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ABSTRACT: The intensity employed in the agonist-antagonist paired-set (AAPS) system may influence 
neuromuscular performance due to increased fatigue and decreased antagonist coactivation. However, it is 
not yet known whether performing submaximal repetitions at different intensities (i.e.,  wit h out m uscle  
failure) negatively affects agonist muscle performance. The aim of this study was to verify the acute effect 

of the AAPS system performed at different intensities with submaximal repetitions. 20 trained m ales in  
resistance training (RT) (21.8 [3.1] years; 76.9 [9.7] kg; 1.7 [0.0] m; 24.3 [2.6] kg/m

2
) participated of this 

investigation. All the participants were allocated in a randomized order in one of the two AAPS 

configurations: high-load (HL) or low-load (LL). In the HL condition, the individuals were submit t ed t o  
one set of eight repetitions at 75% of one-repetition maximum (1RM) in the knee flexion (i.e., antagonist), 
followed by 75% 1RM knee extension (i.e., agonist) exercise until momentary concentric failure .  In t he 
LL condition, they performed one set of 12 repetitions at 50% 1RM in the knee flexion, followed by knee 

extension at 75% 1RM also until momentary concentric failure. Both experimental conditions p resented 
similar values for the number of repetitions, without significant difference (p = 0.66, ES = 0.15). Thus, our 
data suggest that the adoption of AAPS system without an increase of the antagonist fatigue and 
consequently no reduction of coactivation, acutely, may not lead to increased p er fo rm an ce o f  target 

musculature during a resistance exercise session. 
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RESUMO: A intensidade empregada no sistema agonista-antagonista pareado por sér ie  ( AAPS)  p o de 
influenciar o desempenho neuromuscular devido ao aumento da fadiga e diminuição  da co at iv ação do  

antagonista. No entanto, ainda não se sabe se realizar repetições submáximas em diferentes intensidades 
(i.e., sem falha muscular) afeta negativamente o desempenho muscular. O objetivo deste estudo foi 
verificar o efeito agudo do sistema AAPS realizado em diferentes intensidades com repetições 
submáximas. 20 homens treinados em treinamento resistido (TR) (21.8 ± 3.1 anos; 76.9 ± 9.7 kg; 1.7 ± 0.0 

m; 24.3 ± 2.6 kg/m
2
) participaram desta investigação. Todos os participantes foram alocados,  de fo rma 

aleatória, em uma das duas configurações do sistema AAPS: alta-carga (AC) ou baix a-carga (BC) .  Na 
condição AC, os indivíduos foram submetidos a uma série de oito repetições a 75% 1RM no exercício  de 

flexão do joelho (i.e., antagonista), seguido por uma série a 75% 1RM de extensão do joelho até  a  f a lh a 
concêntrica momentânea. Ambas as condições experimentais apresentaram v alores sim ilares p ara  o  
número de repetições, sem diferença significante (p = 0.66, TE = 0.15). Assim, nossos dados sugerem que 
a adoção do sistema AAPS sem aumento da fadiga do antagonista e consequentemente sem  redução  da 

coativação, agudamente, pode não levar ao aumento do desempenho da musculatura  a lvo  duran te um a 
sessão de exercício resistido. 

 
Palavras-chave: Treinamento resistido, número de repetições, coativação 
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 Introduction 

 Resistance training (RT) is the most effective strategy for strength development1-4. One of the main strategies 

for designing an RT program in order to minimize the stagnation of gains in neuromuscular adaptations is the use of 

training systems5-7 and the agonist-antagonist paired-set (AAPS) is one of them8. Also known as superset system9, 10, 

AAPS consists of performing agonist and antagonist exercises alternately, without or with the minimum rest interval 

between them8. This reduction in the rest interval results in a decrease in training time without a decrease in total 

volume11, 12. That is, the increase of the time-efficiency occurs without reducing outcomes. 

 Previous acute studies have demonstrated the efficacy of the AAPS system on agonist performance11, 13. 

Nevertheless, other investigations present contrary findings, with no increase in performance 14 or reduction15. Although 

the mechanisms are still unclear, it has been proposed that previous stimulation of the antagonist muscle in the long 

term decreases the coactivation process, reducing the resistance against the intended movement 8. That is, the 

performance of the agonist is increased due to increased stimulation of the antagonist motor units 8. 

 In this sense, Robbins et al.14 investigated the acute effects of performing traditional sets (TS) vs. Complex 

sets (CS) agonist-antagonist training, on bench press throw (BPT) performance, throw height (TH), peak velocity (PV), 

peak power (PP), bench pull volume-load (VL), and electromyographic (EMG) activity.  The TS condition comprised 

of three sets of bench pull followed by three sets of bench press throw and CS condition comprised of three sets of the 

same exercises as the TS condition, but in an alternating manner. The results showed that TH, PV, PP e EMG were not 

different within and between conditions. In addition, bench pull VL decreased significantly over the sets under both 

conditions. Although there was no increase in power performance, the CS condition was twice as efficient (output/time) 

when compared to the TS condition (10-min vs. 20-min). Thus, the CS system seems to be an effective method to 

improve efficiency without decreasing performance. 

Among the strategies employed in the AAPS system, protocols that present higher levels of fatigue (e.g., high-

load, a longer time under tension, momentary concentric failure) seem to respond better to the performance of the 

agonist13. Fatigue might act as a stimulus, in other words, the protocols that adopt this strategy seem to produce greater 

activation of the motor units of the synergistic muscles and subsequent agonist 16. However, due to conflicting results in 

the literature, a brief review by Robbins et al.8 suggested perhaps performing submaximal repetitions could lead to 

increased reciprocal innervation of agonists, resulting in the prevalence  of this mechanism over prolonged fatigue. This 

phenomenon would explain the absence of increased agonist muscle performance  in those studies. 

 Regarding intensity-load, Psek and Cafarelli17 analyzed the effect of two protocols with different intensities 

and duration on the behavior of muscle coactivation during progressive fatigue. Participants were submitted to two 

conditions, low-intensity and long-duration vs. high-intensity and short-duration, in knee extension exercise. The results 

showed that both conditions were able to increase the coactivation of the antagonists (i.e., knee flexors), during the knee 

extension and consequently decrease the force-producing capacity of the agonists. However, in this study, participants 

were submitted to fatigue protocols. That is, individuals performed repeated isometric contractions until they were 

unable to produce the required force (time limit of endurance). Therefore, it is not yet clear whether adopting the AAPS 

system without taking the antagonist muscle to fatigue can also result in increased agonist performance.  

 To date, no study has analyzed the acute effects of different intensities and submaximal repetitions, adopting 

the AAPS system in conventional machines on the performance of the subsequent agonist. From a practical point of 

view, this research helps RT practitioners, who use or who will use the AAPS system within the training program in 

deciding which strategy to use to optimize performance during RT session. Therefore, the aim of the present study was 
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to examine the acute effect of the AAPS system performed at different intensities with submaximal repetitions. The 

initial hypothesis was that the protocols configuration of the greater intensity to the antagonist should present greater 

performance of the agonist. 

Materials and methods 

Participants 

 The participants were recruited using the non-probabilistic sampling method, yielding a total of 20 male 

volunteers aged from 18 to 31 years old (21.8 ± 3.1 years; 76.9 ± 9.7 kg; 1.7 ± 0.0 m; 24.3 ± 2.6 kg/m2; 4.3 ± 2.2 

training age). All participants answered the health history and physical activity questionnaires and met the following 

inclusion criteria: have at least six months uninterrupted experience in RT, free from any history of muscular or joint 

injury and did not intake any ergogenic substance for strength and/or muscle mass in the last 6 months. The participants 

were oriented to maintain their routines, eating habits, and to abstain from any exercise program during the study.  After 

receiving information about the procedures, participants signed in the informed consent form. The study was approved 

by the institutional ethics and research committee (protocol number: 1.912.701) and followed the ethical principles 

contained in the declaration of Helsinki (2008). 

Study design  

 This is a randomized and cross -over investigation with two experimental conditions. The investigation 

consisted of two visits. On day 1, all individuals were submitted to one repetition maximum test (1RM), in the knee 

extension and flexion exercises, both unilateral, in the dominant leg. After 48-h, the participants returned to the 

laboratory for experimental sessions. They were allocated, in a randomized manner in one of two protocols AAPS: 

high-load (HL) or low-load (LL). Then, they were submitted to the reverse protocol. The interval was 20-min between 

conditions. HL experimental condition was performed adopting 75% of 1RM in the knee flexion (i.e., antagonist) 

without muscular concentric failure, followed by 75% of 1RM knee extension (i.e., agonist) exercise until momentary 

concentric failure. LL experimental condition was performed adopting 50% of 1RM in the knee flexion without 

muscular concentric failure, followed by knee extension at 75% of 1RM also until momentary concentric failure. 

Procedures 

Anthropometry 

 Body mass was measured to the nearest 0.1 kg using a calibrated electronic scale (Welmy, W300, Caxias do 

Sul, brazil). Height was measured with a stadiometer to the nearest 0.1 cm, with the participants wearing no shoes. 

Body mass index was calculated as body mass in kilograms divided by height in meters squared. 

One maximum repetition (1RM) 

 The 1RM test was performed in the knee flexion and extension exercises (Righetto, São Paulo, SP, Brazil), 

consistent with recognized guidelines as established by the National Strength and Conditioning Association18. Briefly, 

each exercise was preceded by two sets of warm-ups. The first set was performed with eight repetitions at 50% of the 

estimated load for the first attempt of the 1RM test and the second set with 3 repetitions at 70% 1RM predicted, 

adopting a 3-min rest interval between them. The tests were performed three minutes after warm-up. Participants were 

asked to try to complete two repetitions, if at least one repetition was completed on the first attempt, or even if one 

repetition was not completed, a second attempt was performed after an interval of 3-5 min, with a higher (first 

possibility) or lower load (second possibility) compared to that used in the previous attempt 19. This procedure was 
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repeated in all sets. Participants had up to five attempts to find the 1RM load. The 1RM load was defined as the one that 

it was possible to perform only one repetition maximum.  

Resistance training sessions 

 In the HL condition, they underwent one set of eight repetitions at 75%1RM in the knee flexion, in the lying 

leg curl exercise (i.e., antagonist), followed by 75%1RM knee extension (i.e., agonist) exercise until momentary 

concentric failure. In the LL condition, it was performed one set of 12 repetitions at 50%1RM in knee flexion, followed 

by knee extension at 75%1RM also until momentary concentric failure. Both training protocols were performed on the 

dominant leg. The number of repetitions in the knee flexion exercise was adjusted in order to equalize the volume -load 

(number of repetitions x load lifted). The participants were instructed to exhale during the  concentric phase and inhale 

in the eccentric phase during each repetition in both exercises. The aim was to maintain a ratio of 1:2 for the concentric 

and eccentric actions, respectively, as recommended in a previous study 4. 

Statistical analysis 

 The Shapiro Wilk´s test was used to analyze data distribution. The Student’s t-test for paired samples was used 

to compare HL and LL conditions, with regard to the variables maximum number of repetitions and volume-load. 

Results are shown as mean and standard deviation. Moreover, effect size (ES) revealed differences in a practical point 

of view. According to Rhea20 the following criteria were adopted: d < 0.35 = trivial, 0.35 ≤ d < 0.8 = small effect size, 

0.8 ≤ d < 1.5 = moderate effect size, and d ≥ 1.5 = large effect size. Data were analyzed on the SPSS 20.0 statistical 

package, considering a significance level of 5%. 

Results 

 The general characteristics of the participants are presented in Table 1. 

Table 1. General characteristics of participants (n = 20) 

Variables Mean Standard deviation 

Age (years) 21.8 3.1 

Body mass (kg) 73.9 9.7 

Height (cm) 174 0.05 

BMI (kg/m2) 24.3 2.6 

1RM knee flexion (kg) 73.7 9.7 

Note: BMI = body mass index; 1RM = one maximum repetition 

 

 Figure 1 shows the number of repetitions performed in each experimental session. The results demonstrated 

that both experimental conditions showed similar values (mean difference = 0.4 repetitions CI95% 1.4 to 2.2), without 

significant difference (LL = 13.0 ± 2.9 CI95% 11.6 to 14.3 vs. HL = 12.6 ± 2.8 CI95% 11.2 to 13.9; p = 0.66, ES = 

0.15). 

Figure 1. Number of total repetitions of knee extension in each experimental session (n = 20) 
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Note. Values are expressed as mean and standard deviation. LL = low-load; HL = high-load. 

 

 Figure 2 shows the volume-load performed in the two experimental conditions (LL = 701.0 ± 201.4 kg CI95% 

606.7 to 795.3 vs. HL = 681.8 ± 192.6 kg CI95% 591.6 to 771.9). No statistically significant difference was revealed 

(mean difference = 19.2 kg CI95% 106.9 to 145.3; p = 0.75, ES = 0.10). 

Figure 2. Volume load of knee extension in both conditions (n = 20). 

 

Note. Values are expressed as mean and standard deviation. LL = low-load; HL = high-load 

 

Discussion 

 This study aimed was to examine the acute effect of the AAPS system performed at different intensities with 

submaximal repetitions. The main finding of the present study was that when the first exercise of th e AAPS system is 

performed at different intensities (low or high load), without momentary concentric failure, the performance of the 

subsequent exercise is not increased. Considering these results, the initial hypothesis was refuted, since the performance 

of the knee extension exercise was not increased in the condition HL. 

 It is proposed that previous stimulation of the antagonist muscle in RT results in higher performance of the 

agonist muscle13, 15. Although the mechanisms are still unclear, it has suggested that training protocols that produce 

greater fatigue of the antagonist are capable of generating greater activation of motor units than non -fatiguing protocols, 

determining the size of the training response16. This phenomenon is called the coactivation of the antagonist, which 

refers to the concurrent activation of the agonist and antagonist muscles 8, 21. In other words, the pre-fatigue of the 
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antagonist may lead to decreased resistance to subsequent movement, increasing the performance of the agonist  force 

output8. Therefore, the more fatigued the antagonist is, the less resistance to agonist movement 21. Based on these 

statements, we can explain, in part, our results, since the protocol performed in the present study did not lead 

individuals to momentary concentric failure. Moreover, previous studies have shown that AAPS protocols that present 

higher levels of fatigue result in higher performance of the number of repetitions, and volume -load and efficiency 

(volume-load/time) performed by the agonist muscle compared to protocols with lower levels of fatigue11-13. 

 For instance, Maia et al.13 examined the acute effects of different rest intervals between sets for exercises using 

the AAPS system (i.e., knee flexion and subsequent knee extension) as a strategy on the number of repetitions 

performed by the agonist muscle in trained men. The results showed that the protocols with lower rest intervals and 

consequently higher levels of fatigue (i.e., minimum interval, 30-s and, 1-min) showed higher values in the number of 

repetitions in knee extension. It is important to note that in all experimental conditions, individuals were brought to 

momentary concentric failure. Instead, the present study used submaximal effort protocols and consequently lower 

levels of fatigue. Considering that to increase the performance of the agonist, the antagonist muscle must be submitted 

to protocols that result in high levels of fatigue, we speculate that the performance of the knee  extensors was not 

increased under any conditions due to the coactivation of the antagonist not having been reduced. 

 Additionally, Paz et al.11, analyzed the effect of performing an RT session using AAPS vs. Traditional system, 

in the bench press (antagonist) and wide-grip seated row (SR) exercises on volume-load and muscle fatigue parameters. 

The results showed that in the AAPS, the volume-load for the SR exercise was higher when compared to the traditional 

condition. Moreover, the fatigue index of the pectoralis major muscle was higher in the AAPS condition. These findings 

confirm that to increase the performance of the target muscle during an RT session, the antagonist needs to be taken 

close to failure. Given the above, we can infer that the performance of the agonist muscle may not have been increased 

since, in the knee flexion exercise, individuals were not exposed to exhaustion. 

 To the best of our knowledge, this is the first study that analyzed the acute effect of different intensities, 

adopting the AAPS system on agonist muscle performance, using conventional RT machines. This strategy is an 

interesting feature of this study due to the increased ecological validity and consequently good feasibility. The 

manipulation of this variable (i.e., intensity) had already been performed in another investigation21; however, the 

resistance exercise protocol was performed in an isokinetic dynamometer. In addition, the type of contraction was 

different from the present study (i.e., isometric contraction). In other words, the use of this type of instrument makes it  

difficult for the reproduction of this study in the practical scope. 

 Even though our study has shown strong points, our data should be analyzed with caution. We are only 

considering the immediate responses. Thus, future studies are required to analyze th ese responses over longer periods. 

Another important factor was the lack of mechanism assessments that could better explain our results (i.e., 

electromyography), as well as the data, may only be extrapolated to trained young men and cannot be generalized t o 

other populations. In addition, the absence of a 1RM retest is also considered a limitation of our study. Finally, future 

studies are required to investigate the acute responses of the AAPS system in different intensities with fatiguing 

protocols to antagonist muscle (e.g., a longer time under tension, momentary concentric failure). 

Conclusions 

 Our data suggest that the adoption of AAPS system performed at different intensities with submaximal 

repetitions, acutely, does not lead to increased performance of target musculature (i.e., agonist) during resistance 

exercise, in trained men. 
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