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Abstract

Ortega-Becerra, M, Sanchez-Moreno, M, and Pareja-Blanco, F. Effects of cluster set configuration on mechanical performance
and neuromuscular activity. J Strength Cond Res XX(X): 000-000, 2020—The aim of this study was to compare the effects of
different cluster set (CS) configurations on mechanical performance and electromyography (EMG) activity during the bench press
(BP) exercise. Fourteen strength-trained men (age 23.0 = 2.4 years; height 1.76 = 0.08 m; body mass 78.3 = 12.2 kg) performed 3
different protocols in the BP exercise consisting of 3 sets of 12 repetitions at 60% of 1 repetition maximum with interset rests of 2
minutes, differing in the set configuration: (a) traditional sets (TRDs), (b) cluster sets of 4 repetitions (CS4), and (c) cluster sets of 2
repetitions (CS2). Intraset rests of 30 seconds were interposed for CS protocols. The mean propulsive values of force, velocity, and
power output were measured for every repetition by synchronizing a linear velocity transducer with a force platform. The root mean
square (RMS) and median frequency (MDF) for pectoralis major (PM) and triceps brachii (TB) muscles were also recorded for every
repetition. Force, velocity, and power values progressively increased as the number of intraset rests increased (TRD < CS4 < CS2).
The CS2 protocol exhibited lower RMS-PM than CS4 and TRD for aimost all sets. In addition, TRDs showed significantly lower
MDF-TB than CS2 for all sets and lower MDF-TB than CS4 during the third set. In conclusion, more frequent intraset rests were
beneficial for maintaining mechanical performance, which may be mediated, from a neuromuscular perspective, by lesser increases
in EMG amplitude and attenuated reductions in EMG frequency.
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Introduction

Resistance training (RT) has traditionally been prescribed using set
and repetition schemes with no rest between repetitions, and rest
intervals provided after the completion of each set (traditional set;
TRD) (5,24). During a TRD configuration, fatigue develops as the
number of repetitions within the set increases, resulting in impair-
ments in force, velocity, and power (20). In this regard, it has been
shown that better maintenance of mechanical performance may be
beneficial to induce positive neuromuscular adaptations and prevent
fast-to-slow muscle phenotype shift during RT (33,34). However,
higher impairments of performance within the set (i.e., reaching or
approaching muscle failure) may create a greater hypertrophic
stimulus (33,34). A strategy to minimize fatigue accumulation and
maintain force, velocity, and power throughout the set is the in-
troduction of brief intraset rest periods; this is defined as a cluster set
(CS) (14).

Previously, researchers have shown that a CS acutely attenuates
fatigue development and allows the maintenance of mechanical
performance (24,39) along with creating lower metabolic and hor-
monal stress (7,11,26,29,30,41,43) compared with TRD configu-
rations. However, most studies comparing mechanical performance
between CS and TRD structures have used only one type of in-
strumentation or used solely kinetic or kinematic data
(6,7,11,15,26,28,41,43), which may result in bias in the calculation
of variables, especially power output (4). To date, only a few studies
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examining the effects of CS configuration have combined both ki-
netic and kinematic data (16,29,30,40), which seems to be superior
when measuring force, velocity, and power (4). However, all these
studies were conducted using lower-body exercises (i.e., power clean
and back squat exercises). For instance, Tufano et al. (40) performed
3 X 12 repetitions at 60% of 1 repetition maximum (RM) in the
back squat exercise comparing 3 set structures: TRDs, CSs of 4, and
CSs of 2 repetitions. These authors (40) reported that CS configu-
ration maintained velocity and power throughout repetitions,
whereas a TRD structure did not. Therefore, whether these findings
from CS studies can be extrapolated to the most commonly pre-
scribed upper-body exercises in RT settings, such as the bench press
(BP), deserves to be investigated.

Most literature has only focused on mechanical performance
(i.e., kinematic and kinetic parameters), and examining the mecha-
nisms behind these performances during different set configurations
is less common (12,42). In this regard, monitoring the electromy-
ography (EMG) activity attained in each repetition may provide
better knowledge about the muscle excitation and neuromuscular
fatigue accumulated throughout the training session (44). To the best
of our knowledge, only one study has investigated the effect of CS
configuration on EMG activity (27), by comparing 6 sets of 6 rep-
etitions at 20% of 1RM in the loaded countermovement jump
(CMY]J) exercise, continuously or with a 30-second pause every 2
repetitions (27). These authors observed a greater root mean square
(RMS) in the vastus lateralis and rectus femoris muscles, but not in
the vastus medialis, during the TRD configuration compared with a
CS, along with progressive decrements in median frequency (MDF)
without differences between set configurations (27). Likewise, the
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CMJ exercise involves both eccentric and concentric muscle actions,
whereas the CS approach is mainly used to maintain acute concentric
exercise performance (39). Therefore, it would be reasonable to
further examine the effects of CS configurations on concentric-only
exercises, avoiding any extraneous effects of the stretch shortening
cycle (42). Finally, although mechanisms underlying improved
training quality during CS configurations may be mediated by neu-
romuscular activity, EMG activity during a CS in upper-body ex-
ercises remains to be investigated. To address the aforementioned
gaps in the literature, the aim of this study was to compare the effects
of one TRD and 2 different CS structures on strength, velocity, and
power output, along with EMG activity, during a high-volume BP
session in strength-trained men. We hypothesized that the more
frequent the number of intraset rests, the greater the strength, ve-
locity, and power values and the lower the neuromuscular markers
of fatigue.

Methods
Experimental Approach to the Problem

A randomized cross-over research design was used to investigate
mechanical performance and neuromuscular activity during 3 dif-
ferent resistance exercise protocols consisting of 3 sets of 12 repeti-
tions with 60% of 1RM in the BP exercise. The protocols differed
only in the set configuration: (a) TRDs, (b) CSs of 4 repetitions (CS4),
and (c) CSs of 2 repetitions (CS2). Subjects performed 3 sessions, one
per protocol in a random order, separated by a period of 4-7 days.
Before these testing sessions, 2 preliminary sessions were devoted to
familiarizing the subjects with the BP execution technique
(i.e., stopping between eccentric and concentric phases and lifting the
load at maximal intended velocity) and to recording the individual
grip width (approximately 150% of the biacromial distance) and
electrode position on the pectoralis major (PM) and triceps brachii
(TB) muscles, which were replicated throughout the experiment.
Subjects were asked to refrain from any strenuous physical activity
for at least 2 days before each session. All sessions took place in a
neuromuscular research laboratory under the direct supervision of a
researcher, at the same time of the day for each subject and under
similar environmental conditions (20° C and 60% humidity,
approximately).

Subjects

Fourteen strength-trained men (age range: 20-30 years 23.0 * 2.4
years; height 1.76 + 0.08 m; body mass 78.3 = 12.2 kg; mean = SD)
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with at least 2 years of RT experience in the BP exercise (range 2-10
years; 1RM strength for the BP exercise: 77.4 = 15.3 kg, and 0.99 +
0.14 normalized per kg of body mass). Subjects were injury free and
were fully informed about the procedures, potential risks, and ben-
efits of the study, and they all signed a written informed consent form
before the tests. Subjects reported themselves to be free from con-
sumption of drugs, medications, or dietary supplements known to
influence physical performance. This study was approved by the
institutional review committee of the Pablo de Olavide University, in
accordance with the Declaration of Helsinki.

Procedures

Experimental Session. Three different resistance exercise protocols
were performed: (a) TRDs consisted of 3 X 12 repetitions at 60% of
1RM with interset rest intervals of 2 minutes, (b) CS4 used the same
structure as TRDs (i.e., 3 X 12 repetitions at 60% of 1RM with
interset rest of 2 minutes) with an additional 30 seconds intraset rest
after the fourth and eighth repetition of each set, and (c) CS2 used the
same structure as TRDs with an additional 30 seconds intraset rest
after the 2nd, 4th, 6th, 8th, and 10th repetition of each set (Figure 1).
The tests were performed on a Smith machine (Fitness Line; Peroga,
Murcia, Spain) with the subjects placed in the supine position on top
of a flat bench (Bench Fitness Line; Peroga), with their feet resting on
the bench, and their hands placed on the bar in the positions in-
dividually recorded during the familiarization session. The position
on the bench was carefully adjusted so that the vertical projection of
the bar corresponded with each subject’s intermammary line. Two
telescopic bar holders with a precision scale were placed at the left
and right sides of the Smith machine to: (a) precisely replicate the
individual range of movement between trials, (b) impose a pause
between the eccentric and concentric phases, and (c) prevent po-
tential extraneous variables that could affect mechanical or neuro-
muscular data, such as breathing movements or countermovement
at the beginning of the concentric phase. The bar holders were po-
sitioned so that the bar stopped ~1 cm above each subject’s chest.
The subjects were required to perform the eccentric phase at a con-
trolled velocity (~0.30-0.50 m's™ ') and to maintain a static position
for ~1 second at the end of this phase (i.e., ~1 cm above each
subject’s chest at the bar holders), and thereafter, they performed a
purely concentric push at maximal intended velocity. This momen-
tary pause between phases was imposed to minimize the contribu-
tion of the rebound effect and allow for more reproducible
measurements (31). Each subject was carefully instructed to always
perform the concentric phase of each repetition in an explosive
manner but throwing the bar at the end of the concentric phase was

Warm-up Traditional set configuration (TRD)
5 min 1x6
,Z? + Ix4 4 - Rep | Rep | Rep | Rep | Rep | Rep | Rep | Rep | Rep | Rep | Rep | Rep Ix
? 1x3 123 ]a]s]e] 7] 8]9]w0]1n]inr -
Warm-up Cluster set configuration 4 (CS4)
5 min 1x6
,;,t + Ix4 - Rep | Rep | Rep | Rep Rep | Rep | Rep | Rep Rep | Rep [ Rep | Rep 3x
2 1x3 1] 2] 3] 4 s e | 7] s 9 [ 10|12 =
Warm-up Cluster set configuration 2 (CS2)
5 min 1x6 m
» o+ Ix4 . - Rep | Rep Rep | Rep Rep | Rep Rep | Rep Rep | Rep Rep | Rep
% 1x3 } 1| 2 34| ®] s |6 78 | ®| 9|10 1| 12 @ =

Figure 1. Schematic representation of the 3 different resistance exercise protocols analyzed, which consisted of 3 sets of 12
repetitions with 60% of 1RM in the bench press exercise differing in the set configuration: (a) traditional sets (TRDs), (b) cluster
sets of 4 repetitions (CS4), and (c) cluster sets of 2 repetitions (CS2).
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Relative (ICC with 95% Cls) and absolute (coefficient of variation,
CV) reproducibility of different variables analyzed.*t

ICC (95% CI) CV (%)
MPF 0.992 (0.977-0.997) 23
MPV 0.986 (0.958-0.996) 2.8
MPP 0.971 (0.911-0.990) 47
RMS-PM 0.990 (0.969-0.997) 7.1
RMS-TB 0.935 (0.803-0.979) 14.8
MDF-PM 0.947 (0.840-0.983) 75
MDF-TB 0.950 (0.851-0.984) 8.3

*|CC = intraclass correlation coefficient; Cl = confidence interval; MPF = mean propulsive values of
force; MPV = mean propulsive values of velocity; MPP = mean propulsive values of power; RMS =
root mean square; MDF = median frequency; PM = pectoralis major muscle; TB = triceps brachii
muscle.

TN =14

not allowed. A timer was used to monitor the duration of the intraset
rest. A standardized warm-up was performed, consisting of 5 mi-
nutes of running at a self-selected easy pace, 5 minutes of joint mo-
bilization exercises, followed by 3 sets of 6-4-3 repetitions (3-minute
rest) with progressive absolute loads ranging from the weight of the
bar (i.e., 20 kg) to 60% of 1RM. The absolute load corresponding to
60% of 1RM was adjusted through the lifting velocity, which has
been previously established as 0.79 * 0.05 m-s™ (10).

Mechanical Variables Data Acquisition. A force plate (FP-500;
Ergotech, Murcia, Spain) synchronized with a linear velocity trans-
ducer (T-Force System; Ergotech) was installed on the equipment to
record force, velocity, and power data. The force plate was mounted
under the bench the subjects lay on (specifically built to be used over
a force plate), and the linear encoder was attached to the bar used
during the exercise. The feet were positioned on the bench to record
the force applied against the force platform. All data were acquired at
1,000 Hz and processed with specific software (T-Force System
v.3.65.1; Ergotech). The mean propulsive values of force (MPF),
mean propulsive values of velocity (MPV), and mean propulsive
values of power output (MPP) were recorded for every repetition.
The propulsive phase corresponds to the portion of the concentric
action during which the measured acceleration is greater than the
acceleration due to gravity (—9.81 m's™2) (37).

EMG Signal Acquisition. Electrodes were placed over the PM and
TB muscles of the right side according to surface EMG recommen-
dations for noninvasive muscle evaluation (22). Electrode positions
were drawn with a permanent marker to replicate the electrode
positions in the different protocols. Electromyographic signals were

Descriptive characteristics of each resistance exercise
protocol.*t

TRD cS4 cS2
Load (kg) 458 + 93 457 * 91 457 + 9.1
MPVgest (M's™) 0.78 = 0.02 0.79 + 0.02 0.79 + 0.02
VL (%) 429 + 117554082 262 = 106%2 156 +50
MPViast (M8~ ) 0.33 = 0.14%4 02 051 0182  0.65 + 0.06

*TRD = traditional sets; CS4 = cluster sets of 4 repetitions; CS2 = cluster sets of 2 repetitions; Load
= absolute load lifted in each protocol; MPVgest = velocity of the fastest (usually first) repetition in
the set; MPViast = mean velocity of the last repetition over the sets. VL = mean percent loss in
velocity from the fastest to the last repetition over the sets. Statistically significant differences with a
S4 protocol = ®5* P < 0.05. Statistically significant differences with a CS2 protocol = 52 P <
0.05.

tData are mean + SD, n = 14.
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collected using a parallel bar, bipolar, surface electromyographic
sensor from Trigno wireless EMG system (an interelectrode distance
of 10 mm, common mode rejection ratio >80 dB, and bandwidth
filter between 20 and 450 Hz = 10%) (Delsys, Inc., Road Natick,
MA). The baseline noise was <5 .V peak-to-peak and sampling rate
was 2,000 Hz. The raw data from the EMG were stored in digital
format using EMG works Acquisition software (Delsys, Inc.). The
RMS and MDF values were calculated. The MDF was measured to
determine the frequency at which the spectrum could be split into 2
parts of equal power (9). From each repetition the highest averaged
(over sliding windows of 500 ms with an overlap of 499 ms) RMS
and MDF values for each muscle were recorded (RMS-PM, RMS-
TB, MDF-PM, and MDEF-TB). The value of the signal from the first
repetition of each resistance exercise protocol was used to normalize
the EMG parameters.

Statistical Analyses

Data are reported as mean = SD. Sample size was calculated (using
GPower version 3.1.9.4) introducing the following parameters: ef-
fect size (ES) 0.50 for between-protocols comparisons based on a
previous research using a similar protocol (40) and « error proba-
bility (0.05) and power (0.95), which resulted in a sample size of 12
subjects. The normal distribution of the data was confirmed using
the Shapiro-Wilk test (P = 0.05). Intrasession absolute reliability was
measured by the standard error of measurement (SEM), which was
expressed in relative terms through the coefficient of variation (CV).
The SEM was calculated as the RMS of the intrasubject total mean
square. Relative reliability was calculated with the intraclass corre-
lation coefficient (ICC) using the 1-way random effects (1,k) model
and its 95% confidence interval (CI). According to Stokes (38), CV
values of =15% can be classified as “satisfactory.” The ICC values
were interpreted according to Koo and Li’s guidelines (23) as an
“excellent” (ICC >0.90), a “good” (0.75 < ICC <0.90), a “mod-
erate” (0.50 < ICC <0.75), and a “poor” (ICC =0.50) reliability.
Following Koo and Li’s guidelines (23), this interpretation was based
on the lower and the upper bound 95% CI. A 1-way repeated
measures analysis of variance (ANOVA) with Bonferroni’s post hoc
comparisons was conducted to compare the average values attained
during each protocol. A 3 X 3 (protocol X set) repeated measures
ANOVA with Bonferroni’s post hoc comparisons was performed to
analyze differences between protocols in the different sets performed.
A 3 X 36 (protocol X repetition) repeated measures ANOVA with
Bonferroni’s post hoc adjustments was also conducted to compare
differences between protocols in the different repetitions completed.
Significance was accepted at P =< 0.05. In addition, ES values were
calculated using Hedge’s g on the pooled SD (17) using a purpose-
built spreadsheet. The ES values were interpreted using the thresh-
olds proposed by Hopkins et al. (18) as follows: ES < 0.2, trivial; 0.2
= ES < 0.6, small; 0.6 = ES < 1.2, moderate; 1.2 =< ES < 2.0, large;
2.0 = ES < 4.0, very large; and ES = 4.0, almost perfect. The rest of
statistical analyses were performed using SPSS software version 20.0
(SPSS, Inc., Chicago, IL). Figures were designed using SigmaPlot 12.0
(Systat Software, Inc, San Jose, CA).

Results

Table 1 shows the reliability values (ICC and CV) of the different
mechanical and neuromuscular parameters analyzed. All parameters
analyzed showed from “good” to “excellent” ICC values. More-
over, CV was “satisfactory,” with CV values lower than 10% for all
variables under study except for RMS-TB (CV = 14.8%). Table 2
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Mechanical and neuromuscular characteristics of each resistance exercise protocol (average of 36 repetitions).*t

Resistance exercise protocols Effect size
Mechanical and neuromuscular parameters TRD CS4 CS2 TRD vs. CS4  TRD vs. CS2 CS4 vs. CS2
MPF (N)+ 495.4 + 89.4%54C82 5149 + 944 549.4 + 113.4 —0.21 —0.51 -0.32
MPV (m-s™ ")t 0.58 = 0.08%4%%2 068 +0.06°% 073 = 0.03 -1.37 —2.41 -1.02
MPP (w)t 2585 + 43255402 3046 + 60.9°2  341.0 * 62.6 —-0.85 —1.49 —057
RMS-PM (%)f 115.0 = 21.0%2 107.0 + 15.2°%2 91.4 =144 0.42 1.27 1.02
RMS-TB (%) 98.7 = 216 95.7 = 11.0 833 + 16.8 0.17 0.77 0.85
MDF-PM (%) 87.8 + 205 88.0 + 9.5 9.1 =115 —0.01 —0.48 -0.75
MDF-TB (%)t 84.6 = 10355402 946 =107 95.8 = 10.7 -0.92 —1.04 —0.11

*TRD = traditional sets; CS4 = cluster sets of 4 repetitions; CS2 = cluster sets of 2 repetitions; MPF = mean propulsive values of force; MPV = mean propulsive values of velocity; MPP = mean propulsive
values of power. RMS = root mean square; MDF = median frequency; PM = pectoralis major muscle; TB = triceps brachii muscle. Statistically significant differences with a CS4 protocol = 084 p<0.05.
Statistically significant differences with a CS2 protocol = %2 P < 0.05. Effect sizes were calculated to provide standardized differences between protocols.

tData are mean + SD, n = 14.
1Significant “protocol” effect (P < 0.05).

shows the descriptive characteristics of each resistance exercise
protocol. The absolute load used and the highest velocity at which
this load was lifted (MPVggst) were very similar for all protocols.
The mean velocity of the last repetition over the sets (MPVy as1) and
the mean percent loss in velocity from the fastest to the last repetition
over the sets (VL) were significantly different between protocols.

Mechanical and neuromuscular characteristics of each set during
a resistance exercise protocol.*t}

TRD cS4 €S2

MPF (N) #
Set 1 511.4 + 96.1°54C2 524.9 + 98.2 538.6 = 92.2
Set 2 494.3 + 89.6%54C52™" 5157 + 94.8°2" 5384 + 90.0
Set 3 4816 + 82.6554052™" 8 504.2 + 90.8 ©527 § 534.7 + 90.6
MPV (m-s™ ) #

Set 1 0.66 = 0.05°54¢%2 0.71 = 0.04 0.73 + 0.03

Set 2 0.58 = 0.09654Cs2™ 0.68 = 0.06%2 0.73 = 0.04

Set 3 0.51 = 0.10°%4C52™" & 065 + 0.08 ®>™§  0.72 + 0.04
MPP (w) #

Set 1 302.4 + 55254052 325.6 + 58.0°%2 3431 + 649

Set 2 264.1 + 459554082 3110 + 5510527 3426 + 63.8

Set 3 231.2 + 40.0%%% 52§ 2975 + 53.2052"§ 337.3 + 59.9
RMS-PM (%)

Set 1 110.7 = 16.4°%2 104.8 + 11.2 952 +11.9

Set 2 116.2 = 21.9°%2 104.5 = 11.20%2 90.8 = 16.8

Set 3 118.2 + 29.6°%? 111.8 + 34.0°%? 88.4 + 16.2%
RMS-TB (%)

Set 1 105.6 + 255 102.0 = 155 88.9 + 145

Set 2 96.9 = 20.7 926 = 14.1 816 = 19.3"

Set 3 93.6 + 19.2°%? 026 + 14.4°%2 79.4 +18.0"
MDF-PM (%) #

Set 1 929 + 197 90.1 * 12.1 942 + 8.3

Set 2 86.6 + 21.5% 88.2 + 10.3 97.4 + 147

Set 3 84.1 +19.4 ¢527 85.7 = 9.6°% 96.7 = 146
MDF-TB (%)

Set 1 86.6 + 7.20% 96.0 = 11.7 97.3+93

Set 2 83.6 = 12.1%%2 929+ 113 947 =117

Set 3 81.6 + 13205482 949 + 115 953 + 12.8

*TRD = traditional sets; CS4 = cluster sets of 4 repetitions; CS2 = cluster sets of 2 repetitions; MPF
= mean propulsive values of force; MPV = mean propulsive values of velocity; MPP = mean
propulsive values of power. RMS = root mean square; MDF = median frequency; PM = pectoralis
major muscle; TB = triceps brachii muscle.

tData are mean + SD, n = 14.

1Significant protocol X set interaction: #<< 0.001. Statistically significant differences with a CS4
protocol: ©* P < 0.05. Statistically significant differences with a CS2 protocol: ®2 P < 0.05.
Statistically significant differences with set 1 at the corresponding protocol: *P < 0.05, **P < 0.01,
***P < 0.001.

§Statistically significant differences with Set 2 at the corresponding protocol: P < 0.01.

Table 3 shows the mechanical and neuromuscular character-
istics of each entire resistance exercise protocol (averaged 36
repetitions), as well as the ES values for between-protocols com-
parisons. Significant differences between protocols were observed
for all variables analyzed, except for RMS-TB and MDF-PM. The
CS configurations (i.e., CS4 and CS2) showed higher MPF values
during the entire session compared with TRDs. The MPV and
MPP increased as the number of intraset rests increased (TRD <
CS4 < CS2). The CS4 and TRD protocols exhibited significantly
higher RMS-PM than CS2. Moreover, a TRD showed signifi-
cantly lower MDF-TB values than the CS protocols.

Table 4 shows the mechanical and neuromuscular outcomes
of each set during the different resistance exercise protocols.
Significant “protocol X set” interactions (P < 0.001-0.05)
were observed for all mechanical variables (i.e., MPF, MPV,
and MPP) and MDF-PM. Protocols with a higher number of
intraset rests (TRD < CS4 < CS2) showed higher MPF, MPV,
and MPP values for almost all sets. In addition, the TRD and
CS4 protocols showed significantly decreased MPF, MPV, and
MPP values as the number of sets increased. However, the CS2
protocol maintained constant for MPF, MPV, and MPP values
during the 3 sets. With regard to neuromuscular variables, a
significant “protocol” effect was observed for RMS-PM (P <
0.001) and MDF-TB (P = 0.03). Cluster sets of 2 repetitions
showed lower RMS-PM than TRD and CS4 for almost all sets.
In addition, TRDs showed significantly lower MDF-TB than
CS2 for all sets and lower MDF-TB than CS4 during the
third set.

Figure 2 shows the evolution of mechanical parameters
throughout the 36 repetitions for each resistance exercise pro-
tocol. Significant “protocol X repetitions” interactions (P <
0.001) were observed for all mechanical variables. Performance
in these variables progressively decreased throughout the 36
repetitions for all protocols; however, performance in these pa-
rameters improved as the number of intraset rests increased (TRD
< CS4 < CS2).

Figure 3 depicts the development of neuromuscular variables
throughout the 36 repetitions for each resistance exercise
protocol. Significant “protocol X repetitions” interactions
were observed for RMS-PM (P < 0.001), MDF-PM (P <
0.001), and MDF-TB (P = 0.005). The RMS-PM value pro-
gressively increased within each set for TRDs, whereas it
remained more stable for CS protocols. Conversely, MDF-PM
and MDF-TB progressively decreased within each set for
TRDs, remaining relatively stable for both CS configurations.
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Figure 2. Evolution of mechanical parameters throughout the
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36 repetitions for each resistance exercise protocol. A) Mean

propulsive force; (B) mean propulsive velocity; and (C) mean propulsive power. Data are expressed as mean = SD (N = 14).
*Significant differences from the first repetition at the corresponding repetition (P < 0.05). Cluster sets of 4 repetitions (CS4)
indicate significant differences with the CS4 protocol at the corresponding time point (P < 0.05). Cluster sets of 2 repetitions
indicate significant differences with the CS2 protocol at the corresponding time point (P < 0.05).

Only in some repetitions during the third set did CS4 show
significant lower values of MDF-PM than CS2.

Discussion

This is the first study to investigate neuromuscular activity in relation
to CS configuration in an upper-body exercise. Our results clearly
indicate that set structure affects mechanical and neuromuscular
stimuli. Overall, the higher the number of intraset rests (TRD < CS4
< CS2), the greater the mechanical stimuli (i.e., higher force, velocity,
and power) and the lower the neuromuscular markers of fatigue
(i.e., lower RMS-PM and higher MDF-TB). Therefore, more fre-
quent intraset rests induce lower levels of fatigue, allowing for a
better maintenance of mechanical performance, which may be me-
diated, from a neuromuscular perspective, by a reduced increase in
EMG amplitude along with a lower reduction in EMG frequency.
As expected, introducing short and frequent intraset rest
periods was beneficial for minimizing the magnitude of ve-
locity loss within the set and for better maintaining mechanical
performance throughout the session. The CS2 protocol kept
the force, velocity, and power values constant during the 3 sets.
These findings are consistent across a variety of resistance
exercises, including back squat (11,26,40,41), power clean
(14,16), unloaded (28) and loaded jumps (1,15), and BP
(1,7,8,25). By contrast, another study reported no differences
in mean force during the BP exercise with 6RM load,

comparing TRD and CS structures (6). The different loading
conditions may explain the discrepancies between studies.
However, a recent meta-analysis report revealed that CS
structures are beneficial for optimizing acute mechanical per-
formance for moderate (60-79% 1RM) and heavy loads
(=80% 1RM) (24). Moreover, previous CS studies using
upper-body exercises did not combine kinetic and kinematic
measurements (1,7,8,25). Therefore, the process for obtaining
kinetic data required a double-differentiation process
(i.e., differentiating kinetic data from kinematic data), which
may have affected the accuracy of the kinetic data. By syn-
chronizing a force platform with a linear velocity transducer,
we were able to directly determine the 3 mechanical variables
examined in this study. Decreases in force are primarily re-
sponsible for impairments in velocity and, as a consequence, in
power output. When the number of repetitions in a row is
shortened, by introducing intraset rests (i.e., CS structures) or
splitting the total volume into more sets (i.e., set configura-
tion), better maintenance of muscular phosphocreatine and
adenosine triphosphate stores is possible, resulting in superior
force, velocity, and power values throughout the entire train-
ing session (12). In this regard, previous studies have suggested
that executing more than 5 repetitions is detrimental to power
development (1,28). In contrast with this statement, our results
showed thateven a CS with 4 repetitions (CS4) was detrimental
with regard to maximizing power output because it showed
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Figure 3. Evolution of neuromuscular parameters throughout the 36 repetitions for each resistance exercise protocol. A) Root
mean square (RMS) for pectoralis major (PM) muscle; (B) RMS for triceps brachii (TB) muscle; (C) median frequency (MDF) for
PM muscle; and (D) MPF for TB muscle. Data were normalized with respect to the first repetition of each resistance exercise
protocol. Data are expressed as mean =+ SD (N = 14). *Significant differences from the first repetition at the corresponding
repetition (P < 0.05). Cluster sets of 4 repetitions (CS4) indicate significant differences with the CS4 protocol at the corre-
sponding time point (P < 0.05). Cluster sets of 2 repetitions (CS2) indicate significant differences with the CS2 protocol at the
corresponding time point (P < 0.05).

lower MPP values than a CS with 2 repetitions (CS2). There- literature, an increase in EMG amplitude may be expected along
fore, it is conceivable that the maximal number of repetitions ~ with a decrease in EMG frequency during the repetitions and sets
(13,35). To the best of our knowledge, only one study had previously

allowed in a row for maintaining performance throughout the
investigated neuromuscular activity during CS configurations (27).

session will depend on the relative load (% 1RM), total volume, ' ! : '
intraset and interset rest time, type of exercise, and the athlete’s These authors reported higher increments in RMS during 6 sets of 6

characteristics. repetitions with 20% 1RM in the loaded CM] exercise for TRD

By analyzing the RMS and the MDF of the EMG power spectrum ~ Structures (continuously, 7 = 9) compared with CS (30-second pause
of PM and TB muscles, our data suggest that neuromuscular fatigue ~ €Very 2 repetitions, 7 = 9); however, both protocols induced similar
decreased as the number of intraset rests increased (TRD < CS4 < decrements in MDF (27). The stretch shortening cycle involved in
CS2). Furthermore, these differences became greater during the latter €M along with the fact that a cross-over des'ign was not cpndgcted
repetitions because the TRD configuration progressively increased 1 the study, may have hampered the detection of potential differ-
EMG amplitude and decreased EMG frequency as the number of ~ €0¢€S 1 'fhe EMG spect.ral parameters bfft\Neen protocols (27). The
repetitions completed increased, whereas CS2 remained relatively ~ increase in EMG gmphtude due to fatigue may bff re}ated to m-
stable throughout the 36 repetitions (Figure 3). Based on the creased motor unit synchronization (45) along with increases in
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muscle activation (19). In addition, the fatigue-induced reduction in
EMG frequency has been attributed to decreases in the firing rate of
fatigued fast motor units (2) and impairments in action potential
conduction velocity associated with metabolic byproduct accumu-
lation and decline in intramuscular pH (3), as typically observed
during TRD approaches (6,7,11,12,26). However, the EMG signal
may also be affected by other factors, such as fiber membrane
properties, which makes EMG interpretation limited (21).

Taken together, the present EMG findings suggest that in-
troducing short intraset rests (i.e., 30 seconds) between every small
cluster of repetitions (i.e., 2 or 4) are effective in minimizing neuro-
muscular fatigue, which may explain, at least partially, the greater
mechanical performance typically observed during CS configura-
tions. These findings may support the positive neuromuscular ad-
aptations (i.e., greater RMS-PM) observed after an 8-week BP
training program with low fatigue within the set (i.e., 15% of ve-
locity loss) (32); however, higher levels of fatigue during the set
(i.e., 50% of velocity loss), which induce higher metabolic and me-
chanical stress (36), showed higher hypertrophy in the PM muscle
(32). Therefore, whether introducing frequent intraset rest periods
aiming to alleviate training-induced fatigue may result in reduced
structural adaptations should be further investigated.

Practical Applications

Strength and conditioning coaches should consider implement-
ing more frequent intraset rest periods within RT sessions to
acutely maximize force production, and as a consequence,
movement velocity and power output, and to minimize neuro-
muscular fatigue development. Further research must examine
the long-term structural and neuromuscular adaptations of such
protocols within a chronic training environment.

References

1. Baker DG, Newton RU. Change in power output across a high-repetition
set of bench throws and jump squats in highly trained athletes. | Strength
Cond Res 21: 1007-1011, 2007.

2. Bigland-Ritchie BR, Dawson NJ, Johansson RS, Lippold OC. Reflex or-
igin for the slowing of motoneurone firing rates in fatigue of human vol-
untary contractions. | Physiol 379: 451-459, 1986.

3. Brody LR, Pollock MT, Roy SH, De Luca CJ, Celli B. pH-induced effects
on median frequency and conduction velocity of the myoelectric signal.
T Appl Physiol (1985) 71: 1878-1885, 1991.

4. Cormie P, McBride JM, McCaulley GO. Validation of power measure-
ment techniques in dynamic lower body resistance exercises. | Appl Bio-
mech 23: 103-118, 2007.

5. Delorme TL, Watkins AL. Technics of progressive resistance exercise.
Arch Phys Med Rehabil 29: 263-273, 1948.

6. Denton ], Cronin JB. Kinematic, kinetic, and blood lactate profiles of
continuous and intraset rest loading schemes. | Strength Cond Res 20:
528-534, 2006.

7. Garcia-Ramos A, Gonzalez-Hernandez JM, Banos-Pelegrin E, et al. Me-
chanical and metabolic responses to traditional and cluster set configurations
in the bench press exercise. | Strength Cond Res 34: 663-670, 2020.

8. Garcia-Ramos A, Padial P, Haff GG, et al. Effect of different inter-
repetition rest periods on barbell velocity loss during the ballistic bench
press exercise. | Strength Cond Res 29: 2388-2396, 2015.

9. Georgakis A, Stergioulas LK, Giakas G. Fatigue analysis of the surface

EMG signal in isometric constant force contractions using the averaged

instantaneous frequency. IEEE Trans Biomed Eng 50: 262-265, 2003.

Gonzalez-Badillo JJ, Sanchez-Medina L. Movement velocity as a measure

of loading intensity in resistance training. Int | Sports Med 31: 347-352,

2010.

Gonzalez-Hernandez JM, Garcia-Ramos A, Castano-Zambudio A, et al.

Metabolic, and perceptual acute responses to different set configurations

in full squat. J Strength Cond Res 34: 1581-1590, 2020.

10.

11.

7

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

il L. -
Joﬁrnal of Strength and Condmonmg Research™ | www.nsca.com

Gorostiaga EM, Navarro-Amezqueta I, Calbet JA, et al. Energy metabo-
lism during repeated sets of leg press exercise leading to failure or not.
PLoS One 7: e40621, 2012.

Gorostiaga EM, Navarro-Amézqueta I, Gonzalez-Izal M, et al. Blood
lactate and sSEMG at different knee angles during fatiguing leg press ex-
ercise. Eur | Appl Physiol 112: 1349-1358, 2012.

Haff GG, Whitley A, McCoy LB, et al. Effects of different set configura-
tions on barbell velocity and displacement during a clean pull. | Strength
Cond Res 17: 95-103, 2003.

Hansen KT, Cronin JB, Newton MJ. The effect of cluster loading on force,
velocity, and power during ballistic jump squat training. Int | Sports
Physiol Perform 6: 455-468, 2011.

Hardee JP, Triplett NT, Utter AC, Zwetsloot KA, McBride JM. Effect of
interrepetition rest on power output in the power clean. | Strength Cond
Res 26: 883-889, 2012.

Hedges LV, Olkin O. stimation of a single effect size: parametric and
nonparametric method. In: Statistical Methods for Meta-Analysis San
Diego, CA: Academic Press, 1985. pp. 76-108.

Hopkins WG, Marshall SW, Batterham AM, Hanin J. Progressive sta-
tistics for studies in sports medicine and exercise science. Med Sci Sports
Exerc 41: 3-13, 2009.

Hunter SK, Duchateau ], Enoka RM. Muscle fatigue and the mechanisms
of task failure. Exerc Sport Sci Rev 32: 44-49, 2004.

Izquierdo M, Gonzalez-Badillo JJ, Hikkinen K, et al. Effect of loading on
unintentional lifting velocity declines during single sets of repetitions to
failure during upper and lower extremity muscle actions. Int | Sports Med
27:718-724, 2006.

Jenkins ND, Housh TJ, Bergstrom HC, et al. Basic reporting and in-
terpretation of surface EMG amplitude and mean power frequency: A
reply to Vitgotsky, Ogborn, and Phillips. Eur | Appl Physiol 116:
659-661, 2016.

Konrad P. The ABC of EMG. In: A Practical Introduction to Kinesio-
logical Electromyography: Noraxon. Scottsdale, AZ. ISBN 0-9771622-1-
4,200S. p. 20-21.

Koo TK, Li MY. A guideline of selecting and reporting intraclass correlation
coefficients for reliability research. | Chiropr Med 15: 155-163, 2016.
Latella C, Teo WP, Drinkwater EJ, Kendall K, Haff GG. The acute neu-
romuscular responses to cluster set resistance training: A systematic re-
view and meta-analysis. Sports Med 49: 1861-1877, 2019.

Lawton TW, Cronin ]B, Lindsell RP. Effect of interrepetition rest intervals
on weight training repetition power output. | Strength Cond Res 20:
172-176, 2006.

Mora-Custodio R, Rodriguez-Rosell D, Yanez-Garcia JM, Sanchez-Moreno
M, Pareja-Blanco F, Gonzalez-Badillo JJ. Effect of different inter-repetition rest
intervals across four load intensities on velocity loss and blood lactate con-
centration during full squat exercise. | Sports Sci 36: 2856-2864, 2018.
Morales-Artacho AJ, Garcia-Ramos A, Perez-Castilla A, et al. Muscle
activation during power-oriented resistance training: Continuous vs.
Cluster set configurations. | Strength Cond Res 33: $95-5102, 2019.
Moreno SD, Brown LE, Coburn JW, Judelson DA. Effect of cluster sets on
plyometric jump power. | Strength Cond Res 28: 2424-2428, 2014.
Oliver JM, Jenke SC, Mata JD, Kreutzer A, Jones MT. Acute effect of
cluster and traditional set configurations on myokines associated with
hypertrophy. Int | Sports Med 37: 1019-1024, 2016.

Oliver JM, Kreutzer A, Jenke S, et al. Acute response to cluster sets in
trained and untrained men. Eur | Appl Physiol 115: 2383-2393, 2015.
Pallares JG, Sanchez-Medina L, Perez CE, et al. Imposing a pause between
the eccentric and concentric phases increases the reliability of isoinertial
strength assessments. | Sports Sci 32: 1165-1175, 2014.

Pareja-Blanco F, Alcazar J, Cornejo-Daza PJ, et al. Effects of velocity loss
in the bench press exercise on strength gains, neuromuscular adaptations
and muscle hypertrophy. Scand | Med Sci Sports 30:2154-2166, 2020.
Pareja-Blanco F, Alcazar ], Sanchez-Valdepenas J, et al. Velocity loss as a
critical variable determining the adaptations to strength training. Med Sci
Sports Exerc 2020. 52:1752-1762, 2020.

Pareja-Blanco F, Rodriguez-Rosell D, Sanchez-Medina L, et al. Effects of ve-
locity loss during resistance training on athletic performance, strength gains
and muscle adaptations. Scand | Med Sci Sports 27: 724-735, 2017.
Sakamoto A, Sinclair PJ. Muscle activations under varying lifting speeds and
intensities during bench press. Eur | Appl Physiol 112: 1015-1025, 2012.
Sanchez-Medina L, Gonzalez-Badillo JJ. Velocity loss as an indicator of
neuromuscular fatigue during resistance training. Med Sci Sports Exerc
43:1725-1734, 2011.

Sanchez-Medina L, Perez C, Gonzalez-Badillo J. Importance of the pro-
pulsive phase in strength assessment. Int | Sports Med 31: 123-129,2010.

Copyright © 2020 National Strength and Conditioning Association. Unauthorized reproduction of this article is prohibited.


www.nsca.com

Performance and Neuromuscular Activity During Cluster Sets (2020) 00:00

38.

39.

40.

41.

42.

Stokes M. Reliability and repeatability of methods for measuring muscle
in physiotherapy. Physiother Pract 1: 71-76, 1985.

Tufano JJ, Brown LE, Haff GG. Theoretical and practical aspects of dif-
ferent cluster set structures: A systematic review. | Strength Cond Res 31:
848-867,2017.

Tufano JJ, Conlon JA, Nimphius S, et al. Maintenance of velocity and
power with cluster sets during high-volume back squats. Int | Sports
Physiol Perform 11: 885-892, 2016.

Tufano JJ, Conlon JA, Nimphius S, Oliver JM, Kreutzer A, Haff GG.
Different cluster sets result in similar metabolic, endocrine, and perceptual
responses in trained men. | Strength Cond Res 33: 346-354, 2019.
Tufano JJ, Omcirk D, Malecek J, Pisz A, Halaj M, Scott. BR. Traditional
sets versus rest-redistribution: A laboratory-controlled study of a specific

8

43.

44,

45.

Jgfirnal of Strength and Condiﬁoning Research”

cluster set configuration at fast and slow velocities. Appl Physiol Nutr
Metab 45: 421-430, 2020.

Varela-Olalla D, Romero-Caballero A, Del Campo-Vecino ], Balsalobre-
Fernandez C. A cluster set protocol in the half squat exercise reduces
mechanical fatigue and lactate concentrations in comparison with a tra-
ditional set configuration. Sports 8: 45, 2020.

Walker S, Davis L, Avela J, Hakkinen K. Neuromuscular fatigue during
dynamic maximal strength and hypertrophic resistance loadings.
J Electromyogr Kinesiol 22: 356-362, 2012.

Yao W, Fuglevand R]J, Enoka RM. Motor-unit synchronization increases
EMG amplitude and decreases force steadiness of simulated contractions.
J Neurophysiol 83: 441-452, 2000.

Copyright © 2020 National Strength and Conditioning Association. Unauthorized reproduction of this article is prohibited.



