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Abstract

Purpose: The purpose of this study was to investigate the effects of traditional and cluster resistance training
on explosive power in soccer players during pre-seasonal preparation.

Materials and Methods: 22 male, soccer players (mean age 24/68+3/13 years, mean height 176 + 0.41cm,
and mean body mass 71/05 £+ 6/51 kg ) were selected as available samples and performed a 10-week resistance
training protocol that included three stages; [1] Hypertrophy (4 weeks), [2] Strength (3 weeks) and [3] Power
(3 weeks). The subjects were evaluated after 4 weeks of hypertrophy phase for maximum strength and power.
They were then divided into two squat training groups, with respect to their recorded one repetition maximum:
[1] Traditional training (TT) group (N=11) and [2] Cluster training (CT) group (N=11). Each group performed
strength and power trainings for 6 weeks. Data was analyzed using Repeated Measures (ANOVA) at a
Significance level of (P<0.05).

Results: The statistical analysis showed that strength significantly increased in both groups but this increase
was significantly higher in the traditional group compared to the cluster group (P <0.05). There was also a
significant increase in the power of the cluster group which was greater than the traditional group (P <0.05).

Discussion and Conclusion: According to the current findings, we concluded that as CT probably increases
power in the soccer players, it might be a convenient alternative for TT as a means of developing power in

soccer players.
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Introduction

Strength and power are two important factors
determining success in soccer players who need to
perform quick and powerful runs and cutting
maneuvers [1]. Therefore, developing strength and
power is important in pre-seasonal preparation.
Measuring power of lower extremity is important in
assessing performance in soccer players [2].
Improving power of the lower extremity develops
the player’s ability to jump higher, which in turn
increases chances of beating an opponent in striking
an aerial ball [3]. Power could be developed in
many ways including traditional and cluster weight
training. In traditional weight training the athlete
is required to perform each repetition with a
continuous move with no rest between the
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repetitions in each set. Cluster training (CT)
program is a way of altering the structure of a
training set. In this type of training, there is 10-30
seconds rest between the repetitions [4]. In
traditional training (TT) program, fatigue occurs
between the repetitions [4]. Muscular power output
reduces with fatigue, especially during high-
intensity activities that require powerful muscle
contractions [5]. As Fatigue reduces both force and
velocity, it impairs power output in athletes.
Therefore, training methods that cause less fatigue
are more useful in the development of muscular
power [6].

The concept of an inter repetition rest interval, or
cluster training, was suggested as a method for
allowing each repetition of the set to be performed
with the highest quality. It was hypothesized that
the cluster set configuration with 15-30 seconds of
recovery between repetitions may result in some
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phosphocreatine (PCr) replenishment and therefore
would allow the individual to experience partial
recovery and perform each repetition with a higher
power output[7]. In the Cluster set was used from
maximum velocity and power in training.
Furthermore, CT could be applied in periodization
of training programs of a variety of different sports
[7]. One of the key concepts in periodization of
training programs is that programs be designed to
introduce appropriate training variation in a logical
and systematic way, in an attempt to stimulate
improvements in  some  performance  or
physiological outcome. Training variations are
essential because they stimulate recovery and
adaptation, prevent overtraining and improve
performance outcomes [8]. Variation can be
introduced into a periodized training program in
many ways. Some typical variations in a periodized
program can be the result of manipulating factors
such as the overall training load, number of sets,
number of repetitions, set configurations, and the
selected exercises [8]. Some researchers have
studied the effects of CT on fitness performance. In
one of the first studies on the topic, Byrd et al. [9]
examined the effects of 10 weeks of resistance
training with 3 different inter-repetition rest
intervals (zero, 1, and 2 seconds) on total work
output. In that study, it was determined that the 2
groups that had rest periods between repetitions
were able to increase their overall work output.
While the major focus of this study was
cardiovascular adaptations, the results are important
due to the relationship between total work and
training adaptations.

In addition, Rooney et al. [10] examined the
effects of implementing different set configurations
across a 6- week training program on isometric and
dynamic markers of elbow flexor strength. Subjects
were divided into 3 groups: (a) a control group that
did no training, (b) a traditional set protocol group,
and (c) a cluster set protocol group who had a 30-
second inter-repetition rest interval. Training was
conducted 3 days per week with intensities and
volumes varying from 6 sets of 6RM to 10 sets of
6RM loads. There were no differences in maximal
isometric strength between the cluster and
traditional groups. However, the traditional set
configuration resulted in a significantly greater
increase in dynamic muscular strength as compared
to the cluster set protocol.

Lawton et al. [11] also compared upper body

strength and power adaptations in the bench press
movement between a cluster intervention and a TT
structure over a 6-week training period in elite
junior basketball players. This research showed that
a traditional structure resulted in significantly
greater gains in maximal strength compared to the
cluster structure but there were no significant
differences in power adaptation between the two
interventions. Despite suggestions proposing the
application of CT, no research has so far studied
long-term effects of CT on the development of
lower body power in soccer players. Therefore, due
to importance of strength and power in soccer, this
study was conducted to see whether applying CT
and traditional resistance training program during
pre-seasonal preparation time develop power to a
similar level, and whether CT can induce the
desired training variations and take the place of
traditional resistance training program . Thus, the
purpose of the present study was to investigate the
effects of applying traditional and cluster resistance
training during pre-seasonal preparation on
explosive power in soccer players.

Material and Methods

This study was a quasi-experimental research
including a pre-test and a post-test. The participants
consisted of 22 malesoccer players (age:
24.68+3.13 years, height 176+0.41cm, body mass
71.68+6.85 kg) who had no history of main
injuries. In this study 10 weeks of weight training
was performed, which consisted of three stages: [1]
hypertrophy (4 weeks), [2] strength (3 weeks), and
[3] Power (3 weeks). Hypertrophy training involved
two types of movements that were performed 4
times a week and for 4 weeks. In hypertrophy stage,
two types of the movements (A and B) were used in
order to involve both the lower and upper body
muscles.. Muscles specially involved in soccer
playing were mainly trained in the strength and
power stages.

Type (A) movement included: squat, leg
extension, leg curl, heel raise, French curl, barbell
curl.

Type (B) movement included: Bench press,
Incline bench press, Lat pull down, Behind the neck
press with barbell, Overhead press with barbell.

The movements were performed in 3 sets of 60-
80% of one Repetition Maximum (1RM), each set
containing 9 repetitions with 60-90 seconds of rest
between each two sets. The participants’ strength
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and power levels were measured at the end of the
hypertrophy stage.

Strength testing

Maximum strength was evaluated through
predicting 1RM of squat movement. The subject
performed each repetition with a 90° flexion of the
knee. One repetition maximum was then calculated
applying the following formula. Results from this
calculation method has been shown to have a very
high correlation (r = 0.97) with actual IRM in the
squat movement [12].

IRM =100x W/ [102.78- (2.78% R)]

RM: repetition maximum, W: weight, R:
Repetition

Power testing

After a standardized warm-up, each subject
performed 6 jump up squat movements at 30% of
1RM applying the technique described by Hori et al
[13]. The jump up technique involved the subjects
standing at a self-selected foot width with an
Olympic bar placed on their upper trapezius
immediately below C7. The subjects performed a
countermovement to a self-selected depth and
immediately preformed a maximal jump up. The
subjects were instructed to keep the depth of
countermovement consistent between the jumps for
maximum height on each repetition. All the
subjects were familiar with the jump up squat
movement. A camcorder (Sony, DSR-PDI175,
Japan) fixed on the center of the external side of
barbell bar was utilized to record the participants’

Tablel: Strength phase

movements. The software skill spector, (V.1.3.2,
SB, Denmark, was used to measure the
displacement of maximum height of land and
velocity [velocity = displacement/time(s)]. Force
was calculated applying the following formula: F =
(m x g) + (m x a), where m = mass in kilograms, g
= gravity (9.81m.5?), and a = acceleration. Power
was calculated multiplying force and velocity (P =
F. V), [14].

After 4 weeks of hypertrophy, maximum
strength and power was evaluated as described
previously. Subsequently, subjects were classified
according to their calculated 1RM. In this study the
means of IRM in squat movement was
approximately equal in the two groups. Then the
subjects were divided into 2 groups: [1] traditional
group (n=11), [2] cluster group (n=11), and
performed strength and power trainings for the next
6 weeks. The strength phase included: Squat, lunge,
leg curl, French curl, and Bench press, which were
performed based on the volume and intensities
mentioned in Table 1. Each training session
consisted of three steps: [1] Warm up [2] Basic
training and [3] Cool-down. Both groups performed
the first and the third stage in 10 minutes. Group
differences were revealed in the first stage.
Training protocols of the traditional and cluster
groups are presented in Table 1.

Power training protocol included: Squat, jump up
squat and bench press throw and was performed 3
times a week and for 2 weeks with determined
volume and intensity (Table 2). Strength and power
values were calculated the same as pre-test.

Groups Period Number of  Sets  repetition Interset Interrepetition (% 1RM) Intensity
(week) sessions in a rest rest (second)
week (second)
Traditional 3 3 3 180s 0 85%
Cluster 3 3 3 120s 10-30 85%
Table2: Power phase
Groups Period Number of Sets repetitions Intra set Inter Intensity(%1RM)
(week) sessions in rest repetition rest Squat* Jump up Bench press
a week (second) (second) squat throw
Traditional 3 3 5 5 180s 0 *80% 30% 70%
Cluster 3 3 5 5 120s 10-30 *80% 30% 70%
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Statistical analysis

The descriptive statistics including mean,
standard deviation and the Kolmogorov Smirnov
test for normality of data distribution was run. .
Independent sample t-test was used to evaluate
homogeneity of the groups at baseline. Repeated
Measures ANOVA was applied to evaluate inter-
and intra- group differences. All the statistical
analyses were performed using SPSS software
(version 16, SPSS, Inc., Chicago, IL). P-values less
than 0.05 were considered as statistically
significant.

Results
The strength and power values before and after

the training process have been presented in table 3.
No significant difference in strength and power was
observed between the two groups before the
training process and all variables were
homogeneous. Maximum strength increased
significantly in both groups after training (P<0.05),
and it was significantly higher in traditional group
compared to the cluster group (P<0.05). There was
also an increase in power of both groups after
exercise, but it was only significant in the cluster
group (p <0.05). significant differences were found
between the two groups after training (P<0.05).
However the values were significantly higher in the
cluster group compared to the traditional group
(P<0.05).

Table3: Means and standard deviations of strength and power in traditional and cluster groups

Groups Traditional Cluster
Pretest Posttest Pretest Posttest
Variation
Strength (kg) 129.99+£21.21 165.30+£22.81*%% | 130.19+£20.16 146.59+13.39*
Power (w) 1857.83+554.59 1890.62+534.05 2236.55+562.39 2665.22+669.45*+

Significant pre-training to post-training difference within the groups *
tSignificant post-training difference between traditional and cluster groups.

Discussion and Conclusion

Current findings showed a significant increase in
post-test average maximum strength compared to
pre-test average maximum strength in both groups
(P<0.05). The comparison between the groups
showed that strength improvement was
significantly greater in the traditional group
compared to the cluster group (P <0.05). It seems
that strength adaptation benefits from the
metabolites build-up. The literature suggests
significant metabolite accumulation during heavy
strength training protocols [15]. The importance of
this metabolite accumulation to strength adaptation
is unclear [16, 10] however, there is some evidence
that metabolic fatigue is an important precursor to
both neural [17, 18] and endocrine [18, 19]
responses to training. Therefore, the probable
reasons for the increase of maximum strength in
traditional group may be due to fatigue- related
conditions such as the production of metabolites
that trigger muscular adaptations. TT was found to
put the active muscles under tension for a longer
time which in turn blocks the muscular blood
supply for longer periods of time. An increase in

enzyme activity and metabolite accumulation (such
as Pi and ADP) occurs when rest periods between
the training sets are reduced [20]. The result of a
muscle remaining under tension for a longer time
would be an increase in some metabolites levels
(e.g. lactate, inorganic phosphate, creatinine, etc.),
which in turn could trigger strength adaptation [20].

It is also important to mention that involvement
of a great number of motor units is the key to
strength development [21]. A motor unit begins
firing in response to a submaximal contraction in an
assigned order (size principle) so not all motor units
are active at the same time [22]. Repeated sub-
maximal contractions result in low-threshold motor
units’ fatigue; thereafter higher-threshold motor
units must be activated in order to maintain force
output [23]. As TT involves exercising to repetition
failure, it is quite possible that this technique results
in greater motor unit activation compared to Cluster
training.. Therefore, it is possible that the recovery
between the repetitions in CT decreases metabolites
accumulation and results in lower strength
adaptation compared to TT.

Also the results of the present study showed that
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post-test mean power values in the cluster group
were significantly greater compared to the
traditional group (p <0.05). 15 -30 Seconds of rest
between the repetitions helps re-synthesizing some
of the depleted phosphocreatine (PCr) in the muscle
cell, and thus reduces fatigue [7]. Bogdanis et al.
demonstrated that PCr re-synthesis is important in
the recovery of power during repeated bouts of
sprint exercise. Significant correlations were found
between the re-syntesis of pcr and the percentage of
mean power restoration during the initial 6 seconds
of exercise and after 1.5 and 3 minutes of recovery
[24]. Furthermore, studies demonstrated PCr
synthesis half-time to be 21-22 seconds, and that
occlusion of the blood circulation to a fatigued
skeletal muscle inhibits pcr re-synthesis. Therefore,
it is speculated that an inter-repetition rest of at
least 20 seconds may allow for partial pcr re-
synthesis and maintenance of power, force, and
velocity [25]. This notion is supported by Pereira et
al. [26] who demonstrated that rest interval lengths
of 14 to 17 seconds were sufficient to maintain
jumping performance during 30 maximal volleyball
spikes. Whereas, a rest interval length of 8 seconds
resulted in increased blood lactate concentrations
and decreased countermovement jump performance
[26]. Maximal contractions resulted in significant
decreases in both adenosine triphosphate (ATP) and
PCr concentration. Decreases in both ATP and PCr
were associated with significant elevations in
lactate concentrations, which corresponded to
substantial decreases in the amount of force that
can be generated [27]. Inclusion of 15 seconds of
recovery resulted in an increase in maximal force—
generating capacity that corresponded to 79.7+
2.3% of initial capacity [27]. Increased lactate level
resulting from short rest intervals, is generally
associated with negative effects on muscle
contraction. Leading to impaired ATP production
caused by changes in contractility, lactate
accumulation ultimately alters function [27].
However CT is beneficial for ballistic or explosive
power development [10]. There are studies that
show the effects of TT and CT on muscular power.
For example, Keir et al. studied the effects of 8
weeks of traditional and cluster training on power
output of rugby players [28]. After 8 weeks of
training, there was no significant difference
between the two groups regarding the amounts of
power exerted. These results are in contrast with the
results of the present study [28]. This inconsistency

may be due to differences in the training protocols
of the cluster groups. In Keir study, the cluster
movements were not performed in the first week,
and it was only after the first week that the subjects
started partial application  of cluster training
protocol. Also the cluster training protocol usually
did not have a rest between each two movements
and rest intervals were only provided after two or
three movements. But the cluster training protocol
of the present study contained 10-30 seconds of rest
between each two repetitions in all the movements
so that the subject could perform each repetition
with approximately maximum power.

As research has not investigated the effects of
PCr re-synthesis and metabolite accumulation in
CT on strength and power adaptation, there is a
need for further research onmechanisms of
maintaining power during CT.

In conclusion, this study showed that TT
outperformed CT in improving strength but CT
resulted in greater power development. Therefore,
based on the results of the present study it is
recommended that CT could be an alternative for
TT in power development training programs.
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