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Electromyographic analyses of muscle
pre-activation induced by single joint exercise

Andlise eletromiografica da pre-ativacado muscular induzida por
exercicio monoarticular

Valdinar A. R. Jnior!, Martim Bottaro', Maria C. C. Pereira!, Marcelino M. Andrade?, Paulo R. W. P, Junior!, Jake C. Carmo'

Abstract

Objective: To investigate whether performing a low-intensity, single-joint exercises for knee extensors was an efficient strategy for
increasing the number of motor units recruited in the vastus lateralis muscle during a subsequent multi-joint exercises. Methods: Nine
healthy male participants (23.33+3.46 yrs) underwent bouts of exercise in which knee extension and 45°, and leg press exercises were
performed in sequence. In the low-intensity bout (R30), 15 unilateral knee extensions were performed, followed by 15 repetitions of the
leg presses at 30% and 60% of one maximum repetition load (1-MR), respectively. In the high-intensity bout (R60), the same sequence
was performed, but the applied load was 60% of 1-MR for both exercises. A single set of 15 repetitions of the leg press at 60% of
1-MR was performed as a control exercise (CR). The surface electromyographic signals of the vastus lateralis muscle were recorded
by means of a linear electrode array. The root mean square (RMS) values were determined for each repetition of the leg press, and
linear regressions were calculated from these results. The slopes of the straight lines obtained were then normalized using the linear
coefficients of the regression equations and compared using one-way ANOVAs for repeated measures. Results: The slopes observed
in the CR were significantly lower than those in the R30 and R60 (p<0.05). Conclusions: The results indicated that the recruitment of
motor units was more effective when a single-joint exercise preceded the multi-joint exercise.

Article registered in the Australian New Zealand Clinical Trials Registry (ANZCTR) under the number ACTRN12609000413224.
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Resumo

Objetivo: Verificar se a execucao de um exercicio monoarticular de baixa intensidade para os extensores do joelho é uma estratégia
eficaz para aumentar o nimero de unidades motoras recrutadas no musculo vasto lateral durante a realizagdo de um exercicio
multiarticular subsequente. Métodos: Nove sujeitos saudaveis do sexo masculino (23,33+3,46 anos) foram submetidos a rotinas de
treinamento nas quais os exercicios cadeira extensora e leg press 45° eram realizados em sequéncia. Na rotina de baixa intensidade
(R30), foram realizadas 15 extensdes unilaterais de joelho, seguidas de 15 repeticoes de leg press 45° com cargas de 30% e 60%
de uma repeticao maxima (1-RM), respectivamente. Na rotina de alta intensidade (R60), a mesma sequéncia foi executada, porém a
carga dos dois movimentos foi de 60% de 1-RM. Uma série simples de 15 repeticbes leg press 45° com carga de 60% de 1-RM foi
utilizada como exercicio controle (RC). A eletromiografia de superficie foi registrada no musculo vasto lateral por meio de um arranjo
linear de eletrodos. O valor RMS foi calculado para cada repeticao do leg press 45° e, a partir desses resultados, foram calculadas
regressoes lineares. As inclinacoes das retas obtidas foram entdo normalizadas pelos coeficientes lineares das equagdes de regresséo
e comparadas por meio da ANOVA de um fator para medidas repetidas. Resultados: As inclinagdes observadas na rotina RC foram
significativamente inferiores as de R30 e as de R60 (p<0,05). Conclusdes: Os resultados indicaram um recrutamento mais efetivo de
unidades motoras nas rotinas de exercicio multiarticular precedidas de exercicio monoarticular.

Artigo registrado na Australian New Zealand Clinical Trials Registry (ANZCTR) sob o0 nimero ACTRN 126090004 13224.
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Muscle pre-activation induced by single joint exercise

Introduction

The order in which physical exercises are performed is of
extreme relevance to the prescription of resistance training'.
To execute movements in a way that the stimulus sequence
provides better responses of the muscles is the main goal of
professionals who use resistance training for performance im-
provement and rehabilitation.

The execution of a single-joint exercises immediately
followed by a multi-joint exercises, both applied to the
same musculature, are common practices in resistance
training®"®. The assumptions for the adoption of this se-
quence is that, during multi-joint exercises, small muscles
suffer from fatigue sooner than muscles of large volume®.
In this manner, the triceps brachialis, for instance, would
lose its contractile capacity before the supine exercise could
take the larger pectoral muscle to its maximum limit". This
could affect the benefits of the exercise applied to the larg-
est muscle groups, due to the fact that exercising the mus-
culature until fatigue has shown benefits for strength gains
and muscular hypertrophy®.

The few studies which evaluated the implications of
the single-joint/multi-joint sequence of exercise suggested
that this type of exercise sequencing might exhibit non-
expressive and even counterproductive results in terms of
motor unit recruitment®’. However, the performed analyses
of this exercise sequencing seem to have explored only com-
binations in which heavy loads are applied to both single
and multi-joint exercises. In contractions using light loads,
the recruitment of all the available motor units is not ac-
complished. Thus, as fatigue is increased, new motor units
are recruited to compensate the failure of the ones initially
required”'. In this manner, it is plausible to think that the
applications of moderate intensities of single-joint exercises
may demand an additional recruitment of the motor units of
pre-fatigued muscles during multi-joint exercises. This hap-
pens without, however, the activation of inhibitory mecha-
nisms which limit the muscular activities during strenuous
efforts. Although such strategies have not been evaluated in
previous studies, they could be quite helpful in situations of
rehabilitation and training of patients affected by pathologi-
cal conditions or limitations which hinder the use of heavy
loads. Therefore, the purpose of the present study was to
investigate whether the previous performance of low-inten-
sity single-joint exercises for knee extensors correspond to
an efficient stimulus to increase the number of motor units
recruited in the vastus lateralis muscle during subsequent
multi-joint exercises.

Methods
Subjects

The sample was composed by nine healthy male sub-
jects, with a mean age of 23.3313.46 yrs, mean body mass of
75.68%8.10 kg, mean stature of 1.76+0.66 m and mean body
mass index of 24.47£2.19 kg/m? All of them performed re-
sistance exercises at a minimum frequency of three times a
week for at least a year and did not report any interruptions
in training for over six weeks over the last 12 months.

Before the test performance, the subjects responded to
the Physical Activity Readiness Questionnaire-PAR-Q' of the
Canadian Society for Exercise Physiology. In case the PAR-Q
pointed out the need of medical evaluation for the practice of
physical exercise, and the subjects was prevented from partici-
pating in the study.

The study was approved by the Ethics in Research Commit-
tee of the Faculdade de Ciéncias da Satide of the Universidade
de Brasilia - FS/UnB (process n°. 131/2007), and the partici-
pants signed a free and clear consent form, in which were de-
scribed the objectives, possible risks and discomforts and the
methods used in the study.

Establishing the workloads

The loads of the experimental protocol were defined based
upon the test of one maximum repetition load (1-MR)*. The
goal of this test was to determine the maximum supported
load in the performance of a single correct movement of a 45°-
leg press (Vitally, Brazil) and knee extensor bench (Gervasport
Fitness Equipment, Spain) exercises. As the equipment used in
the experiment showed limitations of the loads available for
the determination of 1-MR of the proposed exercises, the uni-
lateral performance of the tests using the lower limb reported
as dominant, by the Subject, was used.

In the leg press, the participants started the exercise with
their knee in complete extension and performed eccentric
quadriceps contractions until their joint reached a flexion of
80°. An elastic band held over the participant (Figure 1-A) was
used to limit this angle. The subjects had the aim to flex their
knee until their thigh touched the band, and then return to the
initial position. A goniometer (Model T.K.K-1216, Greece) was
used to calibrate the amplitude of movement in the leg press.

On the knee extensor bench, the participant started with
their knees 80° flexed, in which the angle was determined by
the equipment itself. Then, the subject performed a complete
knee extension and returned to the initial position.
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Figure 1. Elastic band limiting the knee amplitude in 80° during 45°
leg press performance (A) Weight platform of 45° leg press equipment
without extra load (B).

The order in which the 1-MR tests were carried out was
alternated among the participants to guarantee the ran-
domness in the performance of the experiment. The tests
always started with a five-minute warm-up using an ergom-
eter bicycle (Ergo-Fit-Ergo Cycle, Germany). The intensity
of this warm-up was defined by each participant, which
was guided to maintain a comfortable cadence. After the
warm-up on the ergometer, the participants complemented
the test preparation with a set of eight repetitions of the
first drawn exercise during the randomization procedure.
Kraemer and Fry'® suggested that this specific warm-up be
performed with loads from 40% to 50% of the 1-MR load es-
tablished by the subject. However, the participants did not
have references about the supported weight for the unilat-
eral performance of the proposed exercises. Thus, based on
preliminary tests, the intensity of 10% of the weight reported
by the subject was chosen for the bilateral performance of
the exercises in their training bout.

After the warm-up procedures were concluded, the sub-
jects rested during a minute and the equipment load was in-
creased to 1-MR'. In case the participant could not manage
to complete a repetition correctly or support the performance
of two repetitions in the first attempt, the load was adjusted
and a new opportunity was granted after a five-minute rest's.
In a single day, up to five attempts were allowed for each ex-
ercise. After a 20 min. interval, the participant performed a
new set of preparations for the execution of the test on the
second apparatus. As in the first exercise, this set consisted
in the performance of eight repetitions with the intensity of
10% of the bilateral load reported by the subject. Again, the
participant rested for a minute and the load was increased to
the measurement of 1-MR.

Training to control the exercise velocity was performed
after the load tests. During this practice session, the subjects
performed a set of 10 repetitions on each apparatus, in which
two secs. were spent on the concentric phase and two secs..
were spent on the eccentric phase of movement. A digital
metronome (Seiko - D20-440, China), with a rhythm of 30
beats per minute was used to set the performance speed. The
participants were guided so they could synchronize the beep
of the metronome with the beginning and end of each phase.
The load used in this training was equivalent to 60% of the
weight obtained in the load test”. The interval between the
usage of the two apparatus varied from six to eight minutes'’,
according to the participants’ need for a satisfactory perfor-
mance of the set.

A second round of strength tests (test and retest) was
performed in order to confirm the loads established on the
first day. Then, a minimum period of 48 hours and maximum
of 72 hours between the sessions was provided. During this
second occasion, the order of performance of the exercises
was inverted. In the case of any discrepancies between the
results obtained from the observed load tests of the first two
days, the largest value was considered for the performance
of the experiment.

Experimental procedures

The experimental procedures consisted of two exer-
cise bouts, in which the knee extensor bench and the 45°
leg press exercises were combined at different intensities.
The pre-activation bouts with low-intensity single-joint
exercises (R30) were composed by a set of 15 repetitions
of knee extensor bench exercise, at 30% of 1-MR, immedi-
ately followed by a set of 15 repetitions of leg presses, at
60% of 1-MR. The pre-activation bouts with high-intensity
single-joint exercises (R60) were similar to the previously
mentioned bouts, however the 15 knee extensor bench ex-
ercise repetitions were performed at 60% of 1-MR. A third
bout, called the Control Bout (CR), was also performed and
aimed to record the muscular activity during the multi-joint
exercises without previous performance of the single-joint
exercise. In this manner, the CR was composed only of a set
of 15 leg press repetitions, at 60% of 1-MR.

'The intensity of 60% of 1-MR was applied to the experimen-
tal procedures due to the fact that it is the minimum load sug-
gested in the literature for strength gains and hypertrophy"”"".
In addition, this moderated load allowed the participants to
have better control of the movement technique and perfor-
mance speed. In the R30, the load of 30% of 1-MR for the single-
joint exercise was adopted because it was associated with low
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metabolic production’. In theory, this would lead to a lower
performance of the inhibition mechanisms of the muscular
activity during the subsequent multi-joint exercises. The num-
ber of 15 repetitions was determined based upon preliminary
tests in which were observed that this volume could provide a
satisfactory quantity of data for the linear regression analyses
used in the data processing.

All subjects performed the experimental procedure bouts
(R30, R60 and RC) on different days and with a 48 to 96 hour
interval between them. As in the load tests, the exercises were
performed using the dominant lower limb, and the order of
execution of the routines was alternated between the par-
ticipants to guarantee randomness in the performance of the
experiment. The determined range of motion and the exercise
performance were the same as described for the 1-MR tests,
and the previously established cadence was also respected.
During the experiment, two evaluators with experience in
resistance training checked the fulfillment of these criteria.
The violation of any aspect established in the test protocol
determined the interruption of the experiment. In the R30
and R60 conditions, the period of transition between the knee
extension and the leg press did not exceed 40 secs. for any
participant.

Electromyography

The electromyographic signals were recorded for the vastus
lateralis muscle during the performance of the 45° leg press ex-
ercise in the R30, R60 and CR conditions. The instrument used
for the electromyographic data collection was the EMG-16 (Ot
Bioelettonica, Italy).. This equipment had a gain of up to 50000
V/V, noise level of 1 uV (with reference to the input), analog
bandpass filtering from 10 Hz to 500 Hz and common rejection
mode of 96 dB. The sampling rate adopted was 2048 Hz and the
tension gain was adjusted to 2000 V/V. The electromyographer
was connected to a laptop (Toshiba Satellite - A105-S4114,
China) by means of a PCMCIA A/D board of 12 bits (National
Instruments - DAQ6045E, EUA).

After hair shaving and skin asepsis with cotton soaked
with alcohol, a linear array of 16 rigid electrodes (LISIN - Ot
Bioelettronica, Italy) with chlorinated silver bars of 5 x 1 mm
and an inter electrode distance of 5 mm was placed over the
participant’s vastus lateralis. This was done to map the area of
largest muscle bulk and locate the regions of the best propaga-
tion of action potentials, as described in previous studies'*".
In experimental protocols which addressed dynamic contrac-
tions, changes in the position of the joints corresponded to a
critical element during the mapping, because innervation zones
and tendinous regions shifted beneath the skin and generated

low quality signals®. In this manner, the regions of acceptable
conductivity were located during isometric contractions of 10
secs., during which the participants would remain with their
knee flexed in an angle of 100°. This angle was measured with a
goniometer (T.K.K - 1216, Greece) and the subjects sustained a
load of 11.56 kg, equivalent to the weight platform of the 45° leg
press equipment, without an extra load (Figure 1 - B).

The muscular mapping was performed only on the first day
of testing. The electrode location was marked on the subject’s
thigh with a permanent marker (Faber Castel - Pilot 2.0 mm Az,
Brazil), to guarantee the same positioning in the subsequent
tests. In the marked area on the vastus lateralis muscle, a flex-
ible linear array with eight electrodes (LISiN-Ot Bioelettronica,
Italy) was placed for signal registration during the dynamic
contractions. This array had the same dimensions as the rigid
electrode and its adherence to the skin was guaranteed by a
double-sided adhesive tape that contained holes for the inser-
tion of conductive gel, which made the electrode placement
less sensitive to movement artefacts®. Thirty micro-liters of
gel were put in each electrode opening by a micropipette (High
Tech Lab - HTL Monocanal, Brazil).

Signal processing

Among the seven differential eletromyographic signals
obtained for each leg press set (in the R30, R60 and CR condi-
tions), one differential channel was selected for the calculation
of the root mean square (RMS). This channel was analyzed in
the three experimental situations to provide more reliability of
the signal analysis.

A synchronizing trigger, developed at the Biological Sig-
nal Processing Laboratory, was adapted to the 45° leg press
to indicate, during the dynamic contractions, the instant
in which the knee reached a flexion angle of 100°. The elec-
tromyographic signal with the greatest amplitude and best
quality for the vastus lateralis muscle was found at this joint
angle. This trigger generated an electric amplitude pulse of
approximately 1.5 V, which was simultaneously digitalized
with the signals captured by the electrodes. Rectangular
windows of 512 samples (250 ms) were cut around the pulses
generated by the trigger, which indicated the concentric
phases of each leg press repetition. As the beginning and
end of the sets were the periods most likely to have exercise
performance errors and possible violations of the movement
cadence, the windows of the first and last concentric move-
ment of all sets were discarded from the analysis. Windowing
and all the other signal processing procedures were done by
specific bouts developed by the computer application Matlab
6.5 (Mathworks - Natick, EUA).
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Table 1. Comparison between percentage increase of RMS value
during 45° leg press repetitions.

Normalized slopes* of regression lines calculated
from RMS value (%)

R30 4.49+3 .44t
R60 3.96+2.601
RC 1.84+1.31

*Angular coefficients normalized by the linear coefficients of regression equa-
tions; R30=bout with pre-activation induced by low intensity single-joint exercise;
R60=bout with pre-activation induced by high intensity single-joint exercise; control
exercise with no pre-activation; T one-way ANOVA for repeated measures — R30 and
R60 vs. RC (p<0.05).

Percentual increase of RMS value

8 9 10 11 12 13 14 15
Repetitions
R30=bout with pre-activation induced by low intensity single-joint exercise; R60=bout

with pre-activation induced by high intensity single-joint exercise; control exercise with
no pre-activation; * one-way ANQ.

Figure 2. Regression lines calculated from RMS value recorded in the
45° leg press, representing the percentage increase in the amplitude of
the electromyographic signal during the bouts (R30, R60 and RC). Lines
normalized by the linear coefficients of regression equations.

Based upon the RMS values estimated for each repetition
window, linear regressions were calculated to verify the be-
haviors of the amplitude of the electromyographic signals in
the performance of the 45° leg press in the R30, R60 and CR
conditions. The slopes of the regression lines (angular coef-
ficients of the determined equation) were normalized using
their initial values (linear coefficients of the equations). In
other words, the slopes were divided by the lines intercepts®.
After normalization, the slopes were expressed in percentage
terms to represent the growth rate of the RMS values during
the evaluated bouts.

Statistical analyses

Inter-class correlation coefficients (ICC) were used to verify
the reproducibility of the 1-MR test performed on the leg press
and the knee extension apparatus. As only some participants
could complete the 15 repetitions initially proposed for the
evaluated exercises, one-way ANOVAs for repeated measures

and the post hoc Least Significant Difference (LSD) were ap-
plied to verify if there were any differences in the number of
repetitions performed using the leg press in the R30, R60 and
CR. The comparisons between the number of repetitions using
knee extension in the R30 and R60 conditions were done by
means of the Student #-test paired test.

The normalized slopes of the regression lines of the
R30, R60 and CR conditions were also compared by means
of the one-way ANOVAs for repeated measures. In case of
significant differences, the post hoc of Least Significant Dif-
ferences (LSD) was applied again to indicate the divergent
values. Before the use of the Student -test paired tests and
the one-way ANOVAs for repeated measures, the data nor-
mality were verified by means of the Kolmogorov-Smirnov
test. In all the analysis, a significance level of p<0.05 was
adopted. The statistical treatment was performed by the
Statistical Package for the Social Sciences (SPSS 13.0 - LEAD
Technologies, EUA) software.

Results

The 1-MR loads measured on the first day of tests on the
450 leg press (120.67+29.80 kg) did not exhibit significant dif-
ference (r=0.96) regarding the loads obtained in the retest
(120.00+27.85 kg). Similarly, there were not found significant
differences (r=0.90) between the test and the retest on the knee
extensor bench exercise (90.00£10.97 kg vs. 87.31+10.50 kg).

After the high-intensity knee extensions in the R60, the
quantity of repetitions performed on the leg press (12.3311.94)
was inferior to the quantity recorded in the CR (14.8910.33;
p=0.01). However, there was not detected any significant differ-
encerelated to the number of repetitions in the R30 (13.89£1.45;
p=0.09). The comparison between the number of repetitions of
the leg press exercise in the R30 and CR also did not show any
significant difference (p=0.07). In the knee extensor bench exer-
cise, the subjects supported alarger number of knee extensions
in the R30 (14.89+0.33) than in the R60 (12.89+1.83; p=0.01).

The slopes of the regression lines of the RMS values are
shown in percentage terms in Table 1. The normalized slope
values of the CR were inferior to the R30 (p=0.049) and R60
(p=0.04) ones. This difference suggests a more effective re-
cruitment of motor units in the bouts where the single-joint
exercise preceded the multi-joint. Significant differences
between the slopes recorded in the R30 and R60 were not
observed.

Figure 2 illustrates the normalized percentage increase
in the RMS value recorded in the studied bouts. There was a
percentage increase of 67.36% and 59.46% in the RMS values
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recorded in the R30 and R60, respectively. The percentage in-
crease observed along the CR was of only 27.61%.

Discussion

The positive slopes values observed in the regression anal-
ysis of the RMS indicate a progressive increase in the number
of motor units recruited in the vastus lateralis muscle in all
the analyzed leg press sets. This increasing pattern in the
intensity of the electromyographic signal diverges from the
results of Augustsson et al.’, which evaluated the response
of the lower limb musculature in an exercise combination
similar to the one applied in the present investigation. Due to
the pre-fatigue of the quadriceps by the performance of the
knee extensions, Augustsson et al.” reported a decrease in the
amplitude of the electromyographic signal of the rectus femo-
ris and the vastus lateralis during the execution of leg press
exercises. In spite of the gluteus maximus not having shown
an increase in the amplitude of the electromyographic signal
in this study, the authors speculate that other muscles such
as adductor and gastrocnemius, which activities were not
monitored, may have compensated the performance decay of
the anterior thigh muscles.

Recently, our group investigated the influence of a set of
single-joint exercises before a set of multi-joint exercises of
upper limbs? In this study, 13 participants underwent a set of
supine exercises (multi-joint) with and without the previous
performance of crucifix weightlifting exercises using equip-
ments (single-joint). Differently from the results obtained in
the present investigation, a greater electrical activity of the
pectoralis major and the anterior deltoid (muscles exhausted
from the single-joint movement) was not recorded. On the
other hand, the triceps brachialis, which was not requested in
the single-joint exercise, showed an increase in the amplitude
of the electromyographic signal during the bench exercise
after the fatigue of the other primary muscles.

The divergence between the results of the present investi-
gation and the results observed in the previous studies may
be due to the intensity applied in the exercises. The 10-MR
sets evaluated in experiments of Augustsson et al.® and Gentil
et al.® represented intensities significantly superior to sets
performed at 30% and 60% of 1-MR*. This heavy overload
induces a larger production of metabolites'®* and, therefore,
causes a greater activation of muscular receptors sensible
to biochemical disturbances, such as the afferent groups III
and IV, the muscle spindles and the Golgi tendon organ**.
Taking into account that these structures generate a senso-
rial feedback that reduces the recruitment capacity of the

motor units®, it is possible that the low amplitude values of
the electromyographic signal recorded during the multi-joint
exercises analyzed by Augustsson et al.” and Gentil et al.” were
due to inhibitory mechanisms initiated in the single-joint
exercises. Differing from these results, the moderated loads
applied in the single-joint exercise of this experiment seem
not to jeopardize the recruitment of motor units in the multi-
joint exercise. In spite of this moderate intensity not having
demanded more participation of accessory muscles, as ob-
served in the Gentil et al.> experiment, the evaluation of only
one of the knee extensors precludes this type of conclusion.

The initial definition of 15 repetitions for all knee extensor
bench exercise and leg press sets had the purpose of making
more robust the data processing and the statistical analysis.
Previous investigations about the sequence of exercises**
observed an expressive reduction in the quantity of repeti-
tions performed in the multi-joint exercises. This caused the
comparison of a different number of samples collected in the
experimental situations proposed. Although some participants
could not stand the 15 repetitions proposed in the experimen-
tal protocol, a mean difference of three repetitions did not in-
validate, statistically speaking, linear regression analysis or the
normalization procedure applied.

The higher variation rates in the amplitude of the RMS
value in the R30 and R60 than in the CR indicate that leg press
repetitions, after the performance of the knee extensor bench
exercise using the intensities evaluated in this study, start to
recruit more muscle fibers than repetitions of the same exer-
cise during a simple set. Even though there was a tendency of
greater recruitment with low-intensity loads, the lack of any
difference detected between the R30 and R60 indicated that
the efficiency of the single-joint exercise was the same when
performed at 30 and 60% of 1-MR for later activation of the
vastus lateralis muscle in the multi-joint exercise.

Kukulka and Clamann® and Masakado® reported that
small muscles are capable of recruiting the majority of their
motor units in intensities of 50% of the maximum voluntary
isometric contraction. In addition, when this threshold is
exceeded, the modulation of the strength production by the
firing frequency of the action potentials occurs. However, in
large muscle groups, the main mechanism for tension varia-
tion is the recruitment of motor units. The recruitment of
the majority of the large muscle fibers such as the lower limb
ones is only observed with loads superior to 90% of the maxi-
mum voluntary isometric contraction®. In this manner, it is
possible that a considerable quantity of fibers from the vastus
lateralis muscle, for instance, does not suffer from any type
of stimulus during the performance of the 45° leg press, even
though relatively heavy loads are applied in this movement.
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As only the fibers recruited during training are subjected to
the physiological adaptations’, the previous performance of
single-joint exercises with loads of 30% and 60% of 1-MR can
make the multi-joint exercises more profitable for strength
gain and muscular hypertrophy. This happens because a
larger quantity of motor units starts to be stimulated with the
implementation of this strategy.

In situations such as rehabilitation and training of muscle
groups that require special care, the previous performance
of single-joint exercises at 30% of 1-MR might be recom-
mended. This intensity has proved itself as efficient as the
load of 60% of 1-MR to increase the quantity of recruited
motor units in the multi-joint movement and provides bet-
ter control to performance the proper exercise technique.
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