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The influence of resistance exercise with emphasis on
specific contractions (concentric vs. eccentric) on muscle
strength and post-exercise autonomic modulation:
arandomized clinical trial

Mariana O. Gois!, Fernanda A. S. Campoy?, Thamara Alves?,
Roseana P. Avila?, Luiz C. M. Vanderlei?, Carlos M. Pastre!

ABSTRACT | Background: Compared to eccentric contractions, concentric contractions result in higher cardiovascular
stress. However, we do not know how these two types of contractions influence cardiac autonomic modulation during the
post-exercise recovery period. Objective: to compare the effect of resistance training that is performed with concentric
vs. eccentric emphasis on muscle strength and on post-exercise recovery which was assessed by examining heart rate
variability (HRV), for the knee extensor muscle group in young healthy adults. Method: For this study, 105 men between
18 and 30 years of age were randomized into 4 groups: concentric control (CONCC), eccentric control (ECCC), concentric
training (CONCT) and eccentric training (ECCT). The CONCC and ECCC groups underwent one session of resistance
exercise (RE) using the knee extensor muscle group (3 sets of 1 repetition at 100% of the maximal repetition [IMR])
and the CONCT and ECCT groups performed 10 training sessions. The HRV was analyzed at baseline and across four
recovery periods (T1, T2, T3 and T4). Results: The ECCT group exhibited increased muscle strength at the end of the
study. Regarding cardiac autonomic modulation, the CONCC and ECCC groups exhibited increases in overall variability
(SDNN and SD2) at T1 compared to baseline, and the ECCT group demonstrated increases in variables reflecting vagal
modulation and the recovery process (RMSSD, SD1 and HF [ms?]) at T1, T2 and T4 compared to baseline. Conclusions:
Resistance training with emphasis on eccentric contractions promoted strength gain and an increase in cardiac vagal
modulation during recovery compared to baseline.
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Introduction

Exercises with an emphasis on concentric or
eccentric contractions have been studied in relation to

lower motor activation for the equivalent muscle
strength output due to the stimulation of the elastic

outcomes such as increased strength, cardiovascular
adaptation and the induction of tissue damage'*.
Currently, most studies show that eccentric
resistance exercise (RE) is more advantageous than
concentric RE when considering the consumption
of ATP, lactate concentrations and muscle strength
output’. On the other hand, concentric RE results
in higher heart rate (HR) and blood pressure (BP)
values due to increased activation of the motor
units, resulting in greater cardiovascular stress when
compared to eccentric contractions, which produce

components present in the muscle-tendon units>*.
This evidence suggests that concentric and
eccentric muscle actions influence clinical and
functional responses, particularly the behavior of
the cardiac autonomic nervous system (ANS). Given
this influence, outcomes related to post-exercise
recovery should be studied. Having control of
the post-exercise recovery period may reduce the
risk of deleterious effects from the exercise and
ensure the most appropriate exercise prescription.
Studies®!" indicate that during the post-RE recovery
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process, there is a predominance of sympathetic
and a reduction of parasympathetic autonomic
modulations that may be associated with increased
cardiovascular risk®'.

Despite the importance of the post-exercise
recovery process, our literature review did not
identify any studies that evaluated cardiac autonomic
modulation after exercise with emphasis on concentric
and eccentric contractions. Therefore, observing the
relationship between muscle strength gain and the
cost of post-exercise recovery seems pertinent.
Thus, the objective of this study was to compare the
effect of resistance training that is performed with
concentric vs. eccentric emphasis on muscle strength
and post-exercise recovery, assessed by examining
cardiac autonomic modulation, for the knee extensor
muscle group in young healthy adults.

Method

Study population and eligibility criteria

For the purposes of this study, data from 105 healthy
men between 18 and 30 years of age were analyzed
and they were classified as physically active using
the International Physical Activity Questionnaire
(IPAQ)". The objectives and procedures of the
study were discussed with all of the participants,
and individuals signed a consent form after agreeing
to participate. All procedures were approved by the
Research Ethics Committee of Universidade Estadual
Paulista Julio de Mesquita Filho (UNESP), Presidente
Prudente Campus, under protocol number 20/2010.

The inclusion criteria were the absence of known
cardiovascular, respiratory and/or metabolic diseases,
non-alcoholic, non-smoking, no musculotendinous or
osteoarticular injury episodes of the lower limbs and/
or spine in the last year and not having participated
in a weight-training program for at least six months.

The participants were instructed to not consume
any food and/or drinks containing caffeine for 24
hours before each session and to not dramatically alter
their daily activities but, if they did so, to inform the
researchers. A week before the start of the exercise
protocols, testing and familiarization were carried
out on the equipment and with the exercises to be
performed in each group. Data collection took place
in a room with controlled temperature (21 to 23 °C)
and humidity (40 to 60%), and the records were
collected between 18 and 21 hours.

Resistance exercise and cardiac modulation

Allocation and groups

The participants were randomized into four groups
according to the flowchart below (Figure 1). The two
control groups underwent only one session of RE.
The concentric control group (CONCC) performed
RE with a predominance of the concentric phase,
and the eccentric control group (ECCC) performed
RE with a predominance of the eccentric phase. The
two training groups performed RE training, with
the concentric training group (CONCT) performing
training with a predominance of the concentric phase
and the eccentric training group (ECCT) with a
predominance of the eccentric phase. For all groups,
the knee extensor muscle group was used to perform
the exercises.

1MR Test

Before beginning the protocol, one week was
allocated to performing the IMR test to measure the
maximum repetition weight for the participant. The
test was performed on a weight machine (Ipiranga
equipment, Academia Hard line), and the maximum
load, in kilograms, that each individual could achieve
during knee extension was determined to ascertain
training loads and those for the single RE session.
The test began by using a weight equal to 50% of
the body mass of the individual, and increments
of 30% of this value were applied; the perceived
strength of the individual was also considered. The
test was completed when the volunteer reached his
maximum load when executing the knee extension
movement without mechanical failure. No more than
five attempts to establish the maximum load were
permitted. If this occurred, the test was considered
invalid, and the volunteer was given the test on
another day'*.

If attempts at increments of 30% were higher
than the volunteer could achieve, the increment was
reduced to intermediate values (intervals of 5 kg).
If the subject reached values close to his maximum
capacity and responded favorably to the slightly
increased load, the load was increased using these
intermediate values.

The IMR test was performed with the volunteer’s
non-dominant limb because, as suggested by
Gleeson et al.'®, the dominant limb may be influenced
by concentric and eccentric physical exertion
performed during activities of daily living, enhancing
the effect of muscle strength gain. The IMR test and
exercise sessions were performed on the same weight
machine. During these sessions, individuals were
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Assessed for eligibility (n=105)

Excluded (n=25)
Enroliment
— * Not meeting inclusion criteria (n=0)
+ Declined to participate (n=3)
* Otherreasons (n=22)
Randomized (n=105) ‘
Allocation Allocated to intervention (n=54) Allocated to intervention (n=51)
Acute concentric exercise Acute eccentric exercise Concentric Training Eccentric Training
(CONCC) (n=30) (ECCC) (n=24) (CONCT) (n=27) (ECCT) (n=24)
Follow-up Discontinued intervention (n=0) Discontinued intervention (n=3)

Analysed (n=39)
Analysis Excluded from analysis (series with less
than 95% of sinus beats) (n=15)

Analysed (n=41)
Excluded from analysis (series with less
than 95% sinus beats) (n=7)

Figure 1. Flow of participants throughout the study.

secured using Velcro straps on the trunk and thighs
to decrease compensatory movements.

Muscle strength

Muscle strength was evaluated using the IMR test,
as described above. The evaluation of muscle strength
was performed before and after the end (96 hours) of
both exercise protocols.

Protocols

The CONCC and ECCC groups underwent only
one RE session, which corresponded to three sets of
one repetition at 100% of 1MR. The CONCT and
ECCT groups underwent ten sessions of RE training,
with gradual incremental adjustments.

The prescription dynamic was based on the
classical form of increasing loads, respecting the
volume by intensity interdependence proposed by
Chiesa'® and adapted for evolution over ten sessions,
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performed thrice weekly, with an interval of 48 hours
in between them.

Sessions 1 and 2 comprised three sets of eight
repetitions at 80% of 1MR, with 3 minutes of rest
between each set; sessions 3 and 4 comprised three
sets of six repetitions at 85% of 1MR, with 2 minutes
of rest between each set; sessions 5 and 6 comprised
three sets of four repetitions at 90% of 1MR, with
1 minute and 30 seconds of rest; sessions 7 and 8
comprised three sets of two repetitions at 95% of
IMR, with 40-second rest intervals, and sessions 9
and 10 comprised three sets of one repetition at 100%
of IMR, with 20-second rest intervals.

Description of the exercise

Each group was asked to perform a contraction of
the quadriceps muscle at different contraction speeds
so that one phase, concentric or eccentric, would
predominate. For the CONCC and CONCT groups,



the participants performed knee extensions beginning
at 90° of flexion with the non-dominant lower limb.
The muscle contraction was to occur over 3 seconds,
until the full range of motion (ROM) was complete.
The return of the limb to its original position occurred
over 1 second.

The individuals in the ECCC and ECCT groups
performed the knee extensions beginning at 90° of
flexion over 1 second, and the eccentric contraction
during flexion occurred over 3 seconds.

Heart rate variability

To capture the RR intervals (iRR), a Polar brand
heart rate monitor (model S810i, Polar Electro,
Finland) was used. This equipment has been
previously validated'’. Before the single session of
control groups and final session, 10®, of training
groups, participants remained at rest, breathing
spontaneously and in a supine position for 20 minutes,
to collect the baseline HRV. After the baseline HRV
measurements, participants performed the exercise
session and continued to be monitored during post-
exercise recovery while breathing spontaneously and
in a supine position for 45 minutes.

The data obtained were initially subjected to digital
filtering performed using the software from the Polar
Precision Performance, version 3.0 device. Only
series with more than 95% of the sinus beats were
included in the study. Subsequently, manual filtering
was conducted, characterized by visual inspection of
the iRRs and exclusion of abnormal intervals, and
series with 256 beats were analyzed by Kubios HRV
software'®. Five windows were selected for analysis:
baseline (pre-exercise), T1, T2, T3 and T4. The first
recovery window (T1) was started 2 minutes after
stopping the exercise. To form this first window, 256
beats were counted. The T2 recovery window began
soon after the end of T1, again selecting 256 beats.
The same procedure was repeated with windows T3
and T4, which began after the end of the 256 beats
of windows T2 and T3, respectively.

Linear methods

The indices analyzed in the time domain were the
SDNN, which is the standard deviation of all normal
iRR, and the RMSSD, which was calculated by taking
the square root of the sum of the squared differences
between the iRR on record, divided by the number of
iRR at a particular time minus one iRR. Both indices
were expressed in milliseconds®.

Resistance exercise and cardiac modulation

In the frequency domain, the low frequency (LF
[0.04 to 0.15 Hz]) and high frequency (HF [0.15 to
0.4 Hz]) spectral components were analyzed and
expressed in ms? and normalized units (nu). Spectral
analysis was performed using Fourier’s fast transform
algorithm'.

Nonlinear methods

For the nonlinear methods, the standard deviation
of the instantaneous beat-to-beat variability (SD1) and
the standard deviation of the long-term continuous
iRR (SD2) were analyzed using a Poincaré Plot".

Data analysis

A Shapiro-Wilk test was used to determine the
normality of the data distributions. The strength
measurements, anthropometric variables and ages
were compared between groups using a Student’s ¢
test for parametric data and a Mann-Whitney test for
nonparametric data.

For comparisons between contractions (concentric
vs. eccentric), groups (control vs. training) and time
(baseline vs. T1, T2, T3 and T4), repeated measures
analysis of variance (ANOV A) was used. Parametric
analyses were used for the SDNN, RMSSD,
SD1, SD2, LF (nu), and HF (nu) variables, and
nonparametric analyses were used for the LF (ms?)
and HF (ms?) variables, in a two factor scheme,
complemented with the SNK (Student-Newman-
Keuls) and Dunn tests, respectively.

A power analysis was performed to calculate the
sample size based on a pilot study. For this analysis,
the primary variable (muscle strength) was expected
to have a gain of 6 kg and a standard deviation of 7.
The power analysis thus indicates the need for 21
participants per group to achieve 80% power. All
tests were performed with a significance level of 5%.

Results

Table 1 presents the participants’ anthropometric
variables, age and strength measurements. The IMR
test revealed an increase in muscle strength at the
final timepoint in relation to the baseline for the
ECCT group.

Tables 2, 3 and 4 show the behavior of the HRV
indices during the recovery period in all groups.
No significant differences were observed between
concentric and eccentric actions at any time analyzed.
For the ECCT group, increased RMSSD, SD1 and
HF (ms?) were observed at times T1, T2 and T4
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compared to baseline, showing better recovery of
cardiac autonomic modulation in this group.

Discussion

The results of this study suggest a greater strength
gain and better post-exercise recovery for the group
that underwent training with emphasis on eccentric
contraction. Regarding strength gain, there was
significant difference for the ECCT group when
comparing the starting (50+11) and end (55+11)
times. Note that the findings of this study relating
to strength gain corroborate those in the scientific
literature. Despite the short training period (ten
sessions), it is noteworthy that the gain in the training
group was approximately 5%. Hortobagyi et al.?°
observed that, after 12 weeks of eccentric and
concentric isokinetic training, eccentric strength
increased. According to the authors, this increase in

Table 1. Participant characteristics.

strength is related to hypertrophy of type II muscle
fibers and greater neural activation.

Aagaard et al.”' also identified increased quadriceps
muscle strength and increased neuromuscular
activation after 14 weeks of eccentric training
compared to concentric. This type of stimulation
appears to promote increased neural drive and greater
efficiency in fiber recruitment patterns. The increases
in strength gains after eccentric training compared to
concentric training seem to be well described in the
literature. However, the speed of contraction may
have also contributed to this finding because greater
strength development can be observed at lower
contraction velocities, according to Corvino et al.?2.

Importantly, despite the fact that the studies cited
had longer training times than those used in the
present study, the ten sessions of resistance training
were sufficient to show increases in muscle strength
for the exercise group that emphasized eccentric
contractions. Thus, this working model is proposed as

Control Training
CONCC (19) ECCC (20) CONCT (21) ECCT (20)
Age (years) 22+3 21+2 20+3 21+2.5
Weight (kg) 70+11 76x11 709 74+12
Height (cm) 173+6 1779 173+6 176+8
BMI (kg/m?) 23.3%£3.9 24.4+2.7 23.4+2.8 23.7£3.5
IPAQ (min/week) 360+25 362+21 358+19 359+24
Initial IMR (kg) 4716 47+13 4610 50«11
Final IMR (kg) 45+17 4615 48+11 55+11*

CONCC: concentric control; ECCC: eccentric control; CONCT: concentric training; ECCT: eccentric training. IMR: one maximum repetition;
BMI: body mass index; min: minutes. *: significantly different than the initial IMR of the ECCT group.

Table 2. Mean and standard deviation values of the SDNN and RMSSD by group and time of analysis.

Baseline T1 T2 T3 T4
CONCC 48+14 87+£23% & 53+15 58+18 62+15*
ECCC 49+15 87+26* # 53+17 59+16 6019
SDNN (ms)
CONCT 56+18 58+19 6122 56+16 57+15
ECCT 48+14 54+12 61+10* 59+18* 61x+14*
CONCC 40+17 47+18 46+16 48+18 46+16
ECCC 45+20 50+21 53+25 51+24 50+25
RMSSD (ms)
CONCT 43+17 51+24%* 47+20 4420 43+18
ECCT 38+15 47+16%* 44+16%* 43+15 45+13%*

CONCC: concentric control; ECCC: eccentric control; CONCT: concentric training; ECCT: eccentric training. * p<0.05:

versus baseline; ¢ p<0.05: versus CONCT; # p<0.05: versus ECCT.
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Table 3. Mean and standard deviation values of SD1 and SD2 by group and time of analysis.

Baseline T2 T3 T4
CONCC 30+12 34+13 36x18 35+13 32+11
ECCC 33+14 35+15 37x18 36x17 35+17
SD1 (ms)
CONCT 31x12 36x17* 33x14 31x14 30+13
ECCT 27+11 34+11% 3111 30x11* 3249%
CONCC 6019 116£36* o 65+22 70+£20 79+21%*
ECCC 55+17 118+41* # 62+18 76x+19* 75+23%
SD2 (ms)
CONCT 6620 73+23 72+20 72+20 75x19
ECCT 6522 67+15 76+18 7825 80+£21*

CONCC: concentric control; ECCC: eccentric control; CONCT: concentric training; ECCT: eccentric training. ¢ p<0.05: versus CONCT; #

p<0.05: versus ECCT.

Table 4. Median, minimum, maximum, mean and standard deviation of the spectral components of HF and LF expressed in normalized

units and ms? by group and time of analysis.

Baseline T1
CONCC 527 (130;2233) 758 (151;2621)
ECCC 617 (38;5011) 691 (150;2951)
HF (ms?)
CONCT 482 (140;2681) 736 (110;3049)
ECCT 425 (50;1514) 685 (1360;2771)*
CONCC 433 (209;2550) 908 (180;4747)
ECCC 813 (60;3546) 824 (1560;2494)
LF (ms?)
CONCT 756 (18;2252) 816 (1080;2373)
ECCT 577 (2360;1464) 762 (258;2038)
CONCC 53+14 518
ECCC 56+18 53+11
LF (nu)
CONCT 59+14 56x14
ECCT 54+14 5112
CONCC 46+14 47+11
ECCC 44+19 47+11
HF (nu)
CONCT 39+11 45+15
ECCT 42+11 47+14

T2 T3 T4
689 (175;:2076) 871 (167:1950)  683(245;2048)
787 (1050;2853) 666 (1230:3300) 626 (910:4683)
613 (96:2175) 505 (84:2258) 599 (144:2468)

685 (125;1577)*
760 (183;1963)

549 (138;1906)*
756 (197;2117)

807 (105;2299)*
881 (4010;4348)

511(196;2936) 969 (2050;5388) 1061 (109;3181)

1035 (120;4221) 789 (217;4423) 920 (110;5625)

913 (238;3384) 901 (1960;2431) 1052 (1950;3068)
52+13 55+15 59+16
49+14* 56x14 62+14
62+12 62+15 62+17
56+14 60+£12% 5711
47+14 47+13 40+16
50+15 45+14 39+17
42+13 38+14 38+17
43+11 41x15 44+18

CONCC: concentric control; ECCC: eccentric control; CONCT: concentric training; ECCT: eccentric training. HF: high

frequency; LF: low frequency. *p<0.05: versus baseline.

a useful method to achieve early strength gains with
a lower amount of work, which may be of interest
in clinical practice, particularly when designing
rehabilitation programs.

When post-exercise recovery processes are the
object of study, the behavior of the parasympathetic
modulation should be considered. In this regard, for
the analyzed indices that reflect vagal modulation,
no difference was observed between the groups
(control vs. training). However, when analyzing

recovery, the control group demonstrated no clear
recovery response, while this response was evident
in the training groups. The prevalence of a recovery
response was highest in the group given eccentric
training. Higher RMSSD, SD1 and HF (ms?) values
were observed for the ECCT group recovery times
compared to baseline.

It is difficult to compare these findings with
the literature because the present study is the first
to evaluate cardiac autonomic modulation during
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the recovery period after concentric and eccentric
actions. The literature review only revealed studies
that examine the effect of training on the behavior
of HRYV, i.e., the adaptation process>?, and not
its behavior as a marker of recovery. This was
particularly true for studies that considered types of
exercises with different dynamics.

The indices reflecting overall variability!'**
(SDNN and SD2) show an increase in the first
window of recovery (T1) for the control groups. By
observing the indices as a whole, it seems that such
behavior is due to an interaction of sympathetic and
parasympathetic components, both of which were
increased at T1 for the CONCC and ECCC groups.
Some authors®!! have observed a predominance
of sympathetic modulation when analyzing HRV
indices in the frequency domain after acute RE
stimulation. Heffernan et al.” observed a decrease in
the HF index (nu) and an increase in LF (nu) after
RE and endurance exercises, but greater reductions
in total power were observed only after RE.
Rezk et al."”and Andrade Lima et al.'' also observed
a predominance of sympathetic modulation and a
reduced parasympathetic modulation after global
upper limb (MMSS) and trunk RE, respectively,
performed at different intensities.

It should be noted that the aforementioned
studies do not evaluate the two types of contractions
in isolation, which makes further comparison
impossible. They also differ from the present study in
relation to the number of groups of muscles involved,
exercise intensity and volume of work, factors that
directly influence the behavior of cardiac autonomic
modulation after exercise.

In summary, when observing cardiac autonomic
behavior during the post-exercise recovery process,
groups that underwent only one exercise session
showed increased overall variability in the first
window of recovery, and the groups that underwent
training, especially the ECCT group, showed better
values on indices that reflect vagal modulation
(RMSSD, SDI1 and HF) in the recovery windows
when compared to baseline. It is therefore suggested
that eccentric training leads to positive adaptation
in cardiac vagal control and offers better recovery.

One limitation of this study that should be noted
is the posture of the participants when the heartbeats
were recorded. At both the baseline and recovery
times, participants were in a supine position when the
heartbeats were recorded, which did not permit the
analysis of immediate cardiac autonomic modulation

Braz ] Phys Ther. 2014 Jan-Feb; 18(1):30-37

after exercise to evaluate vagal reentry because the
exercise was performed in a seated position. The
findings of this study suggest that the analysis of
post-exercise recovery periods based on HRV indices
should be considered, especially those that reflect
parasympathetic activity. Although there are no
differences between contraction types, an exploration
of different stresses or pathological conditions may
provide interesting findings and therefore reveal risks
or safety issues for conducting workouts of any type.

Conclusion

In conclusion, the findings of this study suggest
that resistance training performed with an emphasis
on eccentric contractions promoted strength gains
and increases in cardiac vagal modulation during the
recovery process compared to the baseline condition
and that there are no differences in HRV indices
between contraction types across the times analyzed.
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