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Abstract—The purpose of this study was to compare the number of maximum repetitions (RMs) performed at 80% 
of one-repetition maximum (1RM) and 80% of one-repetition maximum eccentric (1RMecc) test for the preacher-curl 
(PC) and the bench-press (BP) exercises. Fifteen resistance-trained men participated in this counterbalanced-crossover 
study. There was no significant difference in the number of RMs performed at 80%-1RM (PC: 7.0±1.2 RMs and BP: 
5.8±1.3 RMs) and 80%-1RMecc (PC: 6.0±1.1 RMs and BP: 5.4±1.1 RMs) for both exercises. No significant difference 
in the numbers of RMs was detected between the PC (80%-1RM: 7.0±1.2 RMs and 80%-1RMecc: 6.0±1.1 RMs) and 
BP exercises (80%-1RM: 5.8±1.3 RMs and 80%-1RMecc: 5.4±1.1 RMs) for both intensities. In conclusion, the number 
of RMs performed by resistance-trained men was not affected by the maximum load intensity based on muscle action 
and the exercise selection.
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Resumo—“Número máximo de repetições realizadas por homens treinados em força: Efeitos da intensidade máxi-
ma de carga e escolha do exercício.” O objetivo deste estudo foi comparar o número de repetições máximas (RMs) 
realizadas com intensidade de 80% dos testes de uma repetição máxima (1RM) e 80% de uma repetição máxima 
excêntrica (1RMecc) para os exercícios supino-horizontal (SH) e rosca-scott (RS). Quinze homens com experiência 
em treinamento de força participaram desse estudo randomizado cruzado. Não houve diferença significativa no nú-
mero de RMs realizadas a 80%-1RM (RS: 7,0±1,2 RMs e SH: 5,8±1,2 RMs) e 80%-1RMecc (RS: 6,0±1,1 RMs e SH: 
5,4±1,1 RMs) para ambos os exercícios. Não foi detectada diferença significativa no número de RMs entre o exercício 
RS (80%-1RM: 7,0±1,2 RMs and 80%-1RMecc: 6,0±1,1 RMs) e SH (80%-1RM: 5,8 ±1,2 RMs and 80%-1RMecc: 
5,4±1,1 RMs)  para ambas intensidades. Em conclusão, o número de RMs realizados por homens treinados em força 
não foi afetado pela intensidade máxima da carga baseada na ação muscular e pela seleção de exercícios.

Palavras-chave: força muscular, prescrição de treinamento, concêntrico, excêntrico
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Introduction

The manipulation of acute training variables, such as, choice and 
order of exercises, intensity, volume, rest interval, velocity of 
execution and range of motion evokes distinct acute and chronic 
adaptations in response to resistance training (American College 
of Sports and Medicine, 2009; Bird, Tarpenning, & Marino, 
2005; Kraemer & Ratamess, 2004). Among these variables, the 
load intensity, often prescribed by the one repetition maximum 
(1RM) test, plays a key role in optimizing these neuromuscular 
adaptations. The 1RM test involves the determination of the 
maximum load for the execution during a single iso-inertial 
muscle action (eccentric and concentric phases) (Fry, 2004). 
However, during isolated eccentric actions, the skeletal mus-
cle elicits a higher strength output when compared to isolated 
concentric actions (Enoka, 1996). Thus, when using the 1RM 
traditional test (eccentric and concentric phases), the absolute 
intensity of the load is reduced in eccentric muscle action. In this 
sense, Smith et al. (2000) emphasized that the 1RM test actually 
reflects only the maximum capacity that can be exerted for the 
concentric muscle action. Based on these assumptions, it is rea-
sonable to speculate that the intensity of resistance exercise with 
isolated eccentric muscle actions prescribed based on a certain 
percentage of 1RM test might not provide a proper stimulus in 
order to enhance expected training adaptations (Brandenburg 
& Docherty, 2002; Tan, 1999). 

With the purpose of making a more precise determination of 
the eccentric exercise intensity, Hollander at al., (2007) develo-
ped the one repetition maximum eccentric test (1RMecc). These 
authors demonstrated that depending on the exercise evaluated 
in trained men, the eccentric muscle action produces 20-60% 
greater force output as compared to the concentric muscle action. 
Therefore, the assessment of maximum eccentric load is crucial to 
provide a progressive overload especially for trained individuals.  

Furtheremore, there is no consensus in the literature on the 
effect of concentric and eccentric maximum loads on the number 
of maximum repetitions performed at a given relative intensity. 
In such studies, another variable that should be considered is 
the type of exercise performed and the amount of muscle mass 
involved (Hoeger et al., 1987; Hoeger et al., 1990; Shimano et 
al., 2006). Hoeger et al. (1990) reported that in the intensity of 
80% of 1RM test, resistance trained-men were able to perform 
significantly more repetitions in the leg press exercise, when 
compared to the exercises that involved lower muscle mass, such 
as the bench press and arm curl. On the other hand, Shimano 

et al. (2006) found no significant difference in the back-squat 
exercise when compared to the bench press and arm curl exer-
cise performed at 80% of 1RM test, in resistance trained-men. 

Up to now, no previous study has assessed the maximum 
number of repetitions that can be performed at a selected per-
centage of the 1RMecc test in different exercises. Therefore, 
the present study aimed to compare the maximum number 
of repetitions performed with intensity of 80% of 1RM and 
1RMecc tests for the bench press and preacher curl exercises.

Methods

Participants

Fifteen young healthy men (27.2 ± 2.2 years; 80.9 ± 6.2 kg; 
176.1 ± 6.2 cm) with experience of 3.4 ± 2.4 years of resistance 
training participated in the study. The number of participants 
was determined using the data of changes in maximal eccentric 
strength from the previous pilot study. Fourteen participants was 
an adequate sample size to meet effect size of 1, alpha level of 
0.05 and a power (1-β) of 0.80. The inclusion and exclusion 
criteria for participation in the study were: (a) having at least one 
year of continuous experience in resistance training; (b) having 
no previous injury which may interfere with the study; (c) using 
neither creatine-based nutritional supplement nor anabolic ste-
roids. All the participants completed a health questionnaire and 
signed an informed consent form after being instructed on the 
experimental protocol of the research. This study was approved 
by the Research Ethics Committee of the Methodist University 
of Piracicaba (Protocol number: 41/12).

Procedures

The volunteers attended the laboratory on seven distinct 
moments for the experimental sessions, which were separated 
by an interval of 48 hours. In the first session, participants were 
familiarized with the tests and with the cadence of the task mo-
vement. The 1RM test was determined on the second and third 
sessions, while the 1RMecc test was conducted in the fourth 
and fifth session. The higher load was achieved during one of 
the previous testing days. On the sixth and seventh sessions, the 
participants were randomly divided (counterbalanced crossover 
design), and the number of maximum repetitions for each exercise 
were assessed. The exercises were performed in the following 

Resumen—“El número máximo de repeticiones realizadas por hombres entrenados: efecto de la intensidad de carga 
máxima y la selección de los ejercicios.” El objetivo de este estudio fue comparar el número de repeticiones máximas 
(RMS) realizado con una intensidad de 80% de una repetición máxima (1RM) y el 80% de una repetición máxima 
excéntrica (1RMecc) para el ejercicio supino horizontal (SH) y rosca scott (RS). Quince hombres con experiencia en el 
entrenamiento de fuerza participaron en este estudio cruzado aleatorio. No hubo diferencia significativa en el número de 
los RMs realizado a 80% 1RM (RS: 7,0±1,2 RMs e SH: 5,8±1,2 RMs) y 80%-1RMecc (RS: 6,0±1,1 RMs e SH: 5,4±1,1 
RMs) para ambos ejercicios. No se detectó diferencia significativa en el número de los RMs entre el ejercicio RS (80%-
1RM: 7,0±1,2 RMs and 80%-1RMecc: 6,0±1,1 RMs) y SH (80%-1RM: 5,8 ±1,2 RMs and 80%-1RMecc: 5,4±1,1 RMs) 
para ambas intensidades. En conclusión, el número de RMs realizados por hombres entrenados en la fuerza no afectó la 
intensidad máxima de la carga basada en la acción muscular y la selección de los ejercicios.

Palabras clave: la fuerza muscular, prescripción de entrenamiento, concéntrico, excéntrico
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order: bench press and preacher curl. All the participants were 
strongly encouraged to perform maximum effort during the tests.

Maximum muscle strength -1RM test

The determination of the maximum muscle strength was 
assessed via the bench press and preacher curl exercises using 
the 1RM test (Brow & Weir, 2001). Briefly, the participants 
performed 2-3 sets of 5-10 warm-up repetitions with a 40-60% 
of estimated 1RM. The 1RM tests were performed at a cadence 
of 3 seconds for the entire range of motion, with a metronome 
control (60 beats per minute). The 1RM load was determined 
using 3 to 5 attempts with a rest interval of 5 minutes for each 
exercise and 10 minutes between them.

Muscle eccentric strength test – 1RMecc

The bench press 1RMecc test was determined in the 
following procedures based on Hollander et al., (2007). Briefly, 
each participant performed 2-3 sets of 5-10 repetitions with a 
40-60% of 1RM before the 1RMecc test. After 3-minutes of 
rest, a single maximum eccentric action for 3 seconds (entire 
range of motion) was performed. The pace of movement was 
controlled by a metronome. An investigator checked the range of 
eccentric motion and the pace of movement. Two safety spotters 
were responsible for positioning the bar and ensure the safety 
of the participants. The test was performed with a maximum 
number of four attempts and with a rest interval of 3-5 minutes.

Repetitions maximum tests

The maximum repetition tests (ECC/CON and ECC) con-
sisted of only 1 set of each exercise (bench press and preacher 
curls), and were performed at 80% of the 1RM or 1RMecc. The 
participants were instructed to perform the maximum number of 
repetitions until failure. The rest interval between exercises was 
5 minutes. The execution time of each movement was 3 seconds 
for the entire range of motion (controlled by metronome at 60 
beats per minute), and the pace was accompanied by simulta-
neous verbal instruction. The maximum eccentric repetition test 
was performed in an isolated form (3 seconds), requiring the 
help of two assistants who would return the bar to the starting 
position in three seconds, while the maximum concentric re-
petition test was performed for eccentric and concentric phase 
of movement (3 seconds for each muscle action). The test was 
considered ended when the subjects either could not maintain 
the pace or fail to execute the movement appropriately.  

Statistical analysis

Normality and homogeneity of variances were confirmed 
by the Shapiro-Wilk and the Levene test, respectively. All the 
data are presented as mean ± standard deviation (SD). Then, a 
one-way ANOVA with Bonferroni post hoc was used to compare 
the number of maximum repetitions in the bench press to the 
number of repetitions in the preacher curl exercises. Reliabili-

ty of dependent variables was determined using an intraclass 
correlation coefficiente (ICC) and coefficient of variation (CV). 
The significance for statistical analyses was set at 5%. 

Results

1RM and 1RMecc loads

The 1RM and 1RMecc measures showed a high test-retest 
reliability (ICC > 0.90; CV = 2.2-5.2%). The values of the 
1RMecc test (Bench press: 134.8 ± 25.7 kg and preacher curl: 
95.2 ± 16.2 kg) was significantly higher (p < 0.05) when com-
pared with 1RM test (Bench press: 81.7 ± 10.4 kg and preacher 
curl: 59.1 ± 8.8 kg) for both exercises (Figure 1). 

Maximum repetition test

Figure 2 shows the results of the number of maximum repeti-
tions completed in the bench press and preacher curls, both at 80% 
of 1RM or 1RMecc tests. The numbers of repetitions maximum 
in preacher curls exercise by 1RM (7.0 ± 1.0 repetitions) was no 
significantly higher (p > 0.05) compared with 1RMecc (5.8 ± 1.1 
repetitions). There was no significant difference (p > 0.05) in the 
bench press exercise between 1RMecc (5.4 ± 1.2 repetitions) and 
1RM (5.8 ± 1.3 repetitions). When comparing both exercises, 
there was no significant difference (p > 0.05) between 1RMecc 
and 1RM, for bench press and preacher curls exercises (Figure 2).

Figure 1. One repetition maximum (1RM) and one repetition maximum 
eccentric (1RMecc) test for the bench press and the preacher curl 
exercise. * Significant difference (p < 0.05) compared to the 1RM test. 
The data are expressed as mean ± SD (n = 15).

Figure 2. Maximum number of repetitions in the bench press and the 
preacher curl exercises. The data are expressed as mean ± SD (n = 15).
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Discussion

The purpose of this study was to compare the maximum 
number of repetitions performed with 80% of the 1RM and 
the 1RMecc for bench press and preacher curl exercises. The 
main finding was that there was no significant influence of load 
intensity and exercise selection on the number of repetitions 
maximum performed by resistance trained men. 

The 1RM test represents an important tool for conditio-
ning coaches in the assessment of muscle strength and in the 
individualization of resistance exercise intensity prescription 
(Brow & Weir, 2001). In this context, the absolute values of 
loads in the 1RMecc test obtained in the present study were 
42% and 46% higher than 1RM test for the bench press and 
the preacher curl exercises, respectively (Figure 1). These data 
corroborate the results of Hollander et al. (2007), whose study 
evaluated the maximal strength by the 1RM and the 1RMecc 
tests in resistance-trained men and found that eccentric muscle 
strength was 40% greater than concentric for bench press exer-
cise. Therefore, these data indicate that for greater accuracy in 
relation to prescription of eccentric training sessions, a specific 
muscle strength test for trained individuals is required in order 
to enhance the training acute stimulus.

Traditionally, the guidelines for prescribing the intensity 
of resistance training are based on the number of repetitions 
maximum and the percentage of the maximum load test (Ame-
rican College of Sports and Medicine, 2009; Campos et al., 
2002; Kraemer & Ratmess, 2004). In this regard, the number 
of repetitions maximum at a selected percent of 1RM test has 
been investigated at various intensities, exercises, gender and 
levels of trainability (Hoeger et al., 1987; Hoeger et al., 1990; 
Shimano et al., 2006). The individuals evaluated in this study 
performed an average of 5.8 repetitions for the bench press 
exercise and 7.0 repetitions for the preacher curl performed at 
80% of 1RM. Results obtained by Hoeger et al. (1990) with 
the same percentage of intensity included mean values of 12.2 
and 11.4 repetitions for the bench press and arm curl exercise, 
respectively, for trained men. In addition, Shimano et al., (2006) 
showed mean values of 9.2 repetitions for bench press exercise 
and 9.1 repetitions for arm curl (trained men). These differen-
ces observed in the maximum number of repetitions between 
studies, probably occurred because the pace of movement, a 
procedure not utilized in the studies conducted by Hoeger et 
al. (1990) and Shimano et al. (2006).

Supporting that idea, Sakamoto and Sinclair (2006) evalua-
ted the impact of velocity of execution in different intensities 
during the bench press exercise. These authors found that, 
when executing the movement at fast pace, trained individuals 
performed a higher number of repetitions than when executing 
the movement at slow pace. The authors explained that the use 
of stretch-shortening cycle during fast pace movements may 
have improved the participants’ performance (Sakamoto & 
Sinclair, 2006). Another important aspect to be considered is the 
time of muscle tension, which is greater when the movement is 
performed at slow velocity, requiring greater metabolic demand 
and inducing early muscle fatigue (Gentil et al., 2006).

Some studies have indicated that the amount of muscle 

mass involved in exercise can influence the maximum number 
of repetitions performed (Hoeger et al., 1987; Hoeger et al., 
1990; Shimano et al., 2006). Hoeger et al. (1990) found that at 
80% of 1RM test, resistance-trained men were able to perform 
an average of ~19 repetitions during leg-press exercises (larger 
amount of muscle mass), while, at the same intensity, a signifi-
cant lower number of repetitions was observed for bench press 
(~12) and arm curl (~11) exercises (smaller amount of muscle 
mass). In contrast, Shimano et al., (2006) found no significant 
differences in the maximum number of repetitions between free 
weights on back squat (~7) when compared with bench press 
(~6) and arm curl (~6) exercices, at the same intensity. On the 
other hand, no differences were found between the number of 
repetitions performed in the arm curl and the bech press exerci-
ces in both studies (Hoeger et al., 1990; Shimano et al., 2006).

The present study implemented free weights exercises per-
formed in isolated eccentric muscle actions, thus, requiring the 
participation of two experienced assistants who were responsible 
to perform the concentric muscle action (returning the bar to the 
starting position). Therefore, due to methodological difficulties, 
only the bench press and preacher curl exercises were assessed, 
so it is not possible to compare our results with the leg press and 
back squat exercises that were assessed in previous studies as 
Hoeger et al., (1990) and Shimano et al., (2006), respectively.

Regarding the number of repetitions in the eccentric muscle 
actions, there is no previous data in the literature, what makes 
a comparison to studies that used only 1RM not possible. Mo-
reover, it is observed that the number of repetitions between 
1RM and 1RMecc was not significantly different for the bench 
press and preacher curl exercises. Therefore, the results showed 
similar responses for the intensities prescribed based on 1RM 
and 1RMecc percentages for both exercises.

In order to provide proper training stimuli, strength and con-
ditioning coaches should carefully analyze the complex interac-
tions of training variables (e.g. load intensity, number repetitions, 
exercise selection, and type of muscle action) when prescribing 
resistance training. Due to variation of strength eccentric and 
concentric muscle action, the 1RMecc test should be conducted 
to determine intensity of eccentric training. Our results support 
that, when the purpose is to increase of muscular eccentric and 
concentric strength via bench press and preacher curl exercises, 
the use of 80% intensity of 1RM and 1RMecc tests is suitable 
to design resistance training for trained men.

Conclusions

In conclusion, despite the differences between the absolute 
load of 80%-1RM and 80%-1RMecc, the maximum number 
of repetitions performed at the same relative intensity was the 
same for both exercises. In addition, the maximum number of 
repetitions may not vary between exercises (single-joint vs. 
multiple-joint) when the same relative intensity is prescribed. 
Future research is required to assess the influence of different 
factors such as the load intensity, exercise selection, velocity of 
the muscle action, gender, and the training level on the maximum 
repetitions performance.  
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