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ABSTRACT 
Vieira JG, Dias MRC, Lacio M, Schimitz G, Nascimento G, Panza P, 
Ribeiro M, Leitão L, Ribeiro A, Novaes J, Vianna J. Resistance Training 
with Repetition to Failure or Not on Muscle Strength and Perceptual 
Responses. JEPonline 2019;22(4):165-175. The purpose of this study 
was to compare the effect of 8 wks of resistance training with or without 
failure on muscle strength, total training volume, rating perceived exertion, 
and estimated repetitions to failure. Eighteen trained men participated in 
the study. The training was performed for 3 non-consecutive days of the 
week for 8 wks. The subjects were randomly divided into 2 groups: (a) one 
group that trained until concentric muscle failure (MAX); and (b) the other 
group did not reach concentric muscle failure (SUBMAX). Both groups 
performed 3 sets of 10 repetitions. Muscle strength (1RM) and training load 
(10RM) were evaluated before (pre), after 4 wks (4W), and after 8 wks 
(8W). In addition, the total training volume (TTV), the rating perceived 
exertion (RPE), and the estimated repetitions to failure were verified. The 
results showed that 1RM and 10RM increased 4W and 8W (P<0.001), but 
without differences between groups (P>0.05). The TTV was similar 
between the groups with no significant difference (P>0.05). The RPE-
muscle and RPE-overall was higher in the MAX group when compared to 
SUBMAX group (P<0.01), but the MAX group presented lower values of 
estimated repetitions to failure (P<0.01). In conclusion, both trainings were 
effective for increases in muscle strength and training load, but it seems 
that training to concentric muscle failure can lead to a greater sensation of 
muscle fatigue. 
 
Key Words: Fatigue, Repetition maximum, Strength training, Training 
volume 
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INTRODUCTION 
 
Resistance training is considered the main modality for muscle strength development (24). 
Some studies have suggested that training until failure of repetitions can maximize gains in 
muscle strength when compared to training without failure (5,20). On the other hand, it was 
recently demonstrated in a meta-analysis that training without muscle failure was effective in 
gains in strength as well as training to failure (5). 
 
Drinkwater et al. (5), in their study with elite young athletes, showed that training to failure 
was more effective than training without failure for gains in muscle strength. This suggests 
that training to failure can be an important stimulus to break the plateau of adaptations 
occasioned by training time. This can be explained by training to failure to generate greater 
metabolic stress (9) and muscle damage (15).  
 
However, Brandenburg, and Docherty (3) and Peterson et al. (17) showed that when 
repetitions are brought to failure, the number of repetitions of the subsequent series has an 
abrupt drop that directly affects the total training volume (TTV) and damages the adaptations 
acquired through resistance training. Thus, the reduction of the load, sets to sets, can be 
effective to keep the number of repetitions stable to avoid the fall of the TTV (27). 
 
The perceptual responses can be an excellent means to controlling the load at different 
intensities (19). According to Shimano et al. (22), when repetitions are performed until failure, 
few inter-individual variations are found in the RPE regardless of the exercise used, load, and 
training status. Although the effort is maximal, with different percentages of 1RM, not always 
the note given for the effort is the maximal score. In this way, the estimated repetitions until 
failure becomes a subsidiary scale during resistance training added to the RPE scale (10, 
11). Hacket et al. (10) validated the estimated repetitions until failure, which presented an 
interclass correlation index of r>0.9 and Spearman's negative correlation of r=-0.96 with the 
RPE. 
 
Given the methodological discrepancies, there is no consensus in the literature that shows 
resistance training should or should not be led to concentric muscle failure for optimal gains 
in muscle strength in recreationally trained individuals. It is important to analyze the impact of 
the training with or without failure on perceptual responses. The purpose of this study was to 
compare the effect of 8 wks of resistance training with or without failure on muscle strength, 
total training volume, rating perceived exertion, and estimated repetitions to failure. 
 
METHODS  
 
Subjects 
Eighteen trained men were recruited for convenience according to the inclusion criteria: (a) 
age between 18 and 30 yrs; (b) minimal experience in resistive training for a consecutive 
year; (c) minimal weekly training frequency of 3 days; (d) no history of muscle and/or joint 
damage or use of any type of ergogenic resource that could interfere with the performance; 
and (e) responded positively to some questions in the Physical Activity Readiness 
Questionnaire (23). The participants underwent an anthropometric evaluation, randomization 
for the groups, and were informed about the objectives, procedures, possible discomforts, 
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risks and benefits of the study. Then, they signed a free informed consent form approved by 
a local ethics committee (CAAE: 06646818.8.0000.5089).  
 
Anthropometric and Body Composition 
For the anthropometric measurements, stature was measured using a stadiometer (Sanny®, 
São Paulo, Brazil) and body mass using a mechanical balance (Filizola®, São Paulo, Brazil). 
In addition, 3 skinfolds (mammary, abdominal, and medial thorax) were measured with an 
adipometer (Sanny®, São Paulo, Brazil) for the evaluation of body composition. The 
calculation of body density was done using the protocol of Jackson and Pollock (13) and later 
the calculation of percentage of fat via the formula: [(4.95 / body density) – 4.5] x 100. All 
measurements were performed by a single evaluator who was experienced in each of the 
procedures. 
 
Strength Testing (1RM and 10RM) 
The 1RM test was performed on the bench press and leg press 45°. In the bench press, the 
eccentric phase consisted of lowering the bar to the chest and the concentric phase 
consisted of pushing the bar to the full extension of the elbows. In the leg press 45°, the 
subject, in the eccentric phase, descended the platform until completing a 90º angle between 
the femur and the tibia, which was measured via a metallic goniometer (Staline®, USA) and 
after, in the concentric phase, the subject pushed the platform to full extension of the knees 
and hips. The 10RM test, in addition to the bench press and leg press 45°, followed the same 
guidelines for performing the 1RM test. The exercises were used in which the subject was 
seated row with the chest leaning against the back and using a neutral footprint the same in 
the concentric pulled the bar until it crossed the midline of the body and in the eccentric full 
extension of the elbows, and the back squat machine, that the individual was positioned 
under the bar and went down up to a 120º angle between tibia and femur (2) and in the 
concentric phase returned to the standing position with full extension of the knees. The 1RM 
and 10RM tests were performed on non-consecutive days before the training period (pre), 
after 4 wks (4W), and after 8 wks (8W). The procedures of the 1RM and 10RM test protocol 
were determined in up to 5 trials with a 4-min rest interval between trials of the same exercise 
and 10 min between the different exercises (i.e., in accordance with the National Strength 
Conditioning Association – NSCA) (24). 
 
After 48 hrs of completing the 1RM and 10RM tests, a re-test was performed to determine the 
reliability of the load. Thus, the 1RM and 10RM tests and re-tests were completed on 4 
different days (Figure 1). All exercises were performed on the same day for each individual. 
The highest load on any of the test days was considered the 1RM and 10RM load of each 
exercise, since the reproducibility of the 1RM and 10RM tests was excellent for each 
exercise. The 1RM test showed ICC for the bench press, r=0.99, and the leg press 45º, 
r=0.99. The 10RM tests showed ICC for the bench press, r=0.99; leg press 45°, r=0.99, 
seated row, r=0.98; and back squat machine, r=0.98. In addition, a paired t-test showed no 
significant differences (P>0.05) were found for any exercise between the two occasions of the 
1RM and 10RM tests. 
 
No exercise was authorized in the period between the test sessions so as not to interfere with 
the results. To minimize errors during testing, the following strategies were used: (a) prior to 
testing, all subjects were given standard instructions on the run technique; (b) all subjects 
were closely monitored; and (c) all subjects received verbal encouragement during the tests. 
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In addition, all the subjects performed 3 sets of a specific warm-up during the first 2 exercises 
(bench press and leg press 45°) with 10 light load repetitions. Then, after 1 min, 5 repetitions 
were performed with a moderate load, and after 2 min, 3 repetitions were performed with a 
heavy load. The 2nd and 3rd series loads were increased by 5 to 10% in the bench press and 
10 to 20% in the leg press 45° in each set (24). 
 
Training Protocol 
The training protocol was performed on 3 non-consecutive days of the week for 8 wks. Four 
resistance exercises were used: (a) bench press; (b) leg press45º; (c) seated row; and (d) 
back squat machine. The sample was randomly divided into 2 groups: MAX (n=9) and 
SUBMAX (n=9). The MAX group performed all the series until concentric muscle failure (i.e., 
maximal voluntary fatigue) using the 10RM load. To maintain the mean volume of 10 
repetitions, 10% of the load was reduced for each series of exercises, which is in accordance 
with a previous study (27). The SUBMAX group performed the series without reaching the 
concentric muscle failure, using the 90% load of 10RM. If necessary, 5% of the load was 
reduced so that the group did not reach concentric muscle failure. Both groups performed 3 
sets of 10 repetitions in each exercise with a 120 sec interval between sets. All the subjects 
were instructed to move the load as quickly as possible, both concentric and eccentric. All 
training sessions were supervised by the researchers in this study, who were experienced in 
resistance training, and who assisted in the adjustment of loads and in the follow-up of the 
training sessions as well. 
 
Rating of Perceived Exertion (RPE) and Estimated Repetition to Failure 
To indicate RPE, the OMNI-RES scale (19) was used immediately after each set of 
resistance training (RPE-muscle) and 5 min after the end of the training session (RPE-
overall). In order to determine RPE through the OMNI-RES scale, the following instructions 
were given to each subject: (a) indicate a number indicating muscle effort (RPE-muscle) and 
body effort (RPE-overall); (b) look at the illustrations and the words to help in the selection of 
a number; (c) if you feel like the illustration, that is, if the effort is "extremely difficult", enter 
the number 10; and (d) if you feel that the effort is between "extremely easy" and "extremely 
difficult", then, indicate a number between 0 and 10. 
 
A scale of estimated repetitions to failure was also used (10) in order to measure the reserve 
repetitions in each set, that is, the probable number of repetitions that are missing in order to 
arrive at muscle failure. To determine the estimated repetitions to failure, each subject was 
asked to write a number that indicated how many repetitions were lacking to reach concentric 
muscle failure. The scale was placed in front of the subject immediately after the end of each 
set. If the number indicated was 10, it meant that the individual would still be able to perform 
10 more repetitions more than those that were performed. If the subject indicated 0, it meant 
that he could not perform any additional repetitions that had already been performed. 
 
Statistical Analyses 
 
To adopt the statistical type and distribution of the sample, the Shapiro-Wilk test was applied 
to verify the normality of the data and the Levene test to verify the homoscedasticity. 
Afterwards, a descriptive statistic was adopted through the mean ± standard deviation. For 
each resistance exercise, the reliability of the 1RM and 10RM re-test was performed, in which 
the interclass correlation index (ICC) and a paired t-test were performed to verify the 
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difference between the two occasions (test and re-test). The Mauchly's test was performed to 
assume the sphericity of the variables. An independent t-test was performed to detect 
differences in the characteristics of the individual groups. The TTV was calculated by the 
product of the number of sets x number of repetitions x load. For this, an independent t-test 
was also performed to verify the differences TTV between the trainings. Then, an analysis of 
variance (ANOVA) two-way (training with and without concentric muscular failure: MAX and 
SUBMAX) for repeated measures (time: pre, 4-wks, and 8-wks) was used to detect 
differences in the responses of maximal strength and training load. When required, the Tukey 
post-hoc test was used to determine the location of the significant differences. The Kruskal-
Wallis test was used to detect differences in RPE-muscle and estimated repetitions to failure 
between groups, and the Friedman test was used to detect differences in RPE-muscle and 
estimated repetitions to failure between sets. The Mann-Whitney test was used to detect 
differences in the RPE-overall between the groups. For all analyses, the level of significance 
was set at an alpha level of P<0.05, using statistical software SPSS 20.0 for Mac. 
 
RESULTS 
 
Fourteen individuals completed the study (6 in the MAX group and 8 in the SUBMAX group), 
in which 4 did not complete the study, 3 of the MAX group and 1 of the SUBMAX group (2 for 
lesions and 2 for personal reasons). The adhesion of the protocols was excellent (100% in 
the MAX group and 99.47% in the SUBMAX group). The individual characteristics of the 
groups are shown in Table 1. The independent t-test found no difference in the individual 
characteristics of the groups (P>0.05). Also, no differences were found in the TTV between 
the MAX group and SUBMAX group (P=0.93). 
 
Table 1 - Individual Characteristics and Total Training Volume. 

Characteristics MAX SUBMAX P-Value 

 
Age (yrs) 

 
25.2 ± 2.2 

 
24.5 ± 1.6 

 
0.52 

Body Mass (kg) 75.6 ± 4.8  83.1 ± 10.5 0.13 
Height (cm)         173.3 ± 1.3          177.6 ± 4.7 0.05 
Fat Percentage (%) 11.2 ± 4.1 12.0 ± 7.0 0.82 
Total Training Volume (kg)   125963.1 ± 8935.5 126852.4 ± 15587.1 0.93 
 
 
Muscle Strength (1RM) and Training Load (10RM) 
A two-way ANOVA did not find significant differences in 1RM (P=0.389) and 10RM (P=0.454) 
between the groups. Both groups showed significant increases in 1RM and 10RM after 4W 
and 8W of training compared to pre-training (P<0.001). In addition, 1RM and 10RM values 
were significantly higher at 8W of training compared to 4W of training (P<0.001, Table 2). 
 
 
 
 



  
 

170

Table 2. Muscle Strength (1RM) and Training Load (10RM). 
   

Pre 
 

4W 
 

8W 
 

1R
M

 

MAX    
Bench Press 91.5 ± 12.8 97.2 ± 11.9*  100.8 ± 12.2* 

Leg Press  264 ± 33.8  311 ± 37.5* 339.3 ± 43* 
SUBMAX    

Bench Press 98.8 ± 16.6   106 ± 17.1*   109.3 ± 16.8* 
Leg Press  305 ± 50.7 343.8 ± 56.3*   377.5 ± 59.7* 

10
R

M
 

 
MAX    

Bench Press 75.8 ± 10.6 80.2 ± 9.8*    83.5 ± 11.3* 
Leg Press    221.3 ± 27.1 258.7 ± 25.4*     284 ± 31.2* 

Seated Row      67.7 ± 6.9 73.3 ± 8.9*    77.7 ± 10.5* 
Back Squat Machine  57 ± 8.1 64.7 ± 7.4*  73.3 ± 9.9* 

 
SUBMAX    

Bench Press 82.8 ± 13.8   86.3 ± 13.5*       89 ± 12.7* 
Leg Press  251 ± 41.9 287.5 ± 39.2*   322.5 ± 47.7* 

Seated Row      74.8 ± 8.6 80.3 ± 8.4*      86 ± 8.9* 
Back Squat Machine    64 ± 11.3   73.5 ± 12.9*     82.3 ± 14.1* 

The load values are given in kg; Pre = Before Training; 4W = After 4 wks of Training; 8W = After 8 wks of 
Training; 1-RM = 1 Repetition Maximum; 10-RM = 10 Repetition Maximum. *Significant difference compared to 
pre (P<0.001); Significant difference compared to 4W (P<0.001) 
 

Rating of Perceived Exertion and Estimated Repetitions to Failure 
Table 3 showed the values of RPE-muscle and the estimated repetitions to failure. The 
Kruskal-Wallis test detected a significant difference in the RPE-muscle of the SUBMAX 
group, which was lower in comparison to the MAX group in all sets (P<0.01). The Friedman 
test did not detect differences in the RPE-muscle of the MAX group between the sets 
(P>0.05); whereas, in the SUBMAX group RPE-muscle was different in all sets (first 
set<second set<third set) in all exercises (P<0.001). The MAX group presented a lower value 
estimated repetitions to failure than the SUBMAX group in all sets (P<0.01). There was no 
difference in the estimated repetitions to failure of the MAX group between the sets (P>0.05), 
while in the SUBMAX group the estimated repetitions to failure was different in all sets (first 
set>second set>third set) in all exercises (P<0.001). The Mann-Whitney test found that RPE-
overall was higher in the MAX group compared to the SUBMAX group (9.3 ± 0.3 vs. 7.3 ± 0.9; 
P<0.001). 
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Table 3 - Rating of Perceived Exertion Muscle and Estimated Repetitions to Failure. 

   
Set 1 

 
Set 2 

 
Set 3 

 

R
PE

-M
us

cl
e 

MAX    
Bench Press 9.5 ± 0.5* 9.5 ± 0.4* 9.5 ± 0.5* 

Leg Press 9.8 ± 0.2* 9.8 ± 0.2* 9.6 ± 0.3* 
Seated Row 9.6 ± 0.4* 9.6 ± 0.3* 9.6 ± 0.3* 

Back Squat Machine 9.8 ± 0.2* 9.7 ± 0.2* 9.5 ± 0.1* 
 
SUBMAX    

Bench Press 7.1 ± 0.3 7.8 ± 0.4#  8.5 ± 0.4#$ 
Leg Press 7.4 ± 0.3 7.9 ± 0.2#  8.3 ± 0.3#$ 

Seated Row 7.2 ± 0.5 7.9 ± 0.4#  8.6 ± 0.4#$ 
Back Squat Machine 7.5 ± 0.3 8.1 ± 0.3#  8.5 ± 0.2#$ 

Es
tim

at
ed

 R
ep

et
iti

on
s 

to
 

Fa
ilu

re
 

 
MAX    

Bench Press 0.1 ± 0.1 0.2 ± 0.1 0.2 ± 0.1 
Leg Press 0.1 ± 0.1 0.1 ± 0.1 0.3 ± 0.2 

Seated Row 0.1 ± 0.1 0.1 ± 0.1 0.1 ± 0.2 
Back Squat Machine 0.2 ± 0.3 0.3 ± 0.3 0.4 ± 0.2 

 
SUBMAX    

Bench Press  3.0 ± 0.4   2.2 ± 0.3#   1.3 ± 0.5#$ 
Leg Press  2.9 ± 0.6   2.3 ± 0.4#   1.9 ± 0.3#$ 

Seated Row  2.9 ± 0.5   2.1 ± 0.5#   1.3 ± 0.5#$ 
Back Squat Machine  2.8 ± 0.6   2.2 ± 0.4#   1.7 ± 0.4#$ 

RPE-muscle = Rating of Perceived Exertion Muscle; *Significant difference compared to SUBMAX (P<0.01); 
Significant difference compared to MAX (P<0.01); #Significant difference compared to 1st grade (P<0.001); 
$Significant difference compared to the second series (P<0.001) 
 

DISCUSSION 
 
The purpose of this study was to compare the effect of 8 weeks of resistance training with or 
without failure on muscle strength, total training volume, rating perceived exertion and 
estimated repetitions to failure. The main findings of this study were that regardless of 
whether or not to train for concentric muscle failure, both training conditions were effective for 
increases in muscle strength. In addition, training until concentric muscle failure did not 
negatively impact the TTV, considering that both groups obtained a similar TTV. The RPE-
muscle and RPE-overall presented higher responses in the MAX group, as this group 
estimated that it could perform lower repetitions when compared to the SUBMAX group. This 
result was somewhat expected, due to the character of the training for concentric muscle 
failure, as shown by a previous study (10). 



  
 

172

 
Muscle strength and training load has been studied by several studies (1,12,14). Drinkwater 
et al. (5) agreed that elite young athletes, who trained until muscle failure, obtained higher 
6RM strength gains than training without bench press muscle failure. The results of the 
present study did not support this work, since, regardless of the exercise performed, no 
difference was found in strength gains and in the training load between the MAX and 
SUBMAX groups. However, our results supported the results of other studies (8,12,14), with 
no differences in muscle strength, regardless of whether or not the subjects trained to failure. 
 
The TTV is an important variable for the responses of muscle strength development (20), 
hypertrophic, and for health parameters (6). The average total work volume in the present 
study was similar between the groups, which seem to be explained by the reduction of the 
load in 10% series in the MAX group as well as in the work of Willardson et al. (27). The 
maximal constant loads, that is, those that remain unchanged during the sets, impair the 
training volume due to a decrease in the number of repetitions in the subsequent sets (3). 
According to the systematic review and meta-analysis of Davies et al. (4), regardless of 
whether or not to train for concentric muscle failure, increases in muscle strength are similar 
when the TTV is equalized. 
 
In this study, the RPE-muscle and RPE-overall were used, and the RPE muscle is intended 
to identify muscle fatigue during exercise execution and the RPE-overall to identify the effort 
throughout the training session (19). The RPE-muscle and RPE-overall were higher in the 
MAX group when compared to SUBMAX, which supports the previous studies (7,21). 
Párraga-Montilla et al. (16), in their study with 11 trained men who performed maximal sets, 
verified that as RPE-muscle increased, there was also an increase in metabolic parameters 
(lactate, uric acid, and ammonia). These metabolic parameters seem to have their most 
pronounced response when training to muscle failure when compared to training with 
submaximal loads (10). It should be noted that the MAX group used a higher relative load, in 
which it is assumed that the higher RPE presented in the MAX group may be justified by the 
increase in metabolic stress (25,26). Likewise, the estimated repetitions to failure, which was 
used in previous studies (10,11,28) was designed to predict concentric muscle failure.  
 
The results of the present study are specific to men recreationally trained in resistance 
training, so the findings cannot be extrapolated to different populations including children, the 
elderly, and women. More studies are needed to cover the same population with a longer 
intervention time and with body and physiological assessment parameters are required. In 
addition, new studies are required that investigate motivation, adherence, and a sense of 
pleasure. 
 
CONCLUSIONS 
 
The present study showed the absence of differences in muscle strength responses, 
independent of training until concentric muscle failure or not. Therefore, it is understood that 
both conditions are valid for achieving increases in force. It was also observed that the TTV 
was similar between the groups, thus it was not a limiting factor of the study. Furthermore, 
training to concentric muscle failure leads to a greater fatigue and decreases the number of 
repetitions estimated during the sets, that is, practitioners will "suffer" more from training to 
failure. In conclusion, from the point of view of a practical application, it seems that training 
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with submaximal loads, besides promoting the same responses in the force, perhaps with 
less physiological damages, lead recreationally resistant training practitioners to present less 
sensation of fatigue and exhaustion. 
 
 
 
Address for correspondence: João Guilherme Vieira da Silva, Graduate Program in 
Physical Education, Federal University of Juiz de Fora, Brazil, 36036-900, Email: 
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