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ABSTRACT

Purpose. The study examined if the elastic device named Sling Shot could increase the maximum number of repetitions
(MNR) and diminish the mean repetition duration in men with different resistance training experience while performing
the bench press exercise in multiple sets.

Methods. Overall, 22 men were grouped depending on their resistance training experience. The most experienced group
(MEG; 11 men, 65.45 + 26.27 months of training experience) and the less experienced group (LEG; 11 men, 3.09 = 2.07
months of training experience) performed 3 sets at 80% of the 1-repetition maximum test as fast as possible, with 2-min
rest, of the barbell bench press exercise with and without the Sling Shot. Two 3-way ANOVA tests, with a = 0.05, were used
to compare the MNR and mean repetition duration in inter- and intra-group comparisons across the sets.

Results. The Sling Shot increased the MNR in the 2 groups throughout the 3 sets. The increase was 50.5%, 65.4%, and
43.8% in the MEG group and 120%, 68.4%, and 43.3% in the LEG group for the 1*, 27 and 3" sets, respectively. However,
there was no difference in the MNR between groups when the Sling Shot was used. Additionally, both groups performed the
repetitions with a shorter mean duration with the Sling Shot than without it. No difference was observed between the groups.
Conclusions. Regardless of training experience, the Sling Shot constitutes an alternative for increasing the MNR and
decreasing the mean repetition duration in multiple sets.
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Introduction aim for improving the physical performance [7-9].

Strategies such as chains [10] or elastic bands [11]

The barbell bench press is a multi-articular exercise;
it constitutes 1 of the 3 exercises from the powerlifting
(squat, deadlift, and bench press) [1]. The exercise de-
mands the work of the pectoralis major, anterior del-
toid, and triceps brachii as primary muscles [2]. In
addition, it has been frequently used to compare the
physiological [3, 4] and mechanical responses [5, 6],
as well as to test the effect of different strategies that

have been applied to increase the load during the bench
press exercise, and results that support their use
have been presented. However, studies that investigated
strategies aimed to make the completion of the barbell
bench press exercise easier are rare. The facilitation of
the barbell bench press exercise could lead, for example,
to a greater training intensity [9, 12, 13] or a greater
volume load [14]. Yet, to the best of our knowledge,
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only 3 studies have investigated a facilitation strategy
consisting in the usage of a chest device called a Sling
Shot [9, 13, 14].

Yeetal. [13] and Dugdale etal. [9] included strength-
trained men and strength athletes, respectively, in
a sample population to compare the maximum weight
lifted during the 1-repetition maximum test (1-RM) with
and without the Sling Shot. In both studies, heavier
weights were lifted when the Sling Shot was used. Ad-
ditionally, Dugdale et al. [9] evaluated the weight lifted
in the 3-RM and 8-RM tests, noticing that a greater
amount of weight was lifted with the Sling Shot. The
results obtained by Ye et al. [13] and Dugdale et al. [9]
showed that with the Sling Shot, the volunteers per-
formed the 1-RM, 3-RM, and 8-RM tests with heavier
weights as well as at higher speeds. However, these
studies did not compare the maximum number of
repetitions (MNR) or the mean repetition duration that
could be performed with and without the Sling Shot
at the same relative intensity. In a study by Niblock
and Steele [14] that used maximum intensity, the
volume load (weight lifted X number of repetitions) was
compared in a single set with and without the Sling
Shot. The results showed that a greater volume load
could be performed when the Sling Shot was applied.
However, the authors did not compare the number of
repetitions performed between the conditions in sub-
maximal intensities or across multiple sets. Consider-
ing the results observed by Niblock and Steele [14],
owing to the greater volume load achieved with the
Sling Shot than without the Sling Shot, perhaps a longer
time would be necessary for recovery to keep the vol-
ume load found in the 1* set if subsequent sets were
performed [15]. Would MNR drop significantly if short
intra-set rest periods were employed while using the
Sling Shot? In addition, different submaximal inten-
sities may also alter the MNR performed [16, 17]. It is
unknown whether the use of the Sling Shot would
allow an individual to perform a greater number of
repetitions than without the Sling Shot in submaximal
intensity and in multiple sets. A greater MNR per-
formed can be associated with higher muscle endurance
[18], which is an important factor for performance in
some sports [19]. In addition, as repetition duration is
a factor that may influence the MNR, even with a de-
termined relative intensity [20], the duration must be
considered in the analysis as being relevant in the
comparison of the MNR between different conditions
(i.e. with and without the Sling Shot). Another factor that
needs attention is the difference in the strength per-
formance between trained and untrained men [16, 17].

Studies that have evaluated the MNR between in-
dividuals with different training experience show little
[17] or no influence [16] of this variable. However, these
studies have analysed the MNR after a single set, which
may not represent the response for multiple sets. As
discussed by Cormie et al. [21], central adaptations
such as improvement of the motor unit recruitment,
firing frequency, and muscle synchronisation can all be
optimised by resistance training, and these factors
can be linked to a greater performance over time. As
a result, increases in glycogen and phosphocreatine
levels are expected in response to strength training
[22]. These responses represent an augmentation in
the energy stock that could lead to better performance
[22]. In addition, training experience may promote
a hypertrophic effect, and thus, the addition of the con-
tractile proprieties of the muscle may improve strength
performance [23]. As these cited adaptations inter-
fere with the process of force production and its respec-
tive maintenance during exercise [21, 22], it is pos-
sible that more repetitions over multiple sets could
be performed by individuals with more training ex-
perience than individuals with less experience.

Considering the reasoning cited above for the com-
parison of the MNR between men with different train-
ing experience, it is possible that the advantage of
using the Sling Shot may not be greater in more expe-
rienced men. This rationale includes the fact that the
elastic force contribution from the Sling Shot during
the repetitions should be the same for all subjects, re-
gardless of training experience (under equal conditions).
In this case, more experienced men may perform more
repetitions with the Sling Shot than less experienced
ones owing to the central and peripheral adaptations
that occur across the training experience and not be-
cause of the Sling Shot facilitation. Regardless of the
training experience, as the Sling Shot contributes to
accelerating the movement [9, 13], the mean repeti-
tion duration may possibly be shorter when the Sling
Shot is used.

Thus, the objective of the study was to compare
the MNR and the mean repetition duration between
individuals with different training experience with
and without the Sling Shot in multiple sets. We hypoth-
esised that in all sets, the use of the Sling Shot would
allow the performance of a greater number of repeti-
tions of shorter duration regardless of training expe-
rience. With a similar contribution from the Sling
Shot, it was expected that individuals with greater
experience would perform a greater number of repeti-
tions than those with less experience.
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Material and methods
Experimental design

The study compared the MNR and the mean rep-
etition duration in the barbell bench press exercise
between 2 groups of men with different training ex-
perience, across 3 sets with or without the Sling Shot.
Each group was subjected to 3 experimental ses-
sions: session 1, for familiarisation with the 1-RM
test; session 2, performance of the 1-RM test; and
session 3, a randomised selection involving the com-
pletion of the MNR with or without the Sling Shot.
The sessions were separated by 48 hours, and the
time of data collection was maintained for each sub-
ject across all sessions. Figure 1 shows the experimen-
tal design of the study.

Sample

The sample size was calculated from the data of
Ye etal. [13], who also used the Sling Shot. In this study,
it was found that 114.6 + 18.6 kg and 132.1 = 18.5 kg
were lifted in the bench press exercise with and with-
out the Sling Shot, respectively, which generated an ef-
fect size of 0.94 (Cohen’s d). This value, when insert-
ed in the G*Power software (version 3.1.9.2; Heinrich

1t Session
Familiarisation to 1-BM test

48-hours rest

2nd Session
1-EM test
20-min interval
3 sets of MNR to 80% 1-RML
Fandomly with and without Sling Shot

\ 4

48-hours rest

3zd Session
1-EM test
20-min interval
3 sets of MNR to 80% 1-EM
with and without Sling Shot

1-RM test — 1-repetition maximum test
MNR — maximum number of repetitions

Figure 1. Experimental design
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Heine University Diisseldorf, Germany) with a power
0f 0.90 and a = 0.05, provided the number of 16 par-
ticipants. Considering possible sample loss, we invited
22 volunteers to participate in the study. Therefore,
22 healthy adult men who were already enrolled in re-
sistance training programs and had no history of in-
jury entered the study. They were assigned to 2 groups
depending on their training experience. The most
experienced group (MEG) was composed of 11 men
with at least 3 years of continuous experience in the
barbell bench press exercise. The other group, the less
experienced group (LEG), consisted of 11 men with
1-6 months of experience in the barbell bench press
exercise. The subjects’ training routines were modi-
fied during the data collection period, and the volun-
teers were told not to perform exercises that required
efforts of the pectoralis major, anterior deltoid, or tri-
ceps brachii muscles during the 48 hours prior to each
session. Furthermore, each subject was instructed not
to perform any physical activity before the experi-
mental sessions and to maintain their dietary prac-
tices. In addition, all volunteers were informed about
the objectives and methods of the experiment. Table 1
presents detailed information on the 2 groups.

Experimental sessions 1, 2, and 3

First, the anthropometric characteristics were meas-
ured. Immediately afterwards, the hand position on
the bar was determined in accordance with the indi-
vidual’s preference. The bar was numerically marked
along its length with adhesive strips that remained
glued throughout the study. Thus, in the 1% experi-
mental session, the volunteers identified the hand
position and one of the researchers recorded the grip
locations, which allowed the exact reproduction of the
grip throughout the sessions and sets. The position of
the head on the bench was also standardised by a nu-
merical tape affixed on the side along the bench press
(Vitally Convergent, Sao José do Rio Preto, Brazil).
When the subject lay on the bench for the first time,
one of the researchers recorded the number that in-
dicated the position of the head to be used for later
reproduction.

Subsequently, the participants were familiarised
with the 1-RM test for the barbell bench press exercise.
The familiarisation and the actual 1-RM test were
performed during the 1* and 2™ sessions (48 hours
apart), which aimed to familiarise the subjects with
the procedures and to define the weight for the follow-
ing phases, respectively. As the familiarisation and
the actual 1-RM test followed the same procedures,

Human Movement, Vol. 21, No 1, 2020
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Table 1. Group profiles (mean + standard deviation)

Group Age Body mass Height Body fat el;(i)rclsiitgn(::fe 1-RM
= 0,
(n=22) (years) (e (cm) %) PR (cg)
MEG (n=11) 29.18 £5.54 83.34 + 1341 17832 +6.59 11.26* +5.07 65.45* + 26.27 106.70* + 9.20
LEG (n=11) 27.64+4.81 7851+537 17650+ 3.56 1891 *8.35 3.09 = 2.07 73.70 = 11.93

MEG - most experienced group, LEG - less experienced group, 1-RM - one repetition maximum test for barbell bench

press exercise
* difference of the MEG group (p < 0.05, Student’s t-test)

we are going to explain only the test. The test began
with an eccentric muscle action by lowering the bar
to the 1-RM sternum, followed by a concentric mus-
cle action, determined by elbow extension. The 1-RM
test was concluded within a maximum of 5 attempts
[24], with 5-min rest periods between them. For each
attempt, there was a minimum increase of 2 kg onto
the bar. When the volunteer could not perform a com-
plete repetition (full range of motion), the prior weight
lifted was recorded as representing the 1-RM test re-
sult. To establish the correlation between the greater
weight lifted in the familiarisation and in the 1-RM
test, the intra-class correlation coefficient (ICC;,)
was used, which presented values equal to 0.99 and
0.98 for the MEG and LEG groups, respectively, dem-
onstrating consistency between the 2 measures and
reliability of the 1-RM test result. In addition, during
the week prior to the experimental sessions, all subjects
performed the barbell bench press exercise with the
Sling Shot on at least 3 different days (3 sets of 8 ca.
12-RM each day) to familiarise themselves with the
device and to select 1 of the 2 Sling Shot sizes avail-
able (large: 31.75 cm; X-large: 36.83 cm). During all
data collection, a minimum of 2 researchers with more
than 3 years of resistance training experience evalu-
ated the execution of the movements and the record-
ing of the data.

After the 1-RM test, the participants rested for 20
minutes [25]. Then, they were positioned on the bar-
bell bench press, and the weight that represented 80%
of the weight found in the 1-RM test was inserted
onto the bar. Subsequently, the volunteers randomly
performed the MNR in 3 sets until concentric failure
in the highest speed possible (verbal encouragement)
with and without the Sling Shot (randomly selected).
At the concentric failure, the set was interrupted, and
the last complete repetition was recorded. Between
sets, a 2-min rest was offered. In addition, the time
under tension of each set was recorded with a manu-
al stopwatch, which was triggered at the beginning of
the eccentric action and stopped at the time of the

concentric failure in each set. The time under tension
of the set was divided by the MNR performed to esti-
mate the mean repetition duration across the set, mak-
ing it possible to compare the mean repetition dura-
tion between the groups and between the conditions
with or without the Sling Shot. Two days later, the sub-
jects performed the MNR with the same procedures
as previously used but, this time, with or without the
Sling Shot (in accordance with the randomised selec-
tion procedures). The Sling Shot was placed in a way
different than that reported by Dugdale et al. [9]. In
the present study, it was located at the armpit level,
surrounding the arms (Figure 2). The 80% intensity
and the 2-min rest were chosen to follow the training
protocols designed for the development of strength
and hypertrophy [26].

Statistical analysis
Initially, a descriptive analysis of the data was per-

formed. The normality and homogeneity of variances
were verified by using Shapiro-Wilk and Mauchly’s

Figure 2. Sling Shot placement and exercise execution
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tests, respectively. To compare the mean repetition du-
ration and the MNR within and between groups across
the sets, with and without the Sling Shot, two 3-way
ANOVA tests were used (factor 1: group [MEG and
LEG]; factor 2: condition [with and without the Sling
Shot]; and factor 3: set [1%, 2", and 3™ set]). In addi-
tion, to determine how much (in percentages) the Sling
Shot contributed to MNR increase in within- and
between-group comparisons across the sets, a 2-way
ANOVA test was applied (factor 1: group [MEG and
LEG]; and factor 2: set [1*!, 2™, and 3™ set]). To estab-
lish such comparisons, the differences in the MNR
performed with and without the Sling Shot in each
group were calculated as percentages. When necessary,
the Bonferroni post-hoc test was selected to identify
the differences found by the ANOVAs. The level of
significance adopted was a = 0.05. In addition, eta
squared (n°) values were reported to reflect the mag-
nitude of the differences in each treatment as indica-
tive of the effect size (small: 0.01, medium: 0.06, and
large: 0.14) [27]. All statistical procedures were per-
formed with the SPSS software (IBM SPSS 22.0;
IBM, Armonk, USA).

Ethical approval

The research related to human use has complied
with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Declara-
tion of Helsinki, and has been approved by the authors’
institutional review board or an equivalent committee.

Informed consent
Informed consent has been obtained from all indi-
viduals included in this study.

Results
Mean repetition duration

When comparing the mean repetition duration,
the 3-way ANOVA found only main effects, for con-
dition (F; = 0.001, p = 0.001, n* = 0.25, power = 0.98)
and for set (F, = 20.479, p < 0.001, n* = 0.12, power
= 0.98). No interaction between factors was found.
Regarding the main effect for condition, the repeti-
tions were performed in a shorter mean duration with
the Sling Shot than without it. For the main effect for
set, the 3™ set was performed with longer mean repeti-
tion duration than the 1° and 2" sets. Similarly, the 2™
set was performed with a longer mean repetition dura-
tion than the 1% set. Figure 3 shows the mean repetition
duration across the sets for all groups and conditions.

26

Maximum number of repetitions

In the comparison of the MNR, the 3-way ANOVA
found a triple interaction effect: between groups,
conditions, and sets (F, = 3.507, p = 0.04, n* = 0.02,
power > 0.99). The post-hoc analysis showed that both
groups performed similarly more repetitions with the
Sling Shot than without the Sling Shot across the 3 sets.
In addition, with the Sling Shot, both groups performed
more repetitions in the 1% set than they did in the 2™
and 3™ sets, and they performed more repetitions in
the 2" set than during the 3™ set. Without the Sling
Shot, the MEG group performed a greater number of
repetitions than the LEG group in the 1* set, and both
the MEG and LEG groups performed a similar number
of repetitions between the 2™ and 3™ sets. Without
the Sling Shot and within each group, the MEG group
performed more repetitions in the 1* set than they did
in the 2" and 3" sets, and in the 2" set, more repeti-
tions were performed than during the 3™ set. For the
LEG group, a similar number of repetitions were per-
formed in the 1% and 2™ sets, and in these 2 sets, the
subjects performed a greater number of repetitions
than they did in the 3™ set. Figure 4 shows the MNR
across the sets for all groups and conditions.

Regarding the percentage of how much the Sling Shot
contributed to increasing the MNR between and with-
in the groups across sets, the 2-way ANOVA showed
an interaction effect between groups and sets (F, =
34.15, p = 0.02,1° = 0.04, power > 0.61). The Bonferroni
post-hoc test demonstrated that for the 1* set, the
Sling Shot contributed to the performance of more
repetitions in the LEG group than in the MEG group.
In addition, for the LEG group, the percentage of con-
tribution from the Sling Shot was greater in the 1* set
than in the 3" set, and there was no difference in the
percentage of contribution from the Sling Shot across
the sets in the MEG group. Figure 5 shows the percent-
age of contribution from the Sling Shot in both groups
across the sets.

Discussion

The aim of this study was to compare both the
MNR at 80% of 1-RM in the barbell bench press ex-
ercise in multiple sets with and without the Sling
Shot in 2 different training experience groups (MEG
and LEG) and the mean repetition duration between
groups across the sets. As the main result, a greater
number of repetitions were performed with the Sling
Shot than without it, regardless of the group. In addi-
tion, there was no difference in the MNR between

Human Movement, Vol. 21, No 1, 2020
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Vertical lines denote standard errors.
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& different from the 3 set in the respective condition, p < 0.05

Figure 3. Mean repetition duration for MEG (A), LEG (B), MEG x LEG with Sling Shot (C),
and MEG x LEG without Sling Shot (D)

the groups when the Sling Shot was used, contradicting
what was expected. No difference was also observed
between the groups in the mean repetition duration,
regardless of the condition (with or without the Sling
Shot) or the set.

In the present study, a greater number of repeti-
tions were performed in all sets when the Sling Shot
was used, regardless of the group. There are some po-
tential factors that could explain this increase in the
number of repetitions. Firstly, the external elastic force

provided by the Sling Shot potentiates the stretch-short-
ening cycle during each repetition [28, 29]. However,
it is unknown how much of this is due to the Sling
Shot’s mechanical stiffness because this information
was not found in product specifications from the
manufacturer or quantified in the present study or in
previous investigations [9, 13, 14]. Nevertheless, in
the earlier studies, the use of the Sling Shot caused
an increase in the maximum weight lifted during the
1-RM test of ca. 16 kg [13] and ca. 20 kg [9], suggest-
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Figure 4. Maximum number of repetitions for MEG (A), LEG (B), MEG x LEG with Sling Shot (C),
and MEG x LEG without Sling Shot (D)

ing an elastic assistance when the Sling Shot was ap-
plied. Additionally, it has been shown that the Sling
Shot can increase the bar velocity [13]. Although this
variable was not measured, which is a limitation of
the study, the mean repetition duration was calcu-
lated, and it was significantly shorter when the Sling
Shot was used, regardless of the group. Therefore, our
findings support the reasoning that an increase in
the bar velocity occurred because of the use of the

28

Sling Shot. These results are in accordance with pre-
vious studies which demonstrated that subjects were
able to perform more repetitions at either higher speed
[5] or shorter repetition duration [30]. It seems that
the Sling Shot offers a greater contribution of elastic
force at the beginning of the concentric action. Con-
sequently, the muscular force to move the bar off the
chest and overcome the sticking point [31] may have
been less than the muscular force produced when

Human Movement, Vol. 21, No 1, 2020
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. VEC
105 EEE 1ec
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Setl Set2 Set3

MEG — most experienced group, LEG - less experienced group
Vertical lines denote standard errors.

$ different than the 1! set of the MEG group

& different from the 3" set in the respective condition, p < 0.05

Figure 5. Contribution (%) from Sling Shot
to performance of more repetitions
for MEG x LEG across the sets

the Sling Shot was not used at the same position, thus
retarding the fatigue and enabling the participants
to perform more repetitions.

Despite the groups performing a similar number of
repetitions across the sets with the Sling Shot, a per-
centage analysis (Figure 4) showed that the Sling
Shot contributed more in the LEG group than in the
MEG group in the 1* set. This increase was 50.5%,
65.4%, and 43.8% in the MEG group and 120%, 68.4%,
and 43.3% in the LEG group for the 1%, 2™, and 3"
sets, respectively. The explanation of this finding could
be linked to the central nervous system. Owing to
greater training experience, it is expected that the
subjects of the MEG group, in comparison with the
LEG group, have greater central adaptation, such as
corticospinal excitability [32], motor unit synchroni-
sation [33], and a decrease in co-activation (antagonist
muscle activation) [21], which could lead to greater
motor control during an exercise they are accustomed
to performing. However, with the Sling Shot, the indi-
viduals of the MEG group had to adjust their movement
patterns that should be already well consolidated, to
take advantage of the elastic contribution from the
Sling Shot. On the contrary, because the individuals
of the LEG group were less experienced than those in
the MEG group, the motor adjustment to use the Sling
Shot was probably easier for them to achieve. Thus,
this group was aided in greater magnitude by the Sling
Shot than the LEG group, even though both groups had
performed the same MNR with the Sling Shot. This
reasoning finds support in the comparison of the num-

ber of repetitions between the LEG and MEG groups
without the Sling Shot. As expected, the MEG group
performed more repetitions than the LEG group in
the 1% set, which indicates that their experience in
training may impact on the MNR when there is no
requirement of motor adjustment during a known
exercise such as the barbell bench press.

Concerning the reduction of the number of repeti-
tions across the sets, it is possible that the 2-min rest
was not enough to re-establish the central and pe-
ripheral conditions to produce the same initial force
level [34]. This line of reasoning is reinforced by the
reduction of the mean repetition duration across the
sets. This reduction indicates that the speed at which
the repetitions were performed diminished across the
sets. Also, it has been reported that a reduction in the
muscle shortening velocity can be associated with fa-
tigue [35]. Although the use of the Sling Shot is ori-
ented towards speed training, we also suggest its ap-
plication aimed at a hypertrophic response. This is
based on the fact that the volume and velocity moment
seems to modulate the hypertrophic response [36].
In this sense, as we observed that the Sling Shot aided
performance of more repetitions in less time (repeti-
tion duration), it is reasonable to propose its use for
this approach. However, future experimental studies
need to confirm this chronic effect on the hypertrophic
response.

Another aspect that needs clarification is the pos-
sible placebo effect that may have occurred and in-
fluenced our data. In this case, more repetitions were
probably performed not because of the elastic contri-
bution of the Sling Shot but owing to the placebo effect.
The presence of this effect could be checked by recruit-
ing another experimental group that would be using
a type of a placebo device (believing that it is the
Sling Shot) while performing the repetitions through
the sets. This placebo device could have the same de-
sign as the Sling Shot, but it would offer no elastic
contribution. The lack of this third group is a poten-
tial limitation in our study, and future investigations
should take this into account. In addition, in further
studies using the Sling Shot, it would be interesting
to register and present data regarding the Sling Shot
curve length and the tension it could produce. This
information could be useful for checking the calibra-
tion of the device.

Conclusions

In summary, this study showed that a greater num-
ber of repetitions were performed in the barbell bench
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press exercise with the Sling Shot than without the
Sling Shot, regardless of the individuals’ training ex-
perience. In addition, the repetitions were performed
with a shorter mean repetition duration when the Sling
Shot was used.
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