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Abstract

Introduction: Manipulation of resistance training variables allows the
maintenance the performance of the proposed exercise. Objetctive:
To evaluation the acute effects of different rest intervals on maximum
repetition performance, perceived exertion, and fatigue index on bench
press. Methods: Following ten-repetition maximum testing and retest-
ing, four experimental sessions involved seven bench press sets to
concentric failure with the goal of completing the maximum number of
repetitions, which included: 1) one-minute rest interval between sets (P1),
2) two-minute rest interval between sets (P2), three-minute rest interval
between sets (P3), and five-minute rest interval between sets (P5). Results:
A main result was observed in maximum repetition performance for all
sets (p<0.001). In the fatigue index, only P3 and P5 showed significant dif-
ferences compared to all other protocols (p<0.001). Besides, the perceived
exertion shows a similar trend to fatigue index for longer rest intervals.
Conclusion: Reducing the maximum repetition performance in shorter
intervals is an important tool for reducing the total workout time.

Keywords: Performance; Recovery; Resistance training; Strength train-
ing; Strength.
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Introduction

Resistance training (RT) have ben gained
notable attention since the American College of
Sports Medicine,! wherein first RT appears, and
then suggesting your practice. Different meth-
odological variables may influence the better re-
sponses in muscle force, hypertrophy, and mus-
cular endurance. For example, loads intensity,
number of repetitions and the rest interval be-
tween sets and exercises. Loss performance are
expected during session and/or sets by fatigue
produced after succession of repetition which
avoiding the task continuation.??

Furthermore, Willardson* shows that the
better RT results depend of the applied tension
and ability to maintain the repetitions ranges
during the sets progression. Thus, an appropri-
ate variable manipulation is required. Rahimi®
observed that longer rest period (5-minutes) has
higher total repetition volume in compared to in-
termediate (2-minutes) and short (I-minute) rest
period. De Salles et al.® agreement which found
that long intervals resulted in higher total rep-
etition volume for leg press and leg extension.
However, Senna et al’” found that longer and
short rest period showed similar reductions. Still,
Maia et al.> did not observed differences in to-
tal training and work volume in bench press and
seated row for 2-minutes rest interval period.

Bench press has been the most popular ex-
ercise in RT session. Willardson et al.® compared
four different loads intensities for maximum
repetitions maintenance in the bench press.
The authors observed a reduction of approxi-
mately 10% in load for maintenance of 10 repeti-
tions maximum in the progression of the series
is required. Thus, the aim of this study was to
evaluate the effect of different rest intervals on
maximum repetitions performance, perceived
exertion and fatigue index on bench press.

Methods

Participants

Twenty-five recreationally active men

(Table 1) were recruited for the study. An a pri-

ori sample size calculation (Effect Size = 1.53;
1-8 = 095; @ = 0.05) using G*Power’ found that
sixteen subjects would be adequate; however, in
order to increase statistical power, 25 were re-
cruited.” Anthropometric data included body
mass (Techline BAL — 150 digital scale, Sdo Paulo,
Brazil), height (stadiometer ES 2030 Sanny, Sao
Paulo, Brazil) and adiposity. Subjects were in-
cluded if they had been involved in resistance
training program for at least one year prior to
the experiment, average of 50-60 minutes per
session, 3-4 sessions per week, using loads with
8-12 repetitions maximum, and rest intervals be-
tween 1 and 3 minutes among sets and exercises.
Participants were free from any functional limi-
tation or medical condition that could have com-
promised their health or confounded the results
of the study. During the twenty-eigth period of
data collection, the subjects were instructed not
to engage in any resistance training exercise or
other strenuous activity. Prior to the study, all par-
ticipants were provided verbal explanation of the
study and read and signed informed consent and
Physical Activity Readiness Questionnaire. All
procedures were in accordance with Declaration
of Helsinki. The ethics committee of University
Hospital Clementino Fraga Filho approved the
study (n°09065412.9.0000.5257/12).

Table 1: Subjects characteristics

Age (years) 26.84 + 4.59
Height (cm) 178.76 + 6.41
Body Mass (kg) 88.47 + 21.34
Body Mass Index (m?/kg) 27.45 + 5.27
Adiposity (%) 17.71 £ 7.84
Resistance Training Experience (months)  25.64 + 6.07
Bench Press 10RM (test) (kg) 73.76 + 9.31
Bench Press 10RM (retest) (kg) 73.68 £ 9.08
Intraclass Correlation Coefficient 0.997

Source: The authors.

Design

A randomized within-subject design was
used. Subjects visited the laboratory on ten oc-
casions during a twenty-eight period with for-



ty-eight hours between visits (Figure 1). During
the first six visits, the subjects underwent three
familiarization visits, anthropometric assess-
ment and a ten-repetition maximum (RM)
testing and retesting, respectively. Following
10RM testing, four experimental sessions fol-
lowed in a randomized order, which included:
1) one-minute rest interval between sets (P1),
2) two-minute rest interval between sets (P2),
three-minute rest interval between sets (P3),
and five-minute rest interval between sets (P5).
Each experimental session consisted of seven
sets of bench press with 10RM load to con-
centric failure with the goal of completing the
maximum number of repetitions.

Familiarization

Familiarization

L

load. After the warm up, ten-repetition maxi-
mum testing was performed. For the first trial,
subjects increased their warm up load by 100%
and adjusted the load as needed in the subse-
quent trials. Execution of the bench press was
standardized insofar as no pauses were al-
lowed between concentric and eccentric por-
tions of the lift. A maximum of three trials
were allowed per testing session, separated by
three minutes of passive rest. Testing was then
repeated on another day at least 48 hours later
(retest). The higher load between the two test-
ing days was considered as the 10RM load. The
10RM load was confirmed by calculating the
intraclass correlation coefficient. In an effort to
minimize the margin of error, the follow-
ing strategies were adopted:" a) all sub-
jects received standardized instructions
about the exercise technique and data col-
lection, b) subjects received feedback as to
their technique and were corrected if and
when appropriate, and c) all subjects were
always verbally encouraged. The knee ex-
tension apparatus used for 10RM testing
and during the experimental sessions was
the same (Pure Strength — Olympic Flat
Bench, Technogym, Cesena, Italy).

Perceived Exertion
The perceived exertion'? have been

S S

] used for intensity evaluation. This scale

Figure 1: Study design

RM = repetition maximum. P1 = one-minute rest interval
between sets, P2 = two-minute rest interval between sets,

P3 = three-minute rest interval between sets, and P5 =
five-minute rest interval between sets.
Source: The authors.

Procedures
Ten RM Test

Ten repetitions maximum was determined
similar to Simado et al." Participants initially
performed a standardized warm up consisting
of two sets of fifteen repetitions of bench press
with approximately 50% of normal training

allows the intensity view after sets and/
or session completed and has a visual
characteristic which ranges between 0
(extremely easy) and 10 (extremely hard).
The reports value was noted at the ending
of each sets.

Statistical Analyses

Data are presented as means + standard
deviations. Initially, the neuromuscular fatigue
index (FI) was calculated in each protocol us-
ing equation proposed by Dipla et al.’*, where
a higher percentage value (%) indicates a supe-
rior fatigue resistance: FI = (lastset / firstset)
x 100. Normality and sphericity were ensured
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using Shapiro-Wilks test. A repeated measures
ANOVA was used to means analysis and make
inferences in the inter-protocol comparisons.
Thereafter, a Tukey post-hoc was used to identi-
fy significant differences. Additionally, Cohen’s
d effect size was calculated using the formula 1

_Md
d==*

(1)

where M, is the mean difference and s, is the
standard deviation of differences. Cohen’s d ef-
fect-sizes were defined as small, medium, and
large for 0.2, 0.5, and 0.8, respectively." Finally,
the Kruskal-Wallis nonparametric test was used
for analysis de perception exertion data. All
analyses were performed using SPSS version 21
(SPSS Inc., Chicago, IL, USA) and an alpha level
of 0.05 was accepted.

Results

On average, the number of repetitions com-
pleted in the P5 (d=-2.57) was
45.8%, 37.1% and 26.9% great-
er than in the P1 (d=-14.55), P2
(d=-10.86), and P3 (d=-8.66), 154
respectively (Figure 2). In fig-
ure 2, was observed a main
resultin P1 and P3, which has
a statistically significant de-
crease pattern in maximum
repetition performance until
fifth sets (p<0.001). A main
effect was also found in P2
until sixth sets (p<0.001) and
P5 until third sets (p<0.001).
Additionally, there was no

Maximum Repetition

significant difference in the N N

first set between the differ-
ent recovery (p>0.05). Still,
P5 showed a higher number
of repetitions in compari-

son with other protocols for ~ Source: The authors.

all sets, except for second set which P3 and P5
showed no significant difference between them
(p>0.05). Finally, P1 shows fewer repetition
performance for all sets, except for second set,
which observed no difference for P2 (p>0.05).

In the fatigue index, P3 and P5 was sig-
nificant higher in comparison to all other pro-
tocols (p<0.001), whereas P1 and P2 showed
no significant differences (p>0.05) (Figure 3).
Besides, the perceived exertion shows a similar
trend to fatigue index for longer rest intervals
(P5>P3>P2>P1) (Figure 4).

Discussion

The purpose of this study was to evaluate
the influence of different rest intervals on the
maximum repetitions performance, perceived ex-
ertion and fatigue index in bench press multiple
sets. The main effects confirm the initial hypoth-
esis which higher rest interval provide better rep-
etitions performance and fatigue index but lower
perceived exertion. The results of this study ac-
cording to previous literature findings.>>*

Bench Press

A
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%
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Figure 2: Maximum repetition performance across each set

P1 = one-minute rest interval between sets, P2 = two-minute rest interval
between sets, P3 = three-minute rest interval between sets, and P5 =
five-minute rest interval between sets.
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Figure 3: Fatigue index across each set
P1 = one-minute rest interval between sets, P2

= two-minute rest interval between sets, P3 =
three-minute rest interval between sets, and P5 =
five-minute rest interval between sets.

Source: The authors.

Perceived Exertion

Scale
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Figure 4: Perceived exertion across each
set. P1 = one-minute rest interval between sets,
P2 = two-minute rest interval between sets, P3 =
three-minute rest interval between sets, and P5 =
five-minute rest interval between sets.

Source: The authors.

The American College of Sports Medicine
in last position stand recommended 1-2 minutes
for multi-joint exercises rest interval. Studies'
indicate that this interval range may not be ef-
ficient for performance maintenance. Senna et
al® compare two and five-minutes rest inter-
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val on the number of repetitions in three sets
with 10RM load in lower and upper body exer-
cises. The results show that the training session
performance is reduced by shorter intervals in
compare to longer intervals (5>2-minute) and
the last in compare to initial exercises as upper
as lower body exercises. Additionally, Senna et
al.'® compare one, three and five-minutes on rep-
etition performance and perceived exertion. The
authors observed a decline by shorter intervals
and increases in perceived exertion (1>3>5-min-
ute). Literature is still unclear regarding the
optimal interval length for muscle recovery in
different exercises, however recent evidences
disagree with the ACSM position stand and
show a trend for longer intervals are better for
maximum repetition performance maintenance.
Recently, the self-suggest of rest interval
has been gaining importance in the literature.
First, Goessler and Polito!” observed similar exer-
cises dose-response with different rest intervals.
For example, the self-suggest shows as average
duration (155 + 37 seconds) statistical similar
to two-minutes. Still, De Salles et al.'® compare
two-minutes and self-suggested rest intervals in
exercise performance. The results did not dem-
onstrated differences in the number of repeti-
tions between two-minutes and self-suggested,
which both reduces similarly the performance.
These findings disagree with the ACSM, but has
an interesting practical application, allowing a
good performance with a lower volume in the
training session (time-effective strategy).
Similar results have been observed in the
fatigue index. Previous studies indicate that rest
interval between sets,>' exercise order,?® and the
exercise intensity'” have dose-response propor-
tional to the fatigue. Tibana et al."” observed that
lower rest intervals may potentiate the fatigue
effects. Furthermore, Maia et al.? confirm this
remark, which found that the rest intervals is in-
versely proportional to fatigue. Finally, Spineti
et al.® observed that the exercise order may in-
crease the fatigue effects on the training session
continuation. Besides, the perceived exertion
following the rest intervals and fatigue index
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trends, which appears that smaller rest intervals
have increased efforts.

Previously, many neurophysiological
mechanisms are perturbed until the body feels
the fatigue effects (i.e. energy reserves, ion con-
centration and arrangement of contractile pro-
teins). Accordingly, a number of underlining
mechanisms can help explain the findings of the
present study. First, decreases in muscle volun-
tary activation (i.e. number and discharge rates
of the motor units). This modulation in muscle
activation results decrease in afferent feedback
from agonist muscles, following by a drastic
decrease in power output as a result of greater
fatigue.>*" Second, the motor units are either
nor recruited or may not fire often enough for
the muscle fibres to generate maximal force.?
Finally, the fatigue is inverse correlated with the
rest interval and metabolic response.” A rest in-
terval suiting has an important metabolic func-
tion, since the recharge of ATP-CP, the buffer-
ing of glycolytic metabolism of H+ and lactate
removal occur during this recovery.?

There are limitations and delimitations to
be considered when interpreting the results of
this present study. First, 10RM test was purposely
chosen for its practical applicability and cardio-
vascular safety.** Seconds, inter-individual dif-
ferences in repetition duration were not tightly
controlled. This can be considered as both a limi-
tation and strength of this design. Specifically,
the lack of control reduces the internal validity of
the results, as the movement velocity could pos-
sibly influence the outcome. Velocity loss during
RT has been shown to be an indicator of neuro-
muscular fatigue, and indeed changes in repeti-
tion duration occur over the course of a set per-
formed to momentary concentric failure as was
performed in the present study. Conversely, the
freedom to choose the pace duration enhances
the ecological validity of the findings, as it bet-
ter represents real-life training scenarios. The re-
sults of this study may only apply to the exercises
examined which were all compound multi-joint
exercises. Whether the same between-day rest
interval optimizes reliability of 10RM testing for

single joint exercises is less clear. Finally, only
male’s subjects were utilized, so these results
cannot be extrapolated to females, who have been
shown to be less fatigable than males, when it
comes to dynamic contraction®?® and have high-
er relative muscle force.”

Conclusions

Although maximum repetition perfor-
mance was reduced for shorter rest intervals,
there is an important tool that allows more ef-
ficient training for subjects have not seek perfor-
mance, by reducing the total workout time.
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