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ABSTRACT. McBride, J.M., S. Nimphius, and T.M. Erickson. The
acute effects of heavy-load squats and loaded countermovement
jumps on sprint performance. J. Strength Cond. Res. 19(4):893–
897. 2005.—The purpose of this investigation was to determine
whether performing high force or explosive force movements pri-
or to sprinting would improve running speed. Fifteen NCAA Di-
vision III football players performed a heavy-load squat (HS),
loaded countermovement jump (LCMJ), or control (C) warm-up
condition in a counterbalanced randomized order over the course
of 3 weeks. The HS protocol consisted of 1 set of 3 repetitions at
90% of the subject’s 1 repetition maximum (1RM). The LCMJ
protocol was 1 set of 3 repetitions at 30% of the subject’s 1RM.
At 4 minutes post–warm-up, subjects completed a timed 40-m
dash with time measured at 10, 30, and 40 m. The results of the
study indicated that when preceded by a set of HS, subjects ran
0.87% faster (p # 0.05) in the 40-m dash (5.35 6 0.32 vs. 5.30
6 0.34 seconds) in comparison to C. No significant differences
were observed in the 10-m or 30-m split times between the 3
conditions. The data from this study suggest that an acute bout
of low-volume heavy lifting with the lower body may improve
40-m sprint times, but that loaded countermovement jumps ap-
pear to have no significant effect.
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INTRODUCTION

P
ostactivation potentiation (PAP) is defined as
an increase in the contractile ability of muscle
after a bout of previous contractions. Although
the exact mechanism or mechanisms that ini-
tiate PAP are still being researched, current

theories indicate that there are chemical, neuromuscular,
and mechanical changes that may occur that temporarily
aid the contractile properties of muscle tissue (2, 6, 21).
One common PAP mechanism theory involves the concept
of phosphorylation of light chain myosin, in which the
actin-myosin interaction is more sensitive to the release
of Ca21 from the sarcoplasmic reticulum (21). Other pos-
sible mechanisms include neurological factors that also
influence PAP (20). It is speculated that PAP can enhance
the ability of a motor unit to achieve discharge by creat-
ing a condition in which the release of neurotransmitter
substances at chemical synapses from Ia afferents is at a
higher level prior to voluntary contraction (13, 23). In ad-
dition to varying theories of the mechanisms behind po-
tentiation, previous studies have demonstrated that sub-
ject characteristics such as training state (in particular,
strength levels) or fiber type distribution may determine
the ability to display PAP (6, 7, 21). In the study by Gül-
lich and Schmidtbleicher (6) a comparison between com-

petitive athletes and untrained subjects demonstrated
that the athletes possessed a higher degree of PAP. In
addition, several studies indicated that fast-twitch domi-
nant muscles show greater degrees of potentiation than
slow-twitch (6, 7, 25).

The methods used to induce PAP in humans vary;
however, they are mainly comprised of either a dynamic
movement (5, 8, 9) or an isometric maximum voluntary
contraction (MVC) (6, 25, 28). Dynamic methods of elic-
iting PAP in previous investigations have involved either
high force, low velocity movements such as a squat or
bench press (5, 8, 9) or low force, high velocity movements
such as hopping or jumping (15, 19, 24). The variety of
methods used for PAP highlights the uncertainty of the
most effective protocol to elicit such a response. Güllich
and Schmidtbleicher (6) used unilateral, isometric leg-
press trials that were 5 seconds in duration at a hip angle
of 958 and a knee angle of 1208 with varying numbers of
sets and rest periods in order to elicit a PAP response. It
was determined in this study that a protocol of 3 MVCs
5 minutes apart and 3 minutes before testing produced
the best results. In a study by Young and Elliot (28), a
protocol similar to that used by Güllich and Schmidt-
bleicher (6) was used to elicit PAP however a short rest
period (30 seconds) may have lead to fatigue, canceling
out the potentiation and therefore resulting in no signif-
icant increase in performance. Dynamic protocols as used
by Radcliffe and Radcliffe (19) included a comparison of
2 different potentiating protocols, 1 utilizing a squat and
1 a snatch, and found that only athletes who performed
the snatch protocol achieved a statistically significant in-
crease in horizontal jump distance. Studies by Gourgoulis
et al. (5), Jensen and Ebben (9), and Young et al. (29) all
used back squats involving various types of loading and
rest periods to initiate PAP, and all of these methods ap-
peared successful in eliciting PAP.

A common method of assessing what level of potenti-
ation has occurred is to measure vertical jump or coun-
termovement jump (CMJ) performance (5, 9). Jumping
exercises are often chosen because of their similarity to
sports movements and because of their relatively low
complexity. However, protocols other than jumping have
also been used. Masamoto et al. (15) investigated the in-
fluence of PAP on 1 repetition (1RM) squat strength; in
the case of upper body potentiation, Hrysomallis and Kid-
gell (8) used explosive push-ups as a dependent variable.
To date there have been no studies that have looked at
the influence of PAP on a repeated ballistic movement
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FIGURE 1. Study design. Subjects were allowed a 4-minute
walking recovery between each activity in which stretching
and dynamic warm-up were forbidden. The control protocol
was a 4-minute walk. (LCMJ 5 loaded countermovement
jump; 1RM 5 1 repetition maximum).

activity such as sprinting. Using a potentiation protocol
to enhance sprint performance could provide vital infor-
mation, because running speed is critical in many athletic
events. The purpose of this study was to determine
whether a heavy squat (HS) protocol or loaded counter-
movement jump (LCMJ) protocol could increase 40-m
sprint performance.

METHODS

Experimental Approach to the Problem

This investigation utilized a cross-over randomized de-
sign involving 3 treatments (HS, LCMJ, and control [C])
and their effects on 40-m dash times. Sprint time splits
were also measured at 10 m and 30 m. It was hypothe-
sized that HS or LCMJ might have a PAP effect on the
subjects, thereby improving sprint performance. Data
was also analyzed by examining the strongest and weak-
est subjects to see whether a differential treatment effect
occurred. This design allowed for the determination of the
usefulness of varying warm-up procedures in potentially
improving 40-m sprint times in athletic male subjects.

Subjects

Fifteen National Collegiate Atheltic Association (NCAA)
Division III football players (age, 20.8 6 1.0 years; height,
1.84 6 0.07 m; weight, 100.1 6 15.5 kg) participated. All
subjects were familiar with HS and LCMJ as part of their
strength and conditioning training program. Additional-
ly, the running of a 40-m dash was a part of their athletic
testing throughout the season. Approval by the Institu-
tional Review Board for the Protection of Human Subjects
of the University of Wisconsin–La Crosse was obtained
before the investigation. All subjects were informed of any
risks associated with participation in the study and
signed an informed consent form prior to participating in
any of the testing and/or training.

Study Design

Subjects participated in 3 testing sessions, randomized
and counterbalanced over a 3-week period, involving the
2 potentiation protocols (HS and LCMJ) and the C pro-
tocol, in order to assess the effects of HS versus LCMJ on
40-m dash performance. No significant treatment order
effect was observed (p 5 0.163). Figure 1 illustrates the
potentiating and testing protocols. Prior to actual data
collection, all subjects were tested to determine back
squat 1RM; this value was used in applying the appro-
priate load for the HS and LCMJ for each subject.

Strength Testing

One repetition maximum for the back squat was deter-
mined using the protocol outlined by McBride et al. (16).
Once the 1RM was determined, a LCMJ was performed
at 30% of this value, which is typically the highest power
output for strength-trained subjects (22). During this
testing, subjects were instructed how to properly perform
the LCMJ and a measurement was made of maximum
jump height. A period of no less than 3 days elapsed be-
tween completing 1RM testing and the first day of data
collection.

PAP Protocol

In order to control for possible effects of a ballistic warm-
up and/or stretching on performance, all subjects com-
pleted a 5-minute warm-up on a recumbent stationary
bike at standardized resistance at a cadence of 70 rpm.
Following this, subjects walked slowly for 4 minutes to
maintain body temperature. Each subject was assigned a
proctor to ensure that there was no additional warm-up
activity or stretching. The HS protocol involved 3 repeti-
tions at 90% of 1RM. All of the subjects were able to com-
plete all 3 repetitions for the HS protocol. The LCMJ pro-
tocol consisted of a jump squat with a load of 30% of squat
1RM on a modified Smith machine. A jump height that
was at least 90% of the height achieved during LCMJ
testing was required for each jump to ensure maximal
effort. Subjects were given a 4-minute walking recovery
before going on to the PAP assessment portion of the
study. For the C protocol, the subjects completed the 5-
minute warm-up, followed by the 4-minute walking pe-
riod and then proceeded directly to the assessment por-
tion of testing.

PAP Assessment

Sprint times of the 40-m dash as well as a 10-m and 30-
m splits were measured using an infrared timing system
(Brower Timing Systems, Draper, UT). Subjects activated
the system by placing the thumb of their down hand on
a touch-sensitive pad. Upon activation (initiated by
thumb release from the touch-sensitive pad), the equip-
ment emitted an auditory signal assuring the subject that
he could begin his sprint at any time. In addition to the
assistance given by the equipment, the researcher was
present at every start to ensure that the subject was lined
up in a 3-point stance in the correct spot and that he
properly activated the system. No assistance such as in-
structions on running or starting technique was given
during the PAP assessment portion of the study, nor was
any encouragement given. The subject was instructed to
run as fast as possible during the test and to make sure
to run all the way through the clearly marked finish line.
The same indoor track surface was used each time; in
addition, subjects were instructed to wear the same shoes
for each test. Reliability data for this test is reported in
McBride et al. (16).

Statistical Analyses

A general linear model with repeated measures was used
to determine whether there were significant differences
in sprint time between the treatment groups. Each C per-
formance was considered to be 100% of the individual
subject’s maximal performance. Performances from the
treatment groups were converted to percentages of C. In
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FIGURE 2. Sprint times (seconds) at 10 m for the heavy-load
squat (HS) and loaded countermovement jump (LCMJ) groups
versus control (C). *Different from C at indicated p value.

FIGURE 3. Sprint times (seconds) at 30 m for the heavy-load
squat (HS) and loaded countermovement jump (LCMJ) groups
versus control (C).

FIGURE 4. Sprint times (seconds) at 40 m for the heavy-load
squat (HS) and loaded countermovement jump (LCMJ) groups
versus control (C). *Significantly different from C at indicated
p value.

TABLE 1. Sprint results (mean 6 SD).

Test Control (C)
Heavy squat

(HS)

Loaded
countermovement

jump (LCMJ)

10-m (s)
30-m (s)
40-m (s)

1.92 6 0.11
3.43 6 0.23
5.35 6 0.32

1.89 6 0.11
3.41 6 0.25
5.30 6 0.34*

1.90 6 0.11
3.42 6 0.25
5.32 6 0.34

* Significantly different from C at p # 0.05.

TABLE 2. Back squat strength comparison between strongest
and weakest subjects (mean 6 SD).*

Measurement Strongest (n 5 7) Weakest (n 5 8)

Body mass (kg) 92.08 6 9.21 106.93 6 17.12

Absolute values
Squat (kg)
LCMJ (kg)

185.71 6 39.66
55.52 6 10.75

177.84 6 21.99
53.13 6 6.19

Relative values
Squat (kg)
LCMJ (kg)

2.02 6 0.15†
0.60 6 0.04†

1.68 6 0.14
0.50 6 0.04

* Relative values are values relative to each individual sub-
ject’s body weights. LCMJ 5 loaded countermovement jump.

† Significantly different from weakest subjects at p # 0.05.

all analyses, statistical significance was defined by p #
0.05. Results are summarized as mean 6 SD. Additional
comparisons were made between the strongest and weak-
est squatters by determining the average squat weight in
relation to body mass; the strongest squatters were those
whose value were above this average and the weakest
squatters were below this average value. All statistical
calculations were performed using SPSS version 11.0 for
Windows (SPSS Inc., Chicago, IL).

RESULTS

Sprint Performance Changes

Data in Figures 2, 3, and 4 depict percentage change in
sprint performance for the HS and LCMJ groups in com-
parison to C. Absolute values for sprinting performance
are reported in Table 1. The only significant difference
was the 40-m dash time between HS and C (actual per-
centages 6 SD; p 5 0.018). There were no other signifi-
cant differences at the other sprint split times (10 m and
30 m). However, the 10-m split time after HS approached
significance at p 5 0.081.

Comparison Based on Strength Level

Subjects were divided into 2 groups based on squat
strength relative to body weight. Table 2 depicts the
weights used in the HS and LCMJ conditions and how
they relate to each individual’s body weight. There was a

significant difference in the weight used for HS and
LCMJ relative to body weight. Table 3 depicts the differ-
ences between these 2 groups in their performance in the
sprint measurements for both the HS and LCMJ condi-
tions relative to C. There were no significant differences
between the 2 groups in comparison to C for any of the
sprint times measured.

DISCUSSION

Despite this being the first study to use sprint times as
a measure of PAP, it was hypothesized, based on similar
past research, that the HS protocol would generate faster
sprint times. The primary finding of this study supported
this hypothesis, with statistically significant decreases in
40-m sprint time following the HS potentiation protocol.
The exact mechanism responsible for the decrease in 40-
m sprint time post-HS protocol is unclear. No tests on the
level of neuromuscular activation (such as EMG, H-reflex,
or twitch) were performed; therefore, the mechanism re-
sponsible could not be assessed. However, because any
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TABLE 3. Strongest vs. weakest performance in 40-meter
dash (mean 6 SD).*

Measurement
Strongest
(n 5 7)

Weakest
(n 5 8)

HS
10 m
30 m
40 m

1.87 6 0.08
3.31 6 0.11
5.17 6 0.17

1.91 6 0.12
3.50 6 0.31
5.41 6 0.42

LCMJ
10 m
30 m
40 m

1.87 6 0.07
3.31 6 0.12
5.18 6 0.15

1.92 6 0.13
3.52 6 0.30
5.45 6 0.42

C
10 m
30 m
40 m

1.90 6 0.10
3.31 6 0.14
5.22 6 0.20

1.93 6 0.13
3.52 6 0.25
5.46 6 0.37

* HS 5 heavy squat; LCMJ 5 loaded countermovement jump;
C 5 control.

morphological changes to the muscles of the lower ex-
tremity are unlikely in such a small time period, the
mechanism that enhanced the contractile properties of
the muscles is more likely to be related to either the the-
ory of phosphorylation of light chain myosin, as suggested
by Sale (21), or by an increased level of excitation of active
motor units (6, 13, 24).

A high CMJ correlates well with sprint velocity (12,
31, 33). For this reason, activities that promote a higher
vertical jump may have also been expected to promote a
faster sprint time. Because PAP has been shown to be an
effective way to temporarily increase CMJ, it was of in-
terest to determine if the same phenomenon exists in
sprinting. Young et al. (29) used a 5RM squat load for 1
set prior to a LCMJ and found that there was a 2.8%
augmentation in jump height. Güllich and Schmidtbleich-
er (6) found that average jump height was increased by
2.6% to 4.7%, depending on the nature of the MVC done
prior to testing. Gourgoulis et al. (5) administered several
sets of increasing-intensity half-squats and found that
CMJ was improved by 2.39%. One reason for the lack of
statistically significant change in 10- and 30-m sprint
times after HS might be the variability that exists in a
sprint, which is a repeated ballistic activity, versus a sin-
gle maximal effort, such as a CMJ (30, 32). The evidence
for this is the finding that although the HS group had an
average reduction in 10-m sprint time of 1.39%, the var-
iance in these numbers rendered them nonsignificant (p
5 0.081). The subjects in this study, although well trained
in running a 40-m dash, are not capable of producing
identical starts. Another potential explanation for the
lack of a decrease in the 10- and 30-m sprint times in
comparison to those observed at 40 m are changes in body
position strategies used at the 40-m end point target.

Based on previous research (14–16), it was speculated
that selective recruitment of fast-twitch muscles may al-
low a light load/high velocity movement to create PAP.
But there were no significant differences in run times af-
ter the LCMJ protocol versus C. On average, the times
were faster (Table 1), but not to the extent or consistency
of the HS group. It is possible that the volume of work
was too low to create PAP. Because it is unlikely that
fatigue would play a large role in such an activity, it may

have been necessary to include a higher volume of explo-
sive movements.

In previous studies, comparisons have been made be-
tween the strongest and weakest subjects. Gourgoulis et
al. (5) found a higher percentage change in CMJ for the
strongest participants, although this value was not sig-
nificant. Güllich and Schmidtbleicher (6) measured H-re-
flex response for highly trained athletes versus sports
students and discovered that the highly trained athletes
had a higher-degree positive change in the H-reflex re-
sponse and that its effect lasted longer. Young et al. (29)
reported that increase in LCMJ height correlated signif-
icantly with 5RM strength. However, no significant dif-
ferences were shown in this study. Perhaps the homoge-
neity of the subjects in this study did not allow compar-
isons between the strongest and weakest squatters be-
cause the strength difference between these groups was
not large, despite being statistically significant. Even the
strength levels of the strong subjects in this study may
not have been enough to maximize PAP potential.

The data from this study suggest that an HS protocol
prior to sprinting may aid in performance enhancement
of 40-m sprint times. However, it appears that LCMJs do
not significantly influence sprint times. The exact mech-
anism by which this occurs, and why the change is much
smaller than in studies that have looked at vertical jump
as a measure of potentiation, is unclear at this time. Ap-
plication of PAP to aid athletic performance is a potential
area for further research. Because the relationship be-
tween the level and method of potentiation necessary to
augment performance is variable, researchers and sport
coaches will have to determine what the optimum warm-
up for their individual athlete may be to maximize gains.

PRACTICAL APPLICATIONS

It appears that using HS 4 minutes prior to a 40-m sprint
improves performance. Therefore, it is suggested that this
type of warm-up procedure could be a viable alternative
to either stretching or other types of active warm-up such
as jogging (1, 3, 4, 10, 11, 17, 18, 26, 27), which have been
shown to decrease performance. This concept could be ap-
plied to any sport activity requiring a single bout of max-
imal running speed. Strength and conditioning practi-
tioners should carefully consider the type of warm-up ac-
tivity utilized for their athletes before various sporting
activities. This potentiating effect appears to be indepen-
dent of strength level.
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