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Abstract

Introduction. A countermovement jump (CMJ) is a common
explosive activity used to measure lower body power.
Determining an optimal rest interval may be beneficial in
creating a training program to improve performance. Aim of
Study. To investigate the post-activation potentiation (PAP)
effect of different low-load, high-intensity CMJs on subsequent
bodyweight CMJs. Material and Methods. On four different
occasions, 18 athletes (age: 19.61 £ 0.98 y; height: 177.69 +
+ 11.35 cm; mass: 80.22 £+ 11.96 kg) completed one baseline
CMJJ followed by a series of low-load, high-intensity CMJs (0%,
10%, and 20% of their back squat one repetition maximum
[IRM]) and one control condition without a CMJ (NJ). For
each low-load intervention, participants completed 1 set of 6
CMJs, except NJ where participants stood for 20-seconds. Then,
participants performed single CMJs at 8 different rest intervals
following the experimental and control conditions. Three, 4 x 9
(condition [NJ, 0%, 10%, and 20%] x time [baseline, 0.5-min,
1-min, 2-min, 4-min, 6-min, 8-min, 10-min, and 12-min]), and
three, 4 x 2 (condition x time [baseline and peak]) repeated
measures analysis of variance were used to analyze jump height
(JH), estimated power (eP), and flight time (FT) via a jump mat.
Results. There were no protocol x time interactions. However,
there was a significant (p < 0.05) main effect for time for FT,
where FT was longer at 2-min than 10-min, and FT was longer
at 4-min than 8-, 10-, and 12-min. Peak JH, eP, and FT values
were all significantly greater than baseline. Conclusions. A single
warm-up jump may enhance jump performance and other low-
loads investigated in this study. The effectiveness of a low-load
PAP response may be highly dependent upon the individuals.
Thus, a greater focus on individualized PAP programming is
needed.
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Introduction

ost-activation potentiation (PAP) is a phenomenon

that occurs after performing a specific priming
activity that may lead to a heightened ready state prior
to performing a powerful movement [3, 6, 19, 28].
Therefore, PAP is considered to be a sport- or activity-
specific extension of an otherwise general warm-up that
can elicit supramaximal levels of explosive movement
[3, 12, 15, 16, 30]. Although, the exact mechanisms
underlying this phenomenon are not completely known,
it is well documented that PAP is likely related to the
contractile history of skeletal muscle [3, 13, 14, 22, 28,
29]. It has been suggested that phosphorylation of the
myosin regulatory light chain (MRLC), excitability of
the spinal cord reflex, and muscle spindle/presynaptic
and postsynaptic changes are all potential factors that
may enhance performance [3, 13, 14]. Thus, the specific
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contractile activity performed before an explosive task
is likely to impact the likelihood of a PAP effect taking
place.

Post-activation potentiating tasks are often performed
by completing a brief bout of high- load, high-
intensity movement prior to performing a bout of
light, explosive activity [1, 18, 28, 29]. It has been
suggested that performing high-loaded activities may
induce fatigue [1, 3, 6, 18, 19, 28], thereby impacting
subsequent performance. Despite this potential fatigue-
effect, literature suggests the potentiation effect may
outlast fatigue, and once this priming load-induced fatigue
subsides, an increase in overall explosive performance may
occur for a short period of time [29]. There is also evidence
that negative loading (i.e., assisted exercise whereby the
priming activity is performed with a load lighter than the
performance load) can also induce a beneficial PAP effect
on jumping, sprinting, and swinging motions [3, 6, §,
19]. Therefore, both heavy and negative loading patterns
may have beneficial effects on performance, there may
be additional activity-specific stimuli with the ability
to induce a PAP response. Heavy loading may induce
fatigue and negative loading often requires specialized
equipment that may not be practical in many strength
and conditioning settings. Thus, a practical load and
specific movement priming activity that does not result
in significant fatigue, but can quickly induce.

PAP shortly after the priming activity, could be
performed readily in the field. A practical non-fatiguing
PAP application would be desirable to the strength and
conditioning practitioner or athlete to possibly enhance
acute explosive performance.

Rest interval prescription might be as important as
load and intensity of the priming activity [5, 10, 20,
29]. At low-loads, a short rest interval 1- to 2-minutes
(min) may be enough to augment subsequent explosive
performance. For example, it has been reported that
improvements in low-load, high intensity plyometric
activity occurred following 2-minutes of rest [5]. In
addition, Read et al. (2013) revealed as little as one-
minute of rest led to a significant (p < 0.05) 2.2%
increase explosive performance. Yet, excessive rest
(10-min) at low-loads may be too long to observe any
potentiating effect on jump performance (pre: 43.94 +
+ 5.28 cm; post: 44.70 £ 6.45 cm) [10]. Previous
evidence suggests (6, 10, 20) that shorter rest intervals
may be optimal to increase the likelihood of potentiation
and ultimately performance. However, there is evidence
that PAP responses may be highly individualized and
that some individuals may peak early, while others
late. Thus, there is a need to investigate a range of rest
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intervals at low-loads and high intensities to determine
the optimal range.

Jump performance also appears to be elicited to a greater
extent in those who have a higher degree of anaerobic
training [17, 25]. In addition, there is evidence that
individuals with higher absolute and relative strength
may benefit from this phenomenon [6, 17]. Previous
evidence [17] suggests that these individual differences
may impact the time to peak performance around
a PAP stimulus. For example, at high-load, high-intensity
activity, individuals with a higher relative strength
appear to potentiate closer to the PAP intervention, in
comparison to those with a lower relative strength [17].
It is unknown if this same pattern of peak performance
can be applied to a low-load, high-intensity sport-
specific intervention such as the counter-movement
jump (CMJ).

Although previous research has investigated the effect
of low-load PAP protocols, these protocols differed
in specific task, rest interval between PAP stimulus
and performance, and individual training status [17].
Additional research is needed to determine an appropriate
priming activity prescription to increase the likelihood of
a PAP using a low-load priming activity across various
loads and rest intervals for its effect on bodyweight
(BW) CMJ performance in college-aged athletes.

Aim of Study

Therefore, the aim of the study was to determine whether
different low-load (0%, 10%, and 20% of 1RM back
squat) CMJ could induce PAP on subsequent BW CMJ
across a 12-min rest interval range. Based on the findings
of Chattong et al. [5] who reported a significant (p < 0.05)
increase in jump height (post-intervention: 22.99 + 3.35
in; pre-intervention: 22.69 + 3.37) performance after
a low-load intervention, it is hypothesized that there
would be differences across conditions and time from
baseline to one or more post-test jump performances
and that group peak performance would likely occur
closer to the potentiating stimulus, especially in those
with higher levels of relative strength [3, 17].

Material and Methods

A mixed factor design investigated the influence of
different low-load CMJs on subsequent bodyweight
CMJ performance. On separate days, participants
completed 1 maximal effort baseline CMJ. After 1-min
of rest, participants performed either a control condition
that included 20-s of standing without jumping, or 1 set
of 6 CMJs. During the 1 set of 6 CMJs, participants
jumped with only their BW (0%) or with 10% (10%)
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or 20% (20%) of their back squat 1RM [5, 9]. The
order of the conditions were randomized. Participants
completed one CMJ at nine different time points for each
of the following conditions (0.5-, 1-, 2-, 4-, 6-, 8-, 10-, and
12-min). Dependent variables analyzed included: CMJ
height (JH), flight time (FT), estimated power output (eP).
An a-priori power analysis to calculate sample size
determined that in order to detect a significant effect
size of 0.40, with an alpha of 0.05, and a power of
0.80, a minimum of 16 participants would be required.
Potential significant effect size were calculated using
investigations that measured similar variables [5, 6, 8,
20]. Twenty collegiate athletes from team sports such as
football and men and women’s basketball (FB, MBB,
WBB, respectively) were recruited for this study. Two
dropped out, resulting in a total of 18 athletes for our
study (Table 1). Each participant demonstrated proper
technique during the testing session to ensure the
participant was able to safely perform the necessary
exercises. Exclusionary criteria for participants
included a history of any lower body musculoskeletal
or orthopedic injuries within the last six months. There
was no concern with women completing this exercise
protocol while on their menstrual cycle [11], as research
has shown it has no effect on jumping capabilities, nor
significant differences of potentiation between men and
women [29].

Table 1. Descriptive characteristics for anthropometrics and
relative strength (rStrength) by sport

Men's football G kel
N 4 5 9
Age (y) 19754096  20.60+ 1.14  19.00 +0.00
Mass (kg) 82.04+4.85 87.90+13.81 75.14+ 1151
Height (cm) ~ 176.85+122 19099 £11.12 170.67 % 6.73
Body fat (%) 9954141  10.06+587 22.94+4.67
iging%fl)l 149020  1.13+023  1.08+0.24

Visit 1: Familiarization and one repetition maximum
testing

All testing was completed in a strength and conditioning
facility. Visit 1 consisted of familiarization and 1 RM testing.
First, each participant read and signed the institutionally
approved informed consent document upon arrival to the
facility; any questions were answered at this time. Then,
a general warm up (GWU) was demonstrated for the
participants to complete and use when instructed prior
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to the familiarization and intervention days: 10 jumping
jacks, 10 BW squats, 5 walking knee hugs to full range
of motion of plantar-flexion per leg, 5 forward lunges
per leg, and 5 straight leg marches per leg [3, 15]. After
the GWU, familiarization of CMJs were completed
on the jump mat. Participants were instructed to begin
in a standing and upright on the jump mat, with their
arms above their head. Participants were instructed
to stand on the jump mat. The investigated provided
a countdown: “3.. 2.. 1.. Go!” On “Go”, participants
began to rapidly squat down to their self-selected depth
by flexing the hip and knees while simultaneously
swinging their arms down and behind their hips.
Immediately following the downward/eccentric phase,
participants explosively jumped, swinging their arms
above their head (concentric phase). Two, 15-sec of rest
periods were given between 3 jumps (18). Test-retest
reliability was conducted of the jump mat for CMJ
performance (JH, eP, and FT). Intraclass correlation
coefficients (ICC) and 95% confidence intervals
(CI) were calculated based on a mean-rating (k = 3),
absolute-agreement, 2-way mixed-effects model (ICC =
=0.816-0.990, CI=0.948 for jump mat JH; [CC = 0.966-
-0.998, CI1=0.991 for eP; and ICC = 0.824-0.989, CI =
=10.945 for FT). Intraclass correlation coefficient ranges
demonstrated good to excellent agreement indicating
a high degree of agreement utilizing the jump equipment
for CMJ performance. Following the CMJs, 10-min
[23] sitting recovery was provided. After the recovery
period, 1RM testing began and proper technique of the
back squat was evaluated at this time.

One repetition maximum (1RM) testing of lower body
strength. back squat (BS)

Following the wash-out period, the 1RM testing
protocol was implemented in order to determine the
appropriate intervention loads. The National Strength and
Conditioning Association has published a standardized
method to measure a IRM of the back squat exercise
[12]. Comfort and McMahon [7] demonstrated paired
sample t-test, and no significant differences occurred
between two trials of 1RM back squat (ICC = 0.994,
p < 0.001) and an excellent reliability (0.978). If the
1RM back squat was not attained within 5 sets, retesting
was scheduled on a separate day. This completed the
familiarization and baseline-testing day.

A standard Olympic barbell (20 kg), universal exercise
power rack and safety bars was used during the 1RM
back squat. For the low-load CMJ conditions, the load
of a standard adjustable weighted vest (Mir Vest Inc.,
San Jose, CA) was individualized and adjusted to the
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appropriate weight for each loaded intervention (10%
and 20%); weight vest was not worn during the no-load
condition. Measurement of CMJ height, flight time and
estimated power was determined by a jump mat (Swift
Performance, Northbrook, IL) [21]. The equation to
estimate power associated with the jump mat was the
Harman formula:

Estimated power (W) = 21.2 x jump height (cm) +
+ 23.0 X body mass (kg) — 1393

Visits 2-5

Upon arrival to the weight room, participants completed
the GWU as done on day one. One-min after the GWU,
one maximal effort baseline CMJ was completed prior
to each PAP intervention. In addition to the three
intervention conditions (0%, and 10%, and 20% of
IRM BS), participants completed a NJ condition. On
this day, participants completed the GWU, 1-min of
rest, one maximal CMJ, followed by standing for 20-sec
(time of intervention and walking over to the jump mat),
and then performed one post-CMJ at each time interval.
All conditions were implemented in a randomized order
(NJ, 0%, and 10%, and 20% of 1RM BS) by selecting
conditions randomly from a basket.

Loaded countermovement jump, PAP intervention

The no-load or low-load, high-intensity CMJ exercise
was instructed following the guidelines of the NSCA
[12]. Participants began in an upright position, feet with
shoulder width apart, with the weighted vest on and
velcrowed. Each participant was instructed to use an
arm swing and a self-selected depth during the eccentric
phase throughout all 6 jumping reps, immediately
followed by pushing off the ground to jump. The
landing position was the same as the starting position.
Each rep of the CMJ was immediately repeated until all
6 reps were completed in a plyometric fashion. After
the 1 set was completed, one maximal effort CMJ was
performed at 0.5-, 1-, 2-, 4-, 6-, 8-, 10-, and 12-min.
Participants were sat during the resting periods. This
completed a single visit. The following three sessions
were conducted as the first except for the intervention
condition implemented in a randomized order.

Three, 4 x 9 (condition [NJ, 0%, 10%, and 20%] % time
[baseline, 0.5-min, 1-min, 2-min, 4-min, 6-min, 8-min,
10-min, and 12-min]) and three, 4 x 2 (condition % time
[baseline and peak value]) repeated measures analysis
of variance (ANOVA) was used to analyze JH, eP, and
FT. Bonferroni-corrected dependent sample t-tests
were completed where indicated by significant main
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effects. Greenhouse—Geisser corrections were applied
when sphericity was not met according to Mauchly’s
test of sphericity. Partial eta squared (n 2) and Cohen’s d
(small x 0.20 to 0.49, medium = O. 50 to 0. 79, and
large = 0.80 and above) effect sizes were also calculated
for each ANOVA and t-test, respectively. All confidence
intervals were calculated at 95%. For all analyses, an
a-priori alpha was set at 0.05 and all statistical analyses
were performed using IBM Statistical Package for
Social Sciences software (version 25.0, SPSS Inc.
Chicago, I1, USA).

Results

Jump height (JH)
The 4 x 9 ANOVA revealed no significant (p = 0.980,
npz = 0.028) condition X time interaction, main effect
for condition (p = 0.411, np2 = 0.520), or main effect
for time (p = 0.105, n 0.120). Further analysis
w1th a 4 x 2 ANOVA showed no significant (p 0.672,
=(0.200) condition X time interaction or main effect for
condltlon (p=0.393,n; 2=0.053). There was, however,
a main effect for time (p < 0.001, n % = 0.801), with
pairwise comparisons revealing that peak JH wvalues
were significantly (p < 0.001) greater than baseline
values (Table 2). The corresponding effect size (Cohen d)
was 0.30, (CI: -0.36; 0.95).

Estimated power (eP)
The 4 x 9 ANOVA revealed no significant (p = 0.594,
npz = 0.034) condition x time interaction, main effect
for condition (p = 0.230, n = 0.084), or main effect
for time (p = 0.118, n, 2=0. 112) Further analysis with
a 4 x 2 ANOVA showed no significant (p = 0.673,
=0.018) condition x time interaction or main effect for
condltlon (p=0.228, n, 2=0.081). There was, however,
a main effect for time (p < 0.001, n = 0.623), with
pairwise comparisons revealing that peak eP values
were significantly (p < 0.001) greater than baseline
values (Table 2). The corresponding effect size (Cohen d)
was 0.21, (CI: —=0.49; 0.90).

Flight time (FT)
The 4 x 9 ANOVA revealed no significant (p = 0.652,
p2 =0.037) condition x time interaction or main effect
for condition (p = 0.253, n = 0.076). There was,
however, a main effect for time (p=0.030, n, 2=0.163).
Pairwise comparisons revealed that FT at H-min was
significantly (p = 0.031) greater than 10-min, and FT at
4-min was significantly greater than 8-min (p = 0.031),
10-min (p < 0.001) and 12-min (p < 0.001). Further
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analysis with a 4 x 2 ANOVA showed no significant
(p =0.533, np2 =0.018) condition x time interaction or
main effect for condition (p = 0.406, np2= 0.081). There
was, however, a main effect for time (p < 0.001, npz =
=0.623), with pairwise comparisons revealing that peak
FT values were significantly (p < 0.001) greater than
baseline values (Table 2). The corresponding effect size
(Cohen d) was 0.29 (CI: —0.36; 0.92).

Table 2. Jump height (JH), estimated power (eP), and flight
time (FT), main effect for time

JH eP FT
Base 4444 £11.41 1366.46 + 428.63 0.598 +0.08
0.5min 4444+ 10.36  1383.86 + 388.56 0.599 +0.08
Imin  45.12+09.80 1394.32 +369.86 0.604 + 0.07
2 min 4551 +£09.92  1406.81 £376.03  0.605 £ 0.08*
4min  45.74+10.56  1412.65+385.09 0.608 + 0.08**
6min  44.59+09.90  1387.50 +377.07 0.599 +0.07
8 min 44.69 +09.81 1385.68 +376.80 0.598 + 0.07
10 min ~ 44.18£10.25 1378.63 + 381.47 0.596 + 0.07
12min  44.13+£09.90  1375.29 +367.58 0.596 +0.08
Peak  47.92+11.86" 1455.71 £419.78" 0.621 +0.08"
Mean + SD (s)

" significantly (p < 0.05) greater than baseline; " significantly
(p <0.05) greater than 10-min; *significantly (p < 0.05) gre-
ater than 8-, 10-, and 12-min

Discussion

The purpose of this study was to investigate whether
different low-load CIMs (0%, 10%, and 20% of 1RM)
could induce PAP for subsequent CMJs. There were no
differences in jump performance between conditions,
including the NJ condition, at any time point. However,
individual responses indicated that each subject’s peak
jump performance was greater than baseline, indicating
that all subjects did in fact potentiate at unique time
points. Therefore, it seems as though a combination of
the GWU, baseline measurements, and a single-set of
low-load jumps may have been enough to induce PAP
for FT within close proximity (2- and 4-min). This
rapid time-dependent change is supported by previous
literature [3, 5] showing that potentiation likely appears
and disappears quickly when the priming activity is not
fatiguing, especially in stronger individuals [5, 8, 27].
The main finding of the present study was that although
none of the low-load priming activities potentiated
jump performance better than any of the other
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conditions, each subject did in fact experience their own
individualized PAP effect (Figure 1). This finding is in
line with previous research showing that PAP seems to
be a highly individualized phenomenon [25, 26, 29].
Previous findings [3, 25, 29] have shown that the time
to potentiation peak after an explosive priming activity
is highly individualized and improvements in jump
performance may begin as early as 1-min, but as late as
12-min after an intervention. It has also been reported
that the differences in individual responses may be due
to prescribed recovery intervals, volume, intensity,
and strength level [17, 23, 24, 29]. The approach of
recruiting skeletal muscle across the force-velocity
spectrum to ultimately improve acute power output may
rely greater on established neuromuscular pathways [2]
and specific exercise prescription given for the priming
activity (intensity and volume).

Highly trained individuals should have improved
synchronization and recruitment patterns of the higher-
order fibers, and therefore, should have the ability to
recruit fibers faster or additional fibers overall [4, 12]. This
may be an explanation for augmented jump performance
for time, but not condition within the present study.
Nevertheless, explosive priming activities appear to
elicit a PAP response that is highly individualized, which
suggests a trial-and-error approach might be needed to
determine the optimal PAP stimulus on an individual
basis rather than prescribed from mean responses.

100

Jump Height (cm)
8 8 3 g

&

Sm  2m

6m  Im  4m Im 0Sm Im  Im  4m  4m  O5m Im  4m  0m  4m  Im  4m

Individualized PAP Response Time (min)

Figure 1. Individual responses by participant (P) for jump
height (cm)

Note: m — minute

A time-dependent change in jump performance (FT)
occurred, but that response was similar regardless
of condition. Previous literature reported early jump
performance improvements from 2- to 5-min post-priming
activity following no- and low-load conditions [5, 8, 27],
which is similar to the current study. Moreover, Chattong
et al. [5], Cuenca- Fernandez et al. [8], and Turner et al.
[27] all had single recovery periods, 2-min, 5-min, and
4-min, respectively, and did not include other post-testing
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time points, meaning that it is possible potentiation
could have occurred before or after these recovery time
points. Despite a lack of improvement between no- and
low-load conditions before the priming activity, the
implemented GWU might have been sufficient stimulus
to prime the skeletal muscle and nerves to augment
overall performance, even minimally [5, 8]. Further
suggesting, regardless of the load priming activity, PAP
is highly individualized, and the stimuli might need to
be individualized or a self-selected rest interval might be
needed to augment a change between conditions for the
current population.

The current sample of collegiately trained athletes were
similar to those recruited in previous literature [5, 8, 27],
suggesting the weighted conditions were not enough
to elicit a physiological response that differed from a
single baseline jump. Previous research has shown that
stronger athletes can potentiate within a shorter period
of time than weaker athletes [17, 25, 29]. Furthermore,
stronger individuals may require a more intensive
priming activity in order to stimulate a PAP response [17,
29]. Considering the athletes in the present study had an
average BS 1RM of about 110 to 150% of their body
mass, we did not have enough individuals to separate
by relative strength into even ‘“strong” or “weaker”
categories to determine if there was a unique “strength”
effect on the PAP response to the low-volume low-load
priming activity used in the present study. Therefore,
future studies should investigate whether athletes with
different strength levels respond in unique patterns to
such low-load protocols. Additionally, it is possible that
the stronger athletes would have needed a more fatiguing
stimulus in order to encourage PAP. Future research
should determine whether a greater volume of low-load
exercises could potentiate CMJ performance to a greater
extent than in the present study. Despite the inability to
compare individuals based on strength characteristics,
the findings of the present study are reflective of what
is common among team sport athletes. In team sports,
athletes commonly have different relative strength levels,
where some members are relatively stronger than other
members of the same team. The data from current study
indicates that there may be impact of relative strength on
a PAP performance response. Thus, when utilizing PAP,
the relative strength data lends evidence that coaches
should assess PAP interventions based on the individual
rather than the mean strength of the whole team.

Conclusions

The study demonstrated that individual subjects
experienced a PAP effect, and that a GWU alone may
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be sufficient to stimulate PAP in some individuals.
The findings of the present study lend evidence to the
notion that a priming stimulus as simple as a GWU
may be sufficient to stimulate a rapid PAP response,
as most subjects potentiated within 2- to 4-min.
Furthermore, there were moderate-to-large effects for
peak FT, JH, and eP compared to baseline, indicating
that the individualized PAP responses observed in
this study likely could be a practical warm-up for
jump performance. The results of the present study
also provided support to the individualized nature
of PAP responses and that individual prescriptions
of varying volumes or intensities may be required to
maximize effectiveness of a potentiation intervention.
Thus, a specific prescription to elicit a PAP response is
recommended and should be adjusted based on current
status and training abilities to ensure optimal subsequent
jump performance.

Although the purpose of this study was to investigate the
effects of a single set of low-load jumps on subsequent
BW jump performance, increasing the volume of jumps
may have resulted in greater potentiation and future
studies should investigate the effects of multiple sets of
low-load jumps. Furthermore, the influence of relative
strength should be investigated to determine whether
relatively stronger or weaker individuals respond better
to low-load, low-volume priming activities, which may
help clarify how potentiation is elicited and best be
prescribed.
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