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ABSTRACT | Background: Previous studies have shown that preloading an antagonist muscle may increase the acute 
agonist neuromuscular performance. In addition, studies have suggested that very short-term resistance exercise (RE) 
programs may also be useful to increase strength and muscular performance. Objectives: To evaluate the effects of three 
days of RE using a reciprocal action method on the muscular performance of healthy men and to compare these effects 
with those of a traditional RE group. Method: Thirty-three men (21.1 ± 2.3 years) were randomly assigned to one of three 
groups: 1) reciprocal (REC; knee flexion immediately followed by a knee extension exercise); 2) traditional (TRA; non-
preload; a concentric knee extension exercise); and 3) control (CON; no exercise). The REC and TRA subjects performed 
four sets of 10 repetitions at 60°/s with one minute of rest. The pre- and post-RE tests included two sets of four maximal 
concentric repetitions at 60°/s and 180°/s. A 3x2 ANOVA with Tukey post-hoc was used to analyze the differences in 
peak torque (PT), rating of acceleration development (RAD) and time to peak torque (TIME

torque
). Results: A significant 

PT increase was found for REC and TRA (p<0.05) at 60°/s and for REC at 180°/s (p<0.05). There was a decrease in 
the RAD for REC and TRA (p<0.05), and TIME

torque
 showed a significant decrease for REC. The inter-group analysis 

revealed that REC is more effective than TRA for PT gains at both velocities (p<0.05). Conclusion: It is recommended 
that REC offers benefits for the clinical practice of professionals involved in neuromuscular rehabilitation.
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o r i g i n a l 
a r t i c l e

Introduction
Muscular strength gains from resistance exercise 

(RE) programs are responsible for improving 
velocity and movement coordination1,2, in addition 
to promoting balance and functionality3. These 
findings highlight the importance of implementing 
RE in the context of human health, and it is currently 
recommended as part of physical activity programs 
for adults4, seniors4 and heart disease patients4,5. 
Traditionally, an eight-week program is necessary 
to achieve significant and visible improvements in 
strength and muscular performance6, although gains 
can be observed prior to this period7. Several studies 
have focused on the strength gains from short duration 

RE sessions, which vary from two to three sessions 
per week for up to two weeks8-11. Prevost  et  al.8 
found an increase in peak torque (PT) after short-
term training that was similar to the gains achieved 
after 6 to 10 weeks of training. This finding suggests 
the possibility of combining the effectiveness of the 
results provided by RE with a smaller number of 
sessions, which might improve athletic performance 
and achieve rehabilitation of the musculoskeletal 
function. This protocol may make a difference in 
the willingness of individuals who are performing a 
rehabilitation process or training, especially if their 
initial goals are met in a limited number of visits11.
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RE performed in the isokinetic dynamometer 
shows important advantages that can be useful in 
various parts of the evaluation process and during 
rehabilitation. The force exerted by the subject is 
proportionally returned in the form of resistance in the 
isokinetic dynamometer. Therefore, a maximum level 
of muscular performance is required across the entire 
range of motion (ROM). In contrast, the maximum 
tension occurs only at the most favorable mechanical 
point of the ROM12 in isoinertial actions. The analysis 
of muscle function under several conditions and with 
highly reliable measurements makes the isokinetic 
dynamometer a valid and widely used tool in both 
physical therapy and sports16.

The use of reciprocal muscle contractions 
between antagonists and agonists is one of the RE 
methods that has attracted increasing interest for 
rehabilitation, and it consists of performing an 
antagonistic concentric muscle action immediately 
before an agonistic concentric action for each 
repetition of the exercise17-22. Cross-sectional studies 
have demonstrated a greater capacity for work using 
reciprocal action methods18,20,23,24.

Strength gain and improvements in neuromuscular 
performance during the early stages of RE, coupled 
with findings from reciprocal action methods, may 
help health professionals involved in rehabilitation 
and physical performance to design exercise 
prescriptions11,16,25. Therefore, the objective of this 
study was to evaluate the effects of a short-term RE 
program (three sessions) using reciprocal contraction 
on the neuromuscular responses of healthy young 
men compared with a short traditional RE program. 
The hypothesis is that a short-term RE program 
accomplished through reciprocal actions is more 
efficient for strength gain and muscle performance 
than the traditional short-term training carried out 
only by agonist actions.

Method

Sample
Thirty-three male college students who were 

physically active but who had not practiced RE for at 
least six months were recruited. The demographics of 
the participants are shown in Table 1. Volunteers were 
recruited through flyers placed around the campus, 
and verbal invitations were provided in classrooms. 
The following criteria was used for inclusion in 
the study: no cardiorespiratory compromise; no 
musculoskeletal and joint injury; no metabolic 
disease and no participation in any RE program at 
least six months preceding the start of the experiment. 
The participants who met the criteria answered a 
questionnaire on their health. They were then invited 
to participate and signed a consent form that informed 
them of the objectives and procedures used in the 
study, according to resolution 196/96 of the National 
Health Council (Conselho Nacional de Saúde (CNS)), 
approved by the Ethics Committee of the School of 
Health at Universidade de Brasília (UNB), Brasília, 
DF, Brazil, under protocol number 161/2008.

All of the procedures were performed at the 
institutional laboratory between February and May of 
2011. The subjects who were selected to participate 
in the present study were admitted sequentially and 
then randomly divided in three groups: a control 
group (CON), a reciprocal exercise group (REC) and 
a traditional group (TRA). A sealed opaque envelope 
containing several cards with the names of the various 
interventions was used. The names CONTROL, 
RECIPROCAL and TRADITIONAL were used, 
ensuring the confidentiality of the allocation for 
each participant. A researcher who was unaware 
of the goals or purpose of the study performed this 
procedure. Preliminary statistical analysis revealed 

Table 1. Demographic characteristics of the participants. Data are shown as the mean ± standard deviation.

Variable
Experimental Group

p
CON (n=8) TRA (n=11) RA (n=10)

Age (y) 20.88±1.96 20.50±2.76 21.73±2.15 0.48

Height (m) 1.75±0.06 1.78±0.06 1.76±0.05 0.46

Body mass (kg) 75.46±7.99 70.15±9.85 74.70±9.33 0.40

BMI (kg/m2) 24.75±2.62 22.15±2.26 24.07±2.36 0.07

CON: control, TRA: traditional, REC: reciprocal, BMI: body mass index.
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that the anthropometric profile was similar among 
the participants of each group (p>0.05). A schematic 
of the study is shown in Figure 1.

Isokinetic dynamometry
The torque and neuromuscular performance of 

the knee extensors were obtained using an isokinetic 
dynamometer, model Biodex System III (Biodex 
Medical, Inc., Shirley, NY). The calibration and 
positioning procedures followed the manufacturer’s 
specifications. The right lower limb was evaluated, 
as previous studies26 found no difference in the 
isokinetic variables between the dominant and non-
dominant limb of untrained individuals. The subjects 
sat in the equipment chair in a manner that allowed the 
rotational axis of the dynamometer to remain aligned 
with the lateral epicondyle of the femur during the 
tests. The lever arm was adjusted and fixed 5 cm 
above the calcaneus. The chair and dynamometer 
adjustments for each subject were recorded to ensure 
that the position remained constant throughout the 
testing period. The subjects were stabilized in the 
equipment using restraints on their thighs, pelvis 
and trunk to prevent unwanted movement. A gravity 
correction was obtained by measuring the torque 
exerted by the resistance arm and leg of the subject 
(relaxed) in the terminal extension position. During 
the test, the volunteers were asked to keep their 
arms crossed over their thoracic region27. Verbal 
encouragement and visual feedback through the 
dynamometer computer monitor were provided 
to encourage the subjects to reach their maximum 

exertion level. The same investigator performed all 
of the tests for all of the subjects.

Evaluation procedures
Prior to the data collection, the subjects were 

instructed to avoid consuming food or stimulant 
drinks and to avoid performing any strenuous exercise 
throughout the experiment duration. After reading 
and understanding all of the research procedures, 
the volunteers watched a video describing the 
test procedures and exercises. The subjects then 
underwent a familiarization process (Figure 1).

The tests to evaluate PT before and after the RE 
program consisted of two sets of four maximum 
repetitions of isokinetic concentric contractions of 
the knee at 60°/s and 180°/s, with a one-minute 
rest interval between the sets and a two-minute 
rest interval between each velocity28. The rate of 
acceleration development (RAD) and the time to 
reach PT (TEMP

torque
) was only recorded at the lowest 

velocity (60°/s). A ROM of 80º flexo-extension 
(excursion between 10º and 90º relative to a 0º full 
knee extension) was used. All of the evaluations were 
preceded by a series of warm ups, which consisted 
of four submaximal repetitions at 120º/s.

Isokinetic training
The subjects in the reciprocal group (REC, n=11) 

underwent a three-session isokinetic concentric 
reciprocal knee flexors and extensors training 
protocol. The subjects in the traditional group (TRA, 
n=11) underwent a three-session isokinetic concentric 

Figure 1. Experimental design.
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knee extensors protocol. The subjects in the control 
group (CON, n=11) were only subjected to pre- and 
post-training evaluations.

Each training session was separated by an 
interval of 72 hours and consisted of four series of 
ten concentric isokinetic repetitions at 60º/s with a 
one-minute rest interval between sets. The number 
of series and sets followed the recommendations of 
the American College of Sports Medicine for muscle 
strength gain4, and velocity was selected because it is 
often used to assess the isokinetic actions of healthy 
young people29.

Data processing
Data processing was performed using MatLab® 

(version 7.8 release 2009a, MathWorks Inc., USA). In 
the present study, only the repetition with the highest 
PT value was evaluated. The RAD values were 
calculated based on the slope of the velocity versus 
time curve during the initial phase of concentric 
isokinetic contractions. RAD, therefore, represents 
the time taken to achieve the isokinetic phase (which 
is the phase in which the speed of 60º/s was achieved). 
The torque versus time curve was used to calculate 
TEMP

torque
, defined as the time in seconds needed to 

reach the highest torque value. Because no significant 
differences were observed in the anthropometric 
characteristics of the study participants, no data 
normalization procedure was applied30.

Data analysis
Sample size calculation was performed using 

the software G*Power (version 3.1.2; University of 
Trier, Trier, Germany), considering the type one error 
(α=0.05) and the type two error (β=0.20) to detect the 
moderate effect (f2>0.5). The calculations indicated 
that a sample of 33 subjects would be necessary.

Data are presented as the mean  ±  standard 
deviation, and the data normality was verified using 
the Kolmogorov-Smirnov method. The independent 
variables were groups (REC, TRA and CON) 
and time (pre- and post-training). The dependent 
variables were RAD, PT and TEMP

torque
. An analysis 

of variance (ANOVA) mixed model 3 x 2 (protocol 
x time) was used with Tukey’s post-hoc test. The 
Mauchly’s sphericity test was applied, and when 
refuted, the analysis was based on the Greenhouse-
Geisser correction. The adopted significance was 5% 

(p<0.05), and the program used was SPSS (Statistical 
Package for Social Sciences), version 17.0.

Results
A total of 33 eligible subjects participated in 

this study. However, after randomization, three 
subjects who had been allocated to the CON group 
missed the after-test session, and a subject from the 
REC group missed the last training session. All of 
the remaining 29 subjects completed the exercise 
sections as originally assigned and were included in 
the subsequent analyses (Figure 2).

The pre- and post-training PT values (three 
sessions) of RE are shown in Table 2. No significant 
differences (p>0.05) were observed between the 
groups for the pre-test. However, there was a 
significant gain in the PT post-training for the REC 
and TRA groups at 60º/s and for the REC group at 
180º/s (p<0.001). At both of the velocities evaluated, 
a comparison between the groups revealed a higher 
gain in PT in the REC group. After training, the REC 
group showed increases of 6.14% at 60º/s and 9.56% 
at 180º/s, which were significantly superior (p<0.05) 
to the gains of the TRA group (4.47% at 60°/s and 
0.58% at 180°/s).

The pre- and post-test RAD values are shown in 
Table 3. There was a significant difference in RAD 
for the REC and TRA groups (p=0.02) after three 
sessions of RE, with a reduction in RAD. Conversely, 
the CON group showed an increase in RAD during 
the post-test analysis. In the intergroup analysis, a 
reduction in RAD was observed compared to CON, 
which was similar between the training groups 
(p>0.05).

The TEMP
torque

 values are shown in Table 3. It 
was observed that only the REC group reached PT 
significantly more rapidly (p=0.008), with a decrease 
in TEMP

torque
 of 21.8% after three sessions of RE. 

Intergroup analysis revealed that this decrease in 
TEMP

torque
 after the test was significant compared to 

that of the CON group (p=0.009), but the TRA and 
CON groups did not show a difference (p>0.05).

Discussion
The goal of the present study was to evaluate the 

effects on the neuromuscular responses of healthy 
young men of a short-term RE program (three 
sessions) that used reciprocal exercises compared to 
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a traditional short-term RE program. The findings 
of the present study partially support the proposed 
hypothesis, as the REC group showed the highest 
strength gains, especially at the highest speed 
(180°/s). Both the TRA and REC groups were able 
to improve muscle strength and performance (RAD 
and TEMP

torque
) at the lowest speed (60°/s).

In this study, three RE sessions produced 
significant gains with respect to extensor strength, 

thereby corroborating previous studies8,10,11,16. The 
REC and TRA groups showed significant PT gain 
(6% and 4%, respectively) at 60°/s. The gains of 
REC also showed transference to a higher speed of 
180°/s, characterized by a gain of approximately 9% 
in extension strength.

Coburn et al.11 adopted three RE sessions using 
a protocol identical to TRA and with the same 
volume (four series of ten repetitions); however, 

Table 2. The reciprocal (RA), traditional (TRA) and control (CON) groups peak torque (PT) during isokinetic contractions of knee 
extensors performed prior to and after short-term resistance training at 60°/s and 180°/s. Data are shown as the mean ± standard deviation.

  PT (N·m) / 60°/s   PT (N·m) / 180°/s

  Pre-training Post-training ∆% Pre-training Post-training ∆%

RA 239.15±26.34 253.86±43.05 6.14*‡ 162.64±25.15 178.19±26.03 9.56*‡

TRA 206.71±14.76 215.94±14.92 4.47* 153.50±15.20 154.40±18.00 0.58

CON 212.20±30.09 209.36±26.66 –1.33 167.80±16.10 165.10±18.90 –1.60

*Greater than pre-training (p<0.05); ‡ Greater than CON and TRA (p<0.05). ∆%: variation between pre-training and post-training  - 

  −
×    

100post pre
pre

.

Figure 2. Flow diagram of study.
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the velocities were different (30°/s and 270°/s). 
The authors reported that the group trained at 30°/s 
obtained strength gains both at the training speed 
and at 270°/s (24% and 11%, respectively), which 
contradicts our findings for the TRA group, that they 
experienced no gains at the highest velocity. In the 
Coburn et al.11 study, a 40% increase in strength was 
observed only in the group that trained at 270°/s. 
There is a discrepancy between the PT reported by 
Coburn et al.11 and the findings of the present study. 
This discrepancy may be due to the velocity adopted 
in the training portion of the Coburn study (30°/s and 
2700°/s) relative to that of the present study (60°/s). 
In addition, the authors used a two-minute interval 
between sets, which could have allowed a recovery 
of extensor muscles of the knee and favored higher 
rates of PT31, compared to our study, in which the 
participants took only one-minute rest intervals.

Prevost et al.8 observed effects on muscle strength 
from two sessions of isokinetic RE in individuals 
trained at 30°/s and 270°/s, in a knee extension 
protocol that included three sets of ten repetitions. 
However, a gain of 22% in PT was observed only 
for the group that trained at the higher velocity. 
The magnitude of the strength gains achieved in 
Prevost  et  al.8 and Coburn  et  al.11 differ from the 
findings of the present study because controlling 
the acceleration phase of the motion may have been 
overlooked by the authors10. According to Brown 
and Whitehurst10, failure to control the acceleration 
phase may be responsible for differences in strength. 
This parameter was monitored and found to be 
responsive to the short training period in the present 
study. Unlike in the present study, Prevost et al.8 and 
Coburn et al.11 did not carry out familiarization before 
starting the training. It should also be considered that 

Prevost et al.8 did not report any rest intervals between 
sets, which further complicates the explanation of 
the differences in strength gains that were observed.

The findings regarding the time necessary to reach 
PT indicated that the subjects treated with reciprocal 
RE were able to achieve PT 22% faster after three 
sessions. According to Widrick et al.32, adaptations 
to RE are complex because they involve neural and 
peripheral mechanisms, and muscle function can be 
optimized by increasing the contractile ability of the 
muscle fibers (TEMP

torque
). Therefore, pre-stretching 

the knee extensor muscles by bending prior to each 
repetition in the reciprocal action modality may 
be responsible for producing the greatest gains in 
strength and the lowest TEMP

torque
33. One of these 

mechanisms is the storage and reuse of elastic energy 
and potentiation of the muscle contractile elements. 
The findings at 180º/s reinforce this interpretation, 
considering that only the REC group showed a 
significant PT gain after the RE program.

Regarding RAD, significant gains were observed 
in both the REC and TRA groups. Brown and 
Whitehurst10 showed that after two RE training 
sessions at 60°/s and 240°/s, (each with three sets of 
eight repetitions), an increase was generated in the 
rate of acceleration of the inferior limbs. Although 
Brown and Whitehurst10 did not observe an increase 
in strength, RAD and TEMP

torque
 are important 

variables. However, compared to TEMP
torque

, RAD 
represents only the ability to generate velocity and 
acceleration and may indicate qualitative changes, 
such as an increase in motor neuron recruitment or an 
increase in firing frequency. Cormie et al.35 showed 
that the musculoskeletal force-velocity relationship 
represents an important property to determine the 
capacity for potential energy production during a 

Table 3. The reciprocal (RA), traditional (TRA) and control (CON) groups rate of development acceleration (RDA) and time to peak 
torque (TIME

torque
) of the knee extensors performed prior to and after short-term resistance training at 60°/s. Data are shown as the 

mean ± standard deviation.

  RDA (milliseconds) TIMEtorque (milliseconds)

  Pre-training Post-training ∆% Pre-training Post-training ∆%

RA 80±20 70±10 –13.0*‡ 480±62 375±77 –21.8*‡

TRA 80± 10 70±10 –13.0*‡ 493±86 444±77 –9.9

CON 80±10 90±10 13.0* 497±45 511±32 3.0

*Lower than pre-training (p<0.05); ‡ Lower than CON (p<0.05). ∆%: variation between pre-training and post-training - 
  −

×    
100post pre

pre
.
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muscle contraction. One of the factors that determines 
this ability is the muscle fiber shortening velocity, 
which in turn may be enhanced by increased neural 
activation. The findings of this study therefore suggest 
that the neural adaptations resulting from three RE 
sessions generated effects in RAD, but these effects 
were independent of the order of exercise of the 
agonistic and antagonist muscles.

A limitation of our study was the exclusive use 
of 60º/s as the velocity in the analysis of RDA and 
TEMP

torque
. It is possible that an analysis during high 

velocity contractions would have yielded additional 
information on neuromuscular performance. Another 
limitation was the fact that the analysis was focused 
exclusively on the repetitions with higher PT. Perhaps 
the analysis of other variables, such as the total work 
and strength behavior throughout the RE session, 
would have provided a better representation of human 
performance.

The training at 60º/s demonstrated that gain 
can be transferred to higher velocities (108º/s), as 
shown with the REC group. This finding may be 
important because it implies that strength gains 
associated with higher velocities are related to an 
increase in the functional capacity in humans36. 
Therefore, one can expect that reciprocal RE can 
generate functional benefits, such as improvements 
to agility, balance and the activities of daily living 
that require use of the lower limbs. Furthermore, the 
results indicate that gains in muscular performance 
can be achieved even after short periods of training 
and that reciprocal contraction can bring additional 
benefits to neuromuscular performance. Future 
studies are needed to verify the effects of this type 
of RE on the performance of functional tests that 
are used in clinical practice. Furthermore, a study 
of the benefits of training with eccentric actions on 
a reciprocal mode would be interesting (considering 
the importance of eccentric action for the knee flexors 
and extensors) while performing daily activities, such 
as sitting and descending stairs.

Conclusions
Both training methods were effective at improving 

muscle strength and performance at the training 
velocity examined (60°/s). The reciprocal action 
protocol produced the greatest strength gain at 
the highest velocity of muscle action (180°/s). 
These findings suggest that reciprocal action is an 

advantageous protocol for both rehabilitation and 
sports. Further studies using muscle activation and 
co-activation are important to better understand the 
benefits of reciprocal action exercises in improving 
neuromuscular responses.
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