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ABSTRACT

Boullosa, DA, Abreu, L, Beltrame, LGN, and Behm, DG. The

acute effect of different half squat set configurations on

jump potentiation. J Strength Cond Res 27(8): 2059–2066,

2013—The aim of this study was to evaluate the acute effect

of a half squat exercise performed with different set config-

urations on jump potentiation. Twelve resistance-trained

men were evaluated on 3 occasions separated by 48–96

hours. First, they performed a 5 repetitions maximum

(5RM) test. Subsequently, they performed in a randomized

order 2 sessions: one session with 5RM until failure and the

other with the same workload but with 30-second rest inter-

vals between repetitions (i.e., cluster set [CS]). Counter-

movement jump performance was examined during the

second and third sessions for jump height and force-time

parameters using a force platform at the following time in-

tervals: before and at 1, 3, 6, 9, and 12 minutes. Separate

comparisons for each variable at the different time intervals

were analyzed using analysis of variance, effect size, and

qualitative inferences. The majority of the parameters

improved independently of the time they occurred, except

for peak force and vertical stiffness after a set until failure.

For peak power, it appears that the cluster treatment re-

sulted in superior potentiation at 1 minute, whereas the

5RM treatment resulted in greater potentiation at 9 minutes.

Effect size analysis and qualitative outcomes revealed an

improvement in vertical stiffness and a lowering in the depth

of the countermovement in CS. There were significant cor-

relations between participants’ 5RM relative performance

and various force-time parameters only in CS. It appears that

a CS induces greater peak power than a 5RM set at 1 min-

ute, although the reverse occurs at 9 minutes. Delayed

potentiation associated with the 5RM may be attributed to

greater fatigue versus the CS approach. Therefore, it follows

that the optimal method for inducing peak power potentia-

tion is dependent on the available time between heavy half

squat exercise and the subsequent jump performance.

KEY WORDS postactivation potentiation, fatigue, complex

training, warm-up, resistance training

INTRODUCTION

P
ostactivation potentiation (PAP) refers to the phe-
nomena by which muscular performance character-
istics are acutely enhanced as a result of their
contractile history (25). Although PAP can provide

physiological enhancement, it is not always related to functional
performance improvements (13). For instance, increases in peak
power (physiological parameter) during the push-off of a jump-
after-squat exercises have been previously observed without any
increment in jump height (functional performance) (4,16,22).
These and other previous reports suggest that potentiation
could be evident depending on the method of evaluation and
the parameters selected for analysis, with the fatigue-
potentiation relationship modulating the acute effect of the con-
ditioning exercise during recovery (1,3,24). Interestingly, in the
recent article of Chaouachi et al. (4), the potentiation of selected
parameters during jumping after various workloads of half squat
exercises was quite variable between individuals, with a signifi-
cant deterioration of the jump capacity observed (4). This fact
could explain the conflicting results in previous literature (25).
Therefore, because the individual response to conditioning stim-
uli is important for the fatigue-potentiation interaction and its
influence on subsequent performance, it is necessary to explore
new strategies for designing conditioning protocols that concur-
rently enhance potentiation and limit the fatiguing response for
optimal performance. This could help also for clarifying the
inconsistency in PAP responses previously reported that could
be related to the masking effect of fatigue on potentiation (1).

Set configuration is one of the variables that could be
modified when designing resistance and jump exercises
(9,10). Recently, various studies have suggested that intro-
ducing rest intervals between exercise repetitions instead of
between sets (i.e., cluster training) could be an effective
method for improving mechanical performance (7) with
a lower loss of velocity and power over the whole training
session (12,17), allowing also a greater training volume (7,15).
Regarding resistance, this better performance could be
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explained by the fact that with cluster training, it is the reduced
time under tension that has been suggested to be a key factor
for muscular fatigue development in resistance (26). Moreover,
Hardee et al. (11) have recently reported a lower rating of
perceived exertion with the introduction of rest intervals
between repetitions during clean pulls when compared with
the same load with traditional set configuration. Thus, it may
be suggested that cluster training is an effective strategy for
improving mechanical performance with a lower development
of fatigue in resistance. This could be an interesting approach
for conditioning stimuli when looking for potentiation
responses during complex training sessions or during compet-
itions. However, to the best of our knowledge, there are no
studies comparing the acute responses of cluster training with
traditional set configuration. This information would be valu-
able for designing more effective and efficient conditioning
activities in those sports requiring power performances such
as jumping, sprinting, or even team sports.

Therefore, the aim of this study was to compare the acute
effect on jump capacity of different set configuration with the
same workload (i.e., cluster set [CS] vs. set until failure) of half
squats. These exercises were selected because most PAP
studies have used them and they are closed kinetic chain
activities (greater sport specificity). It was hypothesized that
a CS could favor a greater magnitude and a more rapid
potentiation response while jumping because of the lower
fatigue development when compared with a set until failure.

METHODS

Experimental Approach to the Problem

After determination of the load corresponding to 5 repetition
maximum (5RM) in half squat, participants were assessed in
a random order on 2 separate occasions for comparing the
acute effect (i.e., at 1, 3, 6, 9, and 12 minutes of recovery) of
this workload with different set configurations (i.e., set until
failure vs. CS) on jump performance and the associated force-
time parameters. The independent variable was set configu-
ration, whereas jump height and kinetic parameters over the
whole recovery were the dependent variables.

Subjects

Twelve aspiring firefighters volunteered for participation in
this study. Their characteristics are presented in Table 1. All of
them had a minimum of 6 months of experience in resistance
training and countermovement jump (CMJ) evaluations.
Their training routines included resistance training, power
exercises, sprinting, aerobic running, swimming, and agility
as other specific firefighting skills. Their performance level
was very heterogeneous, with mean best performances
of ;100 kg in bench press RM, ;20 pull-ups, ;12 seconds
in 100 m,;3 minutes in 1,000 m, and;1 minute 20 seconds in
100-m freestyle. After receiving a detailed explanation of the
procedures of the study, participants provided informed written
consent. The study received the approval of the local ethics
committee for experimentation with human subjects.

Experimental Design and Procedures

This experiment was performed in February in Spain. During
these days, participants executed low- to medium-intense
activities for fitness maintenance. Half squat was selected
because it is the exercise most used with leg power condi-
tioning and for obtaining potentiation responses (18). The load
of 5RM was also selected because it usually represents .80%
RM, which may be a sufficient intensity for inducing potenti-
ation while jumping (25). Participants were fully familiarized
with the procedures.

After a brief warm-up of 10 minutes of easy running on a
treadmill, 5 minutes of calisthenics, and 20 repetitions of
abdominal crunches, participants were instructed to perform
a half squat 5RM test. All the procedures were supervised by
the primary investigator who was also the physical coach for
the participants at that time. The half squat was performed
with free weights until 908 of knee flexion was achieved. The
progression of the test was as follows, with 3–5 minutes of rest
between sets: 10 repetitions of an estimated 50% RM, 5 repe-
titions of an estimated 70% RM, and subsequent attempts of
3 repetitions of estimated 5RM until the maximum load was
determined and fully executed without technical difficulties.
All participants achieved their 5RM with no more than 6 sets
over the whole test. We decided not to include additional
evaluations for determining testing reproducibility because
they were habitually training with this exercise load. There-
fore, a high reproducibility and reliability could be expected.
Additionally, more testing sessions could have an influence on
performance changes, thus biasing results. The highest load
was selected for the next 2 experimental sessions.

After determination of the best 5RM, participants per-
formed the experimental protocols in a randomized order,
with a minimum of 48 hours and a maximum of 96 hours
between sessions. All the sessions were performed during the
morning at the same time of the day for each participant.
They were asked not to drink caffeine beverages 1 hour
before evaluations. They were allowed to drink water “ad
libitum” during the whole experiment. Both experimental
sessions included the previously described warm-up plus
a set of 5 repetitions at 50% of 5RM and 2 maximal CMJs

TABLE 1. Participants’ characteristics.*

Characteristics Mean 6 SD

Age (y) 25.5 6 4.9
Height (cm) 178.2 6 8.3
Body mass (kg) 77.7 6 7.8
Body fat (%) 9.6 6 2.2
5RM half squat (kg) 181.4 6 24.1
5RM half squat/body mass 2.4 6 0.3

*5RM = 5 repetitions maximum.

Greater Potentiation After Cluster Set
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separated by 15 seconds. The best CMJ was selected for
further analysis. After 3 minutes of rest, they performed
a set of 5RM (i.e., traditional set configuration) or the same
load but with 30-second recovery intervals (15) between half
squat repetitions (i.e., CS).

After the end of the half squat exercise, participants
performed 2 CMJs separated by ;15 seconds, at 1, 3, 6, 9,
and 12 minutes of recovery. They were instructed to jump as
high as possible. The CMJs were performed on a force plate
(Quattro Jump; Kistler, Winterthur, Switzerland) where ver-
tical forces were recorded with a sampling rate of 500 Hz.
Participants freely chose the depth of the countermovement.
Based on a previous study (3), the kinetic parameters selected
for analysis were as follows: peak power (W$kg21), maxi-
mum force relative to body weight, normalized stiffness
(N$m21$kg21), and vertical displacement of center of mass

during countermovement (cm). Peak power and stiffness were
normalized to provide a better comparison between partici-
pants of differing body mass (Table 1).

Statistical Analyses

Descriptive data are presented as mean6 SD. The normality
distribution of variables was examined with the Kolmogorov-
Smirnov test. Effects of each conditioning protocol on jump-
related parameters at different times were assessed using
analysis of variance (ANOVA) for repeated measurements
(2 conditioning protocols 3 6 time points) with pairwise
Bonferroni correction. Baseline values were further com-
pared with the peak of each dependent variable, regardless
at which time the peak occurred (4), by means of paired
Student’s t-test. Comparisons between measurements at
peak height time and baseline were also performed. The

TABLE 2. Force-time parameters of the CMJ after isolating the peak of each dependent variable and comparing it with
the baseline, regardless of at which time point the peak occurred (A) and force-time parameters associated with the
best jump height (B).*†

A) Condition Baseline Peak p %D; 690% CL ES
Qualitative
inference

CMJ (cm)
Traditional 44.68 6 4.47 45.85 6 4.44 0.030 2.70; 61.9 0.26 Possibly
Cluster 45.12 6 4.60 46.29 6 5.02 0.019 2.57; 61.7 0.24 Possibly

Peak power (W$kg21)
Traditional 52.12 6 5.02 53.39 6 5.83 0.031 2.36; 61.7 0.23 Possibly
Cluster 51.27 6 5.87 52.45 6 5.58 0.025 2.41; 61.8 0.20 Possibly

Peak force (BW)
Traditional 2.37 6 0.21 2.46 6 0.25 0.121 3.99; 64.3 0.39 Possibly
Cluster 2.31 6 0.28 2.48 6 0.26 0.004 7.48; 63.6 0.61 Very likely

Vertical displacement of center of mass (cm)
Traditional 29.91 6 4.11 33.27 6 4.71 0.003 11.67; 65.5 0.76 Very likely
Cluster 31.64 6 4.74 34.18 6 4.26 0.003 8.69; 64.1 0.56 Very likely

Vertical stiffness (N$m21$kg21)
Traditional 81.99 6 10.93 88.36 6 17.61 0.133 7.70; 68.5 0.43 Likely positive
Cluster 76.07 6 14.35 88.39 6 19.69 0.002 16.02; 67.1 0.72 Very likely

B) Condition Baseline Values at peak height p %D; 690% CL ES
Qualitative
inference

Peak power (W$kg21)
Traditional 52.12 6 5.02 52.53 6 6.08 0.544 0.69; 62.0 0.07 Likely trivial
Cluster 51.27 6 5.87 51.38 6 5.71 0.752 0.27; 61.5 0.02 Very likely trivial

Peak force (BW)
Traditional 2.37 6 0.21 2.37 6 0.23 0.937 –0.014; 60.32 0.02 Most likely trivial
Cluster 2.31 6 0.28 2.35 6 0.27 0.534 2.02; 65.7 0.14 Unclear

Vertical displacement of center of mass (cm)
Traditional 29.91 6 4.11 31.32 6 5.26 0.226 4.99; 67.0 0.30 Possibly
Cluster 31.64 6 4.74 30.64 6 4.50 0.184 –2.87; 63.6 0.22 Possibly trivial

Vertical stiffness (N$m21$kg21)
Traditional 81.99 6 10.93 79.07 6 14.40 0.430 –3.33; 67.3 0.23 Unclear
Cluster 76.07 6 14.35 79.72 6 14.75 0.220 5.58; 67.7 0.25 Possibly

*CMJ = countermovement jump; ES = effect size; BW = body weight.
†Values are mean 6 SD. Magnitudes of differences are expressed as mean percentage change (%D) and 90% confidence limits

(690% CL).
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TABLE 3. Correlations among parameters at jump peak height. Pearson’s r (with 90% confidence intervals), p values, and qualitative inferences are shown.*

DPeak power DPeak force DVertical stiffness DVertical displacement of center of mass

Cluster condition
DCMJ r = 0.21 (‒0.32 to 0.64) 0.45 (‒0.06 to 0.78) 0.10 (‒0.42 to 0.57) 0.41 (‒0.12 to 0.75)

p = 0.530 0.161 0.771 0.215
Unclear Likely Unclear Unclear

DPeak power 0.51 (0.02 to 0.81) 0.69 (0.29 to 0.88) ‒0.48 (‒0.79 to 0.03)
0.108 0.020 0.135
Likely Very likely Likely

DPeak force 0.79 (0.48 to 0.92) ‒0.03 (‒0.52 to 0.48)
0.004 0.940
Most likely Unclear

DVertical stiffness ‒0.63 (‒0.86 to ‒0.19)
0.038
Very likely

Traditional condition
DCMJ r = ‒0.09 (‒0.56 to 0.43) 0.31 (‒0.23 to 0.70) ‒0.26 (‒0.67 to 0.27) 0.43 (‒0.10 to 0.78)

p = 0.793 0.360 0.436 0.185
Unclear Unclear Unclear Unclear

DPeak power 0.51 (0.01 to 0.80) 0.94 (0.83 to 0.98) ‒0.82 (‒0.94 to ‒0.55)
0.112 0.000 0.002
Likely Most likely Most likely

DPeak force 0.51 (0.01 to 0.80) ‒0.07 (‒0.55 to 0.44)
0.112 0.826
Likely Unclear

DVertical stiffness ‒0.89 (‒0.96 to ‒0.71)
0.000
Most likely

*D = change from baseline to the value associated with the best jump height; CMJ = countermovement jump.
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magnitude of baseline-to-peak changes was assessed using
effect size (ES) and percentage of change. Threshold values
for ES were 0.2 (small), 0.6 (moderate), 1.2 (large), and
2.0 (very large) (14). Confidence intervals (90%) for the true
mean change were also estimated. Magnitude-based inferen-
ces about the true change were made with reference to the
smallest worthwhile change calculated as follows: 0.2 multi-
plied by the between-subject SD expressed as coefficient of
variation (CV%). Quantitative chances of substantial posi-
tive, trivial, or negative changes were assessed qualitatively
as follows: ,0.5%, almost certainly not; 0.5–5%, very
unlikely; 5–25%, unlikely; 25–75%, possibly; 75–95%, likely;
95–99.5%, very likely; and .99.5%, almost certainly. If the
chance of having positive or negative changes were both
.5%, the true difference was deemed unclear (14). Relation-
ships between parameters were identified using Pearson
product-moment correlation coefficient (r). Confidence
intervals (90%) for coefficients of correlation were also esti-
mated. The following criteria were adopted for interpreting
the magnitude of correlations between parameters: ,0.1,
trivial; 0.1–0.3, small; 0.3–0.5, moderate; 0.5–0.7, large;
0.7–0.9, very large; and 0.9–1.0, almost perfect. If the 90%
confidence intervals overlapped the thresholds for substantially
positive or negative values, the magnitude was considered
unclear. Inferences about correlations were made with
respect to a smallest worthwhile correlation of 0.1. Differ-
ences in time to peak for each jump-related parameter were
analyzed by paired Student’s t-test with a complementary

ES calculation. Statistically significant level was set at a
p value of #0.05. Statistical analysis was conducted with
the SPSS software (v17.0; SPSS, Inc., Chicago, IL, USA).

RESULTS

The ANOVA revealed no significant main effects for jump-
related parameters. Peak power showed a tendency for the
time factor (p = 0.051) and a significant interaction between
the protocol and time factors (p = 0.048). Simple effect anal-
yses revealed that peak power was higher at 1 minute after CS
when compared with the traditional set configuration (51.8 6
5.5 vs. 50.96 4.6 W$kg21, p = 0.046). Conversely, peak power
was lower at 9 minutes after CS when compared with the
traditional set configuration (50.56 5.9 vs. 51.86 5.5W$kg21,
p = 0.039). No other significant interactions were observed.

Peak values of jump height and force-time parameters
during CMJ, independently of the time at which they
occurred, are presented in Table 2A. Interestingly, the majority
of the parameters improved significantly, except for peak force
and vertical stiffness after traditional set configuration.

Force-time parameters associated with the best jump height
are presented in Table 2B. Despite any significant change
detected, it is interesting to note an opposite trend in vertical
stiffness and vertical displacement of the center of mass
between conditions, as inferred from ES and qualitative out-
comes. Thus, CS configuration demonstrated an improve-
ment in vertical stiffness with a lowering in the depth of
the countermovement, whereas traditional set configuration

TABLE 4. Time (minutes) to peak data of jump height and force-time parameters, and statistical differences (p values
and effect size) among these parameters between conditions and during each condition.*

Min of peak value (mean 6 SD)

p ESTraditional protocol Cluster protocol

CMJ height 6.1 6 3.3 3.6 6 2.9 0.042 0.84
Peak power 4.4 6 2.5 4.4 6 4.7 0.951 0.03
Peak force 4.9 6 4.2 4.4 6 4.0 0.537 0.20
Vertical stiffness 4.1 6 3.5 5.7 6 4.5 0.249 0.32
Vertical displacement of center of mass 8.7 6 3.5 5.8 6 2.4 0.052 0.83

Peak power Peak force Vertical stiffness Vertical displacement of center of mass

Traditional protocol, p (ES)
CMJ height 0.054 (0.61) 0.279 (0.32) 0.205 (0.60) 0.049 (0.75)
Peak power 0.550 (0.16) 0.833 (0.09) 0.020 (1.44)
Peak force 0.547 (0.24) 0.060 (0.98)
Vertical stiffness 0.034 (1.31)

Cluster protocol, p (ES)
CMJ height 0.701 (0.19) 0.683 (0.16) 0.077 (0.71) 0.154 (0.67)
Peak power 0.892 (0.04) 0.276 (0.44) 0.433 (0.31)
Peak force 0.065 (0.51) 0.368 (0.39)
Vertical stiffness 0.665 (0.23)

*ES = effect size; CMJ = countermovement jump.
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showed an impairment in vertical stiffness with an increment
in the depth of the countermovement.

Correlations among parameters at jump peak height are
shown in Table 3. Surprisingly, Δpeak power was not cor-
related with Δjump height in any condition but exhibited a
correlation with Δvertical stiffness in both conditions. More-
over, Δvertical stiffness was correlated with Δpeak force only
in the cluster condition. Additionally, an inverse relationship
between Δvertical stiffness and the Δvertical displacement of
the center of mass in both conditions was observed.

Times to peak of all jump parameters are presented in
Table 4. Interestingly, a more rapid increment in jump height
was observed in the cluster condition when compared with
the traditional set configuration (p = 0.042), with a tendency
detected (p = 0.052) for the vertical displacement of the
center of mass. Additionally, various correlations were detected
among strength and peak force-time parameters but only in the
cluster condition (5RM/body mass 2 Δvertical stiffness, r =
–0.839, p = 0.005; 5RM/body mass2 Dpeak force, r = – 0.645,
p = 0.061; 5RM 2 time to peak value of vertical displacement
of center of mass, r = –0.602, p = 0.039).

DISCUSSION

The main finding of this study was that different set config-
urations have different acute effects on potentiation while
jumping. Thus, introducing recovery intervals between half
squat repetitions (i.e., cluster training) seems to allow a more
rapid improvement of jump height and a greater potentiation
of various force-time parameters when compared with a set
until failure, probably as a consequence of the better fatigue-
potentiation relationship in the cluster condition. These
findings are of great interest for athletes and coaches who
would like to optimize their training routines and their
competitive warm-ups on an individual basis.

In line with the recent work of Chaouachi et al. (4), the
potentiation of force-time parameters in the current study
was also variable among individuals. In contrast, our proto-
cols could induce significant improvements in peak jump
height, whereas these authors (4) did not observe any signif-
icant change in peak jump height independently of the time
considered. Moreover, although the ANOVA of this previ-
ous study (4) showed an impairment of jump capacity after
all protocols, we did not find any significant change in jump
height with the ANOVA. Previous studies have suggested
that factors like training experience and exercise load could
modulate the potentiation-fatigue interaction for subsequent
performance (2,22). Thus, it is interesting to note that a sim-
ilar load (i.e., 5RM z 85%RM), as employed in the previous
study (4) (i.e., 70–90% RM), elicited better performance
in the current study. This intriguing result is in line with
previous literature in which the potentiation response after
similar protocols was not consistent, which could be related
to participants’ characteristics and training background
(5,19,29). In this respect, our participants could not be con-
sidered elite-level athletes because they trained concurrently

antagonistic physical capabilities such as endurance and
explosiveness. Hence, a lower potentiation response could
be expected in the current study (5,19). Although we do not
know the exact reason for such a difference, it is tempting to
speculate that our protocols may induce a better fatigue-
potentiation relationship because the half squats were per-
formed until 908 knee flexion, whereas the participants of the
previous study performed parallel squats (4). This hypothesis
could be supported by the previous report of Place et al. (20)
that showed a greater post-twitch potentiation after fatiguing
contractions at short quadriceps muscle lengths when com-
pared with long muscle lengths but with a similar level of
fatigue between conditions. Similarly, it may be suggested
that participants of our study could experience a greater
potentiation after squats because of the lower level of knee
flexion. Therefore, further studies should elaborate on the
potentiation-fatigue response to various exercises and work-
loads, and more specifically with regard to the level of knee
flexion during squats.

Interestingly, the different levels of potentiation on force-
time parameters after both protocols (failure vs. cluster)
allowed a similar magnitude of peak height increments.
However, the difference between conditions was evident on
the significantly different time to peak height (3.6 6 2.9 vs.
6.1 6 3.3 minutes, for CS and failure set, respectively,
p = 0.042). Furthermore, the timing of the appearance of
peak values of selected parameters was protocol-dependent,
with the traditional set configuration exhibiting a lower syn-
chronization among parameters (Table 4). This could reflect
different jump coordination between conditions (4,23). For
instance, the peak values for the vertical displacement of the
center of mass occurred at very different time periods (8.7 6
3.5 vs. 5.86 2.4 minutes, p = 0.052, for traditional set and CS
configurations, respectively), with the direction on such
changes being opposite. Moreover, the absence of correla-
tions between Δpeak power and Δjump height is surprising
and may indicate an altered motor control after both proto-
cols because these parameters were highly correlated at
baseline (i.e., 0.754 and 0.797, p , 0.01, for traditional set
and CS configurations, respectively). In this regard, the
differences revealed by ANOVA in peak power at 1 and
9 minutes of recovery between conditions reinforce this
assumption. Because the intensity of both protocols could
be of similar magnitude, the inclusion of rest intervals
between repetitions in the cluster condition may be consid-
ered the major factor for such differences between protocols.
Thus, the fatigue effects possibly caused by metabolic
byproducts and greater neural fatigue may have delayed this
potentiation response (1) after the traditional set configura-
tion because similar volumes resulted in similar net potenti-
ation of peak power in both conditions. Additionally, it
should be noted that the completion time between the first
and the last repetition in each condition was quite different
(e.g., ;2 minutes 30 seconds vs. ;15 seconds). This consid-
eration is important when performing multiple set sessions.

Greater Potentiation After Cluster Set
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Further studies should elaborate on this observation of a
delayed appearance of potentiation after traditional set con-
figuration with different training volumes (e.g., number of
sets), exercise intensities (e.g., 3RM), and other exercises
(e.g., bench press).

These differences in correlations among parameters
between conditions may be also influenced by the fact that
force-time parameters like vertical stiffness and peak force
are recorded at the end of the eccentric action, whereas peak
power is recorded near the end of the take off (6), thus
suggesting an elastic energy transfer (28) that could be also
influenced by the potentiation-fatigue interaction (3). This
consideration is important because the interaction of these
phenomena could depend on the muscular regime and the
muscle length (21). The existence of an elastic energy trans-
fer could be supported by the high correlations observed
(Table 3) between Δpeak power and Δvertical stiffness in
both conditions. In this regard, Vuorimaa et al. (27) previ-
ously observed a lowering in electromyographic activity
with a concurrent increment in mean power during half
squat exercises, thus suggesting a possible increase in elastic
energy transfer after various running-conditioning protocols.
More recently, Moir et al. (18) reported a greater stiffness
increment after high-intensity, when compared with high-
volume, back squats but with no augmentation of the jump
height. Therefore, further studies should be conducted for
the assessment of electromyography concurrently with
kinetic parameters for evaluating the influence of the
fatigue-potentiation relationship on the elastic energy transfer
and jump coordination after different conditioning protocols.

Of further interest are the correlations found among half
squat performance and force-time parameters only after the
cluster protocol. This is a novel finding with our results
suggesting that the stronger the athlete, the lower and the
more anticipated was the increase of force-time parameters
over the eccentric movement of the push-off phase. Because
these findings are related only to the cluster condition, it
may be speculated that a different response could occur with
different loads (e.g., heavier loads). Thus, it may be suggested
that a heavier load could induce a greater response in the
stronger athletes because the load of 5RM may not be the
optimal stimulus for them with such a load. Conversely,
the absence of correlations among these parameters after the
traditional set configuration may suggest that the possible
influence of strength level on such relationships could be
masked by other factors such as fatigue resistance (4). In this
respect, it should be considered that the training background
of our participants do not favor maximum power perform-
ances but a greater endurance capacity. Therefore, it is pos-
sible that our specific participants (i.e., aspiring firefighters)
may possess a greater recovery capacity when compared
with other athletes with greater power but lower endurance
capacity. Further studies could explore the influence of strength
levels concurrently with fatigue resistance with respect to the
load and set configuration of conditioning activities.

In summary, a set with the load equivalent to 5RM of half
squats performedwith interrepetition rest intervals of 30 seconds
favors a more rapid appearance and a greater potentiation of
various kinetic parameters during vertical jumping, when
compared with a set of 5RM until failure (without rest intervals).
Further studies are needed for testing the effectiveness of cluster
training in other exercises, for competition, and the chronic
effect of complex training performed with CS on performance
(8). Furthermore, additional variations of CS (e.g., inclusion of
dynamic stretching and altering pause duration) should be
examined regarding their relative potentiation effects on sub-
sequent exercises by individuals with designated training back-
grounds. Additionally, more studies are needed with greater
training volumes and with other intensities for determining
the best dose-response model during conditioning activities.

PRACTICAL APPLICATIONS

The optimal method for inducing peak power potentiation is
dependent on the available time between heavy half squat
exercise and subsequent jump performance. It appears that
CS may be a superior approach to a 5RM approach before
jump performance if the time available is close to 1 minute,
whereas the 5RM approach may be superior if close to
9 minutes is available for individuals trained in both power
and endurance capacities who have been engaged in heavy
resistance training for no less than the previous 6 months.
Additionally, it may be suggested that the employment of
force plates is recommended for a more precise evaluation
of jump potentiation because the potentiation of various
kinetics parameters at different times could be expected with
no observable increment in jump height. This approach
could be interesting for determining the appropriate work-
loads for warming up in different sports as for designing
complex training sessions on an individual basis.
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