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ABSTRACT

Objective. To compare the influence of slow and fast contraction velocities in the total volume of load lifted
in a resistance training bout with free weights exercises for upper limbs, and analyze the recovery time of
the maximum muscle strength post-exercise in resistance-trained men.
Methods. Sixteen young men, who were experienced in resistance training were randomly divided into two
groups: fast contraction velocity (FCV - n = 8) and slow contraction velocity (SCV - n = 8). Both groups
performed bench press and incline bench press exercises (free weights) with 4 sets of 12 repetitions
maximum. There was a 50 seconds rest interval between each set, and 2 minutes interval between the
exercises. The contraction velocity was 6 seconds for the SCV group and 1.5 seconds for the FCV group. The
total volume of load was recorded during the exercise bout, and the one repetition maximum (1RM) was
evaluated before (baseline) and for 96 hours after exercise to measure the neuromuscular function.
Results. The results demonstrated that the FCV group provide a higher (p < 0.05) volume of load lifted
during the exercise bout, and had a significant decline (p < 0.05) in the neuromuscular performance post-
exercise, when compared to the SCV group.
Conclusion. These data suggest that besides the contraction velocity, the total volume of load lifted
determines the decline of neuromuscular function post-exercise in resistance-trained men.

© 2012 Revista Andaluza de Medicina del Deporte.

RESUMEN

La velocidad de contraccién rapida en ejercicio de fuerza produce mayor volumen de
carga total levantada y pérdida de la fuerza muscular en hombres entrenados

Objetivo. Comparar la influencia de las velocidades de contraccién lenta y rapida en el volumen total de
carga levantada en una sesion de entrenamiento de resistencia con ejercicios de pesos libres para miembros
superiores, y analizar el tiempo de recuperacion de la fuerza maxima del musculo después del ejercicio en
la resistencia de hombres entrenados.
Métodos. Dieciséis hombres jovenes que tenian experiencia en el entrenamiento de la resistencia fueron
divididos aleatoriamente en dos grupos: la velocidad de contraccién rapida (FCV - n = 8) y la velocidad de
contraccion lenta (SCV - n = 8). Ambos grupos realizaron el ejercicio de press de banca y press banca incli-
nado (pesos libres) con 4 series de 12 repeticiones maximo; y un intervalo de 50 segundos de descanso
entre cada serie y 2 minutos entre los ejercicios. La velocidad de contraccion fue de 6 segundos para el
grupo SCV y 1,5 segundos para el grupo de FCV. El volumen total de carga fue anotado durante la sesion de
ejercicio; y una repeticion maxima (1RM) fue evaluada antes (basal) y durante 96 horas después del ejerci-
cio para medir la funcién neuromuscular.
Resultados. Los resultados demostraron que el grupo de FCV proporcioné un mayor (p < 0,05) volumen de
carga levantada durante la sesion de ejercicio, y tuvo una disminucién significativa (p < 0,05) en el rendi-
miento neuromuscular después del ejercicio, en comparacién con el grupo SCV.
Conclusion. Estos datos sugieren que ademas de la velocidad de contraccién, el volumen total de carga
elevada determina la disminucién de la funcién neuromuscular después del ejercicio en la resistencia de
hombres entrenados.

© 2012 Revista Andaluza de Medicina del Deporte.
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Introduction

Resistance training is known as an effective method to enhance
neuromuscular capacity. It is greatly used by various populations in
order to increase the levels of strength, power and muscular
hypertrophy'2 The magnitude of adaptive responses in the continuous
process of training depends on how the acute variables are manipulated,
which include: muscle action, intensity, volume, choice and order of
exercises, rest interval between sets and exercise, contraction velocity
and weekly frequency?*.

The impact of a resistance training bout of high intensity and/or
volume resistance exercise results in muscle damage caused by
metabolic and mechanical factors>S. From functional point view, the
muscle damage can cause alterations in neuromuscular function, as
the decrease in maximal voluntary contraction post-exercise bout’°,

However, when recovery times between bouts are inadequate for an
extended period of time, they may contribute to a substantial decline in
muscular performance and may also induce an overtraining state''2, For
this reason, studies investigating the influence of the manipulation in
training variables on muscle performance, contribute to the prescription
and elaboration of more efficient strategies for the development of
training programs with appropriate recovery time.

Among the factors mentioned above, the contraction velocity may
influence the magnitude of muscle damage and decline in neuromuscular
function. However, this relation is not clear since there are studies that
indicate greater muscle damage in fast movement velocity®">", and
other studies do not corroborate with these results'>'6. However, these
studies reported uses isokinetic dynamometers and individuals not
trained to assess the impact of the contraction velocity. In addition, the
results of these studies hamper their reproduction in resistance training
routines using free-weights exercises, which shows a practical limitation
for the trained population.

Ide et al® were pioneers investigating the influence of contraction
velocity in a resistance training bout with free weights exercises for lower
limbs in resistance-trained men, equalizing the volume by the number of
repetitions maximum (RM). The authors noted that the fast contraction
velocity resulted in a higher decrease in maximum strength and muscle
power (1RM and horizontal jump test) in a longer periods of time post-
exercise; suggesting a greater magnitude of muscle damage from fast
contraction velocity than slow contraction velocity. Nevertheless, the total
volume of load lifted between groups was not mentioned.

The total volume load lifted of a resistance exercise bout, represents
the sum of numbers of sets, repetitions and load (sets x repetitions x
load [kg]); a variable which effects the acute metabolic responses and
the muscle damage',

Thus, the purpose of this study was to compare the influence of slow
and fast contraction velocities on the total volume of load lifted in a
resistance exercise bout with free weights for upper limbs, and analyze
the recovery time of the maximum muscle strength post-exercise in

Table 1
Subject characteristics.Values are the means + SD
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resistance-trained men. It was hypothesized that fast contraction
velocity would result in a greater volume load lifted in the resistance
exercise bout, and would induce a greater damage to the neuromuscular
function post-exercise.

Methods
Subjects

Sixteen young men, who were experienced in resistance training,
participated in the study. They were randomly divided into two groups
(n = 8 for each group): fast contraction velocity (FCV) and slow
contraction velocity (SCV).

The inclusion and exclusion criteria for participation in the study
were: a) having at least one year of continuous experience in resistance
training; b) being free of any injury which may interfere in the study; c)
being familiar with the 1RM test; d) using no nutritional supplements
based on creatine and anabolic steroids. All participants completed a
health questionnaire and signed an informed consent form after being
educated on the experimental protocol of the research. This study was
approved by the local Ethics Committee, and it compliant with the legal
requirements of the Declaration of Helsinki.

During the experimental period, the participants were instructed to
take no medication, maintain their regular diet, and to refrain from any
exercise outside of the study. The descriptive characteristics of the
subjects are presented in table 1. No statistically significant differences
between the groups were evident for age (p = 0.648), weight (p = 0.163),
height (p = 0.656), 1RM (p = 0.151) or training experience (p = 0.286).

Design

In the week prior to the experimental protocol, the one repetition
maximum (1RM) test was conducted to determine the maximum
muscle strenght (baseline) in the bench press exercise for each
participant. After 48 hours, the volunteers executed the research
protocol and the total load lifted (sets x repetitions x load [kg]) for each
participant was recorded during the exercise bout. The 1RM test was
performed at specific times post-exercise: 0 (immediately after
experimental protocol), 24, 48, 72 and 96 hours for determination of the
neuromuscular function. All of the subjects were verbally encouraged
to make maximal efforts during the experimental protocol and tests. All
exercises included in the research protocol were performed between
17:00 and 19:00 hours PM.

Maximal muscle strength test

The determination of the maximal muscle strength in bench press
exercise was evaluated through the 1RM test'. Briefly, the subjects

Groups Age (y) Weight (kg) Height (cm) 1RM (Kg) Training experience (y)
Scv

(n=8) 232+26 778 £5,1 175,6 0,1 91,4+5]1 36+19

FCV

(n=10) 241+35 83,0+£12,9 174,7 £ 3,4 100,0 +£22,2 47+34

SCV: slow contraction velocity; FCV: fast contraction velocity; n: number of subjects; 1RM: one repetion maximum bench press.
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performed a warm up of 2-3 sets of 5-10 repetitions at ~ 40-60% of the
estimated 1RM before the protocol. The test was performed with a
maximum of five attempts and rest intervals of 3-5 minutes between
each attempt.

Experimental protocol

The experimental protocol consisted of bench press and incline bench
press exercises, which were performed in 4 sets of 12 repetitions
maximum (RM), with 50 seconds rest interval between sets and
2-minute between each exercise. The contraction velocity was 1.5
seconds (~ 0.75 seconds for eccentric and concentric muscle action) for
the FCV group, and 6 seconds (~ 3 seconds for eccentric and concentric
muscle action) for the SCV group. The control of the contraction velocity
was monitored by a beep sound emitted by a pacer, which signaled the
end of each repetition and the cadence of movement. Simultaneous
verbal instruction was also used to assist with controlling movement
pace.

Statistical analysis

Descriptive statistics was used to initially analyze the data. Data
normality was evaluated using the Shapiro-Wilk test. Then, a two-way
analysis of variance (two-way ANOVA) was used to compare the changes
in the outcome measures over time between the systems. When a
significant interaction effect was obtained, a Tukey post-hoc test was
performed to test for multiple comparisons. Independent t-tests were
used to compare the load lifted completed by each group. The
significance level was set at p< 0.05. Results are shown as mean and
standard deviation (£ SD).

Results

Maximum muscle strength (1RM test)

Values of 1RM test decrease significantly (p < 0.05) only at moment 0
hours (-16%) for the SCV group, when compared with the baseline

110
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Fig. 1. Changes in the normalized one repetition maximum (1RM) bench press
test at the following times: baseline, 0, 24, 48, 72 and 96 hours post-exercise.
The data are expressed as the mean + SD by percentage (%) change from the
baseline values for the slow contraction velocity (SCV) and fast contraction ve-
locity (FCV) groups. (a) significant difference (p < 0.05) compared with the ba-
seline values for the FEV group; (b) significant difference (p < 0.05) compared
with baseline values for SEV group. (c) significant difference (p < 0.05) between
groups.

values. The FCV showed a significant decrease (p < 0.05) in 1RM test
values at 0 (-19%) and 24 hours (-8%) compared with baseline values.
When comparing the values of 1RM test between groups (SCV and FCV),
it was observed a significant difference (p > 0,05) at 24 hours post-
exercise. Figure 1 presentes the change in normalized 1RM bench press.

Total volume of load lifted

The total volume of load lifted (sets x repetitions x load [kg]) in the
bench press exercise was 5069 + 73 kg for the FCV group and 3192 + 830
kg for the SCV group. In the incline bech press exercise was observed
values of 3853 + 47 kg and 2213 * 513 Kg for the FCV and SCV groups,
respectively. There was a significant difference between groups (p <
0.05) in both exercices (fig. 2).

Discussion

The main findings of the present study were; a) the slow contraction
velocity significantly yielded (p < 0.05) a lower total volume of load
lifted (sets x repetitions x load [kg]), compared with fast contraction
velocity in both exercises analyzed (fig. 2); and b) the magnitude of
decrease of neuromuscular function was significantly higher (p < 0.05)
for the fast contraction velocity when compared with slow contraction
velocity (fig. 1). Thus, confirming the hypothesis of this study.

The manipulation of contraction velocity directly affects the time
that the muscles (involved in the performance of the exercise) remain
under tension. In this sense, Chapman et al® used the method time
under tension to equalize the volume of eccentric isokinetic exercise
between fast and slow velocities in untrained men. During the
exercise bout, the fast eccentric group performed 35 sets with 6
repetitions, while slow velocity group performed only 5 sets with 6
repetitions. Chapman et al® results showed that the fast eccentric
exercise bout resulted in greater magnitude of muscle damage.
However, it was unclear whether the differences resulted from the
eccentric velocity, because the number of repetitions and total work
in the isokinetic exercise differed between the groups.

Presenting different results, Barroso et al'® observed no significant
difference on the muscle damage between fast and slow eccentric
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Fig. 2. Values of the total volume load lifted (Kg) in the bench press and incline
bench press exercise for slow contraction velocity (SCV) group and fast con-
traction velocity (FCV) group. * significant difference (p < 0.05) between groups.
Data expressed as mean + SD.
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velocity, performed in untrained men when the total volume of
repetitions and work in an isokinetic exercice was not different between
groups.

Studies by Uchida et al”” and Charro et al?® compared the magnitude
of muscle damage post free weights exercises performed with differents
intensity and methods of training in men with experienced in resistance
training. The results in both studies suggest that the magnitude of
muscle damage markers were not significantly different, when the total
volume of load lifted in free weight exercise bout was matched.

In the present study, the training intensity was equalized by
the number of repetitions maximum (12RM) per set for both groups, the
only difference found between the two groups was the contraction
velocity, which was four times higher in the SCV group (6 seconds) than
in the FCV group (1.5 seconds). Consequently, the SCV group worked
with 72 seconds of time under muscle tension per set, totaling 720
seconds for the performance of the whole exercise bout, while, FCV
group worked only 18 seconds of time under muscle tension per set,
totaling 180 seconds for the performance of the whole exercise bout.
However, to maintain the intensity and the volume of 12RM, the weight
of the bar was adjusted between sets, so that volunteers could completed
the proposed zone of RM. Fact that favored for the SCV group a significant
metabolic demand and declines in the muscular performance over the
sets in both exercises (bench press and incline bench press), thereby
resulting in a lower total volume of load lifted (fig. 2).

Our data corroborate with the ones observed by Ide et al'?, where fast
contraction velocity induces a greater decline in neuromuscular
performance post free weight exercises compared with slow contraction
velocity in resistance-trained men. However, the total volume load that
was performed by the groups was not reported in the study by Ide et al.
(2011).

In conclusion, the results of this study demonstrate that fast
contraction velocity yielded a greater volume of load lifted during
resistance training bout, resulting in a significant loss of muscle strength
post-exercise for upper limbs performed by resistance-trained men.
These data suggest that besides the contraction velocity, the total load
lifted determines the decline of neuromuscular function. Therefore, the
total load lifted should be considered when designing a resistance-
training program for trained men.
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