Journal of Strength and Conditioning Resear ch Publish Ahead of Print
DOI: 10.1519/JSC.0000000000001044

Title Page:

VARIATIONS IN REPETITION DURATION AND REPETITION NUMBERS
INFLUENCES MUSCULAR ACTIVATION AND BLOOD LACTATE RESPONSE IN
PROTOCOLS EQUALIZED BY TIME UNDER TENSION.

Brief running head : REPETITION DURATION AND REPETITION NUMBERS AND
MUSCULAR ACTIVATION AND BLOOD LACTATE RESPONSE.

! School of Physical Education, Physiotherapy and @apational Therapy Federal
University of Minas Gerais, Belo Horizonte, Minas @rais; and * Department of Health

and Sports Science University of Oklahoma, NormarQklahoma.

Author correspondence: PhD. Mauro Heleno Chagas

Escola de Educacao Fisica, Fisioterapia e TerapiacOpacional
Universidade Federal de Minas Gerais.

Av. Antbnio Carlos, 6627, Belo Horizonte 31270-901

Minas Gerais, Brazil.

e-mail: mauroufmg@hotmail.com

Telephone: (+55 31) 3409-7443

Fax number: (+55 31) 3409-7443

This study received support from the FAPEMIG; CAPES (Brazil); and PRPqg da
Universidade Federal de Minas Gerais.

Authors: Lucas Tilio de Lacerda! Hugo César Martins Costa® Rodrigo César Ribeiro
Diniz," Fernando Vitor Lima,® André Gustavo Pereira Andrade! Frank Douglas Tourino,!

Michael G. Bemben? Mauro Heleno Chaga$



Abstract:

The aim of this study was to investigate the immdigirotocols equalized by the time
under tension (TUT), but composed of different tetjoa durations and repetitions
numbers, on muscle activation and blood lactate@aination. Twenty-two males with
previous experience in resistance training perfortme training protocols (A and B)
with the Smith machine bench press exercise, bdth3\sets, 3 minutes rest, and
60% of one repetition maximum (1RM). Protocol A sted of 6 repetitions with a 6s
repetition duration for each repetition, while iro®col B the subjects performed 12
repetitions with a 3s repetition duration for eaepetition. Muscular activation was
measured in the anterior deltoid, pectoralis majod triceps brachii muscles while
performing the two protocols and the normalized mean square of the
electromyographic signal (EMGRMS) was calculatadefach set. Blood lactate
concentrations were measured during and up to bRtes after the completion of
each protocol. The results showed that the EMGRMSI onuscles increased during
the sets and was higher in Protocol B when comptar&alotocol A. Likewise, blood
lactate concentrations also increased througheuseks and was higher in Protocol B
both during and after the completion of each trajrsession. The data obtained in this
study show that training protocols conducted wiig $ame TUT, but with different
configurations, produce distinct neuromuscular enatiabolic responses, so that,
performing higher repetition numbers with shoregeatition durations might be a more

appropriate strategy to increase muscle activat@hblood lactate concentration.
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INTRODUCTION

The time under tension (TUT) has shown to be ablalter neurophysiological, hormonal, and
metabolic responses (8, 18, 35), as well as twenfte the strength gains and muscle hypertrophy
caused by resistance training (35, 38). Duringstasce training, the TUT can be structured by
manipulating different training variables, such #@® repetition duration (time spent for the
performance a concentric and eccentric musclergctind the repetition numbers to complete the set
(36, 37). Considering that these variables arenaftanipulated in resistance training protocols3®,

it would be relevant to understand the effectsasfgrming training protocols with the same TUT, but

structured with different repetition durations argetition numbers.

The neuromuscular activity during resistance trajnprotocols have often been evaluated by
recording electromyographic activity (EMG) (8, 133, 35, 36). To the best of our knowledge, only
the study of Tran and Docherty (36) has analyzedGEiMsponses provided by different training
protocols equalized by the TUT. For one of theniray protocols studied by these authors, the
subjects performed 3 sets of 10 repetitions withepetition duration of 7s, while in the other
experimental situation, the same subjects perfordgets of 5 repetitions with a repetition duratdn
14s, totaling a TUT of 210s in both situations.. Maxm voluntary isometric contractions were
evaluated for maximal strength and muscle activatwough the amplitude of the EMG signal before
and after two different training protocols. TrandaDocherty (36) reported similar reductions in
muscle activation for both experimental conditiongyever, the protocol that used shorter repetition
durations and higher numbers of repetitions (7s HEhdepetitions, respectively) produced a greater
reduction in the maximal force after the trainingsson. Although the authors manipulated the
repetition duration and repetition numbers whilegiag TUT equal, the EMG data was only collected
before and after each experimental situation inalampt to provide information about possible
fatigue mechanisms. Collecting EMG activity durithg actual training session could contribute to a
better understanding of the muscle activation olethithroughout the exercise and provide insights
about the chronic effects of resistance training, @2, 33, 35). In this sense, further studies khou

also investigate EMG responses during differentqmals equalized by TUT.

Another aspect that should be considered is thamh Bnd Docherty (36) investigated two protocols
with repetition durations of 7s and 14s, respettiwvwhereas in general, shorter repetition duration
than 7s are recommended for resistance trainindhasiging muscle hypertrophy (2, 39). Therefore,
information about the effects of different protaelqualized by TUT, but involving lower repetition

durations (shorter than 7s) still represent a gape resistance training literature.



Research that has manipulated the repetition duraind number of repetitions have also shown that
the change of these variables alters other phygizdbresponses, such as blood lactate concemtsatio
(27, 29, 35, 38). It has been suggested that isgrgahe repetition duration, without changing the
repetition numbers, could increase the metabosiporse provided by resistance training (27, 38). In
addition, it has also been reported that the repetnumbers per set is important in determining
metabolic stress (29). However, when analyzing tlaéning protocols which manipulated both
repetition duration and repetition numbers, no edéhces in blood lactate concentrations were
observed (7). It should be noted that the experiat@®signs used in these aforementioned studies di

not equalize the protocols based on TUT.

Therefore, the purpose of the present investigatias to compare the muscle activation and blood
lactate responses of two resistance training potdocomposed of different repetition durations and

repetition numbers, but equalized by TUT.



METHODS

Experimental Approach to the Problem

This study used a crossover design to examine ldatremyographic and metabolic responses of
resistance training protocols differentiated byeté&wn duration (3:3 and 1.5:1.5s) and repetitions
numbers (6 and 12). Each volunteer attended therdédry on 4 different days (Experimental

Sessions 1 through 4) separated by at least 48shdire same data collection schedule was

maintained for each subject across all sessions.

Subjects

Twenty-two males with weight training experienceal aaged between 18 and 30 years (mean * SD:
age 23.47; +3.44 years; height 1.77; £0.08 m; bodgs 76.79; £10.32 Kg; 1RM 92.95; +17.16 Kq)
participated in this study. The inclusion critefta participation were (a) currently weight traigin
continuously for at least 6 months before the starthe study; (b) no functional limitations with
regard to performing the 1RM test or the trainingtpcols; and (c) the ability to lift a weight
corresponding to their own body mass on the 1RMtlsmachine bench press. Subjects were
informed about the study objectives, procedures, @sks and freely signed an informed consent
form. The local ethics committee of the universapproved this study, which complied with
international standards.' The subjects’ trainingtirms were modified during the data collection
period, in order to avoid performing exercises U the anterior deltoid, pectoralis major, arefois
brachii muscles 48 hours prior to sessions. Adaditily, each subject was instructed not to do any
physical activity immediately prior to the testisgssions and to maintain the same dietary practices

before each session.

Procedures

Experimental Sessions1 and 2

After assessing anthropometric measurements, sabjegre positioned on the bench of the Smith
press machine and hand and head positions wermasthized as well as the range of motion. Subjects
then performed ten repetitions without any add#iomeight added to the bar. Subsequently, subjects
performed the 1RM test for the Smith machine bemess exercise. The 1RM test was performed
during the first and second sessions to familiatiezesubjects with its procedures and to deterniae
weight for the following sessions. The test begath &n eccentric muscle action by lowering the bar

to the sternum, followed by a concentric muscléoactdetermined by the extension of the elbows. 1



RM was determined within a maximum of 6 attempt$h\s min rest periods between each attempt.
Averages of 4.4 + 1.0 and 3.5 + 0.8 attempts wexessary to determine the 1RM performance for
experimental sessions 1 and 2, respectively. Adasteprocedure of experimental sessions 1 and 2,
participants were also familiarized with the usehaf metronome (60 or 120 beai#™) by randomly

performing the training protocols to be implemendedng experimental sessions 3 and 4.

Experimental Sessons3 and 4

An initial pilot study was conducted to test thadibility of the two training protocols. The protde
consisted of 3 sets at 60% 1RM, and 3 min resisdmt sets. In Protocol A, subjects completed each
set of 6 repetitions with a 6s repetition durat{8a concentric: 3s-eccentric), while in Protocaih
subjects perform each of 12 repetitions with aegwetition duration (1,5s concentric: 1,5s eccentric
Since we aimed to maintain the protocols configarst so that the variables above complied with
recommendations for strength training for musclpdnfrophy (2, 39), neither of the protocols took

subjects to momentary muscle failure during anthefsets.

An electrogoniometer was positioned on the subjeltisw, and electrodes were fixed to the anterior
deltoid, pectoralis major and triceps brachii masas part of the first procedure during experialent
sessions 3 and 4. The skin was marked using a @Emmanent pen to reposition the
electrogoniometer and electrodes during each testgssion by the same researcher. After the
electrodes and the electrogoniometer were fixedlamdubjects rested in a seated position for I mi
the first blood sample was collected to obtainingsblood lactate concentrations. The remaining
blood samples were collected from the earlobe lutaeimfter each set of the training protocols and
every 3 minutes up to 12 minutes after the conguetf the training protocols. Electromyographic

activity was recorded while performing each seheftraining protocols.

More specifically, a calibrated electrogoniometdORAXON, USA) was fixed on the right elbow of
participants using double-sided adhesive tape #asti@ bands. Once stored, the electrogoniometer
raw data were converted into angular displacemats dnd filtered through d"érder Butterworth
low-pass filter with a cut-off frequency of 10 Hehe electrogoniometer was also used to determine
the elbow range of motion. Additionally, muscle iastand repetition duration were determined
through the angular displacement time. The duratfoeach muscle action was comprised of the time
spent between the maximum (elbow flexion) and mimim(elbow extension) angular positions, thus
the eccentric muscle action duration corresponddtid period between the minimum and maximum
angular position, while the concentric muscle actduration corresponded to the maximum and

minimum angular positions.



The surface electromyography procedure (BiovisioNehrheim, Germany) followed the
recommendations of Hermens et al. (21). Bipolafaser electrodes (Ag/AgCl) were placed parallel to
the muscle fibers on the subjects right anteridtodk pectoralis major (sternal portion) and tpse
brachii (long head portion) muscles. The skin avaa shaved and cleaned with alcohol and a cotton
pad prior to placing the electrodes. The electradex® placed in pairs, 2 cm apart from their center

at the point of the greatest muscle area. The grelectrode was fixed at the olecranon.

The electromyographic data acquisition was ampli&ie0 times. After stored, these data were filtered
(2"™-order Butterworth band-pass filter of 20-500 Haylaectified (full-wave) to calculate the signal
amplitude through the root mean square electronamgr (EMGus). Before commencing each
experimental session, subjects were asked to perfao repetitions on the Smith machine bench
press exercise at 60% 1RM, using a different répetduration (4s; 2s concentric : 2s eccentrig) t
be used as reference for the normalization of thiesequent measurements. The Ed&were
determined for each concentric or eccentric ac{@l), and the average of the two actions were
determined for each muscle group (normalizatiort).teBhis procedure is in accordance with
recommendation of Allison et al. (1) for dynamintractions. Finally, the mean set EM¢s of both
concentric and eccentric muscle actions obtainehglthe protocols was calculated, and these values
were divided by the respective concentric and ddcemeference values previously described,
generating the normalized EMs per set. The electrogoniometer was used to septratmuscle

actions in all the situations mentioned above.

The electromyographic and electrogoniometer sigwel® synchronized and converted using an A/D
board (Biovision, Wehrheim, Germany) and sampledaatrequency of 1,000 Hz. Appropriate

software (DasyLab 11.0, Measurement Computing, M8A) was used to record and treat the data.

Blood samples were collected from a puncture todigiects left earlobe using sterile disposable
lancets. The earlobe was cleaned with neutral soapwater and then sterilized with 70% alcohol
before puncturing. A 30l sample of blood was collected into heparinizepiliy tubes, which were
transferred into other tubes containing | 8@®f 1% sodium fluoride and then stored in a refragor
maintained at a temperature of -20° C. Subsequethtyy samples were thawed and analyzed in

duplicates on the Yellow Springs Sport 1500 Lacfatalyzer device (Yellow Springs, OH, USA).
Statistical analyses
The normality and homogeneity of variances werefiedr using Shapiro- Wilks and Levene tests,

respectively. These tests were performed usindstagstical Package for the Social Sciences (SPSS

20.0). The normalized EM¢gs showed significant deviations from normality, thfere, the median



was used as an indicator of central tendency, &wedquartile indicated the dispersion of the
normalized EMGys across experimental sessions. A nonparametriceguwwe (ANOVA- type
statistics) suggested by Brunner et al. (4) andiBeu and Langer (5) was used to check the response
of the normalized EM&us during the training protocols for the main effeofsProtocol and Sets, as
well as the interactions between these factors. AN®VA-type statistics were performed using
package nparLD in R software. Additionally, a p¢sic Dunn's test was used to identify the
differences reported in the nonparametric procedtines procedure was performed using R software.
The Intraclass Correlation Coefficient (Iifg) of the concentric and eccentric EMG found in the
normalization test of Experimental Sessions 3 andhd calculated; these inter-session values were
0.93 and 0.95 for the anterior deltoid; 0.87 ar@il(Qoectoralis major; 0.81 and 0.77 for the triceps
brachii, respectively. In addition, partial eta acpd (jpz) values are reported to reflect the magnitude

of the differences among each treatment (smalD%;0nedium = 0.06; and large = 0.14) (11).

A two-way (Protocol x Time) ANOVA with repeated-nseaes assessed lactate concentrations during
and after the training (STATISTICA 7.0). Normalighd homogeneity of variances were verified
using Shapiro-Wilks and Levene tests, respectivdligen necessary, a post hoc Tukey HSD test was
used to identify the differences reported in theQAKAs. Finally, paired-sample t-tests were used to
compare repetition durations, TUT (concentric aodeatric) and ranges of motion. Probability was

set atp < 0.05 for statistical significance for all tests.



RESULTS

With regard to the concentric normalized EMfgdata, ANOVA-type statistics indicated a signifitan
main effect for protocol in the anterior deltoid (H 48.06,p = 0.0001, power = 1.00);,)2 = 0.63),
pectoralis major (H= 49.25,p = 0.0001, power = 1.0(1)],32 =0.76), and triceps brachii (H 31.54,

p = 0.0001, power = O.9$p2 = 0.52), so that the Protocol B showed higher teuactivation in all
comparisons (Figure 1). Also, significant effectsrgvobserved for the sets in the anterior deltdigl (

= 8.66,p = 0.0003; power = 1.0(2,)2 = 0.52), pectoralis major (K= 17.20,p = 0.0001, power =
1.00,(1,7 = 0.71), and triceps brachii ¢# 5.21,p = 0.005, power =1.00,,> = 0.55). The post hoc
analysis results indicated the occurrence of arease in muscle activation across the sets itnadet
muscles studied. Dunn’s test identified differenbesween the first and third sets in the anterior
deltoid and triceps brachii muscles, while diffevesi were observed in concentric normalized
EMGgrus data between all sets in the pectoralis major.sigoificant interactions (protocol x sets)
were observed for the anterior deltoid {H 1.61,p = 0.20), pectoralis major (k= 2.45,p = 0.08)
and triceps brachii (H=1.72,p = 0.18).

Figurel (here)

Regarding the eccentric normalized EMfsdata, ANOVA-type statistics indicated a significamtin
effect for protocol in the anterior deltoid (H= 15.35,p = 0.0001, power = 1.001p2 = 0.65),
pectoralis major (H = 81.27,p = 0.0001, power = 1.0(1)],32 =0.77), and triceps brachii (H= 16.96,

p = 0.0001, power = O.82:Jp2 = 0.30). Similarly to concentric normalized EM¢s data, Protocol B
also showed higher muscle activation in all congmars performed for the eccentric normalized
EMGgrusdata (Figure 2). Also, significant effects wereetved for the sets for the anterior deltoid (H
» =11.98,p = 0.001; power = 0.991,32 = 0.45), pectoralis major (K= 21.43,p = 0.0001, power =
1.00,1,7 = 0.75), and triceps brachii (4 6.84,p = 0.001, power = 1.00,,> = 0.58). The post hoc
analysis results indicated the occurrence of arease in muscle activation across the sets itnadet
muscles studied. Dunn'’s test verified that the fwrsd second sets were different from the thirdrset
anterior deltoid. In the triceps brachii, differescwere verified between the first and second sets,
whereas differences were observed in eccentric alamendl EMGus between the all sets in the
pectoralis major (Figure 2). No significant interans (protocol x sets) were observed for the amter
deltoid (H, = 3.13,p = 0.21), pectoralis major (K= 2.43,p = 0.08) and triceps brachii (}+= 3.00,p
=0.07).

Figure 2 (here)



The main effects of protocol and set were significaith regard to blood lactate concentration. In
addition, repeated-measures ANOVA indicated thatigmificant interaction effect was observed
between protocol and timé& ¢,133= 26.97;P < 0.001; power = 1.001p2 = 0.59). Figure 3 shows the
blood lactate concentrations for different trainfrgtocols. Post hoc analysis indicated higher dbloo
lactate concentrations for Protocol B in all timescept in the pre-exercise condition. In additithe,
blood lactate concentrations increased for bothopats throughout the sefBukey post-hoc analysis
also indicated that blood lactate concentrationseweduced after 3 min in Protocol A and after & mi

in Protocol B.
Figure 3 (here)

As expected, Protocol B showed shorter mean régretituration than Protocol A (3.01; + 0.05s vs
5.94; + 0.07sp < 0.001; coefficient of variation < 1.6% for bothopocols). No differences were
found on the average range of motion between Rotgtdk and B (76.01; + 12.01° vs 74.24; + 12.21°,
respectively;p = 0.148). No differences were also found on therage concentric TUT between
Protocols A and B (17.54; + 0,63s vs-17.69; £ 0.5@spectively;p = 0.129). On the other hand,
differences were found on the average eccentric beXveen Protocols A and B (18.19; + 0.41s vs
18.43; £ 0.58s, respectively;= 0.036), although the magnitude of the differebeaveen means was
less than 1,4%.
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DISCUSSION

This study examined whether protocols with différeonfigurations of repetition durations and
repetition numbers would result in different eleatyographic and blood lactate responses in
resistance training protocols equalized by TUT. Tésults showed that the normalized EMS
responses for concentric and eccentric actions gerater in Protocol B than in Protocol A for the
anterior deltoid, pectoralis major, and tricepschimamuscles. Furthermore, normalized EMfe
response increased across the sets for both pret@iood lactate concentrations were also higher i
Protocol B both during and after completion of ttening session. The results are in agreement with
the findings of Tran and Docherty (36), since thag@ors have shown that when there is equivalence
of TUT, protocols carried out with higher repetitioumbers-and shorter repetition durations led to
increased levels of fatigue (reduced ability to eyate force), indicating a greater physiological

demand during its execution.

Previous studies have analyzed muscle activatiolewberforming resistance training protocols
characterized by different repetition durations eggktition numbers (8, 30, 31). One of these stydi
which manipulated only the repetition duration (8gmonstrated that increasing the repetition
duration may result in a greater EMG response. HWeweit must be emphasized that in their
investigation the repetition numbers performechima training protocols was kept constant, thus longe
repetition durations could provide a higher TUTaetor capable of altering EMG amplitude (23, 34).
On the other hand, the present study aimed to camje EMG responses to different protocols
equalized by TUT, verifying that a shorter repetitiduration added to the higher repetition numbers
and provoked a greater EMG amplitude. Similar tsswere observed in the study of Sakamoto and
Sinclair (30), although the protocols performedtbg subjects in that study were carried out until
lifting failure (maximum repetition number) and ditbt allow for the equalization of TUT. By
analyzing this type of information, it is possilbbeunderstand that a combination of shorter rdpatit
durationand higher repetition numbers in resigtatraining protocols play an important role for
increasing the muscle activation response. Thismsient is based on the fact that EMG amplitude was
higher in protocols with shorter repetition duratiand higher repetition numbers regardless of
whether the set was equalized by TUT as in theeptestudy, or not, as in the Sakamoto and Sinclair
study (30). At least in part, the higher amplitdeéhe EMG signal in Protocol B is indicative ofth
occurrence of an increased recruitment of motorsuy@dio, 23, 34), which in turn has been pointed out
as an important neuromuscular response relatedntina@eased hypertrophy adaptation and an
increase in muscle strength (26, 32). Howeverhdu&d be noted that other factors, such as the
increased firing frequency and synchronization otanunits, may also influence the EMG amplitude
(23, 34).
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The increased normalized EMfs of Protocol B can be explained by the greater pkake
generation needed to accelerate the bar when higbeement speeds are produced, thus requiring
greater motor unit recruitment (30). This accelerademand could occur at the beginning of the
concentric muscle action. Regarding the normalEBt{>gys eccentric action, the increased response
in Protocol B may be also related to the greatquirement for force production during the braking
phase of the movement, which probably was greatengl faster movement velocities. Similar results
were reported by Sampson et al. (31) that showedesheccentric actions during training protocols
involving the elbow flexors exercise produced aatge EMG signal amplitude when compared with
longer eccentric protocols. In fast eccentric adjat is possible that contractile mechanisms aoul
increase the force generation due to a higher lefglctivation (increase in the fraction of cross-
bridges formed) during the pre-activation periojl dowever, it still needs to be clarified whether
movement velocities similar to those carried outirdy Protocol B (nho ballistic condition) would
potentialize the neurophysiological mechanisms -§utéezation and myotatic reflex response) and
consequently, EMG responses compared to ProtocAbditionally, the fact that Protocol B resulted
in twice the repetition numbers must also be cameid. Although no studies have specifically
examined the effects of repetition numbers on neuactivation level while carrying out resistance
training protocols, it is expected that this faagtould contributed to the present results of botiscte
actions. It should also be noted that Harwood aicd R9) reported that the fast movements of human
limbs would benefit from a single set of activatiparameters capable of generating the greatest
amount of torque in the shortest possible time.sTtuhas been suggested that there is a reduation
the motor unit recruitment threshold for faster a@yic actions (19), particularly during the eccentri
phase of the movement (24). Considering the neegrdduce faster movements in Protocol B
compared to Protocol A, a possible reduction ofanainit recruitment thresholds in this situation
would have promoted an additional recruitment st faotor units, and consequently a greater EMG.
However, specific additional studies are necessarynvestigate these mechanisms in resistance

training protocols similar to those used in thespré study.

Similar to EMG measurements obtained during thiaitrg sessions, no studies were found analyzing
blood lactate responses when manipulating the itigpetduration and repetition numbers while
equalizing TUT. In the present study, blood lactatecentrations were greater for the protocol
utilizing shorter repetition durations and highepetition numbers (Protocol B) and these higher
concentrations remained higher than Protocol Aufoito 12 min after the completion of the training
protocol. Only one previous study examined theot$fef simultaneously manipulating the repetition
duration and repetition numbers on blood lactaspoases, while maintaining the same relative
intensity of training (%1RM). As in the study of Kéanoto and Sinclair (30), Buitrago et al. (7)

compared training protocols with different repetitidurations and repetition numbers to volitional
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lifting failure. All protocols produced similar nesnses, however, as mentioned earlier, the abs#nce
the exact equivalence of TUT for the protocols rhaye been a confounding factor in the results of
the observed metabolic response since previousesté7, 35) have suggested that the increased

TUT in resistance training protocols produces higlleod lactate concentrations.

The blood lactate responses in the present stugyatsa be related to the mechanical characteristics
of the two protocols, considering that higher maadiforces would be expected to accelerate the bar
during every repetition in Protocol B (20). Witretproduction of higher maximal forces in Protocol
B, additional motor units with higher glycolytic macities were presumably recruited (6, 17, 28),
which might promote an increase in blood lactatedpction compared with Protocol A. This
hypothesis is supported by the EMG data from tlesgmt study. Additionally, it is important to note
that the realization of higher repetition numbarsPirotocol B should also be taken into account,
considering that some investigations have foundreatgr mechanical work provides a higher

metabolic response (6, 12, 22).

In the current study, the actual measurement otctfamges in force applied to the bar during each
protocol was not possible, which may be noted lasitation of this investigation. It is known thtte
torque variation in dynamic muscle actions (13)wa#l as changes in the acceleration of the bar may
change the EMG signal (14) and blood lactate resp@®). Knowledge of the changes in force during
the acceleration and deceleration phases of thenbaement in the bench press exercise could result
in a better understanding of changes in EMG (34) lalnod lactate responses (12). Furthermore, the
data indicate a large variability in the EMgs responses (large interquartile range values),cespe

for Protocol B. It is possible that during Proto&lthe higher variation in muscle activation may b
due to the need for greater acceleration of theirbar shorter time period compared to Protocol A.
However, variability in the EMG responses duringsgth training protocols has often been reported
in the literature (16, 25).

In conclusion, the data obtained in this study skiwat training protocols equalized by TUT, but with
different configurations, produce different physigical demands. Specifically, a protocol with sbort
repetition durations and higher repetition numbarsduced greater neuromuscular and metabolic
responses compared to a different protocol with same TUT. Nevertheless, further studies are
encouraged to compare other training protocols witferent numbers of repetitions and repetition

durations, as well as understand the impact oktpestocols in chronic training responses.

PRACTICAL APPLICATIONS
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This study showed that training protocols conductith the same TUT, but with different
configurations, produced distinct neuromuscular anredabolic responses, so that, performing higher
repetition numbers with shorter repetition durasionight be a more appropriate strategy to increase
muscle activation and blood lactate concentration.

Although both protocols resulted in increases irschel activation and lactate across the sets, greate
responses were observed in the protocol with higlepetition numbers and shorter repetition
durations Therefore, considering the importanceeafromuscular responses to.chronic adaptations to

resistance training, coaches could opt for thisetyd protocol training to obtain better results.
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FIGURE LEGENDS

Figure 1. Median (horizontal line within the box); First @tile and Third Quartile (lower and upper
box limits); Minimum and Maximum (whiskers) conceatnormalized EMGys of the anterior
deltoid (A), pectoralis major (B) and triceps bra¢&) muscles for each training protocol. * Prasbc
B different from the Protocol A (main effect); $ff@irent from sets 2 and 3 in the respective prdtoco
# Different from set 3 in the respective protoddMGrys: root mean square of electromyographic

signal.

Figure 2. Median (horizontal line within the box); First @tile and Third Quatrtile (lower and upper
box limits); Minimum and Maximum (whiskers) ecceathormalized EMGysof the anterior deltoid

(A), pectoralis major (B) and triceps brachii (Cusuales for each training protocol. * Protocol B
different from the Protocol A (main effect); $ Dafent from sets 2 and 3 in the respective protagtol;
Different from set 3 in the respective protocol; GMs: root mean square of electromyographic

signal.

Figure 3. Mean = SD blood lactate concentration at reffer each set, and up to 12 min after
completing the Protocols A and B. * Different frdhe rest, in the respective protocol; # Protocol B
different from the Protocol A, in the respectivenéi; $ Different from the anterior moment, in the

respective protocol.
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Figure 1. Median (horizontal line within the box); First &tile and Third Quartile (lower and upper box tig)ti Minimum and Maximum (whiskers)
concentric normalized EMG,;of the anterior deltoid (A), pectoralis major (B)datriceps brachii (C) muscles for each trainingtpecol. * Protocol A
different from the Protocol B (main effect); $ Rifent from sets 2 and 3 in the respective protatédbdifferent from set 3 in the respective protocol;
EMG;,,s: root mean square of electromyographic signal.
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Figure 2. Median (horizontal line within the box); First Qtibr and Third Quartile (lower and upper box lint&Minimum and Maximum (whiskers)
eccentric normalized EMGsof the anterior deltoid (A), pectoralis major (B)datriceps brachii (C) muscles for each trainingtgeol. * Protocol A
different from the Protocol B (main effect); $ Rifent from sets 2 and 3 in the respective protatédbdifferent from set 3 in the respective protocol;
EMG;,,s: root mean square of electromyographic signal.
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Figure 3. — Mean +3D blood lactate concentration at rest, after eacheset up to 12 min after
completing the Protocols A and B. * Different frothe rest, in the respective protocol; #
Protocol B different from the Protocol A, in thespective time; $ Different from the anterior
moment, in the respective protocol.
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