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Abstract

Background: Short sprint is an important physical ability that determines the success in variousisports'modalities and may influ-
ence different conditioning activities. Postactivation potentiation (PAP) is a conditioning method'uséd in practicing sports, which
can result in acute improvements in muscle power and performance by interaction of physiological and neural mechanisms.
Objectives: The current study aimed at investigating the effect of PAP on a sprint of less;than 40 meters:

Methods: A systematic review and meta-analysis was conducted on the randomized, contrelled studies. The search was conducted
in several databases (PubMed, Web of Science, Cochrane, and Science Direct) using the following keywords: “Postactivation Potenti-
ation”, “Sprint”, and “Complex Training and Sprint”. The sprint time data (mean and standard deviation) of the selected studies were
analyzed using the OpenMeta (Analyst)® program. Data were expressed as weighted mean differences (WMD) between the groups
with 95% confidence interval (95% CI). The level of significance was P < 0,05.

Results: A total of 1859 records were initially identified out of which 15 studiesivere Selected according to the inclusion criteria and
included in the current study. The meta-analysis results showed a positive effect of PAP on sprint time in the distance 0 to 10 meter
(WMD =-0.031seconds, 95% CI:-0.050,-0.012, P=0.001), 11 to 20 meter (WMD =-0.048 seconds, 95% CI:-0.089,-0.007, P =0.021), 21 to
30 meter (WMD =-0.060 seconds, 95% CI:-0.094,-0.026; P < 0:001); and 31to 40 meter (WMD =-0.109 seconds, 95% CI=-0.141,-0.077,

P< 0.001).

Conclusion: In summary, PAP induced positive effects on short sprint performances.
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1. Introduction

Postactivation potentiation (PAR) refers to an initial
muscular activation withdmodesatefhigh load intensity,
which results in acute improvements in muscle power and
performance in subsequent explosive activities. Thus, PAP
isused to elaboratephysicaltraining sessions or prior com-
petitions due to their poténtial positive effects on athletic
performance (1, 2).

The /main mechanisms suggested responsible to im-
prove‘physical performance are the phosphorylation of
the,myosin,regulatory light chain (3, 4), and this effect oc-
curs in greater magnitude in type Il muscle fibers, which
consequently favors the performance in high intensity and
short duration activities (1).

However, some controversial results are observed, with
some studies indicating no significant improvements on
sprint performance (5-9). Many factors such as muscle
fiber type (10), training experience (11), gender (12) and
muscle strength level (13) can influence the individual re-

sponsiveness to PAP. In addition, evidence indicates that
manipulation of the PAP protocol (intensity load, volume,
rest interval) exerts a significant influence on the subse-
quent performance response (14).

On the other hand, an important factor is the transfer
of the PAP stimulus to specific sports muscle actions. In
this context, most studies investigate the influence of PAP
on lower limbs and evaluate the performance improve-
ment through vertical jumps (12, 15-27). However, a smaller
number of studies investigated the effects of PAP on sprint
performance, with results expressed at different distances
(5-7,13,28-34).

Short sprint is considered as an important physi-
cal ability that determines the success of various sports
modalities. Therefore, the current study aimed at conduct-
ing a systematic review on the evidence and performing a
meta-analysis to obtain information about the PAP effect
on the performance of short sprints.
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2. Methodology

2.1. Search Strategy

A systematic review and meta-analysis of random-
ized, controlled studies were conducted and evaluated
the PAP effect on short sprint performance. The search
was performed in the following databases: PubMed, Web
of Science, Cochrane, and Science Direct. The following
keywords were searched: “postactivation potentiation”,
“sprint”, “complex training and sprint”. The search was
conducted in November 2016. The systematic review was
not limited to specific years.

2.2. Inclusion and Exclusion Criteria

The studies considered eligible based on the following
inclusion criteria: (i) randomized, controlled studies; (ii)
peer-reviewed and published in English; (iii) used the run-
ning sprint as a performance test.

The adopted exclusion criteria were (i) sprint test
greater than 40 meters; (ii) PAP performed in upper limbs;
(iii) PAP performed in isometric exercises; (iv) PAP per-
formed in jumping exercises; (v) PAP performed using
isokinetic equipment; (vi) PAP performed using a vibra-
tory platform,; (vii) load intensity less than 70% of 1RM {1-
repetition maximum); (viii) rest interval of less than4'min-
utes between the PAP and the sprint test.

2.3. Studies Selection

One of the researchers searched the databases and ex-
cluded the duplicate articles. Thesevaluationyof.the titles
and abstracts was done by 2 independent researchers in
which they selected the articles pertinent to the theme of
the study. The same researchers, performed a complete
reading of the articles@nd selected the eligible ones based
on the inclusion and exclusion\criteria. In addition, the
cited references fromeeligible studies were also analyzed to
identify releyant studiesnotfound in the search. Disagree-
ments in the inclusion and exclusion of studies among the
researchers were resolved by consulting a 3rd reviewer.

2.4.Data Extraction

Twoindependent researchers did the data extraction.
The extracted data included (i) study design; (ii) number
of subjects; (iii) age; (iv) sets and repetition in PAP protocol,
(¥)intensity load in PAP protocol; (vi) rest interval between
PAP protocol and sprint test; (vii) distance from the sprint
test; (viii) mean =+ standard deviation (SD) of sprint time.
Disagreements among the researchers on data extraction
were resolved by consensus.

2.5. Statistical Analysis

The sprint time data (mean = SD) of the selected stud-
ies were analyzed using the OpenMeta (Analyst)® program.
The heterogeneity between the studies was assessed by the
Cochrane Q-test and the I inconsistency test. Due to.the
low heterogeneity, a fixed effect model was used'for the
analysis. Four meta-analyses were performed based on the
final sprint distance: (i) up to 10 meter; (ii)1to 20 meter;
(iii) 21 to 30 meter; (iv) 31 to 40 meter. Data'were expressed
as weighted mean differences (WMD) between the groups
with 95% confidence interval (95%,CI). Levelof significance
was P < 0.05.

3. Results

Figure 1illustrates the flowchart of the excluded and in-
cluded studiesinthe current systematic review. The search
strategy identified 1859 records in the searched databases
(PubMed, Web of Science, Cochrane, and Science Direct).
After aninitialireading of titles and abstracts, 35 relevant
studies were selected. They were thoroughly read and ac-
cording to/the inclusion/exclusion criteria, 15 studies were
selected In the current meta-analysis, 11 studies were in-
cluded, which presented mean =+ SD data for sprint time.

3.1. Study Characteristics

Table 1 presents the characteristics and results of each
study included in the current systematic review. The stud-
ies were published from 2005 to 2016. The included stud-
ies (n=15) constitute of totally 203 subjects (PAP condition
(n=203) and control (n =203). All of the studies evaluated
males aged 16 to 25 years. The studies presented data of ath-
letes from sports of collective modality (5-7, 9, 13, 22, 28-34),
athleticism (21, 35), and resistance trained subjects (8, 9).

The PAP protocol characteristics of the studies were
constituted of 1to 5 sets and 1 to 10 repetitions. The stud-
ies used the load intensity from 70% to 91% in 1RM (6, 8, 13,
28-35). Two studies (5, 22) used the load intensity of 3RM,
and one study (7) used 5RM.

Okuno et al., (33) and Yetter et al., (31) used the progres-
sion of the load intensity (30% to 90% of 1IRM) between the
sets. Vanderka et al., (9) used the load intensity at the indi-
vidual maximum power output. The rest interval between
the PAPand the sprint testranged from 4 to 16 minutes. The
total distance covered in the sprint test ranged from 5 to
40 meters in a straight line. Only 1 study (33) evaluated the
best sprint time of 30 meters with a change of direction (15
+15 meters) in a repeated sprint protocol.
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“Post-activation pote ntiation” AND “sprint”
“complex training” AND “sprint”

PubMed Web Of Science Cochrane Science Direct
(n=27) (n=68) (n=07) (n=1754)
Records identified in databases Others;Fonts
(n=1859) (n=3)
Selected abstracts

y

Full papers evaluated for eligibility

(n=35)
Eligible articles
(n=15)
Used sprints test >40m
\l/ -05 Used jump exercise during
. . . PAP
Studies evaluated in this re -01 Not appropriate experimental
(n=15) desi
esign
\l/ -01 Exhaustive PAP protocol
-01Sprint test in the ice
Studies included in the'quantitati

-01Rest interval between PAP
and sprint test <4 min
-01 Sprint test with sled pushes

analysis

Sprint 0-10m
(n=6) Sprint 0-30m Sprint 0-40m
Bevan 2010 (n=4) (n=4)
Chatzopoulos 2007 2013 Chatzopoulos 2007 Evetovich 2013
Lim and Kong 2013 Lim and Kong 2013 Low 2014
Mcbride 2005 ooke 2009 McBride 2015 McBride 2005
Okuno 2013 Rahimi 2007

tional squat exercises (n = 20) and squat exercises with an
elastic band (n = 20). The PAP had a positive effect (P =
0.001) on the reduction of sprint time, compared with the
control condition, with a WMD value of -0.031seconds (95%
Cl:-0.050, -0.012). No heterogeneity (I> = 0, P = 0.944) was
observed between the studies (Figure 2A).

udies evaluated the sprint time in the final dis-
p to 10 meter (7, 8, 22, 28, 30, 35). In the study
n et al. (32), sprint time data were included at dis-
tances of 5 and 10 meters. Till and Cooke (7) presented the
sprint time in individuals with greater (n = 6) and lower

muscular strength level (n = 6), according to the 5RM test.
The study by Wyland et al,, (35) included data from tradi-
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Table 1. Results of the Studies on Short Sprint Performance of Postactivation Potentiation

No. | Authory Subjects Age PAP Protocol Results
(Sports
Modality)
Set X Load Intensity, Rest Interval, Distance
Repetitions % min (Sprint), m
o1 Bevan etal. 16 males (rugby) - 1X3 911RM 4,8,12,16 5and 10 Decre:
(2010) i
02 Chatzopoulos et 15 males 22.0+2.0 1X10 90 1IRM 5
al. (2007) (amateur team
game players)
03 Crewther etal. 9 males (rugby) 201+£0.9 1X3 3RM 4,8,12,16
(2011)
04 Duncan et al. 10 males (rugby) 252 £5.02 1X3 90 IRM ND in sprint
(2014) time
05 Evetovich et al. 7 males (soccer) 20.4 +16 1X3 3RM Decrease in the
(2015) sprint time
06 Lim etal. (2013) 12 males 224+32 1X3 90 1IRM ND in sprint
(sprinters) time
07 Low et al. (2015) 16 males 17.0 £ 0.6 1X3 911RM 35 Decrease in the
(soccer) sprint time
08 Mcbride et al. 15 males (soccer) 20.8 1.0 1X3 4 40 Decrease in the
(2005) sprint time -40
m, ND in the
sprint time -10
and30 m
09 Okuno et al. 12 males 187£17 5 RSA 6 X 30, (15 + Improved best
(2013) (handball) 15) sprint time,
Improved mean
sprint time, ND
fatigue
10 Rahimi (2007) 11 males (soccer) 70 1RM, 85 1RM 4 40 Decrease in the
sprint time
1 Seitz et al. (2014) 13 males (rugby) X3 90 1RM 7 20 Decrease in the
sprint time
12 Till et al. (2009) 12 males (sof 1X5 5RM 4 20 ND in the sprint
time
13 Vanderka et al.
(2016) Maximum ND in the sprint
2X6 6 40 .
Power time
14 Wyland e 5X3 851RM 4 5X91 Decrease in
(2015) e sprint time - PAP
ined) with elastic
band
males 223408 1X5,1X 4,1%X 30,50,70 4 40 Decrease in
(football, 3 sprint time
weightlifting,
and track and
field)

s: ND, No Significant Difference; RM, Repetition Maximum.

sprint time in subjects who had greater (n = 6) and
lower strength levels (n =6), according to the 5RM test. The
study by Seitz et al., (13) included data from squats (n =13)
and power clean (n =13) exercises. The PAP had a positive

effect (P=0.021) on the reduction of sprint time compared
with the control condition, with a WMD value of -0.048
seconds (95% CI:-0.089,-0.007). No heterogeneity was ob-
served (I* = 24.35%, P = 0.252) between the studies (Figure
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2B).

Four studies evaluated the sprint time in the distance
of 21to 30 meter (8, 28,30, 33). The PAP had a positive effect
(P < 0.001) on the reduction of sprint time compared with
the control condition, with a WMD value of -0.060 seconds
(95% CI:-0.094,-0.026). No heterogeneity was observed (I?
= 0%, P=0.553) between the studies (Figure 3A).

Four studies evaluated the sprint time in the final dis-
tance of 31to 40 meter (22, 28, 29, 34). The study by Rahimi
etal. (29), included the data of PAP with load intensities of
70% of 1IRM (n =11) and 85% of 1RM (n = 11). The PAP had a
positive effect (P < 0.001) on the reduction of sprint time
compared with the control condition, with a WMD value of
-0.109 seconds (95% CI:-0.141,-0.077). No heterogeneity was
observed (I =0%, P=0.195) between the studies (Figure 3B).

4. Discussion

The current study aimed at performing a systematic re-
view and meta-analysis to determine the effectiveness of
PAP on short sprints performances. The main finding was
that PAP significantly reduced sprint time compared with
the control condition.

The results of the current study corroborated with an-
other meta-analysis (36) that indicated an overall moder-
ate effect in sprint activities after PAP. However, the cur-
rent study expanded these findings by showing that PAPin-
creased short sprint performance considered essential\in
several sports modalities.

Sprint performance can be represented/in 3 phases:
(a) acceleration, (b) maximum speed, and.(c) decéleration
(37). The acceleration phase can be subdivided into initial
(0 to12 meter)and main (12 to 35 meter )(38); thus, the abil-
ity to produce high levels of muscular strength/power at
the beginning of the sprint is impertant to increase accel-
eration and short sprint performance(39).

Evidence indicates ailmoderate to high correlation be-
tween the maximum muscle strength and power with
short sprint performance (40-43). Wisloff et al., (41) ob-
served a high and moderate correlation between muscle
1RM strength in back squat exercises with sprint time at
distancesof 10 meters(r=0.94) and 30 meters (r=0.71). In
this sénse, strategies that acutely enhance muscle strength
and, power,capacity can affect the performance of short
sprints.

The current study data indicated that PAP was an effi-
cient preconditioning method to increase acceleration ca-
pacity and reduce sprint time at distances O to 10 meter
(WMP =-0.031 seconds), 11 to 20 meter (WMP = -0.048 sec-
onds), 21 to 30 meter (WMD = -0.060 seconds), and 31 to
40 meter (WMD = -0.109 seconds). The improvement of
short sprint performances after PAP may be related to an

Asian ] Sports Med. In Press(In Press):e14566.

interaction of physiological and neural mechanisms, such
as phosphorylation of the regulatory myosin light chain
(4) and the increase of high-threshold motor units recruit-
ment (11, 44, 45).

The manipulation of PAP protocols such as volume
(sets and repetitions), intensity, load, and rest interval ex=
erts on the subsequent athletic performance (14). Ac¢ord-
ing to the studies that observed positive effect of PAP on
the short sprint performance (13, 22, 28-32, 34,35);,the ex-
ponential effect in the majority of the studies was‘asin-
gle set of 3 repetitions, performed at highload intensity
(~90% 1RM) and rest interval between 4 and'8 minutes in
back squat exercise. This finding,is the\important infor-
mation for strength and conditioning coaches to prescribe
PAP protocol prior to shogt sprints activities.

The current meta-analysisshad some limitations that
should be addressed. A smallnumber of studies included
the analysis of different sprint distances. Additionally,
some of the included studies had small samples sizes. The
major strength of thestudy was that the majority of stud-
ies included evaluated athletes.

Conclusively, the carrent systematic review and meta-
analysis provide evidence that PAP induced positive effects
on short sprint performance. Based on the practical ap-
plications, PAP can be an interesting, intense strategy to
potentiate athletic performance if prescribed by strength
and ‘conditioning coaches before activities that involve
short sprints.

References

1. Robbins DW. Postactivation potentiation and its practical applicabil-
ity: a brief review. J Strength Cond Res. 2005;19(2):453-8. doi: 10.1519/R-
14653.1. [PubMed: 15903390].

2. Kilduff LP, Bevan HR, Kingsley MI, Owen NJ, Bennett MA, Bunce PJ, et
al. Postactivation potentiation in professional rugby players: optimal
recovery. | Strength Cond Res. 2007;21(4):1134-8. doi: 10.1519/R-20996.1.
[PubMed: 18076243].

3. Rassier DE, Macintosh BR. Coexistence of potentiation and fatigue
in skeletal muscle. Braz | Med Biol Res. 2000;33(5):499-508. doi:
10.1590/S0100-879X2000000500003. [PubMed: 10775880].

4. Esformes JI, Bampouras TM. Effect of back squat depth on lower-body
postactivation potentiation. | Strength Cond Res. 2013;27(11):2997-
3000. doi: 10.1519/]SC.0b013e31828d4465. [PubMed: 23442291].

5. Crewther BT, Kilduff LP, Cook C], Middleton MK, Bunce PJ,
Yang GZ. The acute potentiating effects of back squats on ath-
lete performance. | Strength Cond Res. 2011;25(12):3319-25. doi:
10.1519/]SC.0b013e318215{560. [PubMed: 22076086].

6. Duncan M], Thurgood G, Oxford SW. Effect of heavy back squats on
repeated sprint performance in trained men. ] Sports Med Phys Fitness.
2014;54(2):238-43. [PubMed: 24509997].

7. Till KA, Cooke C. The effects of postactivation potentiation on sprint
and jump performance of male academy soccer players. | Strength
Cond Res. 2009;23(7):1960-7. doi: 10.1519/]SC.0b013e3181b8666€.
[PubMed: 19855319].

8. Lim JJ, Kong PW. Effects of isometric and dynamic postactivation po-
tentiation protocols on maximal sprint performance. J Strength Cond


http://dx.doi.org/10.1519/R-14653.1
http://dx.doi.org/10.1519/R-14653.1
http://www.ncbi.nlm.nih.gov/pubmed/15903390
http://dx.doi.org/10.1519/R-20996.1
http://www.ncbi.nlm.nih.gov/pubmed/18076243
http://dx.doi.org/10.1590/S0100-879X2000000500003
http://www.ncbi.nlm.nih.gov/pubmed/10775880
http://dx.doi.org/10.1519/JSC.0b013e31828d4465
http://www.ncbi.nlm.nih.gov/pubmed/23442291
http://dx.doi.org/10.1519/JSC.0b013e318215f560
http://www.ncbi.nlm.nih.gov/pubmed/22076086
http://www.ncbi.nlm.nih.gov/pubmed/24509997
http://dx.doi.org/10.1519/JSC.0b013e3181b8666e
http://www.ncbi.nlm.nih.gov/pubmed/19855319
http://asjsm.com

de Oliveira J] et al.

10.

11.

3.

14.

15.

16.

17.

18.

19.

20.

21

220

23.

24.

25.

Res. 2013;27(10):2730-6. doi: 10.1519/]SC.0b013e3182815995. [PubMed:
23302751].

. Vanderka M, Krcmar M, Longova K, Walker S. Acute Effects of Loaded

Half-Squat Jumps on Sprint Running Speed in Track and Field Ath-
letes and Soccer Players. | Strength Cond Res. 2016;30(6):1540-6. doi:
10.1519/]SC.0000000000001259. [PubMed: 26562707].

Hamada T, Sale DG, MacDougall JD, Tarnopolsky MA. Postactivation
potentiation, fiber type, and twitch contraction time in human knee
extensor muscles. | Appl Physiol (1985). 2000;88(6):2131-7. [PubMed:
10846027].

Chiu LZ, Fry AC, Weiss LW, Schilling BK, Brown LE, Smith SL. Postac-
tivation potentiation response in athletic and recreationally trained
individuals. J Strength Cond Res. 2003;17(4):671-7. doi: 10.1519/1533-
4287(2003)017<0671:PPRIAA>2.0.CO;2. [PubMed: 14636093].

. Rixon KP, Lamont HS, Bemben MG. Influence of type of muscle con-

traction, gender, and lifting experience on postactivation potentia-
tion performance. J Strength Cond Res. 2007;21(2):500-5. doi: 10.1519/R-
18855.1. [PubMed: 17530946].

Seitz LB, de Villarreal ES, Haff GG. The temporal profile of postac-
tivation potentiation is related to strength level. J Strength Cond
Res. 2014;28(3):706-15. doi: 10.1519/]SC.0b013e3182a73ea3. [PubMed:
23965945).

Wilson JM, Duncan NM, Marin PJ, Brown LE, Loenneke JP, Wil
son SM, et al. Meta-analysis of postactivation potentiation and
power: effects of conditioning activity, volume, gender, rest peri-
ods, and training status. J Strength Cond Res. 2013;27(3):854-9. doi:
10.1519(JSC.0b013e31825c2bdb. [PubMed: 22580978].

Young WB, Jenner A, Griffiths K. Acute enhancement of power perfor-
mance from heavy load squats. | Strength Cond Res. 1998;12(2):82-4.
doi: 10.1519/1533-4287.

Scott SL, Docherty D. Acute effects of heavy preloading on vertical and
horizontal jump performance. J Strength Cond Res. 2004;18(2):201-5.
doi: 10.1519/R-13123.1. [PubMed: 15142025].

Hilfiker R, Hubner K, Lorenz T, Marti B. Effects of drop jumps added
to the warm-up of elite sport athletes with a high capacity for ex-
plosive force development. ] Strength Cond Res. 2007;21(2):550=5. doi:
10.1519/R-20215.1. [PubMed: 17530974].

Weber KR, Brown LE, Coburn JW, Zinder SM. Acute effécts of heavy-
load squats on consecutive squat jump performance. J Strength Cond
Res. 2008;22(3):726-30. doi: 10.1519/]SC,0b0133181660899. [PubMed:
18438248].

Requena B, Gapeyeva H, Garciall, Ereline, J, Paasuke M. Twitch
potentiation after voluntary vérsus electrically induced isometric
contractions in human knee extensor muscles. Eur | Appl Phys-
iol. 2008;104(3):463-724d0i:110.1007[$00421-008-0793-8. [PubMed:
18563434].

Needham RA, Morse CI, Degens|H. The acute effect of different
warm-up protocels om) anaerobi¢ performance in elite youth
soccer playérs. | StrengthwmGonid Res. 2009;23(9):2614-20. doi:
10.1519(]SC.0b013e3181bif3ef. [PubMed: 19910812].

Witmer CA; Davis SE, Moir GL. The acute effects of back squats on
verticalyjump performance in men and women. | Sports Sci Med.
2010;9(2):206-13. [PubMed: 24149687].

Evetovich TK; Conley DS, McCawley PF. Postactivation potentiation
enhances upper- and lower-body athletic performance in collegiate
male and female athletes. ] Strength Cond Res. 2015;29(2):336-42. doi:
10.1519[JS€.0000000000000728. [PubMed: 25330084].

West D, Cunningham D, Bevan H, Crewther B, Cook C, Kilduff L. In-
fluence of active recovery on professional rugby union player’s abil-
ity to harness postactivation potentiation. ] Sports Med Phys Fitness.
2013;53(2):203-8. [PubMed: 23584329].

Bogdanis GC, Tsoukos A, Veligekas P, Tsolakis C, Terzis G. Effects of
muscle action type with equal impulse of conditioning activity on
postactivation potentiation. | Strength Cond Res. 2014;28(9):2521-8.

doi: 10.1519/]SC.0000000000000444. [PubMed: 24584048)].
Arabatzi F, Patikas D, Zafeiridis A, Giavroudis K, Kannas T, Gourgoulis

26.

27.

28.

29.

30.

3L

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

V, et al. The post-activation potentiation effect on squat jump perfor-
mance: age and sex effect. Pediatr Exerc Sci. 2014;26(2):187-94. doi:
10.1123/pes.2013-0052. [PubMed: 24225048].

Fukutani A, Takei S, Hirata K, Miyamoto N, Kanehisa H, Kawakami
Y. Influence of the intensity of squat exercises on the subsequent
jump performance. | Strength Cond Res. 2014;28(8):2236-43. doi:
10.1519/]SC.0000000000000409. [PubMed: 24513618].

Naclerio F, Chapman M, Larumbe-Zabala E, Massey B, Neil A, Triplett
TN. Effects of Three Different Conditioning Activity Volumes on the
Optimal Recovery Time for Potentiation in College Athletes.j Strength
Cond Res. 2015;29(9):2579-85. doi: 10.1519/J]SC.0000000000000915,
[PubMed: 25719916].

McBride JM, Nimphius S, Erickson TM. The acute effects of heavy-load
squats and loaded countermovement jumps on sprint performance.
J Strength Cond Res. 2005;19(4):893-7. doi: 10.1519/R%63044. [PubMed:
16287357).

Rahimi R. The acute effects of heavyversuslight-load squats on sprint
performance. Sci | Facta Univ. 2007;5(2):163-9:

Chatzopoulos DE, Michailidis GJ, Giannakos AK, Alexiou KC, Patikas
DA, Antonopoulos CB, et al¢Postactivation potentiation effects af-
ter heavy resistance exercise en running speed. J Strength Cond Res.
2007;21(4):1278-81. doi: 10.1519/R21276.1. [PubMed: 18076255].

Yetter M, Moir GL. The acute“effects of heavy back and front
squats ongspeed,during forty-meter sprint trials. | Strength Cond
Res. 2008;22(1):159=65. doi: 10.1519/]SC.0b013e31815f958d. [PubMed:
18296970).

Bevan HR, Cunningham DJ, Tooley EP, Owen NJ, Cook CJ, Kilduff LP. In-
fluenceof postactivation potentiation on sprinting performance in
proféssional rugby players. ] Strength Cond Res. 2010;24(3):701-5. doi:
10.1519/]SC.0b013e3181c7b68a. [PubMed: 20145565].

Okuno NM, Tricoli V, Silva SB, Bertuzzi R, Moreira A, Kiss MA.
Postactivation potentiation on repeated-sprint ability in elite
handball players. | Strength Cond Res. 2013;27(3):662-8. doi:
10.1519/]SC.0b013e31825bb582. [PubMed: 22561976].

Low D, Harsley P, Shaw M, Peart D. The effect of heavy resistance
exercise on repeated sprint performance in youth athletes. J Sports
Sci. 2015;33(10):1028-34. doi: 10.1080/02640414.2014.979857. [PubMed:
25554921].

Wyland TP, Van Dorin D, Reyes GF. Postactivation Potentation Effects
From Accommodating Resistance Combined With Heavy Back Squats
on Short Sprint Performance. | Strength Cond Res. 2015;29(11):3115-23.
doi: 10.1519/]SC.0000000000000991. [PubMed: 25968229].

Seitz LB, Haff GG. Factors Modulating Post-Activation Potentiation
of Jump, Sprint, Throw, and Upper-Body Ballistic Performances: A
Systematic Review with Meta-Analysis. Sports Med. 2016;46(2):231-40.
doi: 10.1007/s40279-015-0415-7. [PubMed: 26508319)].

Bishop D, Girard O, Mendez-Villanueva A. Repeated-sprint ability -
part II: recommendations for training. Sports Med. 2011;41(9):741-56.
doi: 10.2165/11590560-000000000-00000. [PubMed: 21846163].
Mackala K, Fostiak M, Kowalski K. Selected determinants of accelera-
tion in the100m sprint.] Hum Kinet. 2015;45:135-48. doi: 10.1515/hukin-
2015-0014. [PubMed: 25964817].

Bissas Al, Havenetidis K. The use of various strength-power tests as
predictors of sprint running performance. J Sports Med Phys Fitness.
2008;48(1):49-54. [PubMed: 18212710].

Newman MA, Tarpenning KM, Marino FE. Relationships between
isokinetic knee strength, single-sprint performance, and repeated-
sprint ability in football players. | Strength Cond Res. 2004;18(4):867-
72. doi: 10.1519/13843.1. [PubMed: 15574095].

Wisloff U, Castagna C, Helgerud ], Jones R, Hoff . Strong correlation of
maximal squat strength with sprint performance and vertical jump
height in elite soccer players. Br ] Sports Med. 2004;38(3):285-8. doi:
10.1136/bjsm.2002.002071. [PubMed: 15155427].

Lopez-Segovia M, Marques MC, van den Tillaar R, Gonzalez-Badillo JJ.
Relationships between vertical jump and full squat power outputs

Asian ] Sports Med. In Press(In Press):e14566.


http://dx.doi.org/10.1519/JSC.0b013e3182815995
http://www.ncbi.nlm.nih.gov/pubmed/23302751
http://dx.doi.org/10.1519/JSC.0000000000001259
http://www.ncbi.nlm.nih.gov/pubmed/26562707
http://www.ncbi.nlm.nih.gov/pubmed/10846027
http://dx.doi.org/10.1519/1533-4287(2003)017<0671:PPRIAA>2.0.CO;2
http://dx.doi.org/10.1519/1533-4287(2003)017<0671:PPRIAA>2.0.CO;2
http://www.ncbi.nlm.nih.gov/pubmed/14636093
http://dx.doi.org/10.1519/R-18855.1
http://dx.doi.org/10.1519/R-18855.1
http://www.ncbi.nlm.nih.gov/pubmed/17530946
http://dx.doi.org/10.1519/JSC.0b013e3182a73ea3
http://www.ncbi.nlm.nih.gov/pubmed/23965945
http://dx.doi.org/10.1519/JSC.0b013e31825c2bdb
http://www.ncbi.nlm.nih.gov/pubmed/22580978
http://dx.doi.org/10.1519/1533-4287
http://dx.doi.org/10.1519/R-13123.1
http://www.ncbi.nlm.nih.gov/pubmed/15142025
http://dx.doi.org/10.1519/R-20215.1
http://www.ncbi.nlm.nih.gov/pubmed/17530974
http://dx.doi.org/10.1519/JSC.0b013e3181660899
http://www.ncbi.nlm.nih.gov/pubmed/18438248
http://dx.doi.org/10.1007/s00421-008-0793-8
http://www.ncbi.nlm.nih.gov/pubmed/18563434
http://dx.doi.org/10.1519/JSC.0b013e3181b1f3ef
http://www.ncbi.nlm.nih.gov/pubmed/19910812
http://www.ncbi.nlm.nih.gov/pubmed/24149687
http://dx.doi.org/10.1519/JSC.0000000000000728
http://www.ncbi.nlm.nih.gov/pubmed/25330084
http://www.ncbi.nlm.nih.gov/pubmed/23584329
http://dx.doi.org/10.1519/JSC.0000000000000444
http://www.ncbi.nlm.nih.gov/pubmed/24584048
http://dx.doi.org/10.1123/pes.2013-0052
http://www.ncbi.nlm.nih.gov/pubmed/24225048
http://dx.doi.org/10.1519/JSC.0000000000000409
http://www.ncbi.nlm.nih.gov/pubmed/24513618
http://dx.doi.org/10.1519/JSC.0000000000000915
http://www.ncbi.nlm.nih.gov/pubmed/25719916
http://dx.doi.org/10.1519/R-16304.1
http://www.ncbi.nlm.nih.gov/pubmed/16287357
http://dx.doi.org/10.1519/R-21276.1
http://www.ncbi.nlm.nih.gov/pubmed/18076255
http://dx.doi.org/10.1519/JSC.0b013e31815f958d
http://www.ncbi.nlm.nih.gov/pubmed/18296970
http://dx.doi.org/10.1519/JSC.0b013e3181c7b68a
http://www.ncbi.nlm.nih.gov/pubmed/20145565
http://dx.doi.org/10.1519/JSC.0b013e31825bb582
http://www.ncbi.nlm.nih.gov/pubmed/22561976
http://dx.doi.org/10.1080/02640414.2014.979857
http://www.ncbi.nlm.nih.gov/pubmed/25554921
http://dx.doi.org/10.1519/JSC.0000000000000991
http://www.ncbi.nlm.nih.gov/pubmed/25968229
http://dx.doi.org/10.1007/s40279-015-0415-7
http://www.ncbi.nlm.nih.gov/pubmed/26508319
http://dx.doi.org/10.2165/11590560-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/21846163
http://dx.doi.org/10.1515/hukin-2015-0014
http://dx.doi.org/10.1515/hukin-2015-0014
http://www.ncbi.nlm.nih.gov/pubmed/25964817
http://www.ncbi.nlm.nih.gov/pubmed/18212710
http://dx.doi.org/10.1519/13843.1
http://www.ncbi.nlm.nih.gov/pubmed/15574095
http://dx.doi.org/10.1136/bjsm.2002.002071
http://www.ncbi.nlm.nih.gov/pubmed/15155427
http://asjsm.com

de Oliveira ] et al.

with sprint times in u21 soccer players. ] Hum Kinet. 2011;30:135-44.
doi: 10.2478/v10078-011-0081-2. [PubMed: 23487438].

43. Wang R, Hoffman JR, Tanigawa S, Miramonti AA, La Monica MB, Beyer
KS, et al. Isometric Mid-Thigh Pull Correlates With Strength, Sprint,
and Agility Performance in Collegiate Rugby Union Players. ] Strength
Cond Res. 2016;30(11):3051-6. doi: 10.1519/]SC.0000000000001416.
[PubMed: 26982977].

44. Baker D. Acute effect of alternating heavy and light resistances on

N

Asian | Sports Med. In Press(In Press):e14566.

45.

power output during upper-body complex power training. J Strength
Cond Res. 2003;17(3):493-7. doi: 10.1519/00124278-200308000-00011.
[PubMed: 12930175].

Hodgson M, Docherty D, Robbins D. Post-activation potentiation: un-
derlying physiology and implications for motor performance. Sports
Med. 2005;35(7):585-95. doi: 10.2165/00007256-200535070-00004.
[PubMed: 16026172].


http://dx.doi.org/10.2478/v10078-011-0081-2
http://www.ncbi.nlm.nih.gov/pubmed/23487438
http://dx.doi.org/10.1519/JSC.0000000000001416
http://www.ncbi.nlm.nih.gov/pubmed/26982977
http://dx.doi.org/10.1519/00124278-200308000-00011
http://www.ncbi.nlm.nih.gov/pubmed/12930175
http://dx.doi.org/10.2165/00007256-200535070-00004
http://www.ncbi.nlm.nih.gov/pubmed/16026172
http://asjsm.com

	Abstract
	1. Introduction
	2. Methodology
	2.1. Search Strategy
	2.2. Inclusion and Exclusion Criteria
	2.3. Studies Selection
	2.4. Data Extraction
	2.5. Statistical Analysis

	3. Results
	Figure 1
	3.1. Study Characteristics
	Table 1

	3.2. Meta-Analysis

	4. Discussion
	References



