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ABSTRACT

The purpose of the present study was to comparetigiudinal effects of six weeks
of rest-pause versus traditional multiple-set RT on muscle ggtbn hypertrophy, localized
muscular endurance, and body composition in trasidojects. Eighteen trained subjects
(mean + SD; age = 30.2 £ 6.6 years; weight = 7418 2 kg; height = 171.4 + 10.3 cm) were
randomly assigned to either a traditional multipé-group (n = 9; 7 males and 2 females; 3
sets of 6 repetitions with 80% of 1-RM and 2 mistratervals between sets) orest-pause
group (n = 9; 7 males and 2 females). The reshitsved no significant differences (p >
0.05) between groups in 1RM strengtbs(-pause: 16 + 11% for BP, 25 + 17% for LP, and
16 + 10% for BC versus traditional multiple-set: 1@1% for BP, 30 + 20% for LP and 21 +
20% for BC). In localized muscular endurance, rése-pause group displayed significantly
greater (p < 0.05) repetitions, only for the LPreise (rest pause: 27 £ 8% versus traditional
multiple set: 8 £ 2%). In muscle hypertrophy, ttest-pause group displayed significantly
greater (p < 0.05) thickness, only for the thigksttpause: 11 + 14% versus traditional
multiple-set: 1 £ 7%). In conclusion; resistancairting performed with theest-pause
method resulted in similar gains in muscle strengshtraditional multiple-set training.
However, therest-pause method resulted in greater gains in localized miascendurance
and hypertrophy for the thigh musculature.

Keywords: training method, rest interval, hypertrtgpmuscle strength

INTRODUCTION

The manipulation of resistance training (RT) vaesbhas been widely used to
achieve training goals, such as muscle hypertroptaximal strength, power, and localized

muscular endurance (2, 13, 15). Additionally, RTilmes that combine the manipulation of
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inter-set rest intervals and repetition failuressetight be important for continued muscle

strength and hypertrophy adaptations in resistéraceed individuals (11, 14, 15).

Recreationally trained subjects and bodybuildetsrofise repetition failure sets with
short inter-set rest intervals as in tiest-pause method. This method involves lifting a fixed
load with an initial set to failure (typically 102Xepetitions), followed by subsequent sets to
failure using short (e.g., 10-20 s) inter-set riegtrvals (14). However, the initial training
status of an individual affects the magnitude afroenuscular adaptations (7), so that those

with a higher training status exhibit a lower rateain over time.

Although relatively few studies have investigatedd-term responses to different RT
methods (such as thest-pause method) in trained individuals, it was found retbgnn
untrained individuals (23 = 6.6 years) that perfiognrepetition failure sets for 12-weeks,
induced similar adaptations in the elbow flexorstwe other RT protocols that did not
involve repetitions failure sets. This suggestt tiepetition failure sets are not critical to
elicit significant neural and structural changesskeletal muscle in untrained individuals

(21). However, the effects of repetition failuréssmight differ as training status changes.

Thus, the inclusion of RT methods, suchress-pause could be productive to increase
time under tension and metabolic stress, espediallsecreationally trained subjects and
bodybuilders, already adapted to traditional tragni Possibly, the metabolic stress
manifested by accumulation of metabolites, musgf@®hia, cellular swelling and alterations
in local myogenic factors, would increase hypeftiopadaptations and/or muscle strength
(22). Consistent with these findings, six weeksliip-set hypertrophy type training and four
weeks of strength mixed with drop-sets were efiectio increase muscle cross-sectional
area, muscular endurance and one-repetition maxi(deRM) for the leg press in resistance

trained subjects (11).
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Alternatively, the long-term findings on the udesbhort rest intervals, as in tmest-
pause method have been contradictory. Fietkal (9) compared the long-term effects (8-
week) of different rest intervals (30 s vs. 150ihwhe same intensity of 40% 1RM) carried
out to muscular failure on muscle strength ands:sextional area (CSA) of the upper arm
and thigh muscles in untrained individuals (18 —y2ars) not involved in RT for at least 2
years. The results confirmed that for untrainedvikdals, different rest interval lengths in
low-load RT lead to similar strength and hypertrpplaptations, independent of the greater
total training volume achieved in the longer regeival group..This confirms that current

findings from untrained subjects cannot be genegdlio resistance-trained individuals (23).

So, for resistance-trained individuals (RT expwee = 3.4 years) Schoenfedtl al
(23), compared the effects of low- versus. high-loasistance training on muscle strength
and muscle thickness in the elbow flexors and eden Although there were no significant
between-group differences, the high-load RT routiesulted in a greater effect size for
bench press strength, back squat strength, elotensor thickness, and quadriceps thickness
versus the low-load RT. These results were in spit¢he low-load group performing a
higher total training volume. Thus, for maximizimypertrophy and muscle strength in
resistance-trained individuals, the heavier loadmg. 80% of 1 RM) coupled with shorter
rest intervals (as in thest-pause method) could be as productive as a traditionatipie-set

RT program.

Marshallet al (14) evaluated the acute fatigue responses toettigpause method in
trained subjects performing three different protean random order for the squat exercise
with an intensity of 80% 1-RM (Protocol A: consistef 5 sets of 4 repetitions with 3 min
inter-set rest intervals; Protocol B: consistecbadets of 4 repetitions with 20 sec inter-set

rest intervals; and Protocol C, thest-pause method consisted of an initial set to failure with
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subsequent sets performed with a 20 sec interesetimterval). All protocols resulted in a
total of 20 repetitions. The results demonstrateshigr electromyographic activity (EMG)

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

Furthermore, Paokt al (16) found that when resistance trained subjeetfopmed

the rest-pause method in the leg press, bench press and latdowi that they exhibited
significantly higher basal energy expenditure and,\or up to 22 hrs. post-exercise as
compared to traditional RT. Taken together, thessilts clearly show the importance of
using training methods, in this casst-pause, to disrupt homeostasis in trained subjects and
potentially promote further adaptation. The inceeas EMG and energy expenditure in
trained subjects might lead to further longitudiadhptations. However, there is no current
study investigating the longitudinal effects of ttest-pause method on muscle strength and
hypertrophy. To note, trained subjects commonly meee exercises in daily training and

methods that promote time-efficiency suchress-pause might be desirable.

Thus, the purpose of the present study was to cantpa longitudinal effects of six
weeks ofrest-pause versus a traditional multiple-set RT on musclerggth, hypertrophy,
localized muscular endurance, and body compositiontrained subjects. Our initial
hypothesis was that RT with thest-pause method would increase muscle mass and strength
to a greater extent versus traditional multiple-satning, with no differences between

protocols in altering body composition.

METHODS

Experimental Approach to the Problem

The aim of the present study was to compare theclmusrength, hypertrophy,

localized muscular endurance, and body composidilberations betweemest-pause and
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traditional multiple-set RT over a 6-week periodtdining in trained subjects. The study
followed a previous acute design proposed by Mdlrsdtaal (14) and was adapted to a
chronic intervention, with each participant randpraksigned to aest-pause or traditional
multiple-set RT group (control). The main differenicetween the Marshadt al (14) study
and the present study was that microcycles for mogthods lasted 1 week; the training
intervention lasted 6-weeks; tested exercises dsduthe bench press, leg press, and free
weight standing biceps curl; a higher ecologicéidiy; and the use of B-mode ultrasound to
investigate hypertrophic changes. All subjects weguired to undergo the same exercise
sequences, but threst-pause group performed an initial set with 80% of 1-RMtiufailure
with subsequent sets performed with a 20 sec sgerest interval until completing a total of
18 repetitions; while the traditional multiple-sei®up completed 3 sets of 6 repetitions with
80% of 1-RM and a 2 min inter-set rest interval.eddures of body composition, strength,
localized muscular endurance and hypertrophy welleated by a blinded researcher before
and after the 6-week training period. To note, syms of fatigue and tiredness were not

reported by subjects from tinest-pause method group during this study.

Subjects

Twenty-two subjects volunteered to participate hie present study. Four subjects
were excluded due to not completing 75% of theningi sessions. Eighteen subjects (14
males and 4 females) were randomly assigned éstgoause group (n = 9; 30.3 + 6.5 years;
82.2 £ 17.9 kg; 174.9 £ 8.2 cm; > 1 year of tragnexperience) or a traditional multiple-set
group (n = 9; 30.1 + 7.2 years; 67.4 £ 13.4 kg; .26¥ 11.5 cm; > 1 year of training
experience). The subjects were accustomed to rigpidi5 days per weeks with split-body
training routines and 3-4 sets of 8-12RM per esercwith the objective of muscle

hypertrophy. The study was approved by Catholicversity of Brasilia Research Ethics

Copyright © 2017 National Strength and Conditioning Association


kayus
Highlight

kayus
Highlight
Dose de carga de esforço.

kayus
Highlight

kayus
Highlight

kayus
Highlight
òtima descrição dos pesquisadores, assim se consegue ter uma visão melhor das característica da amostra.


120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

Committee for Human Use (protocol No. 030/09). $tddsign and ethical procedures were
in accordance with ethical standards and the Datober of Helsinki. Besides, subjects were
informed of the benefits and risks of the invedtaa prior to signing an institutionally

approved informed consent document to participatbe study.

1-RM testing and local muscle endurance

One-repetition maximum test and retest sessiong werformed on different days
with 72 hrs between tests. The tested exercisésded the bench press, leg press; and free
weight standing biceps curl (JOHNSON, Landmark Brivottage Grove, USA). The
protocol consisted of 5 min low intensity walking a treadmill followed by eight repetitions
with 50% of an estimated 1-RM (according to thejscis’ perceived capacity) as described
previously (26). After a rest of 1 min, three repens were performed with 70% of an
estimated 1-RM. Following 3 min of rest, subjectenpleted three to five 1-RM attempts
with progressively heavier weights (~5%), intersperwith 3—5 min rest intervals until a 1-
RM was determined. The range of motion and exertesstnique were standardized
according Brown & Weir (3). The 1-RM tests (testast) were conducted on two non-
consecutive days (minimum of 72 hr. between tedisg intraclass correlation coefficient
was = .97 for all exercises, thus confirming thst-tetest reliability. Once the 1-RM was
determined, 60% of this value was calculated ferltitalized muscular endurance test. After
a sufficient recovery period (4-5 min), the subggoerformed as many repetitions as possible
with 60% of 1-RM until failure for each exercise).(3ll tests and training were performed

during the summer period.

Muscle thickness and circumference

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

and after the six-week RT period. All tests weradiated at the same time of day, subjects

Copyright © 2017 National Strength and Conditioning Association


kayus
Highlight

kayus
Highlight

kayus
Highlight
Maioria dos estudos utiliza 50% de 1RM.

kayus
Highlight

kayus
Highlight

kayus
Highlight

kayus
Highlight


144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

were instructed to hydrate normally 24 hrs befdre tests. Measures were taken 3-5 days
after the last training session to prevent anydredieffects (i.e. swelling) that could interfere
with the validity of the muscle thickness measunets€6). Subjects were instructed to avoid
any other type of exercise or intense activity. Mleghickness was measured using B-Mode
ultrasound (Philips-VMI, Ultra Vision Flip, modelB. A water-soluble transmission gel was
applied to the measurement site and a 7.5-MHzsdtnad probe was placed perpendicular to
the tissue interface while not depressing the skinscle thickness of the arm, thigh and
chest muscles from the dominant limb were measacedrding to the recommendations of
Abe et al (1). Once the technician was satisfied with thaligu of the image produced, the
image on the monitor was frozen. With the imageérg a cursor was enabled in order to
measure muscle thickness, which was taken as #tende from the subcutaneous adipose
tissue-muscle interface to muscle-bone interfage Altrained technician performed all

analyses.

Body Composition

Body composition was assessed using skinfold tleiskmmeasurements taken with a
Lange skinfold caliper. The equation of Jacksbal (12) for women (18-55 years old) was
used to estimate body fat percentage. In this emuahe sum of triceps, suprailiac, and thigh
skinfolds is used. After this procedure, body dgnsias estimated from which percentage

body fat, fat mass (kg), and fat-free mass (kg)evestimated.

Resistance training program

The 6 week RT program for each group consistedwf §essions per week in a split

routine, that included: Routine A (Monday and Weslfey, day 1 and 3) with three
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exercises for the pectoralis major (barbell bencdsg dumbbell incline press, and cable
cross), two exercises for the deltoids (militaregs and lateral raise), and two exercises for
the triceps brachii (triceps pulley and barbeltéps extension); and Routine B (Tuesday and
Thursday, day 2 and 4) with three exercises forthigh musculature (squat, 4&g press
and leg curl), three for the latissimus dorsi (fr¢éat pull-down, seated row and dumbbell
lateral row), and two for the biceps brachii (stagdbarbell eloow curl and preacher curl).
All equipment was from JOHNSON (Landmark Drive, tage Grove; USA). The training
sessions lasted around 57 and 35 minutes for tditional andrest-pause methods,
respectively. Each experimental protocol involvesifprmance of 18 repetitions, at an
intensity of 80% of 1 RM, with similar volume-loa@sd exercises chosen based on their
common inclusion in RT programs. For the traditiomaltiple-set program, exercises were
performed for three sets of 6 repetitions with 80P4-RM and 2-3 min of rest between sets
and exercises; for thest-pause group an initial set with 80% of 1-RM was perfoahnntil
failure with subsequent sets performed with a 20iseer-set rest interval until a total of 18

repetitions were completed; and with 2-3 min of egween exercises.

All training sessions were carefully supervised hy certified strength and
conditioning professional, and adherence to theitrg program was ~90% for both groups.
Also, during microcycles no reduction in trainimgensity or assistance was provided for the
rest-pause group as recommend by Marshallal (14) . The resistance training protocol is

presented in Table 1.

Insert table 1 here.

Statistical analysis

The data are expressed as the mean value, stad@ardtion (SD) and 95%
confidence interval (CI). The Shapiro-Wilk test wapplied to check for normality
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distribution of study variables. ANCOVA was useddetermine the effect of two different
exercise-training programs on post-interventioerggth and anthropometric variables after
controlling for pre-intervention variables. The paveof the sample size was determined using
G*Power version 3.1.3 (8), based on the effect ifEi@nt exercise-training programs on
post-intervention variables. Considering the sange of this study and an alpha error of
0.05, the power (1 $) achieved was 1.00 for 1RM, body composition, winéerences and
thickness variables, 0.61, 0.84 and 1.00 for begirelss, leg press and biceps curl maximal
repetitions, respectively. The effect size caleata{ES = difference between pre- and post-
intervention divided by pre-intervention SD) ane &S strength training (18) were used to
evaluate the magnitude of training effects. Thelef significance wap < 0.05 and SPSS

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

RESULTS

There was no difference in carbohydrate, protepid,| and calorie intake between
groups pre- versus post-training (p > 0.05; datasmmwn). Figure 1 presents the 1-RM
values for BP, LP and BC exercises pre- and pastitig for each group. After adjustment
for pre-intervention 1-RM values, there was noistiaally significant difference (p > 0.05)
at the post-training point between groups for ahyhe exercises. However, the ES was
higher forrest-pause group, for the BRrest-pause: ES = 0.39 — small; multiple-set: ES =
0.19 — trivial) and BCrest-pause: ES = 0.59 — small; multiple-set: ES = 0.34 —i#iv The
training effect was high for the LP exercise, bédh the rest-pause group (ES = 0.94 —
moderate) and traditional multiple-set group (E8.92 — moderate). The 1-RM increase in
the rest- pause group was 16 + 11% (8 — 25%) fQraBP: 17% (12 — 37%) for LP and 16 +

10% (8 — 24%) for BC. The traditional multiple-ggbup presented an increase of 10 £ 21%
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(-6 — 26%) for BP, 30 + 20% (14 — 45%) for LP, &t + 20% (5 — 37%) for BG. No

statistically significant differences (p > 0.05)n@@bserved between groups.

Insert Figure 1 here.

For localized muscular endurance, after adjustrf@npre-training repetition values,
the rest-pause group presented significantly greater repetitigms 0.05) post-training, only
for the LP exercise (see Figure 2). For both the @@ BC there were no statistically
significant differences (p > 0.05) at post-trainingtween groups. The training effect was
similar between groups (small ES), except in theeaaf the LP exercise for tinest-pause
group (large ES). The percentage increase in tepeiifor the rest-pause group was
significantly greater (p < 0.05) only for the LPeggise [27 + 8% (21 — 33%) for rest-pause

versus 8 £ 23% (-9 — 25%) for traditional multiglet].

Insert Figure 2 here.

Body composition parameters pre- and post-trairiorgthe traditional multiple-set
and rest-pause groups are shown in Table 2. After adjustment poe-training body
composition, the traditional multiple-set group sgeted significantly lesser (p < 0.05) fat
mass post-training, even with a trivial ES. No figant differences were observed (p >
0.05) in body mass and lean mass post-training dextvwgroups. After adjustment for pre-
training body circumferences, there were no stesiby significant differences (p > 0.05) at
post-training between groups for any of the evadatircumferences (see Table 3).
Considering the ES, training effects for the arngh and chest circumferences were trivial
for both groups. No statistically significant diféemces (p > 0.05) were observed in the
percentage change of circumferences and body cotigmobetween groups. The arm, thigh
and chest thickness pre- and post-training for tthditional multiple-set andest-pause
groups are shown in Figure 3. After adjustmentpia-training muscle thickness, thest-
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pause group presented significantly greater (p < 0.08Q)Kkness at post-training only for the
thigh. The percentage increase in thigh thickness also significantly greater (p < 0.05) in
therest-pause group [11 + 14% (0 — 22%)] versus the traditiomailtiple set group [1 £ 7%
(-5 = 7%)]. No significant differences were obsen(p > 0.05) in the arm [8 £ 10% (0 —
16%) for the rest-pause and 4 + 15% (-8 — 17%]}Hertraditional multiple set] and chest [6
+ 11% (-4 — 15%) for the rest-pause and 1 + 129 £10%] for the traditional multiple set)
thickness at post-training between groups. Thenitrgi effect, represented by the ES, was
trivial for the arm, thigh and chest thicknesshe traditional multiple-set group; and trivial
for arm thickness in thieest-pause group; and small for thigh and chest thicknesthérest-

pause group.
Insert Table 2 here.
Insert Table 3 here.
Insert Figure 3 here.
DISCUSSION

To the author’'s knowledge, this was the firstdgtto evaluate long-term muscular
and strength adaptations with thest-pause method versus traditional multiple-set RT in
resistance-trained individuals. The key findinggevenatrest-pause method was superior to
the traditional multiple-set method for gains imdtized muscular endurance (27% vs. 8%,
respectively) and hypertrophy (11% vs. 1%, respeblt) in the thigh musculature. However,
there were no significant differences in strengting and body composition changes

between groups.

Localized muscular endurance is reflected in thaita to continuously produce

submaximal muscle actions (15). Since itb&-pause approach in the current study required
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that subjects rest only 20 secs between succeaegiisg(following the initial set), this may
have elicited adaptations within the muscles tobkngreater performance of submaximal
muscle actions. However, it bears repeating thatdifference was only significant for the
lower body musculature during the leg press exerdéhy the same finding was not evident
in the upper body musculature cannot be determfroed the present methodology, but may
have been due to training with higher repetitioas et for the lower body exercises versus

the upper body exercises, albeit at the same pageof 1-RM (24).

It is also plausible that adaptations in the lolbv@tdy muscles to enable more leg press
repetitions may have involved greater intramuscblaifering capacity to delay metabolic
acidosis (20). The traditional multiple-set methabbwed for 2 min rest between sets and
allowed for more complete recovery between setsenes. Therefore, it appears that to
develop localized muscular endurance in the loveslylmuscles, performing the next set in

series prior to when complete recovery has takaoepks especially important.

Another intriguing ‘possibility for eliciting lowebody muscle adaptations was
demonstrated in a related study by Geital (10) that involved 26 recreationally trained men
divided into three groups; a “no rest” group; astrevithin set” group; and a control group
that did not train. Both training groups perforntae workouts per week for 12 weeks that
incorporated the lat pulldown, shoulder press, lamek extension. Prior to and following the
training period, measurements included: shouldesgprand knee extension 1-RM; cross-
sectional area of the thigh via magnetic resonamaging; and shoulder press and knee
extension repetitions at 70% of 1-RM. The “no regtbup performed three to five sets of
each exercise, with a 10-RM load for 10 repetitipas set, and with 1 min of rest between
sets. Conversely, the “rest within set” groupitnged a 30-sec pause between theafid &'

repetition each set, to limit the development digize. The results showed the following:
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significantly greater gain in 1-RM knee extensiam fthe “no rest” group versus the “rest
within” group (66% versus 39% gain); significangyeater gain in thigh cross-sectional area
for the “no rest” group versus the “rest within”ogp (13% versus 4% gain); and
significantly greater gain in knee extension muacwgndurance for the “no rest” group
versus the “rest within” group (42% versus 8% gaiff)ese results suggest that creating
greater fatigue through multiple repetition maximsets and short rest intervals between sets
could be critical to optimize strength, hypertrapand localized endurance adaptations in the

lower body muscles.

The metabolic stress offest-pause training and the relative emphasis on the
Phosphogen and Glycolytic Energy Systems mightifiereint versus traditional multiple-set
training. For example, with theest-pause protocol utilized in the current study, an initial
repetition maximum set was performed with 80% & NI-for a given lift; this was followed
by subsequent sets performed at 20 sec intervait aintotal of 18 repetitions were
performed. The initial set at 80% of 1-RM to muscufailure would have involved
approximately 8 to 12 repetitions (24), and plaeadphasis on both the Phosphogen and
Glycolytic Systems to meet the energy demand. Spmesphocreatine levels in muscle can
regenerate relatively quickly (25), the 20-sec nvae following the initial set would have
allowed for partial resynthesis of phosphocreatmeontribute to performance of additional
repetitions over a series pdst-pause style sets. These additional repetitions (up total of
18) would have also increased the degree of metabtwess (induced from the initial set),
and stimulated expression of hypertrophic and Ieedl muscular endurance characteristics

in the lower body muscles (22). This hypothesisines further study.

To our knowledge, the present study was the foshadsess site-specific changes in

muscle size between different RT training prograsiag resistance-trained subjects. Results
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indicated a significant difference in growth foretlthigh muscles. Marsha#t al (14)
conducted one of the few acute studies to date gpeatifically examined theest-pause
method versus the traditional multiple-set trainingourteen resistance trained men
performed three squat protocols at 80% of 1-RMluigiag: “Protocol A” which consisted of
5 sets of 4 repetitions with 3 min inter-set regeivals; “Protocol B” which consisted of 5
sets of 4 repetitions with 20-sec inter-set resdrirals; and theest-pause protocol invelved
performance of an initial set to failure with sutpgent sets performed at 20-sec intervals. For
all protocols, a total of 20 repetitions were parfed. Maximal squat isometric force output
and rate of force development (RFD) were measueddrd, immediately following, and 5
min following each protocol. Muscle activity fronxsdifferent thigh and hip muscles was
measured with surface electromyography (EMG) ah émee point, and during every squat

repetition.

Marshallet al (14) showed similar and significant decreases (@G5) in maximal
force and RFD immediately following each protoaelth full recovery at the five-minute
time point following each protocol. However, sigogntly greater motor unit recruitment
was observed during theest-pause protocol compared to both Protocols A and B fdr al
muscles measured (p < 0.05). Although muscle agtiwas not measured in the current
study, therest-pause protocol may have elicited great muscle activaiionhe lower body
muscles with repeated workouts over time, as ewe@nby the significantly greater

longitudinal change in muscle hypertrophy in ourdst

In another acute study, Paali al (16) compared high intensity interval resistance
training (HIRT) versus traditional resistance tragn(TT) on resting energy expenditure at
22 hrs. post-exercise. The HIRT protocol consistederforming three blocks of sets with a

6-RM load of the leg press, bench press, and daraghine exercises. Each block consisted
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of three sets, with an initial set to muscle faland then two succeeding sets (usually 2 to 3
repetitions each) with 20 second rest intervalsvbeh sets and 2 min 30 secs between
blocks. Conversely, the TT protocol consisted gkets of 8 different exercises (bench press,
leg press, dorsal machine, leg curl, biceps cultitary press, triceps extension, and sit-ups),
at 70-75% of 1-RM. Subjects were instructed tdgrer as many repetitions as possible on
each set with a 1-min rest between sets of sirgghd gxercises and 2-min rest between sets
for multiple-joint exercises. Despite the signifitig lower volume (HIRT =3872.4 + 624 kg
versus TT = 7835.2 +1013 kg) and time commitmenR{H= 32 mins versus TT = 62 mins),
the blood lactate (HIRT = 10.5 + 2.1 mmot-kersus TT = 5.1 + 1.2 mmol) and resting
energy expenditure at 22 hours (HIRT = 2362 + 1%8lKl versus TT = 1999 + 88 Kcal/d)
were significantly greater for the HIRT protocolespite these findings, the current study did
not find differences in the change in percent bfadyand circumferences between tlest-
pause group and the traditional multiple-set group. $igant differences in these
parameters may require greater than six weeksaofiig. However, this hypothesis requires

further study.

Strength gains for botlrest-pause and traditional multiple-set RT methods in
recreationally trained individuals were consistavith meta-analyses for recreationally
trained non-athletes (17, 19). These studies hdemtified that peak gains in strength occur
with a training intensity of 80% 1 RM for recreatadly trained individuals as used in this
study. Furthermore, the length of rest intervalsvieen RT methods did not to affect strength
gains, demonstrating that strength increases @@ dtependent for recreationally trained
individuals. This is consistent with a previouse@gh with recreationally trained subjects,
where after a 10-week training period, no diffeentor strength gains between groups were

observed when using different rest intervals betwssds (4).
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This study had some limitations that should be choférst, the study period lasted 6
weeks and it is not clear whether results betweaetopols would be different over a longer
RT program. Second, muscle thickness was measurlgdad the middle portion of the
muscle, and there is evidence that hypertrophyroatthe proximal and distal regions too
(27). So, we cannot discard different changes ioxipral or distal muscle thickness
promoted by different RT methods. Finally, our sabjpopulation consisted of young
recreationally RT men and women, and findings caieogeneralized to other populations

(untrained, athletes, and the elderly).

Practical Applications

In conclusion, our findings indicate the viabiliyf the rest-pause method in
recreationally-trained individuals to achieve geeagains in muscle strength for the upper
and lower limb musculature. The gains in-musclength fromrest-pause method were
equal to that achieved with multiple-set RT methdd. strength coaches usually vary
training methods in a RT program for continued nwisstrength and muscle mass
enhancement, theest-pause method elicited superior gains in localized muacendurance
and hypertrophy in the thigh musculature. Thus,mé&ximizing muscular endurance,
hypertrophy, and time efficiency (14) are of primanportance, then theest-pause method
should be used at the exclusion of the traditionaltiple-set RT method. These findings
suggest a potential benefit to incorporating a va@dectrum of RT methods in a strength and

hypertrophy oriented RT program.
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FIGURE LEGENDS

Figure 1. Mean = SD, 1-repetition maximum (1-RM) bench présg,press and biceps curl

pre- and post-training multiple-set (MS) and restige (RP) groups. E8fect size.

Figure 2. Mean + SD, Maximal repetitions (RMs — 60% of 1RMj) bench press, leg press
and biceps curl pre- and post-training traditianaltiple-set (MS) and rest-pause (RP)

groups. ESeffect size. * p < 0.05 for traditional multiple-set group.

Figure 3. Mean = SD, Arm, thigh and chest thickness pre-@gi-training multiple-set
(MS) and rest-pause (RP) training methods.dd8ct size. *p < 0.05 for traditional multiple-

set group.
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Table 1. Resistance training protocol during 6 vgeaithe rest-pause and traditional multiple-

sets methods RT program. *

Routine A (Sessions 1 and 3) Routine B (Session 2 and 4)
Barbel Bench Press Squat
Dumbbell Incline Press 45° Leg Press
Cable Cross Leg Curl
Military Press Front Lat Pull-Down
Lateral Raise Seated Row
Triceps Pulley Dumbell Lateral Row
Barbell Triceps Extension Standing Barbell EIbow Curl

Preacher Curl

*Four weekly sessions, routine A was performed ¥sdaer week (Monday and Wednesday) and

routine B was performed 2 days per week (TuesddyTamirsday).
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Table 2. Mean + SD (95% CI), percentage change and effieet (ES) for body composition pre- and post-trainin

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)
L ean 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 95+£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 effeet (ES) for body circumferences pre- and postingi

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) 242 0.09 (trivial)

Rest-pause 36.6 £4.6 (33.1 —40.1) 37.3+£4.6 (33.7-40.8) 212 0.15 (trivial)
Thigh, cm

Multiple-set 51.9 £ 4.7 (48.3 — 55.6) 53.2 £4.7 (49.6 — 56.9) 32 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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