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ABSTRACT  1 

The purpose of the present study was to compare the longitudinal effects of six weeks 2 

of rest-pause versus traditional multiple-set RT on muscle strength, hypertrophy, localized 3 

muscular endurance, and body composition in trained subjects. Eighteen trained subjects 4 

(mean ± SD; age = 30.2 ± 6.6 years; weight = 74.8 ± 17.2 kg; height = 171.4 ± 10.3 cm) were 5 

randomly assigned to either a traditional multiple-set group (n = 9; 7 males and 2 females; 3 6 

sets of 6 repetitions with 80% of 1-RM and 2 min rest intervals between sets) or a rest-pause 7 

group (n = 9; 7 males and 2 females). The results showed no significant differences (p > 8 

0.05) between groups in 1RM strength (rest-pause: 16 ± 11% for BP, 25 ± 17% for LP, and 9 

16 ± 10% for BC versus traditional multiple-set: 10 ± 21% for BP, 30 ± 20% for LP and 21 ± 10 

20% for BC). In localized muscular endurance, the rest-pause group displayed significantly 11 

greater (p < 0.05) repetitions, only for the LP exercise (rest pause: 27 ± 8% versus traditional 12 

multiple set: 8 ± 2%). In muscle hypertrophy, the rest-pause group displayed significantly 13 

greater (p < 0.05) thickness, only for the thigh (rest-pause: 11 ± 14% versus traditional 14 

multiple-set: 1 ± 7%). In conclusion, resistance training performed with the rest-pause 15 

method resulted in similar gains in muscle strength as traditional multiple-set training. 16 

However, the rest-pause method resulted in greater gains in localized muscular endurance 17 

and hypertrophy for the thigh musculature.   18 

Keywords: training method, rest interval, hypertrophy, muscle strength  19 

 20 

INTRODUCTION 21 

The manipulation of resistance training (RT) variables has been widely used to 22 

achieve training goals, such as muscle hypertrophy, maximal strength, power, and localized 23 

muscular endurance (2, 13, 15). Additionally, RT methods that combine the manipulation of 24 
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inter-set rest intervals and repetition failure sets might be important for continued muscle 25 

strength and hypertrophy adaptations in resistance-trained individuals (11, 14, 15).  26 

Recreationally trained subjects and bodybuilders often use repetition failure sets with 27 

short inter-set rest intervals as in the rest-pause method.  This method involves lifting a fixed 28 

load with an initial set to failure (typically 10–12 repetitions), followed by subsequent sets to 29 

failure using short (e.g., 10-20 s) inter-set rest intervals (14). However, the initial training 30 

status of an individual affects the magnitude of neuromuscular adaptations (7), so that those 31 

with a higher training status exhibit a lower rate of gain over time.  32 

Although relatively few studies have investigated long-term responses to different RT 33 

methods (such as the rest-pause method) in trained individuals, it was found recently in 34 

untrained individuals (23 ± 6.6 years) that performing repetition failure sets for 12-weeks, 35 

induced similar adaptations in the elbow flexors as two other RT protocols that did not 36 

involve repetitions failure sets.  This suggests that repetition failure sets are not critical to 37 

elicit significant neural and structural changes to skeletal muscle in untrained individuals 38 

(21). However, the effects of repetition failure sets might differ as training status changes.  39 

 Thus, the inclusion of RT methods, such as rest-pause could be productive to increase 40 

time under tension and metabolic stress, especially in recreationally trained subjects and 41 

bodybuilders, already adapted to traditional training. Possibly, the metabolic stress 42 

manifested by accumulation of metabolites, muscle hypoxia, cellular swelling and alterations 43 

in local myogenic factors, would increase hypertrophic adaptations and/or muscle strength 44 

(22). Consistent with these findings, six weeks of drop-set hypertrophy type training and four 45 

weeks of strength mixed with drop-sets were effective to increase muscle cross-sectional 46 

area, muscular endurance and one-repetition maximum (1-RM) for the leg press in resistance 47 

trained subjects (11).  48 

ACCEPTED

Copyright ª 2017 National Strength and Conditioning Association

kayus
Highlight

kayus
Highlight
Característica do método.

kayus
Highlight
Informação interessante.

kayus
Highlight

kayus
Highlight

kayus
Highlight

kayus
Highlight

kayus
Highlight



3 

 

 Alternatively, the long-term findings on the use of short rest intervals, as in the rest-49 

pause method have been contradictory. Fink et al (9) compared the long-term effects (8-50 

week) of different rest intervals (30 s vs. 150 s with the same intensity of 40% 1RM) carried 51 

out to muscular failure on muscle strength and cross-sectional area (CSA) of the upper arm 52 

and thigh muscles in untrained individuals (18 – 22 years) not involved in RT for at least 2 53 

years. The results confirmed that for untrained individuals, different rest interval lengths in 54 

low-load RT lead to similar strength and hypertrophy adaptations, independent of the greater 55 

total training volume achieved in the longer rest interval group. This confirms that current 56 

findings from untrained subjects cannot be generalized to resistance-trained individuals (23).  57 

 So, for resistance-trained individuals (RT experience = 3.4 years) Schoenfeld et al 58 

(23), compared the effects of low- versus high-load resistance training on muscle strength 59 

and muscle thickness in the elbow flexors and extensors. Although there were no significant 60 

between-group differences, the high-load RT routine resulted in a greater effect size for 61 

bench press strength, back squat strength, elbow extensor thickness, and quadriceps thickness 62 

versus the low-load RT. These results were in spite of the low-load group performing a 63 

higher total training volume. Thus, for maximizing hypertrophy and muscle strength in 64 

resistance-trained individuals, the heavier loading (e.g. 80% of 1 RM) coupled with shorter 65 

rest intervals (as in the rest-pause method) could be as productive as a traditional multiple-set 66 

RT program. 67 

Marshall et al (14) evaluated the acute fatigue responses to the rest-pause method in 68 

trained subjects performing three different protocols in random order for the squat exercise 69 

with an intensity of 80% 1-RM (Protocol A: consisted of 5 sets of 4 repetitions with 3 min 70 

inter-set rest intervals; Protocol B: consisted of 5 sets of 4 repetitions with 20 sec inter-set 71 

rest intervals; and Protocol C, the rest-pause method consisted of an initial set to failure with 72 
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subsequent sets performed with a 20 sec inter-set rest interval). All protocols resulted in a 73 

total of 20 repetitions. The results demonstrated greater electromyographic activity (EMG) 74 

and similar fatigue behavior during the rest-pause method versus the other protocols.  75 

Furthermore, Paoli et al (16) found that when resistance trained subjects performed 76 

the rest-pause method in the leg press, bench press and lat pull-down that they exhibited 77 

significantly higher basal energy expenditure and VO2 for up to 22 hrs. post-exercise as 78 

compared to traditional RT. Taken together, these results clearly show the importance of 79 

using training methods, in this case rest-pause, to disrupt homeostasis in trained subjects and 80 

potentially promote further adaptation. The increase in EMG and energy expenditure in 81 

trained subjects might lead to further longitudinal adaptations. However, there is no current 82 

study investigating the longitudinal effects of the rest-pause method on muscle strength and 83 

hypertrophy. To note, trained subjects commonly use more exercises in daily training and 84 

methods that promote time-efficiency such as rest-pause might be desirable. 85 

Thus, the purpose of the present study was to compare the longitudinal effects of six 86 

weeks of rest-pause versus a traditional multiple-set RT on muscle strength, hypertrophy, 87 

localized muscular endurance, and body composition in trained subjects. Our initial 88 

hypothesis was that RT with the rest-pause method would increase muscle mass and strength 89 

to a greater extent versus traditional multiple-set training, with no differences between 90 

protocols in altering body composition.   91 

METHODS 92 

Experimental Approach to the Problem 93 

The aim of the present study was to compare the muscle strength, hypertrophy, 94 

localized muscular endurance, and body composition alterations between rest-pause and 95 
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traditional multiple-set RT over a 6-week period of training in trained subjects. The study 96 

followed a previous acute design proposed by Marshall et al (14) and was adapted to a 97 

chronic intervention, with each participant randomly assigned to a rest-pause or traditional 98 

multiple-set RT group (control). The main difference between the Marshall et al (14) study 99 

and the present study was that microcycles for both methods lasted 1 week; the training 100 

intervention lasted 6-weeks; tested exercises included the bench press, leg press, and free 101 

weight standing biceps curl; a higher ecological validity; and the use of B-mode ultrasound to 102 

investigate hypertrophic changes. All subjects were required to undergo the same exercise 103 

sequences, but the rest-pause group performed an initial set with 80% of 1-RM until failure 104 

with subsequent sets performed with a 20 sec inter-set rest interval until completing a total of 105 

18 repetitions; while the traditional multiple-sets group completed 3 sets of 6 repetitions with 106 

80% of 1-RM and a 2 min inter-set rest interval.  Measures of body composition, strength, 107 

localized muscular endurance and hypertrophy were collected by a blinded researcher before 108 

and after the 6-week training period. To note, symptoms of fatigue and tiredness were not 109 

reported by subjects from the rest-pause method group during this study. 110 

Subjects 111 

Twenty-two subjects volunteered to participate in the present study. Four subjects 112 

were excluded due to not completing 75% of the training sessions. Eighteen subjects (14 113 

males and 4 females) were randomly assigned to a rest-pause group (n = 9; 30.3 ± 6.5 years; 114 

82.2 ± 17.9 kg; 174.9 ± 8.2 cm; > 1 year of training experience) or a traditional multiple-set 115 

group (n = 9; 30.1 ± 7.2 years; 67.4 ± 13.4 kg; 167.9 ± 11.5 cm; > 1 year of training 116 

experience). The subjects were accustomed to training 3-5 days per weeks with split-body 117 

training routines and 3-4 sets of 8-12RM per exercise with the objective of muscle 118 

hypertrophy. The study was approved by Catholic University of Brasilia Research Ethics 119 
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Committee for Human Use (protocol No. 030/09). Study design and ethical procedures were 120 

in accordance with ethical standards and the Declaration of Helsinki. Besides, subjects were 121 

informed of the benefits and risks of the investigation prior to signing an institutionally 122 

approved informed consent document to participate in the study. 123 

1-RM testing and local muscle endurance 124 

One-repetition maximum test and retest sessions were performed on different days 125 

with 72 hrs between tests. The tested exercises included the bench press, leg press, and free 126 

weight standing biceps curl (JOHNSON, Landmark Drive, Cottage Grove, USA). The 127 

protocol consisted of 5 min low intensity walking on a treadmill followed by eight repetitions 128 

with 50% of an estimated 1-RM (according to the subjects’ perceived capacity) as described 129 

previously (26). After a rest of 1 min, three repetitions were performed with 70% of an 130 

estimated 1-RM. Following 3 min of rest, subjects completed three to five 1-RM attempts 131 

with progressively heavier weights (~5%), interspersed with 3–5 min rest intervals until a 1-132 

RM was determined. The range of motion and exercise technique were standardized 133 

according Brown & Weir (3).  The 1-RM tests (test-retest) were conducted on two non-134 

consecutive days (minimum of 72 hr. between tests). The intraclass correlation coefficient 135 

was = .97 for all exercises, thus confirming the test-retest reliability. Once the 1-RM was 136 

determined, 60% of this value was calculated for the localized muscular endurance test. After 137 

a sufficient recovery period (4-5 min), the subjects performed as many repetitions as possible 138 

with 60% of 1-RM until failure for each exercise (5). All tests and training were performed 139 

during the summer period.   140 

Muscle thickness and circumference  141 

Muscle thickness and circumference of the arm, thigh and chest were tested before 142 

and after the six-week RT period. All tests were conducted at the same time of day, subjects 143 
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were instructed to hydrate normally 24 hrs before the tests. Measures were taken 3–5 days 144 

after the last training session to prevent any residual effects (i.e. swelling) that could interfere 145 

with the validity of the muscle thickness measurements (6). Subjects were instructed to avoid 146 

any other type of exercise or intense activity. Muscle thickness was measured using B-Mode 147 

ultrasound (Philips-VMI, Ultra Vision Flip, model BF). A water-soluble transmission gel was 148 

applied to the measurement site and a 7.5-MHz ultrasound probe was placed perpendicular to 149 

the tissue interface while not depressing the skin. Muscle thickness of the arm, thigh and 150 

chest muscles from the dominant limb were measured according to the recommendations of 151 

Abe et al (1). Once the technician was satisfied with the quality of the image produced, the 152 

image on the monitor was frozen. With the image frozen, a cursor was enabled in order to 153 

measure muscle thickness, which was taken as the distance from the subcutaneous adipose 154 

tissue-muscle interface to muscle-bone interface (1). A trained technician performed all 155 

analyses. 156 

Body Composition 157 

Body composition was assessed using skinfold thickness measurements taken with a 158 

Lange skinfold caliper. The equation of Jackson et al (12) for women (18–55 years old) was 159 

used to estimate body fat percentage. In this equation, the sum of triceps, suprailiac, and thigh 160 

skinfolds is used. After this procedure, body density was estimated from which percentage 161 

body fat, fat mass (kg), and fat-free mass (kg) were estimated.  162 

 163 

Resistance training program 164 

The 6 week RT program for each group consisted of four sessions per week in a split 165 

routine, that included: Routine A (Monday and Wednesday, day 1 and 3) with  three 166 
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exercises for the pectoralis major (barbell bench press, dumbbell incline press, and cable 167 

cross), two exercises for the deltoids (military press and lateral raise), and two exercises for 168 

the triceps brachii (triceps pulley and barbell triceps extension); and Routine B (Tuesday and 169 

Thursday, day 2 and 4) with three exercises for the thigh musculature (squat, 45o leg press 170 

and leg curl), three for the latissimus dorsi (front lat pull-down, seated row and dumbbell 171 

lateral row), and two for the biceps brachii (standing barbell elbow curl and preacher curl). 172 

All equipment was from JOHNSON (Landmark Drive, Cottage Grove, USA).  The training 173 

sessions lasted around 57 and 35 minutes for the traditional and rest-pause methods, 174 

respectively. Each experimental protocol involved performance of 18 repetitions, at an 175 

intensity of 80% of 1 RM, with similar volume-loads and exercises chosen based on their 176 

common inclusion in RT programs. For the traditional multiple-set program, exercises were 177 

performed for three sets of 6 repetitions with 80% of 1-RM and 2-3 min of rest between sets 178 

and exercises; for the rest-pause group an initial set with 80% of 1-RM was performed until 179 

failure with subsequent sets performed with a 20 sec inter-set rest interval until a total of 18 180 

repetitions were completed; and with 2-3 min of rest between exercises.  181 

All training sessions were carefully supervised by a certified strength and 182 

conditioning professional, and adherence to the training program was ~90% for both groups. 183 

Also, during microcycles no reduction in training intensity or assistance was provided for the 184 

rest-pause group as recommend by Marshall et al (14) . The resistance training protocol is 185 

presented in Table 1. 186 

Insert table 1 here. 187 

Statistical analysis 188 

The data are expressed as the mean value, standard deviation (SD) and 95% 189 

confidence interval (CI). The Shapiro-Wilk test was applied to check for normality 190 
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distribution of study variables. ANCOVA was used to determine the effect of two different 191 

exercise-training programs on post-intervention strength and anthropometric variables after 192 

controlling for pre-intervention variables. The power of the sample size was determined using 193 

G*Power version 3.1.3 (8), based on the effect of different exercise-training programs on 194 

post-intervention variables. Considering the sample size of this study and an alpha error of 195 

0.05, the power (1 – β) achieved was 1.00 for 1RM, body composition, circumferences and 196 

thickness variables, 0.61, 0.84 and 1.00 for bench press, leg press and biceps curl maximal 197 

repetitions, respectively. The effect size calculation (ES = difference between pre- and post-198 

intervention divided by pre-intervention SD) and the ES strength training (18) were used to 199 

evaluate the magnitude of training effects. The level of significance was p ≤ 0.05 and SPSS 200 

version 20.0 (Somers, NY, USA) software was used. 201 

RESULTS 202 

There was no difference in carbohydrate, protein, lipid, and calorie intake between 203 

groups pre- versus post-training (p > 0.05; data not shown). Figure 1 presents the 1-RM 204 

values for BP, LP and BC exercises pre- and post-training for each group. After adjustment 205 

for pre-intervention 1-RM values, there was no statistically significant difference (p > 0.05) 206 

at the post-training point between groups for any of the exercises. However, the ES was 207 

higher for rest-pause group, for the BP (rest-pause: ES = 0.39 – small; multiple-set: ES = 208 

0.19 – trivial) and BC (rest-pause: ES = 0.59 – small; multiple-set: ES = 0.34 – trivial). The 209 

training effect was high for the LP exercise, both for the rest-pause group (ES = 0.94 – 210 

moderate) and traditional multiple-set group (ES = 0.92 – moderate). The 1-RM increase in 211 

the rest- pause group was 16 ± 11% (8 – 25%) for BP, 25 ± 17% (12 – 37%) for LP and 16 ± 212 

10% (8 – 24%) for BC. The traditional multiple-set group presented an increase of 10 ± 21% 213 
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(-6 – 26%) for BP, 30 ± 20% (14 – 45%) for LP, and 21 ± 20% (5 – 37%) for BC. No 214 

statistically significant differences (p > 0.05) were observed between groups. 215 

Insert Figure 1 here. 216 

For localized muscular endurance, after adjustment for pre-training repetition values, 217 

the rest-pause group presented significantly greater repetitions (p < 0.05) post-training, only 218 

for the LP exercise (see Figure 2). For both the BP and BC there were no statistically 219 

significant differences (p > 0.05) at post-training between groups. The training effect was 220 

similar between groups (small ES), except in the case of the LP exercise for the rest-pause 221 

group (large ES). The percentage increase in repetitions for the rest-pause group was 222 

significantly greater (p < 0.05) only for the LP exercise [27 ± 8% (21 – 33%) for rest-pause 223 

versus 8 ± 23% (-9 – 25%) for traditional multiple-set]. 224 

Insert Figure 2 here. 225 

Body composition parameters pre- and post-training for the traditional multiple-set 226 

and rest-pause groups are shown in Table 2. After adjustment for pre-training body 227 

composition, the traditional multiple-set group presented significantly lesser (p < 0.05) fat 228 

mass post-training, even with a trivial ES. No significant differences were observed (p > 229 

0.05) in body mass and lean mass post-training between groups. After adjustment for pre-230 

training body circumferences, there were no statistically significant differences (p > 0.05) at 231 

post-training between groups for any of the evaluated circumferences (see Table 3). 232 

Considering the ES, training effects for the arm, thigh and chest circumferences were trivial 233 

for both groups. No statistically significant differences (p > 0.05) were observed in the 234 

percentage change of circumferences and body composition between groups. The arm, thigh 235 

and chest thickness pre- and post-training for the traditional multiple-set and rest-pause 236 

groups are shown in Figure 3. After adjustment for pre-training muscle thickness, the rest-237 
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pause group presented significantly greater (p < 0.05) thickness at post-training only for the 238 

thigh. The percentage increase in thigh thickness was also significantly greater (p < 0.05) in 239 

the rest-pause group [11 ± 14% (0 – 22%)] versus the traditional multiple set group [1 ± 7% 240 

(-5 – 7%)]. No significant differences were observed (p > 0.05) in the arm [8 ± 10% (0 – 241 

16%) for the rest-pause and 4 ± 15% (-8 – 17%) for the traditional multiple set] and chest [6 242 

± 11% (-4 – 15%) for the rest-pause and 1 ± 12% (-10 – 10%] for the traditional multiple set) 243 

thickness at post-training between groups. The training effect, represented by the ES, was 244 

trivial for the arm, thigh and chest thickness in the traditional multiple-set group; and trivial 245 

for arm thickness in the rest-pause group; and small for thigh and chest thickness in the rest-246 

pause group. 247 

Insert Table 2 here. 248 

Insert Table 3 here. 249 

Insert Figure 3 here. 250 

DISCUSSION 251 

   To the author’s knowledge, this was the first study to evaluate long-term muscular 252 

and strength adaptations with the rest-pause method versus traditional multiple-set RT in 253 

resistance-trained individuals. The key findings were that rest-pause method was superior to 254 

the traditional multiple-set method for gains in localized muscular endurance (27% vs. 8%, 255 

respectively) and hypertrophy (11% vs. 1%, respectively) in the thigh musculature. However, 256 

there were no significant differences in strength gains and body composition changes 257 

between groups.  258 

 Localized muscular endurance is reflected in the ability to continuously produce 259 

submaximal muscle actions (15). Since the rest-pause approach in the current study required 260 
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that subjects rest only 20 secs between succeeding sets (following the initial set), this may 261 

have elicited adaptations within the muscles to enable greater performance of submaximal 262 

muscle actions. However, it bears repeating that the difference was only significant for the 263 

lower body musculature during the leg press exercise. Why the same finding was not evident 264 

in the upper body musculature cannot be determined from the present methodology, but may 265 

have been due to training with higher repetitions per set for the lower body exercises versus 266 

the upper body exercises, albeit at the same percentage of 1-RM (24).   267 

It is also plausible that adaptations in the lower body muscles to enable more leg press 268 

repetitions may have involved greater intramuscular buffering capacity to delay metabolic 269 

acidosis (20). The traditional multiple-set method allowed for 2 min rest between sets and 270 

allowed for more complete recovery between sets in series. Therefore, it appears that to 271 

develop localized muscular endurance in the lower body muscles, performing the next set in 272 

series prior to when complete recovery has taken place is especially important.  273 

Another intriguing possibility for eliciting lower body muscle adaptations was 274 

demonstrated in a related study by Goto et al (10) that involved 26 recreationally trained men 275 

divided into three groups; a “no rest” group; a “rest within set” group; and a control group 276 

that did not train.  Both training groups performed two workouts per week for 12 weeks that 277 

incorporated the lat pulldown, shoulder press, and knee extension. Prior to and following the 278 

training period, measurements included: shoulder press and knee extension 1-RM; cross-279 

sectional area of the thigh via magnetic resonance imaging; and shoulder press and knee 280 

extension repetitions at 70% of 1-RM. The “no rest” group performed three to five sets of 281 

each exercise, with a 10-RM load for 10 repetitions per set, and with 1 min of rest between 282 

sets.  Conversely, the “rest within set” group instituted a 30-sec pause between the 5th and 6th 283 

repetition each set, to limit the development of fatigue. The results showed the following: 284 
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significantly greater gain in 1-RM knee extension for the “no rest” group versus the “rest 285 

within” group (66% versus 39% gain); significantly greater gain in thigh cross-sectional area 286 

for the “no rest” group versus the “rest within” group (13% versus 4% gain); and 287 

significantly greater gain in knee extension muscular endurance for the “no rest” group 288 

versus the “rest within” group (42% versus 8% gain). These results suggest that creating 289 

greater fatigue through multiple repetition maximum sets and short rest intervals between sets 290 

could be critical to optimize strength, hypertrophic and localized endurance adaptations in the 291 

lower body muscles. 292 

The metabolic stress of rest-pause training and the relative emphasis on the 293 

Phosphogen and Glycolytic Energy Systems might be different versus traditional multiple-set 294 

training.  For example, with the rest-pause protocol utilized in the current study, an initial 295 

repetition maximum set was performed with 80% of 1-RM for a given lift; this was followed 296 

by subsequent sets performed at 20 sec intervals until a total of 18 repetitions were 297 

performed.  The initial set at 80% of 1-RM to muscular failure would have involved 298 

approximately 8 to 12 repetitions (24), and placed emphasis on both the Phosphogen and 299 

Glycolytic Systems to meet the energy demand. Since phosphocreatine levels in muscle can 300 

regenerate relatively quickly (25), the 20-sec interval following the initial set would have 301 

allowed for partial resynthesis of phosphocreatine to contribute to performance of additional 302 

repetitions over a series of rest-pause style sets. These additional repetitions (up to a total of 303 

18) would have also increased the degree of metabolic stress (induced from the initial set), 304 

and stimulated expression of hypertrophic and localized muscular endurance characteristics 305 

in the lower body muscles (22). This hypothesis requires further study. 306 

To our knowledge, the present study was the first to assess site-specific changes in 307 

muscle size between different RT training programs using resistance-trained subjects. Results 308 

ACCEPTED

Copyright ª 2017 National Strength and Conditioning Association

kayus
Highlight

kayus
Highlight

kayus
Highlight

kayus
Highlight

kayus
Highlight
Acidose metabólica. 



14 

 

indicated a significant difference in growth for the thigh muscles. Marshall et al (14) 309 

conducted one of the few acute studies to date that specifically examined the rest-pause 310 

method versus the traditional multiple-set training. Fourteen resistance trained men 311 

performed three squat protocols at 80% of 1-RM, including: “Protocol A” which consisted of 312 

5 sets of 4 repetitions with 3 min inter-set rest intervals; “Protocol B” which consisted of 5 313 

sets of 4 repetitions with 20-sec inter-set rest intervals; and the rest-pause protocol involved 314 

performance of an initial set to failure with subsequent sets performed at 20-sec intervals. For 315 

all protocols, a total of 20 repetitions were performed.  Maximal squat isometric force output 316 

and rate of force development (RFD) were measured before, immediately following, and 5 317 

min following each protocol. Muscle activity from six different thigh and hip muscles was 318 

measured with surface electromyography (EMG) at each time point, and during every squat 319 

repetition.   320 

Marshall et al (14) showed similar and significant decreases (p < 0.05) in maximal 321 

force and RFD immediately following each protocol, with full recovery at the five-minute 322 

time point following each protocol. However, significantly greater motor unit recruitment 323 

was observed during the rest-pause protocol compared to both Protocols A and B for all 324 

muscles measured (p < 0.05). Although muscle activity was not measured in the current 325 

study, the rest-pause protocol may have elicited great muscle activation in the lower body 326 

muscles with repeated workouts over time, as evidenced by the significantly greater 327 

longitudinal change in muscle hypertrophy in our study. 328 

In another acute study, Paoli et al (16) compared high intensity interval resistance 329 

training (HIRT) versus traditional resistance training (TT) on resting energy expenditure at 330 

22 hrs. post-exercise. The HIRT protocol consisted of performing three blocks of sets with a 331 

6-RM load of the leg press, bench press, and dorsal machine exercises. Each block consisted 332 
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of three sets, with an initial set to muscle failure and then two succeeding sets (usually 2 to 3 333 

repetitions each) with 20 second rest intervals between sets and 2 min 30 secs between 334 

blocks. Conversely, the TT protocol consisted of 4 sets of 8 different exercises (bench press, 335 

leg press, dorsal machine, leg curl, biceps curl, military press, triceps extension, and sit-ups), 336 

at 70-75% of 1-RM.  Subjects were instructed to perform as many repetitions as possible on 337 

each set with a 1-min rest between sets of single joint exercises and 2-min rest between sets 338 

for multiple-joint exercises. Despite the significantly lower volume (HIRT = 3872.4 ± 624 kg 339 

versus TT = 7835.2 ±1013 kg) and time commitment (HIRT = 32 mins versus TT = 62 mins), 340 

the blood lactate (HIRT = 10.5 ± 2.1 mmol·L-1 versus TT = 5.1 ± 1.2 mmol L-1) and resting 341 

energy expenditure at 22 hours (HIRT = 2362 ± 118 Kcal/d versus TT = 1999 ± 88 Kcal/d) 342 

were significantly greater for the HIRT protocol. Despite these findings, the current study did 343 

not find differences in the change in percent body fat and circumferences between the rest-344 

pause group and the traditional multiple-set group. Significant differences in these 345 

parameters may require greater than six weeks of training. However, this hypothesis requires 346 

further study. 347 

Strength gains for both rest-pause and traditional multiple-set RT methods in 348 

recreationally trained individuals were consistent with meta-analyses for recreationally 349 

trained non-athletes (17, 19). These studies have identified that peak gains in strength occur 350 

with a training intensity of 80% 1 RM for recreationally trained individuals as used in this 351 

study. Furthermore, the length of rest intervals between RT methods did not to affect strength 352 

gains, demonstrating that strength increases are load dependent for recreationally trained 353 

individuals. This is consistent with a previous research with recreationally trained subjects, 354 

where after a 10-week training period, no differences for strength gains between groups were 355 

observed when using different rest intervals between sets (4). 356 
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This study had some limitations that should be noted. First, the study period lasted 6 357 

weeks and it is not clear whether results between protocols would be different over a longer 358 

RT program. Second, muscle thickness was measured only at the middle portion of the 359 

muscle, and there is evidence that hypertrophy occur at the proximal and distal regions too 360 

(27). So, we cannot discard different changes in proximal or distal muscle thickness 361 

promoted by different RT methods. Finally, our subject population consisted of young 362 

recreationally RT men and women, and findings cannot be generalized to other populations 363 

(untrained, athletes, and the elderly).  364 

Practical Applications 365 

 In conclusion, our findings indicate the viability of the rest-pause method in 366 

recreationally-trained individuals to achieve greater gains in muscle strength for the upper 367 

and lower limb musculature. The gains in muscle strength from rest-pause method were 368 

equal to that achieved with multiple-set RT method. As strength coaches usually vary 369 

training methods in a RT program for continued muscle strength and muscle mass 370 

enhancement, the rest-pause method elicited superior gains in localized muscular endurance 371 

and hypertrophy in the thigh musculature. Thus, if maximizing muscular endurance, 372 

hypertrophy, and time efficiency (14) are of primary importance, then the rest-pause method 373 

should be used at the exclusion of the traditional multiple-set RT method. These findings 374 

suggest a potential benefit to incorporating a wide spectrum of RT methods in a strength and 375 

hypertrophy oriented RT program. 376 

 377 

 378 

 379 
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FIGURE LEGENDS 467 

Figure 1. Mean ± SD, 1-repetition maximum (1-RM) bench press, leg press and biceps curl 468 

pre- and post-training multiple-set (MS) and rest-pause (RP) groups. ES, effect size. 469 

Figure 2. Mean ± SD, Maximal repetitions (RMs – 60% of 1RM) for bench press, leg press 470 

and biceps curl pre- and post-training traditional multiple-set (MS) and rest-pause (RP) 471 

groups. ES, effect size. * p ≤ 0.05 for traditional multiple-set group. 472 

Figure 3. Mean ± SD, Arm, thigh and chest thickness pre- and post-training multiple-set 473 

(MS) and rest-pause (RP) training methods. ES, effect size. *p ≤ 0.05 for traditional multiple-474 

set group. 475 
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Table 1. Resistance training protocol during 6 weeks of the rest-pause and traditional multiple-

sets methods RT program. * 

Routine A (Sessions 1 and 3) Routine B (Session 2 and 4) 

Barbel Bench Press 

Dumbbell Incline Press 

Cable Cross 

Military Press 

Lateral Raise 

Triceps Pulley 

Barbell Triceps Extension 

Squat 

45º Leg Press 

Leg Curl 

Front Lat Pull-Down 

Seated Row 

Dumbell Lateral Row 

Standing Barbell Elbow Curl 

Preacher Curl 

*Four weekly sessions, routine A was performed 2 days per week (Monday and Wednesday) and 

routine B was performed 2 days per week (Tuesday and Thursday). 
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Table 2. Mean ± SD (95% CI), percentage change and effect size (ES) for body composition pre- and post-training 

traditional multiple-set and rest-pause groups. 

 Pre Post Change (%) ES 

Body mass, kg     

Multiple-set 67.4 ± 13.4 (57.1 – 77.7) 67.9 ± 14.7 (56.5 – 79.2) 0 ± 3 0.04 (trivial) 

Rest-pause 82.2 ± 17.9 (68.4 – 96.0) 82.9 ± 16.2 (70.4 – 95.3) 1 ± 3 0.04 (trivial) 

Lean mass, kg     

Multiple-set 57.9 ± 13.1 (47.8 – 67.9) 59.8 ± 14.7 (48.4 – 71.2) 3 ± 6 0.15 (trivial) 

Rest-pause 70.0 ± 13.7 (59.4 – 80.5) 71.0 ± 12.4 (61.5 – 80.5) 2 ± 4 0.08 (trivial) 

Fat mass, kg     

Multiple-set 9.5 ± 3.4 (6.9 – 12.1) 8.1 ± 2.2 (6.3 – 9.8) -11 ± 17 -0.43 (trivial) 

Rest-pause 12.2 ± 8.0 (6.1 – 18.4) 11.8 ± 6.9* (6.5 – 17.2) 0 ± 10 -0.05 (trivial) 
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Table 3. Mean ± SD (95% CI), percentage change and effect size (ES) for body circumferences pre- and post-training 

multiple-set and rest-pause groups. 

 Pre Post Change (%) ES 

Arm, cm     

Multiple-set 33.5 ± 6.2 (28.7 – 38.3) 34.1 ± 6.4 (29.2 – 39.0) 2 ± 2 0.09 (trivial) 

Rest-pause 36.6 ± 4.6 (33.1 – 40.1) 37.3 ± 4.6 (33.7 – 40.8) 2 ± 2 0.15 (trivial) 

Thigh, cm     

Multiple-set 51.9 ± 4.7 (48.3 – 55.6) 53.2 ± 4.7 (49.6 – 56.9) 3 ± 2 0.28 (trivial) 

Rest-pause 55.6 ± 5.8 (51.1 – 60.1) 57.5 ± 5.5 (53.4 – 61.8) 4 ± 2 0.34 (trivial) 

Chest, cm     

Multiple-set 92.3 ± 9.5 (84.9 – 99.6) 92.3 ± 9.9 (84.8 – 99.9) 0 ± 1 0.01 (trivial) 

Rest-pause 100.6 ± 9.5 (93.2 – 107.9) 100.2 ± 9.6 (92.8 – 107.6) 0 ± 2 -0.04 (trivial) 
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