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Chronic Effects of Different Rest Intervals Between Sets on
Dynamic and Isometric Muscle Strength and Muscle Activity in

Trained Older Women

José Claudio Jambassi Filho, MSc, André Luiz Demantova Gurjão, PhD, Marilia Ceccato, MSc,
Alexandre Konig Garcia Prado, MSc, Luiza Herminia Gallo, MSc, and Sebastião Gobbi, PhD

Objective: This study investigated the chronic effects of different rest intervals (RIs) between sets on dynamic and isometric muscle strength and
muscle activity.

Design:We used a repeated-measures design (pretraining and posttraining) with independent groups (different RI). Twenty-one resistance-trained
older women (66.4 ± 4.4 years) were randomly assigned to either a 1-minute RI group (G-1 min; n = 10) or 3-minute RI group (G-3 min;
n = 11). Both groups completed 3 supervised sessions per week during 8 weeks. In each session, participants performed 3 sets of 15 repetitions
of leg press exercise, with a load that elicited muscle failure in the third set. Fifteen maximum repetitions, maximal voluntary contraction, peak
rate of force development, and integrated electromyography activity of the vastus lateralis and vastus medialis muscles were assessed
pretraining and posttraining.

Results: There was a significant increase in load of 15 maximum repetitions posttraining for G-3 min only (3.6%; P < 0.05). However,
posttraining results showed no significant differences between G-1 min and G-3 min groups for all dependent variables (P > 0.05).

Conclusions: The findings suggest that different RIs between sets did not influence dynamic and isometric muscle strength and muscle activity in
resistance-trained older women.
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T he aging process is accompanied by neural, structural, and
functional alterations of the neuromuscular system.1,2 Pro-

gressive decreases in muscle mass, strength, and power have
been associated with reductions in the capacity to perform ac-
tivities of daily living, loss of independence in older adults,
and, consequently, mortality.3,4 Moreover, evidence has shown
that reductions in muscle quality (i.e., muscle strength produc-
tion per unit of activated muscle mass) of lower limbs are more
pronounced when compared with upper limbs,5 suggesting
that it is extremely important to preserve muscle mass and
strength of the lower limbs during the aging process.

Progressive resistance training is an excellent strategy to
promote increases in dynamic and isometric muscle strength
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and contribute to the process of muscle hypertrophy.6 The
magnitude of these alterations is associated with the manipula-
tion of different acute variables, that is, intensity, volume, fre-
quency, movement velocity, exercise order, and duration of
the rest interval (RI) between sets and exercises.7

Several studies have demonstrated in young adults that the
use of longer RIs between sets (i.e., 3–5 minutes) promotes
higher total volume of training compared with shorter RI
(i.e., 0.5–1 minute) and consequently greater gains in dynamic
maximal muscle strength.8,9 In contrast, other studies have shown
no difference between longer and shorter RIs on dynamic max-
imal muscle strength when the total training volume was sim-
ilar.10,11 Altogether, these results suggest that longer RI between
sets promotes higher gains in dynamic muscle strength via an
increased total volume of training.

Regarding isometric muscle strength, previous studies sug-
gest that different RIs between sets do not influence maximal
voluntary contraction (MVC) in young adults.12,13 To the best
of our knowledge, no studies have verified the effects of differ-
ent RIs onMVC in older adults. During a rapidMVCmeasure-
ment, it is possible to determine the rate of force development
(RFD), which is defined as the capacity to produce muscle
force rapidly.1,14 Rate of force development determines the
magnitude of acceleration in the initial phase of a movement
and ultimately influences the velocity of the movement.14 In
a recent review, Maffiuletti et al.15 highlighted that the RFD
has important functional significance and is useful in design-
ing interventions to improve physical function and reduce in-
jury and fall risk in older people and patient populations.
Based on electromyography (EMG) recordings, evidence
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suggests that muscle activation in the initial phase of an explo-
sive contraction is one the most important mechanisms that de-
termines the values of RFD in vivo.14 Given the importance of
the RFD for older people and the potential mechanisms that
may explain alterations in this variable, there is an obvious
need to verify the effects of different RIs on RFD and EMG
in older people.

According to the American College of Sports Medicine,6

RIs of 1 and 3 minutes between sets are recommended for im-
provements in muscle strength and hypertrophy in older adults.
To the best of our knowledge, only 1 longitudinal study has ex-
amined the effects of different intervals on muscle strength
using untrained older men.16 Contrary to results in young adults,
this study revealed that resistance training using a shorter RI
(i.e., 1 minute) results in greater gains in maximal muscle
strength compared with longer RIs (i.e., 4 minutes) when the
training volume is equalized. Although there is no general con-
sensus on the matter, many authors have suggested that shorter
intervals promote greater increases in anabolic hormone and
consequently in muscle mass and strength.17,18 Nonetheless,
it is important to highlight that acute anabolic hormone eleva-
tions are attenuated throughout the course of a training pe-
riod,10,11 which may limit possible adaptations via hormonal
mechanisms in trained people. Indeed, recent research did not
show differences between long and short RIs on acute growth
hormone concentrations in resistance-trained older women,
suggesting that short intervals may not promote long-term in-
creases in mass and muscle strength in this population via
hormonal mechanisms.19

Numerous acute studies have indicated that longer RI pro-
motes an increase in total training volume as compared with
shorter RI in resistance-trained older women.20–22 Given that
a higher volume of training appears to be more efficient to pro-
mote increases in lower-body mass and muscle strength than a
lower volume in older people,23 it is possible that the use of
longer RI would promote greater increases in dynamic and iso-
metric muscle strength in resistance-trained older women via
an increase in total volume of training. In this regard, the pur-
pose of this study was to assess the chronic effects of a resis-
tance training program using RIs of 1 and 3 minutes between
sets on dynamic and isometric muscle strength and muscle ac-
tivity of the lower limbs.
METHODS

Participants
The sample size calculation indicated that at least 16 par-

ticipants were required, using an a priori analyses, based on an
α level of 0.05, power (1 − β) of 0.95, correlation among re-
peated measures of 0.85, and effect size (ES) of 0.27 (increase
of 6.3% in dynamic muscle strength), which was shown in a
prior study performed with resistance-trained older people.24

Twenty-four older women with resistance training experience
(3.8 ± 2.9 years) were assigned to 1-minute (G-1 min) or
3-minute (G-3 min) RI training groups. Because of personal
reasons unrelated to the intervention, 3 participants dropped
out of the study. Thus, 10 participants in G-1 min (age, 66.5 ±
2 www.ajpmr.com
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4.7 years; body mass, 68.1 ± 10.3 kg; height, 157.7 ± 4.6
cm) and 11 participants in G-3min (age, 66.3 ± 4.3 years; body
mass, 70.1 ± 12.7 kg; height, 157.3 ± 5.6 cm) completed the
study. All participants attended a fully supervised dynamic re-
sistance training program during six months prior to the study,
with the following characteristics: (a) 3 days per week on non-
consecutive days, (b) 8 exercises including leg press, (c) 3 sets
were performed with 50% to 70% of 15 maximum repetitions
(RMs), and (d) 2-minute RI between sets. In order to attend to
the general principles of progression, training intensity was in-
creased up to approximately 90% of 15 RMs in the present
study. Inclusion criteria were age 60 years or older and having
no contraindications involving the cardiovascular system, mus-
cles, joints, or bones of the lower limbs, as well as no neurolog-
ical limitations to the practice of resistance training. Participants
were excluded if they completed less than 80% of the sessions
of the training program of the study. All participants were in-
formed about the procedures and risks of the study and signed
an informed consent form. The study was approved by the
ethics committee of the local university (protocol no. 7090),
according to the Declaration of Helsinki.

Experimental Design
An 8-week randomized parallel-group design was used to

compare the effects of RIs between sets on dynamic and iso-
metric muscle strength and muscle activity of the lower limbs.
Two sessions of practice were conducted to familiarize the par-
ticipants with test procedures. Forty-eight to 72 hours after the
familiarization, MVC, peak RFD (PRFD), and the optimum
loads with which the participants could perform 15 RMs were
assessed for the leg press exercise. The RI between dynamic
and isometric muscle strength exercises was 3 to 5 minutes.
It has been suggested that 1-minute RI is sufficient to allow ad-
equate recovery in isometric tests.25 During the isometric tests,
EMG activity of the vastus lateralis (VL) and vastus medialis
(VM) of the dominant leg was recorded. Participants were ran-
domly assigned to G-1 min or G-3 min according to the loads
of the 15 RMs. Randomization was performed using a manual
random number. The RIs between sets were chosen because
they are established recommendations for older adults.6 With
the exception of the RI between sets, both groups performed
the same resistance training program (i.e., exercises, frequency,
sets, and repetition zones). Forty-eight to 72 hours after the last
training session, the posttraining assessments were performed
using the same pretraining procedures. All training sessions
and tests were performed at the same period of the day (from
7:00 AM to 9:00 AM). The participants were instructed to main-
tain their food intake and hydration and to not perform any in-
tense physical activity other than the training throughout the
study period.

Dynamic Muscle Strength
The 15-RM test was assessed using a horizontal leg press

with adjustable weight stacks (Righetto Fitness Equipment,
Campinas, São Paulo, Brazil). Knee and hip angles were ad-
justed to 90 and 110 degrees, respectively. The load reference
for 15 RMs was determined over the first 2 days and retested
on the third day. A maximum of 3 trials per session was per-
formed, with an RI of 10 minutes between trials. At the onset
© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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of each session, participants performed a warm-up, with 10
repetitions at 50% of 15 RMs proposed in the test trial. After
30 seconds, all participants were instructed to perform the
greatest possible number of repetitions, until voluntary exhaus-
tion, with loads that had been predetermined by the researchers.
The participants were encouraged verbally to exert maximum
effort. No pauses were allowed during the repetitions, and only
the repetitions performed with a full range of motion were
counted.

Isometric Muscle Strength
The MVC and PRFD were determined using a custom-

built bilateral leg-press device with a force transducer (model
2000 NTM; EMG System, São José dos Campos, São Paulo,
Brazil). All participants were seated with the knee and hip po-
sitioned at 90 and 110 degrees, respectively. Two submaximal
isometric contractions were performed as a specific warm-up.
Thereafter, participants were verbally encouraged to exert max-
imum isometric contractions as fast as possible during
5 seconds. Three attempts were performed by each participant,
with an RI of 3 minutes between each attempt. All participants
received visual feedback via the computer screen.

Signal acquisition from the force transducer and muscle
activation was obtained using an analogical signal amplifier
(model CS 800 AF; EMG System), at a frequency of 2000 Hz
per channel and amplified at a gain of 1000� (sampling band-
width 20–500 Hz). The signal was stored and analyzed off-line
at a later time using a fourth-order, zero-lag Butterworth low-
pass filter at a cutoff frequency of 15 Hz. The onset of the
strength production was defined as 7.5 N above baseline.14

The MVC was defined as the highest value registered
within the 1-second window (500–1500 milliseconds) after
the onset of muscular contraction.26 The PRFD was deter-
mined by the steepest slope of the curve, calculated within
regular windows of 20 milliseconds (Δforce / Δtime), for the
first 200 milliseconds after the onset of muscular strength
production.

Muscle Activation
Raw muscle activation signal was acquired simultaneously

with the MVC according to the International Society of Elec-
trophysiology and Kinesiology,27 using an 8-channel electro-
myograph (model CS 800 AF; EMG System) with a bandpass
filter using cutoff frequencies of 20 to 500 Hz, gain of
1000�, and a common mode rejection ratio greater than 120
dB. The raw muscle activation was converted to digital signals
using an A/D 12-bit converting plate, with a sampling fre-
quency of 2000 Hz for each channel and an input range of 5
mV.28 Muscle activation was recorded using bipolar surface
electrodes (diameter, 10 mm; center-to-center distance, 20 mm),
which were positioned on the anatomical points following
standards proposed by the SENIAM (Surface Electromyo-
graphy for the Non-Invasive Assessment of Muscles).29 Sur-
face electrodes were positioned over the agonist VM and VL
of the right leg, on the muscular belly in parallel with the orien-
tation of the muscle fibers. The reference electrode was posi-
tioned on the wrist joint (i.e., styloid process radius and
ulna). In order to reduce skin impedance, the electrode area
was shaved and cleaned with abrasive and alcohol. The
© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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electrode positions were marked on a transparent paper to en-
sure the same recording sites pretraining and posttraining.
The EMG signal was digitally filtered using a high-pass,
fourth-order, zero-lag Butterworth filter with a 5-Hz cutoff fre-
quency, followed by a moving root-mean-square filter with a
time constant of 50 milliseconds.14 The integrated EMG
(iEMG) activity was defined as the area under the curve of
the rectified EMG signal, that is, the mathematical integral of
the raw EMG signal.14 The onset of iEMG was initiated 70
milliseconds before the individual onset of the contraction to
account for the presence of electromechanical delay.14 The
iEMG activity for the peak force was determined within the
1-second window (500–1500 milliseconds) after the onset of
the muscular contraction.26
Resistance Training Program
The resistance training program consisted of 3 sessions

per week, on nonconsecutive days, during 8 weeks. All partic-
ipants were instructed to perform 3 sets of 15 repetitions, with a
load that elicited failure in the third set. The load of the training
was adjusted when the number of repetitions performed in the
third set was either above or below the repetitions established.
Total volume (sets � repetitions � load) of each week (i.e., 3
sessions) and during 8 weeks (i.e., 24 sessions) was recorded.
To provide an overall conditioning stimulus, other exercises
were performed after the leg press exercise (i.e., fly, triceps
curl, lat pull-down, biceps curl, shoulder press or shoulder
shrug, calf raise, and abdominal exercises). The participants
were instructed to complete each repetition in approximately
1 second in the concentric phase and in 1 second in the eccen-
tric phase. The duration of the set, from the onset of the first
repetition until voluntary exhaustion, was recorded manually
with a digital timer (model 8904; Herweg, Timbó, Santa Catarina,
Brazil). The average time for each repetition was calculated by
dividing the duration of each set by the number of repetitions.
All tests and training sessions were closely supervised by the
researchers of the study.
Statistical Analyses
The Shapiro-Wilk test was used to verify normal data dis-

tribution, and homogeneity of variancewas tested by the Levene
test. Data are reported as means and SDs. The training-related
effects on 15 RMs, MVC, PRFD, and iEMG activity of the VL
and VM were assessed using a 2-way analysis of variance
(ANOVA) (groups [G-1 min and G-3 min] and time [pretraining
and posttraining]) with repeated measures as the time factor.
Total volume of each week was analyzed by using a 2-way
ANOVA (groups [G-1 min and G-3 min] and time [first to
eighth weeks]) with repeated measures as the time factor.
The Scheffé post hoc test was used to locate group differences
when a significant F ratio was shown by the 2-way ANOVA.
Total training volume (Σ 8 weeks) between groups (G-1 min
and G-3 min) was compared using unpaired Student t test.
Effect sizes were calculated to analyze the magnitude of
the differences by Cohen d.30 Intraclass correlation coefficient
(ICC) was used to test the reliability of the 15-RM assessments
(number of repetitions multiplied by load). The level of signif-
icance adopted for all analyses was P < 0.05. Statistical
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procedures were performed using the Statistica program, ver-
sion 7.0. The sample size was calculated using the G POWER
software (version 3.1.9.2).
RESULTS
No adverse events occurred during the resistance training

program, and the adherence of the participants was 100% for
the G-1 min and 97.9% for the G-3 min. The ICCs for the
15-RM assessments for the pretraining and posttraining were
0.90 (95% confidence interval [CI], 0.76–0.96) and 0.94
(95% CI, 0.86–0.97), respectively. Typical error of measure-
ment for the 15 RMs in our laboratory is 0.97 repetition.22

The ICCs for repeated measurements of the MVC and PRFD
in our laboratory are 0.94 (95% CI, 0.85–0.97) and 0.84
(95% CI, 0.63–0.93), respectively.31

Table 1 shows the values of dynamic and isometric muscle
strength measured pretraining and posttraining in both groups.
A significant main time effect was shown for loads of 15 RMs
for the G-3 min (P < 0.05, ES = 0.44) but not for G-1 min. No
significant group� time interactions were shown for 15 RMs,
MVC, or PRFD (P > 0.05).

The iEMG activities of VL and VM are shown in Figure 1.
No significant group � time interactions were shown for
iEMG activity of the VM (P > 0.05, ES = 0.08) or VL
(P > 0.05, ES = 0.30).

Figure 2 shows the total volume of training during each
week and during the entire 8 weeks. A significant main time ef-
fect was shown for total volume each week (F1,20 = 18.8,
P < 0.05, ES = 0.49). Compared with the first week, significant
increases (P < 0.05) were shown for G-1 min (third, fifth, sixth,
seventh, and eighth) and G-3 min (second, third, fourth, fifth,
and sixth). However, there was no significant group� time in-
teraction for the total volume of each week (F1,20 = 2.76,
P > 0.05, ES = 0.12). In addition, there were no significant
TABLE 1. Dynamic and isometric muscle strength of lower limbs
measured pretraining and posttraining for different RI groups in
trained older women

G-1 min G-3 min Effects F P

15 RMs, kg
Pre 94.8 ± 18.6 92.4 ± 14.4 Group 0.07 0.79
Post 97.2 ± 18.7 95.7 ± 15.2a Time 15.1 0.01
Δ% 2.5 3.6 Group� time 0.42 0.52

MVC, N
Pre 937.0 ± 155.5 810.5 ± 129.2 Group 3.46 0.08
Post 977.6 ± 233.1 852.1 ± 132.7 Time 2.45 0.13
Δ% 4.3 5.1 Group� time 0.01 0.98

PRFD,N · s−1

Pre 3930.7 ± 958.4 3920.9 ± 775.1 Group 0.01 0.98
Post 3807.9 ± 1026.3 3801.6 ± 695.5 Time 1.16 0.29
Δ% −3.1 −3.0 Group� time 0.01 0.98

All values are presented in mean ± SDs.
aSignificant difference compared with pretraining (P < 0.05).

G-1min, 1-minute RI group (n = 10); G-3 min, 3-minute RI group (n = 11);

Δ%, percent change in relation to pretraining.
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differences between G-1 min and G-3 min for the total volume
of resistance training during the 8 weeks of training (P > 0.05).
DISCUSSION
The purpose of this study was to assess the influence of

RIs between sets of 1 and 3 minutes during 8 weeks of training
on dynamic and isometric muscle strength and muscle activity
in the leg press exercise. Only the use of RI of 3 minutes pro-
vided a significant increase in 15 RMs posttraining. The find-
ings of this study do not allow elucidation as towhy only the RI
of 3 minutes promoted significant increases in 15 RMs. How-
ever, it is important to highlight that G-3 min resulted in higher
absolute training loads than G-1 min in weeks 3, 5, 6, 7, and 8
(+0.9%, +4.4%, +2.4%, +8.9%, +3.1%, +7.8%, and +2.3%),
although differences between groups did not reach statistical
significance. Moreover, absolute training load for G-3 min was
higher compared with G-1 min during 8 weeks of resistance
training (+2.3%, nonsignificant). Contrary to our hypotheses,
no differences were shown between groups for 15 RMs, MVC,
PRFD, and iEMG of the VL and VM. Furthermore, no differ-
ences were shown between the volume of weekly training or
the total volume of training between groups during 8 weeks
of resistance training.

Some chronic studies with young adults have shown that
longer RIs lead to greater increases in muscle strength via a
higher total volume of training.8,9 De Salles et al.,8 for exam-
ple, showed that 16 weeks of resistance training (3 sets with in-
tensity ranging from 4 to 10 RMs) performed with RI, between
sets, of 3 and 5 minutes promotes higher increases in 1 RM of
the leg press exercise when compared with RI of 1 minute. In
contrast, studies that investigated the effects of different RIs,
with an equalized total volume of training, did not show differ-
ences in dynamic and isometric muscle strength gains.10–12 For
instance, Buresh et al.10 showed that 13 weeks of resistance
training (2 sets of 8–12 repetitions with a load that elicited fail-
ure in the third set) using RI of 1 and 2.5 minutes did not result
in significant differences in 5 RMs in the squat exercise.
Ahtiainen et al.12 similarly showed no significant differences
in gains between RIs of 2 and 5 minutes on MVC during leg
extension exercise (increases of 2.0% and 5.8%). Altogether,
these findings suggest that longer RI between sets promotes
higher gains in muscle strength via a higher total volume of
training. In this regard, the similar results shown in the present
study between groups in dynamic and isometric muscle strength
of lower limbs may be due to the training design. The volume-
equalized design adopted during the training sessions (i.e., load
that elicited failure only in the last set) may explain the similar
total volume between groups.

A limited amount of chronic studies have examined the ef-
fects of different RIs between sets in older people. To our
knowledge, only Villanueva et al.16 compared the effects of
RIs of 1 and 4 minutes on 1 RM in untrained older men. After
4 weeks of a preparatory training, both groups performed
8 weeks of resistance training with total volume equated (3
days per week, 2–3 sets, 4–6 repetitions without muscular fail-
ure). The shorter RI demonstrated significantly greater in-
creases in 1 RM compared with longer RI in a bilateral leg
press (31.3% and 21.3%, respectively). The authors attributed
these findings, in part, to an increase in metabolic stress (e.g.,
© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE1. Integrated EMG activity of the VL and VM pretraining and posttraining for the different RI groups in trained older women (n = 21). All
values are presented as mean ± SD.
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accumulation of hydrogen ions, inorganic phosphate, and lac-
tate).32 The use of shorter RI does not allow sufficient recuper-
ation to reestablish homeostasis, resulting in the accumulation
of these metabolites in muscle and, consequently, elevation of
anabolic hormones.33 Although some studies have demon-
strated a positive relationship between acute postexercise ana-
bolic hormones and muscular adaptations,34,35 the precise
mechanisms of these responses have yet to be fully elucidated.
Some evidence suggests that acute hormonal responses are at-
tenuated throughout the course of the training period,10,12 lim-
iting possible adaptations via hormonal mechanisms. In addition,
recent research has shown no differences between longer
and shorter RIs on acute growth hormone concentrations in
resistance-trained older women,19 which may explain the sim-
ilar responses between groups in the present study.

Meta-analytic data have shown that greater gains in muscle
strength occur in untrained compared with resistance-trained
individuals.36 Taaffe et al.,37 for example, analyzed the time
course of muscle strength during 52 weeks’ resistance training
performed 3 days per week at high intensity (80% of 1 RM for
7 repetitions) or low intensity (40% of 1 RM for 14 repetitions)
in older people not engaged in resistance training. Resistance
training programs exhibited high adaptations in muscle strength
during the first weeks, but these gains decreased after 12 weeks
of resistance training. In line with this, the small alterations in
FIGURE 2. Total volume (sets� repetitions � load) of each week (A) and du
n = 11) RI groups in trained older women. All values are presented as mean ±
(P < 0.05). bSignificant difference compared with the first week for the G-1 m
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15 RMs, MVC, and PRFD shown in the present study may be
associated with the resistance training experience of the partic-
ipants (i.e., 3.8 ± 2.9 years). Considering that interrupting the
practice of resistance training promotes reductions in muscle
strength and functional components,38 the maintenance of
muscle strength shown in the present study has an important
significance in the rehabilitation of lower limbs in trained
older women.

It is well recognized that alterations in muscle strength are
associated with morphological and neural adaptations.39 Ac-
cording to Moritani and DeVries,40 increases in muscle strength
are widely associated with neural factors during the early
stages of a resistance training program, although this comport-
ment appears to reduce with longer periods of resistance train-
ing. In the present study, iEMG values for the VL and VM
showed no significant change posttraining for G-1 min (−2.0%
and −8.4%, respectively) or G-3 min (+9.7% and +5.1%, re-
spectively), which may also be linked to the training status of
the participants. Given that muscle activation is an important
mechanism to determine the RFD in vivo,14 these findings
may explain the lack of change in PRFD. It is important to
highlight that the measurement and interpretation of iEMG
are not without their limitations to detect chronic alterations;
such issuesmay be related to relocation of electrodes and changes
in muscle morphology.39
ring 8 weeks (B) for 1-minute (G-1 min; n = 10) and 3-minute (G-3 min;
SD. aSignificant difference compared with the first week for the G-3min
in (P < 0.05).
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This study is not without its limitations. First, the sample
was composed only of older women with resistance training
experience. This prevents us from generalizing the results to
older untrained women and men, who may present greater
muscular adaptations to resistance training.36,41 Second, we did
not perform any morphological assessments, limiting us to es-
timate changes in muscle mass. Third, the functional capacity
of the individuals was also not assessed, which may have im-
portant implications in the activities of daily life of the partici-
pants. Fourth, the use of multiple exercises in the resistance
training design may have promoted muscular adaptations in
different muscle groups; however, these modifications were
not directly determined. Miranda et al.,42 for example, showed
that when multiple exercises are performed in the same ses-
sion, the number of repetitions in subsequent exercises is re-
duced and results in a total lower volume. Nonetheless, to
avoid the effects of multiple exercises on number of repeti-
tions, the leg press exercise was conducted at the beginning
of all training sessions in the present study. Finally, increases
in muscle activation and reductions in antagonist coactivation
are neuromuscular mechanisms that are involved in muscle
strength alterations. In the present study, antagonist coactivation
was not directly assessed, limiting us to speculate regarding any
possible modifications. However, a recent meta-analysis from
Arnold and Bautmans43 showed no reductions in antagonist
coactivation during knee extension (weighted mean differ-
ence = 1.1%, P = 0.69, for the randomized controlled trials;
and weighted mean difference = 1.8%, P = 0.51, for the non-
controlled trials) in older people, suggesting that these changes
likely did not occur in the present study.

The maintenance and/or increase in the different manifes-
tations of muscle strength are important in the rehabilitation
and independence of older people. The prescription of leg press
exercise is an excellent strategy to increase efficiency and effec-
tiveness in rehabilitation of muscle strength of the lower limbs,
which is important for numerous tasks such as rising from a
chair, climbing stairs, and preventing falls in older adults. Based
on the results from the present study, it appears that the manip-
ulation of longer and shorter RIs between sets during training
causes slight absolute alterations in dynamic and isometric
muscle strength and muscle activity in resistance-trained older
women. In this scenario, shorter RIs can be considered an alter-
native to reduce the time spent during the training and obtain
the same results in resistance-trained older women. In addition,
it is possible that different RIs may have greater impacts in the
rehabilitation of older untrained women or men, whomay have
a higher ceiling for muscular adaptations. Jambassi Filho
et al.,21 for example, have shown that training sessions com-
posed of 3 sets of leg press exercise with an absolute load of
15 RMs using RI of 3 minutes resulted in a higher total volume
(+20.4%) than training using an RI of 1 minute in older un-
trained women, thus suggesting that a longer RI between sets
may be important in the rehabilitation of older adults untrained
via an increase in the total volume of training.
CONCLUSIONS
In summary, the findings of the present study suggest that

the use of RIs of 1 and 3 minutes between sets results in similar
gains in dynamic and isometric muscle strength and muscle
6 www.ajpmr.com
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activity in resistance-trained older women. It is important to
highlight that the total volumewas similar between groups dur-
ing the 8-week resistance training program. Future studies are
needed to analyze the effects of different RIs, between sets,
on the rehabilitation of lower limb muscle strength in older un-
trained individuals and to examine the underlying mechanisms
of RI-induced muscle adaptations.
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