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Abstract

v

This study aimed to investigate the role of rest
period duration (RP) on the time course of the
acceleration portion (AP) and mean velocity of
the concentric phase across two bench press sets
to failure with a submaximal load (60% of the
1RM) using different RP. Ten elite junior kayakers
performed, on four different days, two consecu-
tive bench press sets to failure, allowing ran-
domly 1-, 2-, 3- and 4-min RP between sets. AP
reached a maximal value of 66% of the concentric
movement time. This maximal AP was observed
in repetition number 2 or 3, and then AP declined

during the set, with a significant decrease when
the number of repetitions was over 80% of the to-
tal number of repetitions performed. AP and lift-
ing velocity patterns of the concentric phase
were not altered during a second set to failure, re-
gardless of RP. However, when velocity was ex-
pressed in absolute terms, 1-min RP was insulffi-
cient to maintain the average lifting velocity dur-
ing the second set, compared to the first one.
These results may be of use in selecting number
of repetitions and resting duration in order to en-
sure optimal maintenance of the accelerative
portion of concentric movement time with differ-
ent resting-period durations.

Introduction

v

Kinematics associated with resistance exercises
(e.g., velocity and acceleration) have been pro-
posed as one of the most important stimuli for
maximal strength and muscle power resistance
training-induced adaptations [12]. Many studies
have investigated single-repetition kinematics
(e.g., deceleration phase) using different resis-
tance exercises and loads [3,5,9,15]. The deceler-
ation phase is an important part of the lift. In this
phase, bar velocity decreases because it is unin-
tentionally decelerated by the performer [14]. It
has been shown that during bench press, with a
load of 45% of 1RM, the deceleration phase was
shorter (40% of the concentric movement time)
[14] compared to the slower bench press with
heavy loads (51.7% of the concentric movement
time with a load of 81% of 1RM) [4]. Furthermore,
Newton and coworkers [14] also showed that for
a given load of 45% of 1RM, bench press action in-
volved a longer deceleration phase (40% of the
movement) compared with a bench throw condi-
tion (4% of the concentric movement time).
Bench throws are ballistic movements in which
the athlete releases the load at the end of the

concentric phase. It has also been suggested that
when a subject attempts to perform a powerful
press movement and maximize bar velocity, he
reduces the length of this deceleration phase [4,
14].

Very few studies have focused on kinematics as-
sociated with resistance exercises across multi-
ple repetitions, even though this is the inherent
nature of a typical strength-training session. In a
recent study, it has been shown that over a set of
repetitions leading to volitional exhaustion (re-
ferred to as “sets to failure”), the speed of the rep-
etitions slows naturally and performance be-
comes progressively more difficult as fatigue in-
creases [7]. For all intensities tested (75%, 70%,
65% and 60% of 1RM), the reduction observed in
the average repetition velocity (expressed as a
percentage of the average velocity achieved dur-
ing the initial repetition) occurred when the
number of repetitions was above 34% of the total
number of repetitions performed [7]. A signifi-
cant increase of the concentric-phase duration
from the first repetition to the last repetition dur-
ing a 5RM bench press has also been also re-
ported [13]. However, to the best of our knowl-
edge, the time-course of the acceleration-decel-
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eration profile across a set to failure is not known. Hence, the pri-
mary purpose of this study was to examine the acceleration-de-
celeration profile during a bench press set to failure. It was hy-
pothesized that the acceleration phase would decrease during a
set to failure.

Time-course decreases in unintentional velocity may also vary
between consecutive sets of the same exercise using different
rest period durations. For example, when training protocols in-
clude sets to failure, a longer rest between sets leads to a larger
total volume completed during a training session [18,24,25].
Moreover, it has been suggested that training with sets to failure
is more beneficial for enhancing upper-body local muscular en-
durance, which is a critical capacity in many muscle endurance-
oriented sports (e.g., kayaking) [8]. In addition, performance in
several sport modalities is not only related to performing a high
number of repetitions with a submaximal pretraining load, but
also to maintaining a high repetition velocity along a given exer-
cise [4-6]. In regards to this, the impact of resting-period dura-
tion manipulation on the lifting-velocity pattern over consecu-
tive sets remains to be elucidated. Therefore, a secondary pur-
pose of the present study was to analyze the effect of resting du-
ration over lifting-velocity and acceleration-deceleration pro-
files on two consecutive bench press sets to failure in elite junior
kayakers. It was hypothesized that duration of resting period
would induce differences on the kinematic profile of a second
set to failure, compared to the first one.

Methods

v

Subjects and experimental design

Ten elite junior kayakers (5 women and 5 men), with interna-
tional competitive level in 500-m and 1000-m flatwater, volun-
teered for the study. All the subjects were members of the Feder-
acion de Castillay Le6n de Piragiiismo. The subjects’ mean (+ SD)
age, height, body mass and percentage of body fat were 17.2
(£2.1) years, 167.9 (£7.6) cm, 64.6 (+8.2) kg and 17.3 (+6.4) %,
respectively. The subjects had moderate to extensive weight
training experience ranging from 1 year to beyond 2 years, and
all of them could bench press at least their own body mass. All
the subjects had experience in training leading to failure. Con-
cerning the annual periodization, the study was carried out dur-
ing the general preparatory phase (December to February). In
such a period, all the subjects shared a unique training routine
(off- and on-water). Prior to data collection, the subjects were in-
formed of the requirements associated with participation and
they provided written informed consent. The study was con-
ducted according to the Declaration of Helsinki and was ap-
proved by the University’s Committee on Human Research.
Data collection took place over a period of 5 weeks with 1 testing
session carried out each week. Testing sessions were carried out
on the same day of the week, at the same time of the day and in
all cases after a resting day. During the first experimental ses-
sion, one-repetition maximum (1RM) for the bench press was
determined. During the next 4 testing sessions, 2 sets of bench
press were performed to failure, randomly allowing 1-, 2-, 3- or
4-minute rest intervals between sets. A counterbalance proce-
dure was used to determine the resting duration between sets
for each testing session. The subjects were not aware of the rest-
ing duration for each particular session.
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Maximal strength measurement

1RM bench press was assessed using a previously established
protocol [20]. Briefly, after a light warm-up on the bench press
using a Smith Machine (Telju, Toledo, Spain), the subjects at-
tempted to lift a load that was increased progressively, allowing
3 minutes of rest between attempts. 1RM value was obtained us-
ing as few attempts as possible (5 attempts maximum).

Bench press protocols

Each bench press protocol consisted of performing the bench
press exercise for two sets to failure, with a load equivalent to
subject’s 60% of 1RM and an inter-set resting period of 1-, 2-, 3-,
and 4-min, respectively. Thus, 4 minutes after a standard warm-
up (5 minutes of stationary cycling and 3 sets of bench press
comprising 5 repetitions at a load of 50% 1RM, allowing 1 min
of rest between sets), individuals were asked to move the barbell
as fast as possible during the concentric phase of each repetition,
until volitional exhaustion. The subjects were not permitted to
raise the shoulders off the bench, and no pause was allowed be-
tween the eccentric and concentric phases. Lastly, the subjects
could not “bounce” the barbell off the chest. Failure was defined,
according to a previously established criterion [7], as the time
point when the barbell ceased to move, if the subject paused
more than 1s when the arms were in the extended position, or
if the subject was unable to reach the full extension position of
the arms. Kinematics parameters of each repetition were moni-
tored by attaching a transducer to the end of the barbell, which
was linked to a rotary encoder (Globus Real Power, Globus, Co-
dogne, Italy). The rotary encoder recorded the position of the
barbell with an accuracy of 0.1 mm and time events with an ac-
curacy of 0.001 s. Total repetitions for each set as well as average
velocity for each repetition and percentage of time in which the
barbell was accelerated (during the concentric phase of each
repetition) were determined. For comparison purposes, the
number of repetitions was expressed as a percentage of the total
number of repetitions (10%, 20%, 30%,...100%).

Statistical procedures

Statistical analyses were conducted using SPSS 12.0 for Win-
dows (SPSS Inc., Chicago, IL, USA). Normality of the dependent
variables (accelerative portion, average velocity and number of
repetitions) was checked and subsequently confirmed using the
Kolmogorov-Smirnov test. Then a three-way ANOVA was per-
formed. The 3 factors considered were resting period (RP; 1, 2, 3
or 4 min), set (set 1 vs. set 2) and percentage of the total number
of repetitions (10, 20, 30,... or 100%). When a significant F-value
was achieved, pairwise comparisons were performed using a
Bonferroni post hoc procedure. Statistical significance was set
at p<0.05.

Results

v

Accelerative portion

During the first set, the repetition with the highest accelerative
portion (AP) (66%) corresponded to the second or the third rep-
etition. The AP decreased significantly (p <0.01) throughout the
first set. The repetition at which a significant decrease in the AP
took place corresponded to 79% of the total number of repeti-
tions achieved. During the last repetition, the barbell was accel-
erated for 38% of the concentric movement. The AP decreased
significantly (p <0.01) also during the second set. Thus, the rep-
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number of repetitions completed. Values are means + SD. * Significantly
different from fastest repetition (p <0.05).

etition at which a significant decrease in AP occurred corre-
sponded to 80%, 73%, 76% and 75% of the total number of repe-
titions achieved in 1-min RP, 2-min RP, 3-min RP and 4-min RP
conditions, respectively (© Fig. 1). Again, the repetition with the
highest AP corresponded to the second or the third repetition.
The APs of the last repetition performed during the second set
were 44 +5%,42+4%, 41+9% and 44+11% in 1-min RP, 2-min
RP, 3-min RP and 4-min RP, respectively. No set x RP interaction
was detected regarding the AP profile. That is, AP profile was
similar in the first set compared to the second set, regardless of
the resting duration.

Lifting velocity

As shown in ©Fig.2, average velocity decreased (p<0.001)
throughout the first set. Maximal mean velocity (0.63+
0.12 m-s~') was achieved within the first three repetitions. The
repetition at which a significant decrease in the initial relative
velocity occurred (repetition number 12) corresponded to 48%
of the total number of repetitions achieved. The average velocity
attained during the last repetition performed (0.21 +0.05 m-s1)
corresponded to 35% of the average velocity attained during the
initial three repetitions.

Fig.3 Averagerepetition velocity during set 1and set 2 for all RP schemes.
Values are means + SD. * Significantly different from set 1 (p <0.05).
# Significantly different from mean velocity lost in the 1-min RP scheme.

O Fig. 3 displays average lifting velocity for all conditions. A sig-
nificant set effect concerning average lifting velocity in absolute
values was observed. There was a significant set x RP interaction
(F110=98.9; p<0.001), with a significant decrease of the velocity
during the second set compared to the first one in 1-min RP
(27%; p<0.001). In fact, in the 1-min RP scheme, the post hoc
test showed a significant lower velocity during the second set
for repetitions until 60% of the total number of repetitions per-
formed (© Fig. 4). Although slight decreases were also detected
in 2-min RP (13%), 3-min RP (10%) and 4-min RP (10%) condi-
tions, the difference did not reach statistical significance. How-
ever, when velocity was expressed as a percentage of maximal
value, no significant set effect (F; 10 =1.64; p=0.201) nor set x RP
interaction (Fq10=0.732; p=0.533) was observed. The repetition
at which a significant decrease in the initial relative velocity
occurred corresponded to 52%, 46%, 48% and 49% of the total
number of repetitions achieved during the second set in 1-min
RP, 2-min RP, 3-min RP and 4-min RP conditions, respectively
(©Fig. 4). The average velocity attained in the last repetition per-
formed during the second set was 0.19+0.07m-s™!, 017+
0.06 m-s7!, 0.20£0.07 m-s~! and 0.20+0.05 m-s"! in 1-min RP,
2-min RP, 3-min RP and 4-min RP conditions, respectively. Thus,
velocity attained during the last repetition of the second set

Garcia-Lopez D et al. The Role of... Int | Sports Med



- Training & Testing

0.7
0.6 #
g * | *
el
5 0.5 g jé E!];é '__é ! o #** e
S 04 g Jg EH? g i ) o] [1
% i g: i? g! I? *% El ﬁl i? 317 [0
AT ] g? EI 3 i g‘—é
o 1B 7K A & A ERE
o E ﬁ Z N7 Z ¥ 7 7 K 7
8~ i gllé BV E ' EE
o Nz 7B 7 K
s 2 B7EE/E 7 A i
g sl Eif 7z | Bl ¢ 7 HHZ
Z A HZ E Nz TE 7
" EELEEELE
gk gg EFEE
it 8 | | 3N ] 3
0.0 - O EEE B E

-
=
(1]
=]
e
4]
=]
-y
=

. 14min R Fig.4 Average repetition velocity, during set 2,
2-min RP for all RP schemes. Number of repetitions is ex-
3-min RP pressed as a percentage of total number of repeti-
tions completed. Values are means + SD. * Signifi-
4-min RP P J

cantly different from the repetition with the high-
est AP (p <0.05). # Significantly different from cor-
responding first-set repetition.

B
Nz é *

7k |1l
HE D wly
£ E
37z Y Nz
TEE
0z Nz ¥/
v E
7 ELY LY
80 0 100

Number of repetitions (% of total number of repetitions)

ranged from 30% to 38% of the average velocity attained during
the initial three repetitions, with no set x RP interaction.

Number of repetitions

During the first set (averaging the results of the four testing
days), the number of repetitions achieved was 25.5 +3.2. A sig-
nificant set effect (Fy10=83.3; p<0.001) was observed regarding
the number of repetitions achieved. Moreover, there was a set x
RP interaction (Fy19=2.94; p <0.05). That is, the number of repe-
titions decreased significantly during set 2 when compared to
set 1in 1-min RP (50%; p<0.001), 2-min RP (33%; p<0.001), 3-
min RP (25%; p<0.001) and 4-min RP (21%; p<0.01) schemes.
The relative decay in the number of repetitions was statistically
greater (p<0.01) in the 1-min RP condition when compared to
the 3-min RP and 4-min RP condition (© Fig. 5). Finally, the total
number of repetitions (including set 1 and set 2) was signifi-
cantly higher (p <0.05) in 3-min RP and 4-min RP schemes than
in 1-min RP and 2-min RP schemes.

Discussion

v

The primary finding of the present study is that AP of concentric
phase declines naturally over a bench press set to failure in elite
junior kayakers, with a significant decrease when the number of
repetitions is over 79% of the total number of repetitions per-
formed. Our data indicate that when elite junior kayakers per-
form a bench press with a load of 60% of 1RM, they can acceler-
ate the barbell during 66% of the concentric movement time.
These results are in line with those of Newton and coworkers
[14], who observed that the AP can reach 60% of the concentric
movement time in recreationally trained men when using a load
equivalent to 45% of 1RM. The deceleration phase is inherent to
the lift, and it occurs even when there is an attempt to increase
or maintain movement speed, particularly when using light re-
sistances and athletes try to lift them quickly. It has been dem-
onstrated that large deceleration phases, which are undesirable
when attempting to maximize power performance, can be re-
duced by means of ballistic movements (i.e., bench throws)
[14]. However, in a group of power-lifters using higher loads
(81% of 1RM), it has been found that the AP can be reduced to
48.3% of the concentric movement time [4]. Some methodologi-
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cal differences existing between that study and the present
study could explain the lower AP observed by Elliot and co-
workers [4], even though they used a higher load. First, they al-
lowed only one attempt, whereas it has been reported in pre-
vious studies that the first repetition is used to gradually achieve
the maximum repetition velocity [7], which agree with our re-
sults. In fact, studies focused on peak power measurement dur-
ing free weight movements usually elicit 3 repetitions [21]. Sec-
ond, Elliot and coworkers [4] performed the bench press using a
traditional bench rack, with an Olympic-style barbell, while the
present study, as well as Newton’s study [14], were carried out
using a Smith machine. Previous data indicate that exercises per-
formed on a Smith machine do not entail a large deceleration pe-
riod [15], although to the best of our knowledge, no studies have
compared kinematics of free-weight vs. Smith machine bench
press. A rationale for this apparent lower deceleration period ob-
served in a Smith machine bench press may be provided by the
path of the bar during the lift. That is, the Smith machine, with
its fixed vertical guided motion, does not allow the normal curve
usually observed during free-weight bench press, which can ex-
plain the lower force produced during bench press performed
with a Smith machine, compared to a free-weight technique
[2]. Therefore, the acceleration of the barbell may be more diffi-
cult during a Smith machine vs. free-weight bench press. Hence,
a longer acceleration period is needed on a Smith machine. Fur-
ther investigations are needed in order to clarify the different
kinematics associated with both bench press techniques. Finally,
it is necessary to mention at this point that the use of a Smith
machine in the present study could induce a limitation regard-
ing practical applications, given that the bench press on the
Smith machine only involves a single plane of motion, while the
kayaking technique does not involve only one plane of motion.

To the best of our knowledge, this is the first study analyzing the
time-course of AP across a set of repetitions to failure. As fatigue
increases, performance of repetitions becomes progressively
more difficult, which explains the natural decay in lifting veloc-
ity observed during a set to failure in the present study and
others [7,13,16]. In fact, the last repetitions of a set to failure us-
ing moderate loads (i.e., 60% of 1RM) are similar to maximal lifts
(i.e., 100% of 1RM), regarding kinematic aspects [7]. In the cur-
rent research, the acceleration-time curve observed during the
initial repetitions differed from the one corresponding to the last
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repetition (see © Fig. 6). In both curves, the highest acceleration
is reached during the first portion of concentric movement.
Then, in the fastest repetition, acceleration decays just until the
“sticking region”, as referred to in literature [4,10]. The sticking
region or sticking point is the position in the concentric phase
in which the lifter experiences apparent difficulty in exerting
force against the bar, and it is caused by a relative poor mechan-
ical force-producing position, in combination with a gradual dis-
appearance of released strain energy stored in the series elastic
components of the muscle [4]. Once the sticking region has been
overcome, acceleration increases again and then drops dramati-
cally, yielding negative values, in order to stop the barbell. The
sequence is similar in the last repetitions, but the curve is
smoother.

In agreement with previous studies, we found that over a set of
repetitions until failure the speed of the repetitions slows natu-
rally [7,13,16], with this decrease being significant when the
number of repetitions was over 50% of the total number of repe-
titions performed. Izquierdo and coworkers [7], who used the
same exercise and the same relative load, observed a significant
decline in lifting velocity when the number of repetitions
reached 40% of the total number of repetitions [7]. This differ-
ence may be due to the usual training routine of the subjects in
the present study, given that kayakers normally perform muscu-
lar endurance-type training. It is also interesting to point out
that during the first set, the number of repetitions performed by
kayakers in the present study (over 25 repetitions) was slightly
higher than the number of repetitions achieved by Basque ball
players [7] or free-weight trained subjects [19], performing the
bench press also at 60% of 1RM. Again, the long-term training
specificity could explain the small difference existing between
these two studies data and the present results [6].

An interesting finding of this study is that both AP and lifting ve-
locity decline patterns of the concentric phase are not altered
during a second set to failure, regardless of RP duration. Actually,
during the second set, a significant reduction in AP and lifting
velocity occurred at 76.5% and 49% of the total number of repe-
titions achieved, respectively. However, when velocity was ex-
pressed in absolute values, 1-min RP is not sufficient to maintain
the average lifting velocity during a second set to failure, com-
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pared to the first one. This is in line with a recent study, in which
the effects of different RP durations on metabolic responses and
bench press lifting performance (load and set duration) were ex-
amined [17]. In this study, resistance-trained men performed 10
randomized protocols (five sets with 75 or 85% of 1RM for ten
and five repetitions, respectively, using different RP intervals).
Resistance was modified when necessary in order to maintain
the prescribed number of repetitions. The authors observed that
lifting performance was maintained over two consecutive sets
when a RP of at least 2 min was allowed [17]. Others have
studied the effect of RP on muscular power during 10 sets of 6
repetitions with 70% of 1RM [1]. The results did not show signif-
icant power decay when comparing set 1 and set 2, even with a
1-min RP. This underlines the importance of considering
whether sets are performed to failure. The high metabolic de-
mand of a submaximal-load set to failure requires a longer RP if
maintenance of repetition velocity is the goal, as pointed out in
the present results.

Finally, our results indicate that elite kayakers are unable to
maintain the number of repetitions during consecutive bench
press sets to failure when a RP of 4 minutes or less are allowed.
Although it could be expected that highly muscular-endurance
trained subjects (e.g., elite kayakers) would be able to repeat
their performances with shorter rest periods, given a likely en-
hanced energy restoration capacity [1], recent studies show sim-
ilar results in comparison with less trained subjects. For exam-
ple, Willardson and Burkett [27] did not show in recreationally-
trained lifters significant differences in the sustainability of
bench press repetitions during sets to failure by using different
rest periods (30s, 1 min and 2 min) [27]. However, it should be
pointed out that in this study a standardized cadence was used
for the eccentric and concentric portion of movements, while in
the present work, subjects were asked to lift the barbell as fast as
possible. In a different study and using a similar population, the
same authors demonstrated that a 3-min RP is not enough to
sustain repetitions with a bench press set at a load of 50% 1RM
[26].In agreement with these studies, with recreationally trained
lifters, a significant decay in the number of repetitions with 75%
1RM in a bench press exercise with a RP of 1, 3 and 5 minutes has
been reported [18]. On the contrary, when using maximal loads,
(=90% 1RM) rest intervals of 1 minute to 2 minutes can be suffi-
cient between attempts in order to maintain the number of rep-
etitions [22,23]. Therefore, the duration of the RP needed to sus-
tain repetitions may depend on the magnitude of the load lifted,
as well as the velocity of movements.
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In summary, the present study shows that the AP of the concen-
tric phase declines naturally over a bench press set to failure in
elite junior kayakers, with a significant decrease when the num-
ber of repetitions is over 80% of the total number of repetitions
performed. Moreover, the AP and lifting velocity time-course
patterns of the concentric phase are not altered during a second
set to failure, regardless of the RP duration. However, when ve-
locity is expressed in absolute terms, a 1-min RP is not sufficient
to maintain the average lifting velocity during a second set to
failure, when compared to the first one. The present results may
be useful for evaluating the optimal lifting-velocity pattern over
consecutive sets of repetitions to ensure optimal maintenance of
the proportion of concentric movement time in which the bar-
bell is accelerated (accelerative portion, AP) with different rest-
ing-period durations. In kayaking, as well as in other sports, per-
formance is not only related to the capacity to carry out a high
number of repetitions, but also to maintaining a high repetition
velocity along a given exercise. Although classical resistance
training exercises differ in nature from stroke technique, the
training-specificity principle indicates that the training stimulus
should be specific to sport modality in order to provide the
greatest transfer of training effects. In line with this, it is known
that flatwater kayak performance is enhanced when the blade is
accelerated over a high portion of the whole stroke. Thus, unspe-
cific training exercises (i.e., bench press) should ensure optimal
maintenance of the AP. Our study indicates a consistent and sim-
ilar pattern of decline in AP over consecutive sets to failure,
pointing out that the amount of repetitions performed during
submaximal-load sets should not reach 80% of the total number
of repetitions potentially completed, in order to avoid a signifi-
cant decrease in AP. Finally, a 2-min resting period between sets
to failure might be enough when the goal is a maintenance of
average repetition velocity.
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