55hS VI £ Y/A) s p 2 5 (el
J3Bleys 3 dlizl byl gy (s)lel igad wr (VAT 8y50)ly 5'@ gl (e 4 deg b il jpas gl
di oy &S Sl 3 Ol sl g GBs Al 3 (Sadcsl gl «silop Oliyed JlocSy Sl dilol g
oglie Gl yed pd Cullad oy JBls cpily ¢ Jlo YO U YA o dioly Jold 3udm5 & 2959 (sla)lzo (V0) W2 )5 (yuns
)Jéﬁ)bwu»)g:caf?w&‘glb&gkﬁw19m)bd|@)ﬂ' B FO awls ¥ J8ls ol 4 (sl ol g
L;)Loi ol wsle ol e O.\A]J?sé{ 5 imgh sl STgy 383 g puono slyal 10 (6 Sed pis (pinen A5 48,5
GigR Bliste Jalye gy Sl iy Wad Jold 1) B3 ) gg)d slajhee (spSCud sbje) )3 (9) 9 o alio
ey o aebcols) bl 5l da ggejl oM p dne Sy (2ls5 ol 5l e g A5 03> prusgi la Sdgejl (slp
aalsl 5 JolS jLis ) b asls o (SLSU 2lusy b o 4355 58 590 yguo y3 45 0 031 ylisebol by 5390l 4 ¢ pminpem .003,5
G5 g 5b39 pole oISl (imgl y> BUS] dtiaS 10 g ) 1 g gl b AleS (6yla3g5 gl yd gl

ey cogasas IRRUT.SPORT.REC.1402.136 awls b ol w5

1-RM (s 39051

o iogail VoV ) hlSan § Sibgiun)S bausgs ondoloniy Sy 3l odlisal b cdlpus g €S> 13 1-RM (s (41,
Qo Ae b (gdm Cug 0 g 13905 Lal ) €8m0 g Ve D (lay SO ¢ w55 I-RM o3 £ 5 Fei¥e polie b cusy o
Gl 5 Sleb a ey B p Sl Ve B Y/ lise 4 5L (il am slacus 3 005 1l 8 s (e 1-RM

(15) €l aals] ciniis 1,55 (Ko Mo s g S o

S5 S 2158 9 50,5055 SS9

09,5 4w 4 (VO SIB g ol (g pmal (o0l ST ) o3kl b b 339031 ¢ 53905l y2 sl 1-RM yons I yuo
Gl b S cdld pae caels YA Gl uy Bl joy du 53 9 (V) S48 puads S0lal &jgu0ts C g BA )85 #
CXMega ) SVl iS jloslial b Szdly 03,5955 sl SS9 2l et (o90s 0055055 Jold i simgy slasnl b
ot e 3 03lil L) (S el w8 > (68 090 LS slal 55 p)SekS ¥e sk Ly oL L (fitness MF107
iaplo; V o a8 )S 18 b)) 0,00 S 3 550 ol wMlas by (RS g (3] Wiy Slrio 5 e i
olejie im0 Ll (3503l 095 aw sl ) (058 laSign et il ¥ six 5 02585 o Sigy
o iogeil (10) 05 483 JLai yo i A (YVA) By5s)l g g gl (il 4 degi b ol €8 5 09,575 o ol
gy 55 )lo £ 5l o3kl L (VoY) (L5l 9 305 (3 009 g el p el il diBd A g (35S SSSgn 2! 5l
DS ) S ag 3T 02lj (2B oy ol g ey Cwd (Sogibl BlE (59 2 &S il VA hab b (pulSis]

GaSoilul Gaal Sile ¥ cpined ad ()38 S Hle «8)S 13 i 05 lesainl (glojs 08l g g5l leinl ()15

1. Ulrich
2. Parstorfer
3. Gulick

o g Sy 43 0l Jala Uy S g i aglie ccSiiandly S o 51 o3lisen! b Jlad yuay 3,Shos 331 31 oyl Kon g alia




939 S g dlome ¥ 0ylons 1) 0,93 VFoF ylan;

o S 53363 dindin )L,S5 o by 55903 (V) 15005,5 o yila Lawg 5l jrewile Ve alold 4 dla  Lad e
o S CusBge )] Juolio 315 agly . b50g905 [l 1) (Kot (ghmds (6131309005 wiaamsan 005 0,18 (clidb )3 dius
S o gmaes ST s Alasgdy dls oy 8> 1-RM (gl plSin )5 (amans (slid )3 il g o Saga)l s
13,5 b 308593l K9 SUlgnl oy i L Raptor-H Digital Real Time System Jao b Gyl 548 cébo
G509y ise il (o Ce g o | g W8S 18 (5l 590 R20228 aseis Cie l3ble 5 Lawgs laodls
(F) 2255 Gl (Shiar g 9 (S ((SHdr Gy ol (V%) Ll 9 )M (93 (g9 SS90 jl olil b o8 >
Oy L) e Jolas yiito (05l s 4y g b dpuolre (28 > (1S 00900 LS 13 @] e (sl s g
@508 Cubgo BMS] cygly ol )3 9 2b e o 13l 3l ool b e8> (6593 Ui )3 o)l (45 5L 4
P28 e &8 S 090 it el 3 e Jols pasls lsisa () (s3ges Slatie jme bl )3 (i e

A8)5 103 oylel g 155 390 YO asws SPSSl58ls 5 5l oslil b laesly ¢ j55ls, oL

ool Jaod 9 4 5o

oyl jhxe Clysul olyom 4 5 ol py> (o Jolds by 5dges] Sidl,S 900 (sla Shg Il odls (gyll Judosigas josi 4
sl onian 85 1B )90 Shig = 9y0ld (90l Aliwgay uid slb e @5 (09 (el e A
GBI Ll (2,57 5 (SlaJSGg 3l odlizl L PAPE (il g 3,855 U9y b )yt g loodls sl ly Jeloige o
5055 5ol L by alyls T gl s 9 €85 8 o dyse ) gl 31 dlizl L laosls (il s

A5 03litl P <[00 (gloliae paus b (g pdigr (ol (y905]

035 05 b dSsn siugle) ) Joix

Y A ) (835 s Al

Saadly oS > O oglie sCS > Seolid s A 09,5
Sy y2iS Sl gloeS > O (aglie socS > B ogs
O (hogliie (S > Sooliyd S T C o8

O3S 2 sdSgn (ayed Sl Y Jgie

bcw o col il S RWARY e &l SS9y b
@b ) bugie 4id 0 S5 gl alae gligy ShiS by 0258
488 ) 488> O o8 a5y dliae gl iuiSY

s> 0 9ik o 4w alae gl 2aS ¥
48,83 ) 1-RM sspsv- SN 35T 459 b diw oy S > ookl b (0,53 )8
aids ¥ 1-RM sspp ¥ JR<re eglie glacS >
sy 1-RM ssps 8- IS F S
43> 0 1-RM sy v LY
1-RM asp5 Ad ISy
aids Y 1-RM ssps v- RGP il 439 bt o <8 > N Sl ped a3
4> ) 1-RM a5y - IS F UiS g (sieglie
4a8> ) bwgio IS5 S (IS L A oy <S> Y

Wi gy ES o 3 0l 3l 4 Ligy atS g i (oglile cSiundly SBES o 1 3lisenl U b oy 3,Shos 331 51 oyl Kon o alia




¥ oylowd VY 0,95 VFeF oyl 999 SwWo g dlxo

=W

0903 op) gl g b edlil Sy — gymli ygeil 5l b G390l duai a4y dg b o yimgd (sloodls 39 Jloy awyyp slp
b ploal SGynal)l sl gy ) edlatwl b odls Judoo cgycpl Gl by Jloy <ygods Wodly  SaisTyy iles ) olis
Jsiz pC 9B A 0g)F s 3 ()5 Collad alil 5 (S 0395 aled ey o 8 oy ol 3503l (63,8 sl S
wles Glyied 8 > ()5 09,0 Lise Sl > Glwd g Cundge BUB] Jlne Blodl g (1 Sko (i ob Canl 015 1,1 Y
u».)‘)ﬂl gC.:Lu ) )‘ o O W 431)| S8 4 ¥ Jsb ).)C 9 B A 6&09; le)J o9 M|9 Jre ).JLQ J.)Lu
Dl m pols imgh ol yuiie 008 s oS e opl b sdaline 25, Jate 5 5b clagly cae gy (g)loline
d)].)L:.c dgaby U&"w L;ucglsbo u.))frb)f 1) WLM 2 Ml) u.))frb)f )l mea)Q’Vmin ‘Vmaxl dLmu.uﬁyo JREAIY ).JL&:

(Y IS en2 =Y P=faw F=AR) b gl

[lire Bl 2 5 Siks) b idgeil 638 sl Shs ¥ sz

Coss B o5 Ay o iageil (638 sl Shg
93l Yok gl #
YE £ /¥ YEAY £ 3/7) \AYAYZE BVANY (JWs) cpoo
WY £ ¥/p WY/0 * /55 YWY/AY £ /A (routil) 48
Yy £ ¥/ yvion + v/5 YEIA £ Y/AT (pySoS) o py>
YY/EY £ V/AD YY/YS £ A/0F YOIV £ /Y ("o / p)SokS) (S 095 ylos
VRS VIS £ YIAY YY)/ (Jbo) codlabd aislo

(Feiee) 8 > 15 0193 UiSu Sl 3 Gl o CuBge SIS Jlne Sl ol + (,SLs ¥ Joi>

Coys B o5 Aoy oBgR kel g (o8 dly sl it
ARY £ Y/¥Y YIAY £\[5 WiVa £ o/ (o o) Siadly ST gy 31 Ly oyl oo B3]
VO/f £ Y/YA AEY £ \/¥5 YAAY £ o/ (o o) (stoglio JSTgp 5l (s liwd geo BV
N RN WEo £ Y/-5 Yo/o % ¥/0) (ocskeo) Lgy (S SS9, 3l s liwd zme B3|

¥ Bl
- *

3

“.: 5. —— * O S Gioglie
L — Bl i

= j ve d

q <

—'_') Y. 4

'R:) \’ - |L‘

0 25 il Gl Sig ) e S8 1500 LIS 5 ] Jeae (slaygly e (3, lkl Bl ol ) (o Sike Y IS
P <e/on gaw 3 03,5058 sadSsgn o )] e slugly s 3 jlaline oglis 392 il

Wws 03 E5 > 50 I J5 ) Ligy (il 5 (oS (soglio Simdly (SCS o 51 o0liol Uy Jlad oy 3 S (Sul581 T ], Kad g Gl




G209 SWoga dhxe £ oyl V) y95 VFoF yline;

Yo -
I W

OLg pes

(S

(Froslio) o
c -
—'

—

Sl s (geglie by aS
oS e sl S5
G355 5 e sla Sy o 5 SS9 i a3l ol (3] il £) (i ¥ S
P <ot gaw 13 53505 sladSisy o il Jols 3 jloline Sglis 292 wilits ©

‘Vmax25Vmin ‘Vmaxl le.bu.u.%}o 2 C))i J..m (.J"\"‘" )l.s 614.:91) sy as ol UL“‘"’ u.’s).o.sy L.S“M U9“°)T @Lu (O
sll 3l I Jols5 iz en 9 63V palie )l bgy (AtS (93,5955 b dualie )3 Sl 03,55 SS90 5l
b SS9y plo b dunglio 5 1) (g)lolime MBI (Y S5 M2 = +/FF P = +/ooV F = Yo/¥) oo b oSl 09,85 ,5
Jols S ST 90 b dunlio 10 SS9y cpl slyal 5l (s liwd oo Cungo OS] oy 0S5 Joles yigy Laas g 0l Lis
bl OB gy S ST b duslie o ol i dbul 3925l 1S eglie ST g5 (slyal 5l oy ¢ puizmed 935

(Y USs N2 =<V P = e /Ad F = VYY) s ssalie

Cumbgo BB 508 b il Jols baas «Sisad ol 0B, aid) Alaw el > 5l (S olpisds diws o <S>
() ol 033 5,5 3 55 comm <5 5 e sl ) S S (s 0 Lis el  lacnd
P Olpea ad) ol Sacul) | Gy s 5 Sy b0pd A BT (slal Sl oslitel b s (9355 )5 cmien
Sl Sbig 3Slas il PAPE (Sl 5 (Solkoss 5 (Seigaeisd csilomdle] Ban b el 5 (i o5
o Ve BV Jolee (slasje b Sl oS s 5l oolatwl b 3,5 0,5 a5 Jb o .sidu o dguts 1y Jla5 3550 (sld )5S,

D)3 syt oy 4 36 9 485 )15 (S Singl 4295 390 38 ) cplil e )il )00 1-RM

(S Gy Sl e Banl la s o s iy S5 S5 oo (0 5l olisl 4 aogi L gy ol
@ ey by bS5 b5yl 5,90 000l slaanl )3 gl Juabe (5 S Slazgly oo oo g (S g 9 (S
Ol Stally (9,525 SS9 sl 5l g o 0l (LS g bt b oy 8o (sol 0 Sl ol ool sdey
odnliio ;505 SS9y 93 b dunlio ;> Vimaxa 9 Vimin Vinaxa (slaceBse 1 )] hade (05 5l (slaygly oo 5 (5 l0kine
b duglio ) (s laglio JSGgy 31 g 2] e (1 5 sy ylaline S e 392 b cizen oV JSC5) L
& Cusbgo AWM 1 Sbo cpizen (V JS5) 390 Vimaxz 9 Vimin Vmaxt slacusige 3 6 5YL jlde glls by s
5 25 3 o 1y s blize (ialS g 8 o ol > @)l e (b 5L agls i 53 le Jol S le oS ol
(7 US) 9 e sl ol i oximd s a8 aly (i gy (i g (i (teglie (sloJSSg 0 b dunliie )3 Sl

Yv.

Wi gy ES o 3 0l 3l 4 Ligy atS g i (oglile cSiundly SBES o 1 3lisenl U b oy 3,Shos 331 51 oyl Kon o alia




¥ ol (VY 2,90 NF+F oyl LS‘:;"J.Jﬁ dp&wm

S8 SIS 395 i S s IS g2 035 5 sl S ) oline gl pie o imgy 4 sl ol

D90 3y 1y 25

S5 s elal 3 Lo agej] 3,Shas (6t e 1 Sty slacs o 5 oslial b 53,5p,8 45 Am3 o L5 gl oy
CS o S0 i sl 3 )] e (105 5l s Stlly (9,525 Sl g Lo SuBlS Al oy €8 i
Farre GBS o an Vi) )l Juabe (38 b ot Gl cnl g1 S pl ) 5VL (St a0l
IS5 S Bige sl (1 US) 40,8 T @)l Jaie 53 (a5 Sl 5L e s g0ty o 390 @) g LS (sl Juais
P9 oo Jol yls JLid 4y yla s pao 0)bgd (oIl 45T (S (o 42 1 I IS5l Gy el oy S > Al
celyly eS slol 3 o iy Jols & 00l oo gl S 9 JolS 0 Sl 4 @)l Jao syl o s 092 YL

(8) 295

Juade glaygly oy g o S Gl 4T (V2 MA) o) Ken o' gigelS Lo imgls ol b plicee |y pol> gl ol
O3 B (A) Candls o ci3)S ()15 Szl (9,5555 51 |y i o &85 o Al )5 S 2l 0 )
d929 Pline Solis (g <S> ]y Sl ity Sdls (35855 Sl o oS 3 s (Y41]) o Ken 5700k
5 ook il bpiagh (9,58, bSigy 3 Slyie eaidl Giagh b ol ek mls ool Vil (13) 5)lu
Lo 3905 5 L3905 L] jlwole] ol oS e loieds |y diasi J,S5 Sy oy &0 BTy LS5 WY (V213 o)y Sem
oo 9 b SbeS > aa ST S 1l ]) 30 Sy pemM s & (g &8 (3585 | (e Colpil dids SO L s
(S 3l o (3,505 3 g 480 s s S ptagdy b (] (10) Mtautr s (2 (555U (sl Sl |y i
Pyl (imghs )3 & Sl (3,5p)5 4855 Cudn Sl (o A (g &S > i S5 G (2l L sl 3 (6t
Vi Szl (3,585 ) i o €5 w5 Sy sl 53 lagingel 3,Shes Gl 3,5 1a) i
Lo PAPE. L33l ol 103,8 sl Y+) 45 sloiaig (V+¥F) o § g guas)lS oo o8 (PAPE) )58l dlsmoget

(V) 200y sl slwolel olidsl culled aids w5l o 1y o] Liol33l & as sl 3 (V) Pedl o g9

1S oy sl yisu 3 e @ slacs > Jols « Sl (3,5p,5 a8 aishy (lis (VoY) o, Ken & VB slools peusgs
@ 1509 pige exms JUl & Lwl (fu (p gebeS L |y (oLl (S 4 2 Slgie o adlioe <8 IS 0090 5
(TY) 3,5 0 )1 )8 02latls yg0 (£ 550 o yguody 04 003D SlundS (651 e 10 5 Lled S§ o5 bl o <S> (51)S 050
o g 15503 S5 St S (il b g Ll pobie gl (3l el Yinn] Saull (3,555 (eizan

(¥) 29500 ctimmr iy y3 15,0 (ool CMiae (lgieay 95

1. Sakamoto

2. Bodden

3. Garbisu-Hualde
4. Blazevich

5. Babult

6. Galay

o g Sy 43 0l Jala Uy S g i aglie ccSiiandly S o 51 o3lisen! b Jlad yuay 3,Shos 331 31 oyl Kon g alia




939 S g dlome ¥ 0ylons 1) 0,93 VFoF ylan;

S saasly gl ailis] (Sl 13,5 ,5 Al o Sl sla oLl aln ;5 a8 cul oyl 505 Jlein ] pansilSo
aliwl zals ol a8 w63,8 (5)i5 (YooY olole ¢ 59 (VF,VY) Wb e Lol Saudh pé e b awlio
o Ny 18 S ,50 doms jd &S gl il o PAPE S5 Sily Gollae yiol58l (sl cde oy Sore NN S5 50
(Y0) diledgo Sl a5l jl 68 13 1) (25> slagygyg il (gilo b « Sl glacS > jload Jols s olal i
ocadse > @)l ot Co g S iaglie clocS > lal 5l gy 0 (L5 Sl gk slaal wgMea;
9“90‘».».] ..)9.3 ).«)S L_i».wjl) u)){ rb)f 1) MLM JLl ] )5) ).uw.u L’y u.w.wf u.)){ l’)f l; dw.ulﬂ.a » Vmaxz 5Vmin ¢Vmax1
oiwd i (S by i (gladije b aunnlie 1o Sow sladijo b 2,8 p)5 5l s Ce oo il opl (V2AY) o) Ko
oot (VE) 031 zuud e dgus oo 5> GLSY mesd g Oae (S5 uSll culled gals el oS Jae 5 (658 00 (amas
‘G’L’ U‘I uol.w‘ » (YV) And o u,m\S ‘) P A.L\.wgcb 04ud .)‘.>u| u)M dlbw.\j %3 ’\/Lo.ol ggu.w d‘.de)a )l ookl
S b ac 3Slas &5 ol jialS ual cuslie 3,80,5 oaud S laisds Sl slacS s )l solitl
PSS (V¥ ) hiSan gl Vo o) ooaste slagingly a3 S| g e ity S oo gy JSto L) (Lol
~YA) 395 0 PAPE Gollas  Si5uSly el atpy SuSS 6 lgieds bgy LiuiS a8 Slools slpiui ((Y+VF) o)) Ken o
Gl floicds 1) Jled cMae 3 458 by g o slod (5 aield (50l381 (Y4V0) SUB 5 Sl 3 (gpual 5 (V0
Gles > b duslio o (0,5p )5 plBia 3 Ly idS a5 ol L pols iegh zols ((VY) WlodyS Byme  SiseSly oy
coley e 4 wlg o gl opl el Jbs a4 Lol eS8 )3 b Sdgejl 3Skes (6508 Sl pSiw toglio g Sl
b diw o (S eI L 82 ) 15,0 Mae sbg (IS (398 (polais] (S ojluly g o ped Sy ol i
slogSll candlys 0> JSSgn 99 b dwglie )3 by (RIS (505 JSgp pole Gimgh 5 finlply (A) AL e2g Jla
FV YY) s ol 53] din O gty 9 (B ojlla |y Seuil = SMas classly Solol g Mae ac

DB byl 90 Gl g Cusdga g gyl 5 e slace o i Lok nl 3 2g 3 (aacusgioe b Liagh ol
OS5 edlatel b Stadl 950,85 iz il (6,8 03l1 81)S gileg iSUl oSt 1 ool b SMae culled 5 cd S
u,u.b:a).: dlﬁu.:byo)i ‘05)45-4.3 V-3 )I)B cJLéL»b)g,o I) ).JL&’ L: u.:l.’).s Lo oy '\"Jl?"@ LFJ le.a:u».m9); W rbl?o] M\J‘
5y90 03 el 09,5 50 1) kot cpl gl Wil o (gam layimgh 10 (slad s ola ol l edliinl LMdg (gaiee 38l Lol

Ay s ol

R (8 15 oS

CS ik )5 S lpl ) G o 09505 Baal Szl b Wby slacS e o8 ob L ol iagh mls

1. Duchateau
2. Hainaut
3. Linnamo
4. Fletcher
5. Judge

6. Kurak

Wi gy ES o 3 0l 3l 4 Ligy atS g i (oglile cSiundly SBES o 1 3lisenl U b oy 3,Shos 331 51 oyl Kon o alia




¥ oylowd VY 2595 VF+ ¥ oyl

Dol Loy S 5 (S (Soglio oS > jl ool b g tiuw Ciygods 13,Sp,5 b dunlio o Sindl slacS s 5l
slculs, 5l i Sl eSS sl eolaiwl )5 syl glaiy Gypod S 6,5 80 ise kol e
iled (g BB S )y ol 3 Sl L5550 4 Wl e 2] 5 e (Sole J> 4 Siad gl

ol el jo oS eaSiily pl iyl bgomisly o jloyS yial apd oSl b ys SilSoge 09,5 Ailul jl dlawg p

.-\ejuo Jes s 0,08 ¢ S5 Wdged (5L 1y Lo gy
W Ol

g G Jeol 51 595

awlis b oKl GUS) 4l hawgs adlas ol US5ep 5 43,5 plowl imghy 5] cpjlse caley b adlas oyl
381 oS asbiegls, bl (pally 5 (BauSes 15 plod Jlicnilse ol 3ib -l o3 10l (IR.BASU.REC.1399.003)

Caol 0433,5

Sb o

103,85 2l )y pogad b (9> dumsge b plojls ga | Jlo coles 95 gun (Bainy

OB M g5 &85 )L

lis (05" 2lag g Wl Salyg sl 45 5 S e dmodls ST g5glgaio cstmgy llsi g (ko 1 Jgl odtugss

g bnodly 3515, (59950 tpam a5 odls 531 g 3Ll o laodls (6ygl xen cllio codl g Slgd sk ipgd ot
23,8 4ol g adllas |y Sl dlie Bii g don guls ppuds

o,
)5 g2y ddlllae pl 3 (HBlie (2)15 £

Reference

1. Rashedi H, Jafarnezhadgero AA, Farokhroo N. The Effect of Ratio of Contraction to Relaxation Durations in PNF
Exercises on the Muscle Strength and Range of Motion of Hip Joint. Journal of Sport Biomechanics.
2015;1(1):45-51.

o g Sy 43 0l Jala Uy S g i aglie ccSiiandly S o 51 o3lisen! b Jlad yuay 3,Shos 331 31 oyl Kon g alia

60309 SWBe g dhxo



939 S g dlome ¥ 0ylons 1) 0,93 VFoF ylan;

2. Van Den Tillaar R, Saterbakken A. The sticking region in three chest-press exercises with increasing degrees of
freedom. The  Journal of  Strength &  Conditioning Research. 2012;26(11):2962-9.
[DOI:10.1519/JSC.0b013e3182443430] [PMID]

3. Federation MP. The International Powerlifting Federation. Cell. 1903;90:532-60.

4. Van Den Tillaar R, Ettema G. A comparison of successful and unsuccessful attempts in maximal bench pressing.
Medicine and science in sports and exercise. 2009;41(11):2056-63. [DOI:10.1249/MSS.0b013e3181a8¢360]
[PMID]

5. Moir GL, Munford SN, Moroski LL, Davis SE. The effects of ballistic and nonballistic bench press on mechanical
variables. The  Journal of  Strength &  Conditioning Research. 2018;32(12):3333-9.
[DOI:10.1519/JSC.0000000000001835] [PMID]

6. De Freitas MC, Rossi FE, Colognesi LA, De Oliveira JVN, Zanchi NE, Lira FS, et al. Postactivation potentiation
improves acute resistance exercise performance and muscular force in trained men. The Journal of Strength &
Conditioning Research. 2021;35(5):1357-63. [DOI:10.1519/JSC.0000000000002897] [PMID]

7. Tillin NA, Bishop D. Factors modulating post-activation potentiation and its effect on performance of subsequent
explosive activities. Sports medicine. 2009;39:147-66. [DOI:10.2165/00007256-200939020-00004] [PMID]

8. Hodgson M, Docherty D, Robbins D. Post-activation potentiation: underlying physiology and implications for motor
performance. Sports medicine. 2005;35:585-95. [DOI:10.2165/00007256-200535070-00004] [PMID]

9. Xeni J, Gittings WB, Caterini D, Huang J, Houston ME, Grange RW, Vandenboom R. Myosin light-chain
phosphorylation and potentiation of dynamic function in mouse fast muscle. Pflugers Archiv-European Journal
of Physiology. 2011;462:349-58. [DOI:10.1007/500424-011-0965-y] [PMID]

10. McGowan CJ, Pyne DB, Thompson KG, Rattray B. Warm-up strategies for sport and exercise: mechanisms and
applications. Sports medicine. 2015;45:1523-46. [DOI:10.1007/s40279-015-0376-x] [PMID]

11. Almasi J, Shabazbigian MM. The Effect of Six Weeks of High-Intensity Interval Training with and without
Coenzyme Q10 Supplementation on Bench Press and Squat Strength in Competitive Male Bodybuilders. Journal
of Sport Biomechanics. 2025;11(1):80-92. [DOI:10.61186/JSportBiomech.11.1.80]

12. Zhang Q, Gassier R, Eymard N, Pommel F, Berthier P, Rahmani A, Hautier CA. Predicting Throwing Performance
with Force-Velocity Mechanical Properties of the Upper Limb in Experienced Handball Players. J Hum Kinet.
2024;95:43-53. [DOI:10.5114/jhk/190224]

13. Lake J, Lauder M, Smith N, Shorter K. A comparison of ballistic and nonballistic lower-body resistance exercise
and the methods used to identify their positive lifting phases. Journal of applied biomechanics. 2012;28(4):431-
7.[DOI:10.1123/jab.28.4.431] [PMID]

14. Mausehund L, Krosshaug T. Understanding Bench Press Biomechanics-Training Expertise and Sex Affect Lifting
Technique and Net Joint Moments. The Journal of Strength & Conditioning Research. 2023;37(1):9-17.
[DOI:10.1519/JSC.0000000000004191] [PMID]

15. Ulrich G, Parstorfer M. Effects of plyometric versus concentric and eccentric conditioning contractions on upper-

body postactivation potentiation. International journal of sports physiology and performance. 2017;12(6):736-41.
[DOI:10.1123/ijspp.2016-0278] [PMID]

Wi gy ES o 3 0l 3l 4 Ligy atS g i (oglile cSiundly SBES o 1 3lisenl U b oy 3,Shos 331 51 oyl Kon o alia



https://doi.org/10.1519/JSC.0b013e3182443430
https://www.ncbi.nlm.nih.gov/pubmed/22158100
https://doi.org/10.1249/MSS.0b013e3181a8c360
https://www.ncbi.nlm.nih.gov/pubmed/19812510
https://doi.org/10.1519/JSC.0000000000001835
https://www.ncbi.nlm.nih.gov/pubmed/28225524
https://doi.org/10.1519/JSC.0000000000002897
https://www.ncbi.nlm.nih.gov/pubmed/30507733
https://doi.org/10.2165/00007256-200939020-00004
https://www.ncbi.nlm.nih.gov/pubmed/19203135
https://doi.org/10.2165/00007256-200535070-00004
https://www.ncbi.nlm.nih.gov/pubmed/16026172
https://doi.org/10.1007/s00424-011-0965-y
https://www.ncbi.nlm.nih.gov/pubmed/21499697
https://doi.org/10.1007/s40279-015-0376-x
https://www.ncbi.nlm.nih.gov/pubmed/26400696
https://doi.org/10.61186/JSportBiomech.11.1.80
https://doi.org/10.5114/jhk/190224
https://doi.org/10.1123/jab.28.4.431
https://www.ncbi.nlm.nih.gov/pubmed/22085898
https://doi.org/10.1519/JSC.0000000000004191
https://www.ncbi.nlm.nih.gov/pubmed/35157403
https://doi.org/10.1123/ijspp.2016-0278
https://www.ncbi.nlm.nih.gov/pubmed/27736266

¥ oylowd VY 2595 VF+ ¥ oyl

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

G039 SWBagw

Krzysztofik M, Wilk M, Filip A, Zmijewski P, Zajac A, Tufano JJ. Can post-activation performance enhancement
(PAPE) improve resistance training volume during the bench press exercise? International journal of
environmental research and public health. 2020;17(7):2554. [DOI:10.3390/ijerph17072554] [PMID]

Amiri-Khorasani M, Gulick DT. Acute effects of different stretching methods on static and dynamic balance in
female football players. International journal of therapy and rehabilitation. 2015;22(2):68-73.
[DOI:10.12968/ijtr.2015.22.2.68]

Sakamoto A, Kuroda A, Sinclair PJ, Naito H, Sakuma K. The effectiveness of bench press training with or without
throws on strength and shot put distance of competitive university athletes. European journal of applied
physiology. 2018;118:1821-30. [DOI:10.1007/s00421-018-3917-9] [PMID]

Bodden D, Suchomel TJ, Lates A, Anagnost N, Moran MF, Taber CB. Acute effects of ballistic and non-ballistic
bench press on plyometric push-up performance. Sports. 2019;7(2):47. [DOI:10.3390/sports7020047] [PMID]

Garbisu-Hualde A, Gutierrez L, Santos-Concejero J. Post-activation performance enhancement as a strategy to
improve bench press performance to volitional failure. Journal of Human Kinetics. 2023;88:199.
[DOI:10.5114/jhk/162958] [PMID]

Blazevich AJ, Babault N. Post-activation potentiation versus post-activation performance enhancement in humans:
historical perspective, underlying mechanisms, and current issues. Frontiers in physiology. 2019;10:1359.
[DOI:10.3389/fphys.2019.01359] [PMID]

Galay V, Poonia R, Singh M. Understanding the significance of plyometric training in enhancement of sports
performance: a systematic review. Vidyabharati International Interdisciplinary Research Journal. 2021;11(2):141-
8.

Van Cutsem M, Duchateau J, Hainaut K. Changes in single motor unit behaviour contribute to the increase in
contraction speed after dynamic training in humans. The Journal of physiology. 1998;513(1):295-305.
[DOI:10.1111/j.1469-7793.1998.295by.x] [PMID]

Ivanova T, Garland S, Miller K. Motor unit recruitment and discharge behavior in movements and isometric
contractions. Muscle & Nerve: Official Journal of the American Association of Electrodiagnostic Medicine.
1997;20(7):867-74. [DOI:10.1002/(SICI1)1097-4598(199707)20:73.0.CO;2-P]

Duchateau J, Hainaut K. Mechanisms of muscle and motor unit adaptation to explosive power training. Strength
and power in sport. 2003:316-30. [DOI:10.1002/9780470757215.ch16] [PMID]

Linnamo V, Hakkinen K, Komi P. Neuromuscular fatigue and recovery in maximal compared to explosive strength
loading. European journal of applied physiology and occupational physiology. 1997;77:176-81.
[DOI:10.1007/5004210050317] [PMID]

Raastad T, Hallén J. Recovery of skeletal muscle contractility after high-and moderate-intensity strength exercise.
European journal of applied physiology. 2000;82:206-14. [DOI:10.1007/s004210050661] [PMID]

Fletcher IM. The effect of different dynamic stretch velocities on jump performance. European journal of applied
physiology. 2010;109:491-8. [DOI:10.1007/s00421-010-1386-x] [PMID]

Kurak K, Ilbak I, Stojanovi¢ S, Bayer R, Purenovié¢-Ivanovi¢ T, Patka T, et al. The Effects of Different Stretching

Techniques Used in Warm-Up on the Triggering of Post-Activation Performance Enhancement in Soccer Players.
Applied Sciences. 2024;14(11):4347. [DOI:10.3390/app14114347]

o g Sy 43 0l Jala Uy S g i aglie ccSiiandly S o 51 o3lisen! b Jlad yuay 3,Shos 331 31 oyl Kon g alia

dxo

0


https://doi.org/10.3390/ijerph17072554
https://www.ncbi.nlm.nih.gov/pubmed/32276452
https://doi.org/10.12968/ijtr.2015.22.2.68
https://doi.org/10.1007/s00421-018-3917-9
https://www.ncbi.nlm.nih.gov/pubmed/29931495
https://doi.org/10.3390/sports7020047
https://www.ncbi.nlm.nih.gov/pubmed/30781654
https://doi.org/10.5114/jhk/162958
https://www.ncbi.nlm.nih.gov/pubmed/37559774
https://doi.org/10.3389/fphys.2019.01359
https://www.ncbi.nlm.nih.gov/pubmed/31736781
https://doi.org/10.1111/j.1469-7793.1998.295by.x
https://www.ncbi.nlm.nih.gov/pubmed/9782179
https://doi.org/10.1002/(SICI)1097-4598(199707)20:73.0.CO;2-P
https://doi.org/10.1002/9780470757215.ch16
https://www.ncbi.nlm.nih.gov/pubmed/12642713
https://doi.org/10.1007/s004210050317
https://www.ncbi.nlm.nih.gov/pubmed/9459539
https://doi.org/10.1007/s004210050661
https://www.ncbi.nlm.nih.gov/pubmed/10929214
https://doi.org/10.1007/s00421-010-1386-x
https://www.ncbi.nlm.nih.gov/pubmed/20162300
https://doi.org/10.3390/app14114347

939 S g dlome ¥ 0ylons 1) 0,93 VFoF ylan;

30. Judge LW, Avedesian JM, Bellar DM, Hoover DL, Craig BW, Langley J, et al. Pre-and post-activity stretching
practices of collegiate soccer coaches in the United State. International journal of exercise science.
2020;13(6):260. [DOI:10.70252/PDCB3344]

31. Gil MH, Neiva HP, Sousa AC, Marques MC, Marinho DA. Current approaches on warming up for sports

performance: A critical review.  Strength &  Conditioning  Journal. ~ 2019;41(4):70-9.
[DOI:10.1519/SSC.0000000000000454]

Wi gy ES o 3 0l 3l 4 Ligy atS g i (oglile cSiundly SBES o 1 3lisenl U b oy 3,Shos 331 51 oyl Kon o alia



https://doi.org/10.70252/PDCB3344
https://doi.org/10.1519/SSC.0000000000000454

