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ABSTRACT. Clark, R.A., A.L. Bryant, and P. Reaburn. The acute
effects of a single set of contrast preloading on a loaded countermovement jump training session. J. Strength Cond. Res.
20(1):162–166. 2006.—The aim of this research was to assess the
effect of a single set of contrast preloading on peak vertical displacement (PD) during a loaded countermovement jump (LCMJ)
training session. Nine strength-trained males participated in 2
randomly assigned, crossover design testing sessions consisting
of 5 sets of 6 repetitions of 20-kg LCMJs with 3-minute rest
intervals between sets. The preloading intervention was performed 3 minutes after the first set and 4 minutes before the
second set of 20-kg LCMJs. The control (CON) group performed
1 set of 20-kg LCMJs, whereas the jump squat (JS) group performed 1 set of 40-kg LCMJs. The number of repetitions performed during each preloading condition was varied to match
total concentric work between the 2 sessions. A significant ( p ,
0.05) preload 3 set interaction for PD was observed, with the
JS group jumping significantly higher during the third set performed after the preload in comparison with the CON group.
Analysis of peak power output and mean power output during
the concentric movement for this set revealed that as the knee
flexion angle increased, the effect of the preload was augmented.
These results suggest that a single set of preloading exercises
enhances performance during a lower-body explosive power
training session; however, the effects of a single preloading set
may not peak until midway through the training session.
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INTRODUCTION
reloading exercises often consist of multiple,
maximal isometric voluntary contractions or
heavy load (.5 repetition maximum [RM])
weight-lifting movements performed to failure.
Performing these preloading exercises before
movements requiring dynamic force exertion has been
found to increase the explosive power of the stimulated
muscle groups (2, 11, 13, 29). This increased quality of
performance has been reported in terms of improved vertical and horizontal displacement during jumping movements (2, 3, 8, 13, 29), enhanced neuromuscular activation and force output during H-reflex testing (15), reduced sprint cycle times (24), and augmented power output during upper-body bench throws (4). This increase in
performance abilities is due to an acute supercompensation, or postactivation potentiation, of the neuromuscular
system after the preloading intervention and has been
found to peak between 4 and 15 minutes after the preloading exercise (8, 15, 16, 18, 24, 29).
From a training perspective, complex training protocols recommend performing multiple sets of multiple repetitions of weight-training movements and plyometric ex-
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ercise in an alternating order (7, 11, 12). Chu (7) suggests
that each set of preloading exercises leads to enhanced
performance during the subsequent set of plyometrics, resulting in an increased quality of the training session.
This increased quality of work during each training session is suggested to result in improved longitudinal performance gains when compared with normal training
methods (7, 9, 11, 12, 28), although there is a paucity of
training studies in the area (11, 27). These proposed benefits of complex training do have some merit; however,
the potential limitations of this method of training are
important to consider. In this respect, performing multiple sets of multiple repetitions of maximal plyometric and
heavy-load weight-lifting movements places a great degree of stress on the neuromuscular system and, if continued for too long, may result in overreaching or overtraining. Furthermore, previous research reporting the
benefits of weight-lifting preloads has found that nearmaximal (.5RM) loads performed to failure before the
subsequent dynamic exercise results in enhanced performance (8, 11, 24, 29), whereas lighter loads have achieved
mixed results (4, 14, 20, 22). These heavy loads, along
with the potential for overreaching, considerably hinder
the ability to implement complex training into an athlete’s periodized training program.
Although traditional weight-lifting exercises appear to
provide a preloading effect only when performed with
near-maximal loads, some previous studies suggest that
performance of higher-load ballistic preloading exercises
can also provide these benefits. For example, recent research performed by Baker (3) suggests that the acute
supercompensation effect can be achieved for the subsequent explosive exercise by performing contrast preloading exercises consisting of biomechanically similar movements with a heavier load. Specifically, the study by Baker (3) examined 40-kg loaded countermovement jumps
(LCMJs) for lower-body explosive power and found a significant improvement in average power output in the set
performed after a set of 60-kg LCMJs. Although the preloading exercise was performed with a heavier load, it
was neither a maximal load nor performed to failure. Performing a preloading set with a submaximal load may
reduce the risk of overreaching and improve the potential
for increased incorporation of complex training into a
periodized training program.
Although this method of preloading is promising, it
may be further enhanced from a training perspective if
just a single set of preloading exercises is found to be
beneficial over multiple sets of multiple repetitions of ply-
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ometric exercises. This may markedly reduce the stress
placed on the neuromuscular system by performing multiple sets of preloading exercises and further improve the
potential for inclusion of preloading into a periodized
training program. In a previous study using maximal voluntary contractions as the preloading exercise, Gullich
and Schmidtbleicher (15) found that the acute supercompensation effect of a single set of maximal voluntary contractions continued over not only a single set of multiple
repetitions, but also multiple sets of a single repetition of
isometric plantar flexion performed with 2 minutes of rest
between sets. Jones and Lees (19) examined the effect of
a single preloading exercise on multiple sets with multiple repetitions; however, only 1 of these sets was performed during the acute supercompensation time period
of between approximately 4 and 15 minutes after preloading (8, 15, 16, 18, 24, 29). Whether the acute supercompensation effect of a single preloading exercise results
in improved performance over multiple sets of multiple
repetitions of an explosive power movement during this
timeframe is unknown.
Therefore, the purpose of the current study was to determine whether 1 set of a biomechanically similar preloading exercise is sufficient to improve vertical jump
height performance over multiple sets of multiple repetitions of LCMJs. Power output during distinct phases of
the concentric range of motion of the jumping exercise
was also analyzed. This was performed to determine the
effect, if any, that a preloading intervention had on the
jumping movement.

METHODS
Experimental Approach to the Problem

This study attempted to determine whether a single preloading set consisting of a higher-load ballistic exercise
would result in improved performance throughout an explosive power training session. The training session implemented in this study consisted of 5 sets of 6 repetitions
of maximal-intensity LCMJs performed with an absolute
load of 20 kg and 3 minutes of rest between sets. The
explosive power training session was performed twice in
a randomly assigned crossover design. One session incorporated a preloading set of 40-kg LCMJs performed between the first and second set of 20-kg LCMJs (experimental protocol), whereas the other session consisted of
a control preloading set of 20-kg LCMJs between the first
and second sets (control protocol). These absolute loads
were chosen because of the velocity-specific nature of the
exercises and also because of limitations of the braking
mechanism used at the time. The braking system would
allow for only full vertical braking of 40 kg. Because of
the young age of the subjects and the need to standardize
the eccentric component of the movement, the braking
mechanism was set so that for each load the bar would
be held stationary by the brake but could be lowered vertically by applying minimal force. The brake settings
were recorded and held constant throughout the testing
sessions. Analysis of vertical displacement was performed
to assess performance. The initial, median, and takeoff
phases of the concentric movement of the LCMJs were
also assessed to determine what effects, if any, the preloading protocol had on the jumping movement.
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Subjects

Nine male, strength-trained subjects (age: 17.3 6 2.2
years; height: 177.9 6 3.3 cm; body mass: 83.2 6 8.7 kg,
4RM parallel squat: 108.8 6 19.6 kg) volunteered to participate in the present study, which was approved by the
Central Queensland University Ethical Review Board.
Subjects were adolescent, high school boarding students
who were participating in a regular in-season strength
and conditioning program for rugby union and were required to have at least 1 year of resistance-training experience. These subjects were chosen because they were
among the strongest participants in their rugby union
teams’ strength-training programs—an important factor
contributing to performance augmentation after a preload
(1, 8, 15, 29). All subjects must have completed at least 3
days of strength training per week for 4 weeks before the
commencement of this study. A minimum of 48 hours and
a maximum of 96 hours was mandated between the final
training session of their strength-training program and
the initial familiarization session in this study. Subjects
were instructed to refrain from intense exercise and standardize their caffeine or creatine intake for 72 hours before each testing session.
Testing Procedure

Preliminary Tests. The subjects involved in this study performed 3 testing sessions over a 2-week period to minimize any training effects. The first session involved a 5minute warm-up followed by testing for the concentric
work performed per repetition for each subject during 20kg and 40-kg LCMJs, allowing for equal concentric work
matching during preloading in the subsequent 2 testing
sessions. This ensured that any changes in performance
that were noted in the sets performed after the preload
were because of the load implemented and not because of
an increase in the amount of work performed during the
preloading exercise. The number of repetitions performed
during the control (CON) and jump squat (JS) groups’
preloading protocols during the subsequent testing sessions was calculated by equalizing concentric work during
these sets with the work performed during a 4RM squat
test. Loaded countermovement jump preload work was
equated with 4RM squat work because this would allow
for a similar amount of total concentric work to be performed during the LCMJ preloads when compared with
previous studies that have used heavy squats as the preloading exercise.
The warm-up consisted of 5 minutes of light-intensity
ladder and hurdle drills. This warm-up was replicated before the 2 subsequent testing sessions to standardize the
level of neuromuscular arousal during each training intervention.
The concentric work testing consisted of the subjects
performing 2 sets of 6 repetitions of 20-kg LCMJs followed by 2 sets of 6 repetitions of 40-kg LCMJs with a
minimum 3-minute rest interval between sets. Knee flexion angle for each subject was standardized during
LCMJs to 808 by an adjustable laser monitoring system.
This was set up so that once the bar passed through the
laser beam a loud audio signal occurred, prompting the
subject to perform the countermovement and jump vertically for maximum height. Each subject’s concentric
work per repetition was also measured during a 4RM
squat test, which was performed after the 4 sets of
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FIGURE 1. Flowchart of experimental protocol. CON 5 control group; LCMJ 5 loaded countermovement jump; JS 5
jump squat.

LCMJs. This testing commenced with each subject performing 4 repetitions of the parallel squat with a load
equal to his bodyweight. The weight was then increased
subjectively until the subject could not perform a complete set of 4 repetitions. The last successful set was
deemed the subject’s 4RM, and the results for concentric
work per repetition were derived from this set. Concentric
work (in joules) per repetition was measured with a cableextension potentiometer (IDM Instruments, Victoria,
Australia) and the Plyopower Ballistic Measurement System (Fitness Technologies, Adelaide, Australia). The
mean of the concentric work performed during the 3 repetitions with the highest work scores during each set was
deemed the mean concentric work per repetition for that
set. This was then averaged across the 2 sets for each
condition to give the mean concentric work per repetition
for each LCMJ load.
Testing Sessions. This study consisted of a randomly
assigned, crossover design with subjects performing both
the CON and the heavier-load JS preloading conditions.
Both sessions consisted of the previously described 5-minute standardized warm-up followed by 1 set of 6 repetitions of 20-kg LCMJs, the preloading set, and then another 4 sets of 6 repetitions of 20-kg LCMJs. Three minutes of rest between sets was imposed to allow for sufficient recuperation; however, a 4-minute rest interval was
enforced between the preloading set and the first set performed after the preloading set. This was allocated to ensure that every set after the preload was performed during the previously determined timeframe of supercompensation. The only difference between the 2 sessions was
the preloading set, during which the CON group performed 20-kg LCMJs and the JS group performed 40-kg
LCMJs. A flowchart of the testing procedure is shown in
Figure 1. These 2 preloading protocols were matched for
concentric work by varying the number of repetitions for
each condition, resulting in equal concentric work to that
performed during a 4RM squat. After analysis of the concentric work per repetition data, the CON and JS groups
were asked to perform an average of 4.7 6 0.4 and 4.2 6
0.5 repetitions, respectively, rounded off to the nearest
full repetition, as the preloading intervention. Vertical
displacement (in meters) was measured during each repetition of LCMJs in the sets performed pre- and postintervention. The mean of the 3 highest jumps during each
set was termed the peak vertical displacement (PD) for
that set. Peak vertical displacement was chosen as the
primary performance measure because it gives a measurement of lower-body ballistic performance. Before this

FIGURE 2. Vertical jump height (in meters) during each set
of explosive loaded countermovement jumps. *Jump squat (JS)
group significantly different compared with control (CON)
group, p , 0.05.

investigation, it was deemed that should there be any significant differences in PD between the groups, an analysis of mean power output (MPO) and peak power output
(PPO) of the 3 repetitions for each condition during that
set would be undertaken. This would consist of analyzing
MPO and PPO during 3 distinct phases of the concentric
movement, the initial 50 milliseconds after the eccentric
to concentric changeover, the median 50 milliseconds of
the concentric movement, and the final 50 milliseconds of
the concentric movement before leaving the ground.
These phases of the movement were chosen because they
represent 3 distinct ranges of movement in which potential changes to performance may have occurred. These
sections were determined for each subject by analysis of
the power and displacement graph. Only statistically significant sets were analyzed for PPO and MPO to reduce
the risk of committing a type I error.
Statistical Analyses

Repeated-measures analysis of variance was performed to
assess PD. In the event of a significant effect or interaction, Fisher LSD post hoc analysis was carried out. If this
post hoc analysis revealed differences between the 2
groups during specific sets, dependent-samples t-tests
were performed comparing the 3 different phases of the
concentric movement between the groups for that set.
Only sets in which a significant effect or interaction was
found were assessed for PPO and MPO to maintain data
integrity and reduce the risk of committing a type I error.
The confidence level was set at p # 0.05 for all statistical
analysis.

RESULTS
Analysis of PD for the set performed before the preloading intervention (PD for each set shown in Figure 2) revealed no significant difference between the 2 groups. A
significant ( p , 0.05) main effect for preloading group
was found, with the JS group outperforming the CON
group in the sets performed after the preloading intervention. A significant ( p , 0.05) preload 3 set interaction
for PD was recorded in the LCMJs performed after the
preloading intervention. Post hoc contrasts revealed that
the JS group jumped significantly ( p , 0.05) higher
(8.6%) during the third set performed after the 40-kg preloading intervention in comparison with the CON group.
Analysis of PPO and MPO during the 3 phases of the
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FIGURE 3. Peak power output during the final 50-millisecond
phase of the concentric movement during each set of explosive
loaded countermovement jumps. *Jump squat (JS) group significantly different compared with control (CON) group, p , 0.05.

concentric movement during this set revealed no significant difference between the groups for the initial and median 50-millisecond phases of the concentric movement.
However, a significant preload 3 set interaction for PPO
(p , 0.05) and nonsignificant trend for MPO during the
final 50-millisecond interval of the concentric movement,
which corresponded to the takeoff phase of the LCMJ,
was recorded. Post hoc contrasts for PPO revealed that
the JS group produced significantly ( p , 0.05) higher
PPO results than did the CON group during the second
and third sets performed after the preloading intervention. The significant result for PPO during the final 50millisecond phase of the concentric movement is displayed in Figure 3.

DISCUSSION
Previous research has shown that performing a preloading exercise before a single set of an explosive power exercise can increase subsequent performance (2–4, 8, 13,
15, 24, 29). The present study attempted to reveal whether a single set of preloading would enhance explosive
power performance throughout an entire ballistic power
training session. The significant ( p , 0.05) main effect
for preload suggests that the JS group outperformed the
CON group throughout the entire training session performed after the preloading intervention. However, the
post hoc contrasts for the significant preload 3 set interaction showed that the only significant ( p , 0.05) difference was during the third set performed after the preload.
Although the only statistically significant ( p , 0.05) difference between the groups for jump height was observed
during the third set performed after the preload, all the
sets performed after the JS preload resulted in higher PD
scores than those performed after the CON preloading
intervention. For example, the first set performed after
the preload showed a 3.0% increase in performance for
the JS group in comparison with the CON group, a similar performance increase to those noted in a number of
previous studies (4, 8, 14, 29). In the present study, the
post hoc contrasts results for the significant preload 3
set interaction for individual sets may have reached significance if a greater number of subjects were involved,
which would have enhanced statistical power. This is suggested by the fact that PPO for the final 50-millisecond
phase of the concentric movement was significantly high-
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er in both the second and third sets performed after the
preload for the JS group in comparison with the CON
group. This result shows that the effect of a preload is
evident not only for 1 set performed after a preloading
intervention, but also for multiple sets.
An interesting finding of this study was that the increase in performance peaked during the third set performed after the preload, which was approximately 10
minutes after the preloading intervention. This supports
the evidence proposed by Gullich and Schmidtbleicher
(15), who found that acute supercompensation peaked 8.7
6 3.6 minutes after a maximal voluntary contraction preloading intervention. This timeframe for optimal supercompensation is much longer than the 1.5- to 3-minute
rest interval between preloading and plyometric exercise
recommended by Chu (7).
Analysis of PPO and MPO during the 3 phases of the
concentric movement for the third set performed after the
preload showed that the majority of the improvement in
performance was due to increases in power output during
the final phase of the movement. This final phase of the
movement during the third set performed after the preload recorded significantly higher PPO (11.9%) and a
trend toward increased MPO (9.9%) for the JS group in
comparison with the CON group. The median phase of
the movement also recorded notably higher MPO (5.1%)
and PPO (5.6%) for the JS group in comparison with the
CON group, although this failed to reach significance.
The JS group recorded slightly higher MPO (1.6%) and
PPO (1.5%) scores for the initial interval in comparison
with the CON group; however, this result was negligible.
This pattern suggests that as the knee flexion angle is
increased during the concentric jumping movement, the
athlete is able to produce increasingly greater power output in comparison with a nonpreloaded athlete. Potentially, this may be because of increased incorporation and
contribution of additional aroused musculature, such as
the triceps surae, toward the end of the concentric movement (5). An increase in the contribution of these aroused
muscles toward the final phase of the jumping movement
may increase the effect of the supercompensation mechanism, given that an increase in the sum of the stimulated muscle groups working together at a specific point
would lead to further increases in performance.
Another potential mechanism responsible for the increase in power production toward the end range of the
movement may be an acute effect of the preloading set on
proprioceptors such as the muscle spindles. Previous research suggests that the muscle spindles play a role in
regulating musculotendinous stiffness (6) and also cocontraction of opposing muscle groups (25) and are susceptible to postcontraction potentiation (17). It has been previously suggested (7) that these muscle spindles may be
acutely stimulated by a preloading exercise, leading to
increased performance potential. This may result in
changes to the cocontraction patterns of the involved
musculature or acute alterations in the level of musculotendinous stiffness and neuromuscular excitability of
the preloaded muscle groups, comparable with responses
evident during fatigue (21, 23). Performance of preloading
exercises may increase the level of neuromuscular activation during subsequent performance, which is similar
to the effects of fatigue (21, 23) but in contrast not resulting in considerable changes to multijoint coordination
and efficiency of the countermovement. This may result
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in an enhanced ability to perform explosive exercise after
a preload.
For any of these previously mentioned mechanisms to
be responsible for enhanced performance, there would
have to be alterations in neuromuscular activation after
a preload. However, the few studies that have analyzed
electromyography during complex training have produced
mixed results (10, 15, 19, 26). Further research in the
area is necessary to determine the mechanisms of supercompensation after preloading exercises.
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PRACTICAL APPLICATIONS
A single set of contrast preloading may enhance performance during subsequent sets of low-load plyometric exercises. This acute performance enhancement, if performed throughout a training cycle, may result in greater
long-term adaptations in comparison with nonpreload
training. However, further research on preload training
and its long-term benefits are essential before any definitive conclusions can be made.
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