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Abstract – Studies have suggested that benefits from resistance exercise (RE) using 
antagonist muscle pre-activation could be transferred to functional activities. However, 
chronic studies using pre-activation through reciprocal actions in neuromuscular 
performance and functional activities are scarce. The aim of this study is to compare 
the effects of 12 RE sessions using reciprocal muscle actions and a traditional mode on 
functional and proprioceptive performance of young individuals. Forty eight young 
subjects were randomized into two groups: 1) reciprocal training (RT, 3 sets; 10 repetitions; 
knee flexion immediately followed by knee extension), 2) traditional training (TRA, 3 
sets. 10 repetitions; knee extension). Pre and post evaluations were characterized by 
balance tests, hop tests (HT) and ”8” shape circuit (RC8). ANOVA 2X2 of mixed model 
was applied to analyze differences between pre and post-training conditions and between 
groups. For overall and anterior-posterior balance, no significant differences were found 
between RT and TRA (p>0.05). Similarly, no post-training differences were found. 
The medial lateral balance in the dominant limb showed no significant differences in 
post-training for both groups (p = 0.94), but the non-dominant limb showed significant 
differences between groups (p<0.01). In HT, significant post-training increases were found 
within groups (p<0.01), but no differences were found between them (p=0.90). RC8 was 
different between groups (p=0.03), indicating better post-training running time for TRA. 
Resistance exercise caused transfers to balance and functional performance, and training 
with reciprocal muscle actions showed better rates for HT and medial lateral knee balance.
Key words: Functional performance; Knee; Muscle strength; Physical Therapy; Resistance 
exercise.

Resumo – Estudos sugerem que benefícios do exercício resistido (ER) com pré-ativação da 
musculatura antagonista podem ser transferidos para atividades funcionais. No entanto, 
estudos crônicos utilizando a pré-ativação no desempenho neuromuscular e nas atividades 
funcionais são escassos. O estudo teve por objetivo comparar os efeitos de 12 sessões de ER 
com ações recíprocas e um modelo tradicional no desempenho funcional e proprioceptivo de 
indivíduos jovens. Quarenta e oito homens foram aleatorizados em 2 grupos: 1) treinamento 
recíproco (TRE, 3 séries; 10 repetições; flexão do joelho imediatamente seguida pela extensão 
do joelho); 2) treinamento tradicional (TRA, 3 séries; 10 repetições; extensão do joelho). As 
avaliações pré e pós foram caracterizadas por testes de equilíbrio, salto unipodal em distância 
(SUD) e corrida em formato de “8” (CR8). Aplicou-se uma ANOVA 2X2 de modelos mistos 
para analisar diferenças entre as condições pré e pós e entre os grupos. No equilíbrio global e 
anteroposterior, não foram encontradas diferenças significantes entre os grupos TRE e TRA 
(p>0,05). Do mesmo modo, não foram encontradas diferenças pós-treinamento. O equilíbrio 
mediolateral no membro dominante não demonstrou diferenças significantes pós-treinamento 
(p=0,94), mas o membro não dominante demonstrou diferença significante entres os grupos 
(p<0,01). No SUD, houve aumentos significantes pós-treinamento nos grupos (p<0,01), mas 
sem diferença entre ambos (p=0,90). A CR8 apresentou diferença entre grupos (p=0,03), 
com melhor tempo de corrida do TRA pós-treinamento. O ER gerou transferências para 
o equilíbrio e testes funcionais, e o treinamento com ações recíprocas apresentou melhores 
indicativos para o SUD e equilíbrio mediolateral do joelho.
Palavras-chave: Desempenho funcional; Exercício resistido; Fisioterapia; Força muscular; 
Joelho.
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INTRODUCTION 

Resistance exercise (RE) is considered one of the most efficient ways to 
enhance functional capacity of the neuromuscular system. Muscle strength 
gain, improvement in balance and motor coordination are among its 
specific effects1,2. Therefore, the importance of including RE in the context 
of health, human performance and rehabilitation of the musculoskeletal 
function is clear3.

According to Wikstrom et al.4, muscle strength gain resulting from 
RE represents a relevant clinical application as it can promote dynamic 
stability and improve performance. However, in order to obtain such 
benefits, RE must be carried out with the purpose of balancing the agonist/
antagonist muscles of a specific joint. A strategy widely studied over the 
last few years involves the pre-activation of the antagonist musculature5-7. 
Pre-activation can be carried out through previous contraction of the 
antagonist muscular group, immediately followed by contraction of the 
agonist group8,9. In this study, the pre-activation model was adopted as 
training of a reciprocal contraction (TRE) routine. Previous studies have 
shown that individuals who adopt pre-activation obtained acute positive 
effects in generating muscle strength of the agonist group10, and improve 
their performance by generating higher work levels7 and better efficency11. 
However, these results are found either in transversal studies or in short-
term training studies.

According to Zatsiorsky et al.12, the effects of RE on musculoskeletal 
function can be explained as a transference of gains, as demonstrated 
by Wilson et al.13. In their study, Wilson et al. demonstrated that after 8 
weeks of RE in the 1RM test, gains were 21% for crouching exercise, 21% 
for vertical hop performance and 2% for running performance. These 
results show that gains obtained from RE for lower limbs may cause effects 
on other exercise or sport modalities and functional movements. In this 
context, training with antagonist pre-activation could produce positive 
effects related to gain in neuromuscular ability, which is needed by many 
functional activities that require motor control of primary and stabilizing 
muscles14. 

An interesting factor of antagonist pre-activation is the possibility of 
working the entire musculature of a specific joint with equal intensity, 
providing balance in the joints generated during agonist muscle action 
and therefore favoring the improvement of the functional performance. 
However, there is lack of chronic studies that investigate the effects of RE 
with pre-activation on neuromuscular and functional variables. Therefore, 
the aim of this study was to assess the chronic effects of 12 TRE sessions 
with traditional model (TRA) without antagonist pre-activation on the 
functional and proprioceptive performance of young healthy individuals. 
A hypothesis is outlined sustaining that TRE will present higher magnitude 
of transferring the effects using functional and proprioceptive tests, when 
compared to training model without pre-activation (TRA).
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METHODS

Study design
Randomized controlled trial for a period of 6 weeks. Participants were 
randomly assigned into two training groups as shown in Figure 1.

Figure 1. Study flowchart.

Participants 
Sample size calculation was carried out using the GPower software, version 
3.1.9, considering statistic power of 80%, α-value of 5% and moderate size 
of effect, indicating minimum sample of 26 individuals. For this study, 48 
healthy young males were included (age 20.9 ± 2.2 years; height 1.8 ± 0.1 m; 
mass 75.0 ± 8.2 kg). Sample characterization is shown in Table 1. Volunteers 
were recruited at the University Campus by explaining the study objectives 
and showing posters. Subsequently, volunteerś  physical evaluation was 
carried out, followed by conducting the inclusion and exclusion criteria.

Table 1. Characteristics of the study participants, divided into two training groups.  

Variables 
Groups 

p-value
TRE (n = 22) TRA (n = 17)

Age (years) 20.1 ± 1.9 20.2 ± 2.3 0.6 

Height (m) 1.7 ± 0,1 1.8 ± 0.1 0.7 

Mass (kg) 72.2 ± 10.2 71.9 ± 8.0 0.3 

BMI (kg/m2) 23.5 ± 3.3 22.9 ± 2.6 0.5 

TRE: Reciprocal, TRA: Traditional, BMI: Body Mass Index

Evaluated for elegibility
(n=48)

06674234940
Nota
Marked definida por 06674234940
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Inclusion criteria were: being male, aged 18-25 years, not having 
participated in any RE over the last 6 months preceding the beginning 
of the study and to be available for training for a period of 6 weeks. 
Exclusion criteria were: any kind of cardio-respiratory condition, or 
metabolic disease, or osteo-myo-articular back injury, ankle and/or knee 
joint injury, any neurological and/or proprioceptive condition or deficit 
and those who missed two or more training sessions. All volunteers were 
given instructions about the objectives and procedures of the study and 
were invited to participate after signing the free and informed consent 
form, which was approved by the Institutional Ethics Research Committee 
(Process n. 112/12).

Participants were randomly divided into two training groups: 1) 
reciprocal training (TRE, n = 24) or 2) traditional training (TRA, n = 
24). For the randomization process, sealed opaque envelopes containing 
the name of the intervention group were used. Subsequently, participants 
started the study and were given an envelope containing the intervention 
group they were assigned to. A researcher, unaware of the purposes of the 
research, was responsible for the process.

Training Protocol Description 
Participants attended the laboratory twice a week over 6 weeks (at intervals 
of at least 48 hours between each), making up a total of 12 training sessions 
in isokinetic dynamometer. There is consensus in literature indicating that 
the effect of neural and morphological adaptations on strength production 
levels occurs after six weeks, during which a transition between neural and 
morphological training effects occurs. Since literature describes results 
concerning pre-activation in short-term trainings (from 2 to 3 training 
sessions) or transversal studies, our study adopted the minimum time 
required for the stabilization of gains from neural factors (6 weeks).

Training sessions for both groups (TRE and TRA) were characterized 
by 3 series of 10 maximum concentric isokinetic repetitions at 60º.s-1, with 
intervals of one minute between each series15,16, described as follows: 1) 
reciprocal training group (TRE, concentric reciprocal exercise of agonist 
and antagonist knee muscles, characterized by flexion movement of the 
knee immediately followed by its extension at each repetition), 2) traditional 
training group (TRA, only concentric exercise of the knee extensor muscles 
was carried out; knee was flexed in passive mode).

Training was carried out using a Biodex System 4 dynamometer (Biodex 
Medical Systems, Shirley, New York, USA). Calibration was performed ac-
cording to manufactureŕ s recommendations. Participants were positioned 
on a chair, with possibility of free and comfortable flexion and extension 
movement of the knee, where extension was defined as 0° and flexion as 90°, 
using flexion-extension movement amplitude of 80° (excursion from 90° 
to flexion up to 10°). The femuŕ s lateral epicondyle was used as the kneé s 
reference axis of rotation when aligned to the devicé s rotation axis. The 
position of each participant was recorded and repeated on each training 
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day (chair height, chair depth, chair position on the track, dynamometer 
arm and position).  

All participants were trained by the same researcher. During the study 
period, participants were advised not to do any additional resistance ex-
ercise sessions. 

Evaluation procedures
Participants were submitted to motor performance and postural balance 
functional evaluations, which were carried out over three visits to the 
laboratory. In the first visit, familiarization with all tests was carried out, 
and then, after a period of 48 hours, the first evaluation, known as pre-
training evaluation, was conducted. After 48 hours from the last training 
session, post-training session was conducted (Figure 1). 

Initially, the Athlete Single Leg Stability Testing (ASL) was applied 
using the balance platform. The ASL test was carried out in an instability 
condition (level 4), characterized by 2 series of 20 seconds for both lower 
limbs (dominant and non-dominant). The position adopted was with 
supporting leg in a semi-flexed position and the counter-lateral with knee 
flexed at 90º, arms crossed and hands resting on shoulders17. For this study, 
Balance System platform (Biodex Medical Systems, Shirley, New York, USA) 
was used. Calibration was carried out according to manufactureŕ s recom-
mendations. Based on the test, global, anteroposterior and medial-lateral 
balance indexes were obtained.

After a five-minute period, the Hop Test (HT) was applied, in which par-
ticipants were asked to stand on one limb, with counter-lateral knee flexed 
at 90° and hands resting on their hips. After verbal command, participants 
were asked to jump the longest possible distance. The test was repeated 
three times, bilaterally with one-minute intervals between each hop. The 
average values were taken for analysis according to guidelines by Magee 
et al.18. After a five-minute interval, an agility test was conducted, which 
consisted of running into an ”8” shape circuit of 10m long by 4m wide19. 
Participants were asked to run at their highest possible speed. The test was 
conducted once and the time spent, in seconds, was considered for analysis.

A previous study carried out by Ross et al.20 showed interclass 
correlation coefficient (CCI) of 0.92 for the HT test, whereas for the”8” shape 
circuit running test, another study21 obtained 0.87 for CCI. For balance 
indexes, Malaysia et al.22 demonstrated CCI indexes of 0.85, 0.78 and 0.84 
for global, anterior-posterior and medial lateral, respectively, indicating 
high reliability of the balance platform.

Data analysis 
Data were analyzed using the Statistical Package for the Social Sciences 
(SPSS) software, version 21.0. The independent variable used was training 
group (TRA and TRE). Dependent variables were: Unipodal Balance 
Indexes (ASL); Time obtained in the agility test (running in “8”, in seconds) 
and distance in the HT test (in mt). The Kolmogorov-Smirnov test was 
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applied in order to verify data normality assumptions. As assumptions 
were met, parametric tests were applied.

Initially, the t student test for independent samples was applied, aim-
ing to compare the sample characteristics between TRE and TRA groups 
(Table 1). Using the t student test for paired samples, values of dominant 
limb (D) and non-dominant limb (ND) for the balance and jumping tests 
were compared. This analysis showed that only the medial lateral balance 
index presented differences between D and ND limbs, for both groups. 
Therefore, for balance variables, except for the medial lateral, data for the 
dominant limb were used. Finally, Analysis of Variance (ANOVA) 2X2 for 
mixed models was applied in order to verify differences between pre- and 
post-training conditions and between training groups. Significance was 
set at 5% (p<0.05).

RESULTS 

Forty-eight individuals were assessed for eligibility and were included in 
this study. However, during the training period, two participants from the 
TRE group and seven from the TRA group gave up the study. The remaining 
39 participants received the original interventions and were included for 
subsequent analyses (Table 1). 

The values for global and anterior-posterior balance indexes measured 
at pre- and post-training moments are illustrated in Figure 2. For both 
indexes (global and anterior-posterior), intergroup analysis showed 
no significant difference between TRE and TRA (p=0.23 and p=0.70, 
respectively). Similarly, no significant differences were found between 
pre- and post-training moments for TRE and TRA groups (p=0.54 and 
p=0.32, respectively). 

The index values for the medial lateral balance of D and ND limbs 
are shown in Table 3. For D limb, no significant difference was found 
(p=0.94) between pre and post-training moments. Similarly, TRE and TRA 
groups did not show significant differences (p=0.33). However, there was 
a significant difference for the ND limb between pre and post-training 
moments for both TRE and TRA (p<0.01) groups. Figure 3 shows that the 
TRE group presented an increase in the medial lateral balance index, closer 
to the average when compared to the traditional group (which presented 
higher variability). In the intergroup analysis, no significant difference 
between groups was found (p=0.82).

Data concerning HT and agility test (“8” shape running) are shown 
in Table 2. Regarding HT, the comparison between groups showed no 
significant difference (p=0.90). However, significant difference was found 
between pre- and post-training moments, indicating that both TRE and 
TRA had gains on the hop test after training. It was clear that the TRE group 
had higher percentage gains when compared to the TRA group (Table 2)

Regarding the time for the “8” shape running time, the comparison 
between groups showed significant difference (p=0.03) in post-training, 
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indicating a better running time for the TRA group. However, no significant 
differences were found between pre- and post-training moments for any 
of the groups (p=0.74).

Figure 2. Values of Global Balance (A) and Anterior-posterior Balance (B) at pre and post-training moments for reciprocal contraction group (TRE) and 
traditional group (TRA). Normality ranges are presented as mean ± standard-deviation, based on the Balance System platform ś reference data.

Figure 3. Index values of Medio-lateral Balance of dominant limb (A) and non-dominant limb (B) at pre- and post-training moments,for the reciprocal 
contraction (TRE) and traditional (TRA) groups. Normality ranges are presented as mean ± standard-deviation, based on the Balance System platform ś 
reference data (Significant Difference between pre- and post-training moments: *p<0.01).

Table 2. Values for the Hop Test and “8” format circuit in pre- and post-training moments of ST, for reciprocal 
(TRE) and traditional (TRA) groups. Values are shown as mean ± standard-deviation.

Hop Test (m) “8” shape circuit (sec) 

Pre Post Δ% Pre Post Δ%

TRE 1.50 ± 0.17 1.61 ± 0.15* 7.3 8.3 ± 0.6 8.5 ± 1.1 2.4

TRA 1.56 ± 0.22 1.58 ± 0.19* 1.2 8.1 ± 0.4 7.8 ± 0.4 -3.7

TRE: Reciprocal, TRA: Traditional.  Significant difference between Pre and Post- training moments: *p=0.00. 
Significant difference between TRE and TRA groups: ‡ p=0.03.TRA: ‡ p=0,03. Δ%: Percentage variation 
between pre- and post-training moments.
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DISCUSSION 

The aim of this study was to compare the effect of twelve resistance exercise 
sessions of TRE modality with traditional model, regarding the functional 
and proprioceptive performance of young individuals. The results partially 
confirm the initial hypothesis, considering that for the hop test, participants 
achieved longer distances, but both groups were efficient in post-training. 
Moreover, global and anterior-posterior balances were not affected by any 
of the two training modalities. However, significant improvements were 
found on the medial-lateral balance of the ND limb for both groups. For 
the “8” shape running circuit, it was observed that in post-training, TRA 
group obtained better results compared to TRE group.

In this study, 12 RE sessions did not show significant gains in the global 
and anterior-posterior balance, corroborating results found in the study 
conducted by Heitkamp et al.23. However, for global balance, TRE and TRA 
groups showed indexes close to those recommended by the Balance System 
platform. Concerning the anterior-posterior balance, both groups began 
with recommended indexes. However, after intervention, only TRE group 
remained in the normality range. Apparently, the traditional format is not 
interesting when the main focus is to balance the kneé s anterior-posterior 
musculature as only the anterior musculature was trained. These results 
corroborate those presented by a previous study4, which recommends that 
in order to obtain better balance, anterior and posterior muscles should be 
trained at the same intensity.

Paterno et al.17 showed the effect of 6 weeks of RE sessions and 
neuromuscular training, and as in our study, balance evaluations were 
carried out using the ASL test, level 4. The results reported by Paterno 
and colleagues showed significant effects from intervention for global and 
anterior-posterior balance, which can be justified by the training modalities 
used (strength, plyometric and balance exercises), unlike our study. A factor 
that could justify the lack of results could be the fact that in this study, 
the training volume was not adjusted, as the study by Paterno et al.17 had 
a periodicity, in which the training overload was adjusted by evaluators 
according to observations they made in the participantś  evolution. 
Furthermore, in the study by Paterno et al.17, the training consisted of 
exercises aimed at hip, pelvic and thorax muscular groups. On the other 
hand, this study focused on the agonist and antagonist knee musculature. 
This fact by itself imposes a limitation when comparing the results.

Heitkamp et al.23 adopted 2 series of 5 repetitions at 80% of maximum 
repetition with the same intervention time used in this study (12 sessions). 
However, they used isoinertial devices (legpress and a flexing table). The 
authors showed that there was no  significant effect on the dynamic balance, 
corroborating our study. Still regarding the study by Heitkamp et al.23, no 
adjustment was made on exercise intensity. Apparently, an increase in the 
training volume or in the intervention time could cause positive effects 
on balance indexes as the results of the TRE group provided indications 



626

Reciprocal training on functional performance  Cardoso et al.

for better balance in the anterior-posterior direction, in accordance with 
a previous study17.

Previous results regarding the medial lateral balance did not 
show significant gains after resistance exercise for the dominant limb, 
corroborating previous study17. However, significant results were found 
for the non-dominant limb for both groups in post-training, which result 
was not expected. Surprisingly, the results for the non-dominant limb were 
better for the TRE group, considering that the values obtained were close to 
recommendations. In the study conducted by Paterno et al.17, no significant 
results were obtained for the medial lateral balance, and no significant 
difference was found between limbs (D and ND), unlike our results. It could 
be inferred that these differences are due to methodological variations, as 
Paterno et al.17 trained several muscular groups. According to Tessitore 
et al.24, there are differences in the coordination of counter lateral limbs, 
which can be influenced by training. In this case, it can be assumed that 
differences of coordination between dominant and non-dominant limbs 
of our sample could have been affected differently by training.

Concerning HT, both TRE and TRA groups showed significant gains, 
7.3% and 1.2%, respectively. Fitzgerald et al.25 showed that HT is commonly 
used as a representation of physical performance and widely used for 
clinical assessment in order to measure dynamic balance. In turn, Sekiya et 
al.26 reported that HT can provide qualitative data regarding quadriceps and 
hamstring muscular strength. However, there is no consensus in literature 
as to which muscular group becomes more involved in functional activities. 
Li et al.27 showed a correlation between hamstrings during functional 
activities involving the knee joint, whereas other studies28,29 found 
correlation only with the quadriceps musculature. Our results corroborate 
those by Sekiya et al.26, in which jumping gains were observed in TRE and 
TRA groups. These effects demonstrate transference of gains acquired by 
resistance exercise for functional activities, with some indications of higher 
efficiency for TRE group, even though there is no difference in relation 
to TRA group. Apparently, the strengthening of agonist and antagonist 
muscles provides better results for functional exercises such as jumping4,27.

The results for the “8” shape running did not show significant effects 
for TRE and TRA groups after training. However, significant differences 
between groups at the post-training moment could be observed. Pasanen 
et al.28 investigated a muscle warm-up program over 6 months, including 
running techniques, balance jumping and muscle strengthening exercises 
of soccer players. The authors showed significant effects on the “8” shape 
running in accordance with results for TRA group (2.4% reduction in the 
running time), while TRE group showed a 3.7% increase. Thus, traditional 
training produced a better response than reciprocal one, corroborating the 
results by Maynard and Ebben5, who demonstrated that the pre-activation 
of the kneé s flexor muscles produced acute deleterious effects on the agonist 
muscle group (quadriceps). Thus, it could be inferred that the performance 
of activities such as running can benefit from training aimed only at the 
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primary muscular groups (agonist). However, this assumption should be 
confirmed in further studies.

Our study presented some limitations. Initially, it is possible to suppose 
that longer training, over more than 6 weeks, could favor the proprioceptive 
response as there would be higher levels of muscle strength from training 
sessions over 8 weeks or longer. Another limitation was the lack of blind 
evaluators during the evaluation process, which is an issue to be considered 
in future studies using resistance exercise, regardless of exercise modality 
being adopted. The training characteristic, focused on only one joint (knee) 
could also have limited interpretations and results, as both proprioception 
and musculoskeletal function depend on the interaction among different 
kinematic chains. Finally, for future studies, we suggest considering the 
reciprocal action model for longer training protocols and to include exercises 
that involve more muscular groups, mainly ankle, knee and hip joints.

CONCLUSION 

This study showed that resistance exercise provided transference for balance 
and functional tests in a sample of healthy young individuals. Despite the 
absence of significance, training carried out on the reciprocal contractions 
modality showed better indexes for the hop test performance and medial 
lateral balance of the knee. However, exercise modality with no pre-
activation showed better results for running performance. The findings show 
that the use of reciprocal contractions can be included in exercise programs 
that use resistance exercise when the focus is the dynamic joint balance. 
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