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activation of the pectoralis major was measured on the first 
and last training days.
Results  A two-way repeated-measures ANOVA indicated 
both groups significantly increased their 1 RMs following 
the 4-week training protocol (p < .05). However, no signifi-
cant differences were found in 1 RM and neural activation 
between the two groups (p > .05). An independent samples 
t test indicated that total volume lifted was significantly 
higher for the rest-pause group (56,778 vs. 38,315  lbs; 
p < .05) throughout the protocol and independently during 
weeks 2, 3, and 4.
Conclusions  While strength and neural activation changes 
did not differ between groups, both increased 1 RMs and 
the rest-pause group achieved greater increases in volume 
than the traditional group. If volume is the focus of train-
ing, the rest-pause method should be utilized.

Keywords  Neural activation · Mesocycle · Repetition 
maximum · Electromyography · Volume

Abbreviations
ATP-PCr	� Adenosine triphosphate phosphocreatine
ANOVA	� Analysis of variance
PCr	� Creatine phosphate
EMG	� Electromyography
RM	� Repetition maximum
RMS	� Root mean square

Introduction

Strength and conditioning professionals, athletes, and rec-
reational body builders aim to maximize hypertrophy and 
strength gains by altering lifting volume and rest periods 
during training. Several training strategies, including heavy 

Abstract 
Purpose  Rest-pause (4-s unloaded rest between repeti-
tions) training effects on one repetition maximum (1 RM), 
lifting volume, and neural activation via electromyography 
(EMG) are currently vague in the literature and can benefit 
strength and conditioning professionals for resistance train-
ing programme design. Therefore, this study compared 1 
RM, neural activation via (EMG), and volume differences 
between rest-pause vs. traditional resistance training.
Methods  Trained males (N = 20) were randomly assigned 
to either a rest-pause or a traditional training group. Pre- 
and post-1 RM testing was recorded. Training sessions 
were completed twice a week for 4 weeks and consisted 
of four sets of bench press to volitional fatigue at 80% of 
pre-test 1 RM with a 2-min rest between sets. Total vol-
ume completed was recorded on each training day. Neural 
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weight, eccentric action, slow-motion, breakdowns, and 
maximal power training, have been used in an effort to 
produce maximal gains (Keogh et  al. 1999). A new tech-
nique that has not been extensively studied is the rest-pause 
method. The rest-pause method incorporates a prolonged 
pause between individual repetitions within a set (Krol 
et al. 2007). The prescribed rest period between repetitions 
has varied among different studies. Keogh et al. (1999) uti-
lized a two second rest period between each repetition for 
the rest-pause lifting protocol, while Marshall et al. (2012) 
set the rest period at 20 s after completing a 20-repetition 
maximum (RM) for the squat exercise.

During periodization, a key goal of resistance training 
during the hypertrophy phase is to maximize lifting vol-
ume. Frequently, hypertrophy phases promote completing 
sets to volitional fatigue often comprising of 6–12 rep-
etitions (Baechle and Earle 2008). Due to these sets being 
driven to fatigue, a large amount of the energy should come 
from creatine phosphate. The adenosine triphosphate–phos-
phocreatine (ATP-PCr) system can sustain muscle energy 
requirements for approximately 10 s during high-intensity 
exercise bouts (McArdle et al. 2014). Inter-set rest periods 
allow for replenishment of intramuscular creatine phos-
phate (Keogh et al. 1999; Lawton et al. 2006). Rest periods 
have extensively been examined and Miranda et al. (2007) 
concluded that rest periods of 3 min appear to have much 
more significant increase in volume lifted in comparison 
to 1-min rest periods. These findings are important, since 
increases in lifting volume have a positive effect on increas-
ing strength (Pescatello 2014; Robinson et al. 1995).

Keogh et  al. (2009) compared variables between rest-
pause resistance training and standard heavy weight train-
ing sessions. They found that, when using a 6 RM load, 
rest-pause resistance training averaged 1.33 more repeti-
tions than standard heavy weight training and found that 
the middle and last repetitions had significant differences in 
neural activation. More recently, Marshall et al. (2012) con-
cluded that utilizing the rest-pause method was more effica-
cious for the squat exercise, because it elicited greater neu-
ral activation with less post-exercise fatigue in comparison 
to the traditional methods. While these studies show acute 
differences in neural activation between rest-pause and tra-
ditional resistance lifting sessions, the training effects on 
neural activation between methods remain unknown.

To our knowledge, no studies have compared maximal 
strength, lifting volume, and neural activation changes 
between rest-pause and traditional resistance training that 
mirrors a hypertrophy mesocycle. Therefore, the purpose of 
this study was to compare changes in 1 RM bench press, 
lifting volume, and peak pectoralis major neural activa-
tion after 4 weeks of either rest-pause or traditional resist-
ance training. It is hypothesized that the rest-pause train-
ing group will have a greater increase in 1 RM bench press, 

complete more lifting volume, and have a greater change in 
pectoralis major neural activation than the traditional train-
ing group.

Methods

Participants

Male participants (N = 20) participated in the study which 
met the required sample size power analysis. Participants 
were randomly assigned to one of the two groups (N = 10 
per group) by the primary investigator for the 1 RM on the 
first day between the rest-pause and traditional protocols. 
Descriptive statistics of the participants in each group are 
presented in Table  1. All participants had a minimum of 
1-year experience performing the bench press resistance 
exercise and had been actively participating in resistance 
training for the past 6 months prior to beginning the study. 
This study was approved by the university Institutional 
Review Board (#15-089) prior to data collection. All par-
ticipants gave their informed consent prior to their inclu-
sion in the study and that details that might disclose the 
identity of the participants under study have been omitted. 
Participants were informed of the benefits and risks of the 
investigation prior to signing an institutionally approved 
informed consent document to participate in the study. Par-
ticipants refrained from caffeine usage 24 h prior to testing.

Instrumentation

The height of each participant was measured to the near-
est millimeter using a stadiometer (SECA, Hanover, MD). 
The mass of each participant was measured to the near-
est 0.1 kg using a calibrated scale (Health-O-Meter® Pro-
fessional, Northbrook, IL). A Pro Elite Strength Systems 
Smith machine was used for bench press solely for safety 
of participants during the unracking and reracking pro-
cess between repetitions for the rest-pause group (Salt 
Lake City, UT). The traditional group also used the Smith 
machine for consistency. A metronome was used to keep 
pace with each phase of repetitions completed by both the 
traditional and rest-pause group. The eccentric phase had a 

Table 1   Descriptive statistics for study participants

TL training load

Group Ht. (cm)
M (±SD)

Wt. (kg)
M (±SD)

Age (years)
M (±SD)

80% TL (kg)
M (±SD)

Rest-pause 
(n = 10)

178.5 (5.2) 81.5 (8.5) 23.0 (2.0) 88.2 (21.0)

Traditional 
(n = 10)

175.4 (4.6) 77.8 (10.4) 23.1 (2.6) 83.9 (17.6)
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contraction time of 2 s, while the concentric phase of the 
pectoralis major had a 1-s contraction. EMG (electromyo-
graphy) data were measured using a DELSYS Trigno Wire-
less EMG System (Natick, MA).

Procedures

Participants completed a total of ten sessions that included 
the pre/post-test, and a 4-week protocol that consisted of 
two training session a week (Table 2). A 4-week protocol 
was used to mimic a standard training mesocycle (Bae-
chle and Earle 2008). The weekly training sessions were 
spaced by a minimum of 48 h but did not exceed 96 h. The 
pre- and post-training tests consisted of a 1 RM test for the 
bench press exercise (sessions 1 and 10). The eight lifting 
sessions over the 4  weeks consisted of four sets to voli-
tional fatigue using 80% of each participant’s 1 RM. Hand 
grip for bench press followed the National Strength and 
Conditioning Association guidelines with hands slightly 
wider than shoulders, and a closed pronated grip (Baechle 
and Earle 2008). Participants walked on a treadmill for 
3–5 min at a self-selected pace, followed by bench press-
ing with an intensity that could be performed for approxi-
mately 15 repetitions for a standardized warmup. A 2-min 
rest period was provided between sets for both training 
groups. Both groups completed the same training protocol 
with the exception of the rest-pause group which utilized a 
four second unloaded pause between each repetition. The 
participants’ arms were fully extended during the racking/
unracking process. Total lifting volume was measured as 
the product of number of repetitions and weight lifted in 

kg on each day of the training programme. Pectoralis major 
neural activation was recorded using the EMG system dur-
ing sets one and four during the second and ninth sessions 
(Table 2, i.e., first and last training sessions). At the start 
of the first and eighth training sessions, surface electrodes 
were placed on the skin over pectoralis major of the domi-
nant hand side. This location is at the most superior part 
of the pectoralis major on the medial sternum lateral to the 
supra sternal notch (Krol et al. 2007). Electrode placement 
was placed one-third of the distance from the super ster-
nal notch and the anterior axillary line. Hair was shaved 
from the chest and skin was exfoliated with redux paste 
prior to placement of the sensors to reduce signal imped-
ance. A Certified Strength and Conditioning Specialist col-
lected all data and ensured proper technique throughout all 
repetitions.

Data processing

The EMG signals during all lifts were band-pass filtered 
with cut-off frequencies of 20–450  Hz. The signals were 
then full-wave rectified and smoothed using a root-mean-
square (RMS) filter with a moving window of 250  ms 
(Allen et al. 2013). During the 1st and 8th training sessions, 
the RMS signals during the last repetition of the last set 
were normalized to the RMS peak values during the first 
repetition of the first set for each participant (i.e., percent 
change from peak first repetition). The total lift included 
both eccentric and concentric phases.

Statistical analysis

An alpha of 0.05 and power of 0.80 were used for all sta-
tistical procedures. Separate 2 (groups: traditional and 
rest-pause) × 2 (time; before and after 4 weeks of training) 
analysis of variance (ANOVA) for repeated measures was 
used to assess the differences in 1 RM and neural activation 
in the dominate pectoralis major between rest-pause vs. tra-
ditional training groups. Effect sizes for the repeated-meas-
ures ANOVA were calculated using partial eta squared. 
Independent samples t tests were used to assess total vol-
ume changes over the 4-week training protocol and to com-
pare volume differences between the two groups for each of 
the 4-weeks. Effect sizes for the independent samples t tests 
were calculated using eta squared.

Results

Descriptive characteristics of the sample are indicated in 
Table 1. A two-way repeated-measures ANOVA indicated 
both groups significantly increased their 1 RM from pre-
test to post-test, F(1,18) = 37.45, MSE = 98.96, p < .001, 

Table 2   Training protocol

a EMG recorded during first set and fourth set

Week Sessions Rest-pause Traditional

Week 1 1 1 RM max (pre) RM max (pre)
2 4 sets to fatiguea

80% 1 RM (2-min rest)
4 sets to fatiguea

80% 1 RM (2-min rest)
3 4 sets to fatigue

80% 1 RM (2-min rest)
4 sets to fatigue
80% 1 RM (2-min rest)

Week 2 4 4 sets to fatigue
80% 1 RM (2-min rest)

4 sets to fatigue
80% 1 RM (2-min rest)

5 4 sets to fatigue
80% 1 RM (2-min rest)

4 sets to fatigue
80% 1 RM (2-min rest)

Week 3 6 4 sets to fatigue
80% 1 RM (2-min rest)

4 sets to fatigue
80% 1 RM (2-min rest)

7 4 sets to fatigue
80% 1 RM (2-min rest)

4 sets to fatigue
80% 1 RM (2-min rest)

Week 4 8 4 sets to fatigue
80% 1 RM (2-min rest)

4 sets to fatigue
80% 1 RM (2-min rest)

9 4 sets to fatiguea

80% 1 RM (2-min rest)
4 sets to fatiguea

80% 1 RM (2-min rest)
10 1 RM Max (post) 1 RM Max (post)
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ηp
2 = 0.68; Table 3). However, there was no significant dif-

ference in the amount of 1 RM change between the tradi-
tional and rest-pause training groups following the 4-week 
lifting protocol, F(1,18) = 0.01, MSE = 98.96, p =  .938, 
ηp

2 = 0.00.
A two-way repeated-measures ANOVA was per-

formed to view differences neural activation using 
EMG. There were no differences in neural activation 
from pre-test to post-test, F(1,18)  =  0.01, MSE  =  0.002, 
p  =  .917, ηp

2  =  0.001, and no significant differences 
were found between the rest-pause group and the tradi-
tional group before and after the 4-week training proto-
col, F(1,18) = 0.79, MSE = 0.119, p =  .387, ηp

2 = 0.042 
(Table 3).

Descriptive statistics for volume and repetitions are 
shown in Table  4. The independent samples t test indi-
cated that total volume lifted was significantly higher for 
the rest-pause group (M = 24,811.7 kg, SD = 9016.8 kg, 
n  =  10) in comparison to the traditional training group 
(M = 16,985.9 kg, SD = 3392.4 kg, n = 10), t(18) = 2.56, 

p  =  .019, d  =  0.27. When volume was compared each 
week, the rest-pause group had significantly higher vol-
ume during weeks two (t = 2.66, p = .016, d = 0.31), three 
(t = 2.75, p = .013, d = 0.30), and four (t = 2.58, p = .018, 
d = 0.27) in comparison to the traditional training group. 
No significant differences were found at week 1 (t = 1.69, 
p = .109, d = 0.14).

Discussion

To the authors’ knowledge, this is the first study that com-
pared changes in 1 RM, lifting volume, and neural activa-
tion between rest-pause and traditional bench press resist-
ance training. Our hypothesis that rest-pause training would 
yield larger increases in bench press 1 RM, total lifting 
volume, and pectoralis major neural activation compared to 
traditional resistance training was partially supported. Rest-
pause training resulted in a significantly greater total lifting 
volume than the traditional resistance training which sup-
ports our original hypothesis (Table 4). However, the dif-
ferences in bench press 1 RM and pectoralis major neural 
activation were not different between groups rejecting our 
original hypothesis.

Although the change in bench press 1 RM was not dif-
ferent between groups, both groups significantly increased 
their post-training 1 RM (Table  3). The outcome of both 
groups increasing strength was expected due to the inten-
sity (80%) that was used throughout the training pro-
gramme by both groups. The intensity used in this study 
was near the recommended intensity (≥85% of 1 RM) for 
strength training (Rhea et al. 2002). The lack of between-
group strength differences is notable, because the volume 
was significantly higher in the rest-pause group than the 
traditional group. Numerous studies have investigated the 
effects of volume differences in 1 RM changes. Studies that 
have used intensity ranges from 70 to 75% of 1 RM over 
10–13 weeks have not shown significant changes in 1 RM 
(Hass et  al. 2000; Ostrowski et  al. 1997). However, Rhea 
et  al. (2002) found that high volume training had signifi-
cantly higher 1 RM changes than low volume training at 
80–90% 1 RM for 12  weeks. The results of these studies 
appear to indicate that volume’s effect on strength adapta-
tions is dependent upon it being conducted at higher inten-
sities. Although the current study used an intensity similar 
to Rhea et al. (2002), strength gains were not comparable. 
An explanation for this may be due to the briefer training 
programme (4-weeks) used in the present study. While 
the current study was intended to emulate a hypertrophy 
phase during periodization, future studies should compare 
rest-pause and traditional training after longer training pro-
grammes (i.e., 12 weeks).

Table 3   Descriptive statistics for 1 RM and muscle activity

EMG electromyography
* p <  .05 for post-training vs. pre-training 1 RM scores. EMG data 
represent the percent change in RMS signal from the 1st and 4th sets 
during the 1st (pre-training) to the 8th (post-training) sessions for 
both groups

Variable Rest-pause
M (±SD)

Traditional
M (±SD)

1 RM (kg)
 Pre-training 110.5 (26.5) 104.8 (22.6)
 Post-training* 119.3 (26.5) 113.4 (21.7)

Peak EMG (%)
 Pre-training 32.1 (54.6) 44.2 (50.0)
 Post-training 19.9 (34.1) 53.8 (54.9)

Table 4   Descriptive statistics for volume (kg) and repetition totals

* p < .05 between rest-pause vs. traditional training group

Variable Rest-pause
M (±SD)

Traditional
M (±SD)

Week 1 volume 4797.6 (1851.8) 3697.4 (905.3)
Week 2 volume 6035.9 (2202.5)* 4051.5 (825.6)
Week 3 volume 6880.5 (2712.3)* 4371.6 (963.8)
Week 4 volume 7097.6 (2517.9)* 4.865,4 (1032.2)
Total volume 24,811.7 (9016.8)* 16,985.9 (3392.4)
Week 1 average repetitions 52.4 (12.9) 44.2 (5.7)
Week 2 average repetitions 67.9 (16.0)* 48.9 (5.6)
Week 3 average repetitions 76.8 (19.5)* 53.1 (9.3)
Week 4 average repetitions 80.0 (18.2)* 59.5 (11.9)
Total average repetitions 277.1 (60.5)* 205.7 (27.3)
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The rest-pause group lifted significantly more total 
volume during the resistance training programme than 
the traditional group. A possible reason for these find-
ings could be that the pauses used within a set by the 
rest-pause group allowed for some replenishment of cre-
atine phosphate (PCr). While studies have shown that 
full PCr re-synthesis after high intense bouts may require 
≥170 s (Bogdanis et al. 1995; Dawson et al. 1997; Harris 
et  al. 1976; Hakkinen et  al. 1998; Seynnes et  al. 2007), 
DiPrampero and Margaria (1969) found a half-life of 
30–40  s for PCr re-synthesis. In the current study, the 
average time to complete a set during rest-pause train-
ing was 56.9  s of which 30.8  s was time spent resting. 
It is plausible that some PCr replenishment occurred at 
this time. This could have delayed fatigue and led to the 
greater volume observed during rest-pause training. Fur-
thermore, Keogh et al. (1999) also found that rest-pause 
training achieved more volume than the traditional train-
ing. Our study found that rest-pause training averaged 
2.26 more repetitions than the traditional training, while 
Keogh et  al. (1999) found that rest-pause training aver-
aged 1.33 more repetitions than traditional training. A 
noteworthy difference between the rest-pause protocols 
of the current study and Keogh et  al. (1999) is that the 
current study used 4  s pauses and Keogh et  al. (1999) 
used 2  s pauses. The longer between repetition rests of 
the current study may have led to the greater volume dis-
parity between rest-pause and traditional training. To our 
knowledge, optimal between repetition rest periods for 
rest-pause training are unknown and future studies should 
investigate optimal between repetition rest periods.

When between-group weekly volume was analysed, 
the rest-pause group reported significantly higher volume 
in weeks 2, 3, and 4 but not in week 1 (Table  4). In the 
current study, only 1 of the 20 recruited participants had 
experience using rest-pause training and he was randomly 
placed in the rest-pause training group. One limitation to 
the current study is possibly an insufficient amount of time 
for familiarization for the rest-pause group which could 
explain the lack of between-group volume difference. Fur-
thermore, some participants indicated rarely training on 
a Smith machine. The weekly comparisons of our study 
show that it may take 1 week to familiarize participants to 
the rest-pause method. Future studies should use a famil-
iarization week and extend the training protocol beyond 
4 weeks. It is interesting that despite the lack of between-
group difference in week 1, a linear regression line indi-
cated that nine additional training sessions would have 
been needed for the traditional group to match the volume 
lifted in week 4 of the rest-pause group (rest-pause volume 
week 4 = 7093.2 kg, predicted the traditional volume week 
13 = 7202.1 kg). This further shows the impact using the 
rest-pause method to achieve greater volume.

To the authors’ knowledge, this is the first study that 
compared chronic neural activation changes in the pecto-
ralis major between rest-pause and traditional training. 
Rest-pause and traditional bench press training did not pro-
duce different pectoralis major activity; however, pectora-
lis major activity was increased following the traditional 
resistance training (44 vs. 54%) but reduced following rest-
pause training (32 vs. 20%; Table 3). While the rest-pause 
protocol was different, Marshall et al. (2012) viewed neural 
activation for the squat exercise using three different proto-
cols. Marshall et al.’s (2012) rest-pause protocol used 80% 
of a 1 RM for the squat exercise with neural activation in 
six leg muscles being significantly higher when performing 
a 20-s inter-set rest interval until 20 repetitions were com-
pleted in comparison to completing four sets of five repe-
titions using both a 3-min rest and 20  s rest between sets 
(Marshall et  al. 2012). Normalization methods included a 
percent change by averaging amplitudes of repetitions 1–4, 
5–8, 9–12, 13–16, and 17–20. Furthermore, Keogh et  al. 
(1999) found greater neural activation of the pectoralis 
major and triceps brachii during the middle and later repeti-
tions during 1 set to failure between a traditional and rest-
pause bench press protocol. However, normalization proce-
dures used a 110° maximal voluntary isometric contraction 
and lifting intensities were with a 6 RM load. The results of 
the current study, Keogh et al. (1999), and Marshall et al. 
(2012), show inconsistent normalization procedures when 
viewing neural activation. The current study indicated no 
significant differences in neural activation changes between 
the rest-pause and the traditional training groups follow-
ing 4  weeks of training (Table  3). Therefore, the hypoth-
esis for neural activation was not supported. However, the 
rest-pause group had lower muscle activation after 4 weeks 
of training (12% less), while the traditional training group 
actually increased muscle activation (10% greater, Table 3). 
The authors believe that the lack of significance is likely 
due to the large standard deviation between the two groups.

Since the current studies’ protocols were performed to 
volitional fatigue, it can be argued that central fatigue could 
have a potential role. Brooks et al. (1996) state that painful 
afferent inputs from the joints and muscles can negativity 
affect a participants’ willingness to continue repetitions and 
physiological signals can lead to psychological inhibition. 
However, it is very difficult to obtain direct data on cen-
tral nervous system function during exercise. Furthermore, 
muscular fatigue appears to be peripheral failure due to 
fatigue of muscles compared to the central nervous system 
which is likely far superior to skeletal muscles maintaining 
function (Brooks et al. 1996).

The results of the current study indicate that utilizing a 
rest-pause method is conducive for eliciting greater volume 
increases, which is suggested during hypertrophy phases 
(Baechle and Earle 2008). No significant differences were 
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found in neural activation between the two training groups 
likely due to a large standard deviation between groups. 
Finally, no significant differences were found between 1 
RM changes, though both groups significantly increased 
their post-test 1 RMs following the training protocol. 
Future studies should use a longer training period as this 
may reveal differences in strength gains and neural activa-
tion changes between rest-pause and traditional resistance 
training. The rest-pause training method can be a successful 
tool to incorporate into strength and conditioning experts’ 
training programmes where hypertrophy increases during a 
mesocycle are the key goal within the training macrocycle. 
Finally, all 20 participants that began the testing protocol 
finished indicating 100% adherence for the two training 
regimens. This indicates with minor instruction and coach-
ing, the rest-pause protocol can be just as safe a traditional 
resistance training. Finally, future studies should replicate 
a rest-pause training protocol and measure hypertrophy 
increases compared to the traditional training to volitional 
fatigue. Furthermore, studies examining changes in neural 
activation patterns should use a consistent normalization 
method, since there is no census defined. No external fund-
ing was received for the current study.

Conclusions

The current study found that utilizing a rest-pause protocol 
allows for significantly higher volume lifted in compari-
son to the traditional bench press training and yields simi-
lar increases in 1 RM. Strength and conditioning specialist 
and trainers could utilize this method during a mesocycle 
within a macrocycle to maximize volume increases during 
an off-season training programme. However, neural acti-
vation might not increase or decrease using the rest-pause 
training method. This suggests that if increasing volume is 
the goal of the athlete, recreational weightlifter, or body-
builder, the rest-pause method should be used vs traditional 
lifting techniques.
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