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ABSTRACT: Resistance training (RT) with blood flow restriction (BFR) has been used to increase muscle 
strength and hypertrophy, however, the best strategy to perform BFR (continuous or intermittent) has not 

yet been established. The aim of this study was to analyze the chronic effect of RT with continuous or 

intermittent blood flow restriction (CBFR or IBFR) on muscle activation. A total of 24 men with RT 
experience were randomly divided into three experimental groups: low-load exercises at 20% of one 

repetition maximum (1RM) combined with CBFR (LL + CBFR), low-load exercises at 20% of 1RM 

combined with IBFR (LL + IBFR), or low-load exercises at 20% of 1RM without BFR (LL). Twelve RT 
sessions were performed for 6 weeks, twice a week. A comparative analysis of the activation of the biceps 

and triceps brachial muscles after the bench press, triceps pulley, and biceps pulley exercises did not 

reveal group × evaluations × sets, group × evaluations, group × sets, or evaluations × sets interactions with 
regard to group, evaluation, or sets (p > 0.05). However, the evaluations showed a significant increase in 

the LI+IBFR group after the 1st, 2nd, and 4th sets (p < 0.05) only with regard to biceps muscle activation. 

It was concluded that the muscle activations of the biceps and triceps are similar with regard to the bench 

press, triceps pulley, and biceps pulley exercises when CBFR is compared with IBFR; however, IBFR 

improved the muscle activation of the biceps brachial only with regard to the front pull down exercise. 

 

Key Words: Electromyography; Therapeutic occlusion; Physical exercise; Resistance training. 
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in the activation of the agonist and antagonist muscles during strength training 
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RESUMO: O treinamento de força (TF) com restrição de fluxo sanguíneo (RFS) tem sido utilizado para o 

aumento da força e hipertrofia muscular, entretanto, ainda não foi estabelecido a melhor estratégia para 
realizar a RFS (contínua ou intermitente). O objetivo do estudo foi analisar o efeito crônico do TF com a 

RFS, contínua ou intermitente, sobre ativação muscular. Participaram do estudo 24 homens com 

experiência em TF que foram divididos aleatoriamente em três grupos experimentais: a) exercícios de 
baixa carga a 20% de 1RM combinado com a RFS contínua (BC + RFSC), b) exercícios de baixa carga a 

20% de 1RM combinado com a RFS intermitente (BC + RFSI), c) exercícios de baixa carga a 20% de 

1RM sem a RFS (BC). Foram realizadas 12 sessões de TF (duração de seis semanas, sendo duas vezes por 
semana). Na primeira e na última sessão foi avaliada a ativação muscular do bíceps e tríceps nos quatro 

exercícios (supino reto, puxada frontal, rosca tríceps e rosca bíceps, respectivamente). Na análise 

comparativa da ativação muscular do bíceps e do tríceps braquial nos exercícios: supino reto, rosca tríceps 
e rosca bíceps, observou-se que não existiram interações entre grupo × avaliações × séries, grupo × 

avaliações, grupo × séries, avaliações × séries, no grupo, nas avaliações e nas séries (p > 0,05); entretanto, 

nas avaliações houve aumento significativo no grupo BC+RFSI, na 1ª, 2ª e 4ª séries (p < 0,05) apenas na 

ativação muscular do bíceps. Conclui-se que a ativação muscular do bíceps e tríceps parecem ser 

semelhantes nos exercícios supino reto, rosca tríceps e rosca bíceps quando comparada a RFS contínua vs. 

intermitente, porém, a RFS intermitente parece melhorar a ativação muscular do bíceps braquial apenas no 
exercício puxada frontal.    

 

Palavras-chave: Eletromiografia; Oclusão terapêutica; Exercício físico; Treinamento de resistência. 
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Introduction 

Low-load (LL) resistance training (RT; i.e., 20-30% of one repetition maximum [1RM]) combined with blood 

flow restriction (BFR) emerged in the 1960s but gained greater notoriety in the 2000s
1
 as an alternative method for 

individuals who cannot perform high-intensity exercises (i.e., ≥ 65% of 1RM). In this context, this training method has 

been shown to effectively increase muscle strength
2-5

, muscular hypertrophy
2,5

, localized muscular endurance
4,6,7

, 

isometric force
8
, and functional capacity

9
. Furthermore, it has been shown to be safe in relation to hemodynamics

10-14
. 

In the last 20 years, this form of intervention has gained more prominence in the academic community, thus, 

several researches have been carried out aiming to understand all the procedures inherent in its application, with respect 

to safety, efficacy and adherence. In this direction, it is observed that studies were developed to understand all the 

methodological procedures involved in the applicability of this training method (i.e., intensity
15

, most efficient cuff 

size
16

, and training pressure
17

. However, BFR mode (continuous or intermittent; CBFR or IBFR)
18-24

 might be the most 

important methodological procedure. Yasuda et al.
24

 compared BFR modes only during the acute phase, and they did 

not observe differences in muscle activation between these modes after performing a unilateral elbow flexion exercise. 

Similarly, Fitschen et al.
19

 showed that CBFR promotes a greater sensation of pain than IBFR and that this 

characteristic can influence adherence to training among individuals, especially those with special needs. 

Therefore, it is relevant to develop an investigation towards the comparison of BFR modes in healthy 

individuals, to later conduct studies in clinical populations. Thus, these data will raise important information for those 

who wish to carry out a training program with this training methodology and professionals who use this method for 

rehabilitation or improvement of physical performance. In addition, a review of the relevant literature verified that the 

chronic effect of RT with CBFR or IBFR has not been investigated with regard to muscle activation after upper limb 

training sessions.  

Considering the above, the present study hypothesized that the modes of CBFR and IBFR would not promote 

significant differences in the activation of the elbow agonist and antagonist muscles. Thus, the present study compared 

the chronic effect of RT with BFR, between continuous and intermittent modes, on the activation of the elbow agonist 

and antagonist muscles in healthy young men. 

 

Materials and methods 

Participants 

The procedures suggested by Beck
26

 were followed to calculate the adequate sample size a priori using the 

G*Power 3.1
25

. Thus, considering a power of 0.8, a significance level of 5% and an effect size (ES) of 0.35, it was 

found that 24 participants would be enough to provide 0.821 statistical power.  

Therefore, 24 men between 18 and 36 years old, with a minimum RT experience of 2 months and a maximum 

of 12 months, participated in this study (Table 1). Participants were eligible for inclusion if they 1) were between 18 

and 40 years old; 2) responded negatively to all items of the Physical Activity Readiness Questionnaire (PAR-Q)
27

; 3) 

had a body mass index (BMI) of less than 30 m
2
.kg

-1
; 4) did not present with a history of musculoskeletal lesions in the 

upper limbs over the last 6 months; and 5) were not smokers.  

After meeting the inclusion criteria and being explained about the risks and benefits of the research, the 

participants signed the informed consent document prepared based on the Helsinki Declaration. The local ethics 

committee approved this study under protocol n° 0476/13 and CAAE: 20355013.2.0000.5188. 
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Table 1. Anthropometric and muscular strength characteristics (1RM) of participants. 

 

 
LL + CBFR 

(9 participants) 

LL + IBFR 

(7 participants) 

LL 

(8 participants) 
p 

Age (years) 26.1 ± 5.0 23.1 ± 5.6 22.2 ± 3.5 0.277 

Body mass (kg) 67.5 ± 9.7 81.0 ± 8.5 78.0 ± 10.9 0.045 

Height (m) 1.71 ± 0.05 1.75 ± 0.08 1.75 ± 0.06 0.443 

BMI (kg.m
2
) 22.8 ± 2.2 26.5 ± 2.7 25.2 ± 2.4 0.054 

PRBFLA (mmHg) 108.8 ± 9.2 117.1 ± 10.3 - 0.090 

Bench press (1RM) 77.6 ± 17.2 75.9 ± 12.4 75.5 ± 11.9 0.808 

Front pull Down (1RM) 69.0 ± 13.0 67.3 ± 14.4 63.8 ± 12.3  0.722 

Triceps pulley (1RM) 31.3 ± 6.8 31.6 ± 4.6 32.3 ± 4.8  0.852 

Biceps pulley (1RM) 34.4 ± 5.9 35.1 ± 8.1 32.7 ± 5.9  0.860 

Note: BMI = body mass index; PRBFLA = mean pressure used in blood flow restriction of the left arm; LL + CBFR = low-load 

combined with continuous blood flow restriction; LL + IBFR = low-load combined with intermittent blood flow restriction; LL = low-
load. 

 

Study Design 

On the first visit to the laboratory, the participants underwent an anthropometric assessment. Five minutes 

later, the BFR point was determined. After another 15 to 20 minutes, participants’ isometric muscle strength (IMS) was 

measured. Three to 5 minutes later, the maximal dynamic muscle strength (1RM) of each exercise (bench press, front 

pull down, triceps pulley, and biceps pulley) was assessed (see Figure 1). The training period lasted 6 weeks, twice a 

week, totalizing 12 sessions. On the first and last sessions, the muscle activation of the four sets was assessed with 

regard to all of the exercises (Figure 1), and the first session occurred 72 hours after the first visit. The three separate 

groups of the study performed the following training protocols: a) LL + CBFR = low-load RT (20% of 1RM) combined 

with CBFR; b) LL + IBFR = low-load RT (20% of 1RM) combined with IBFR; or c) LL = low-load RT (20% of 1RM] 

without BFR. Throughout the study, participants were instructed to refrain from exercising their upper limbs or 

ingesting nutritional supplements. 

 

 

 

Figure 1. Experimental design. 

Note: BFR = blood flow restriction; IMS = Isometric muscle strength; DMS = dynamic muscle strength; BP = Bench press; FP = Front pull down; 

TPU = triceps pulley; BPU = biceps pulley; EMG = electromyography 
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Procedures 

Anthropometry 

A scale with a precision of 0.1 kg (model 7755 - Soehnle Professional
®
, Germany) was used to assess body 

mass, a portable stadiometer with a precision of 0.5 cm (WCS, Cardiomed
®
, Brazil) was used to evaluate height and the 

BMI was subsequently calculated.  

 

Evaluation of BFR 

After the anthropometric measurements the participants were instructed to lie down on their backs and an 

experienced researcher placed a standard blood pressure sphygmomanometer (60 x 470 mm; a Riester pneumatic 

tourniquet komprimeter to restrict blood flow in the limbs) in the region of the axillary fold (right and left arms). 

Sequentially, the cuff was inflated to the point where the auscultatory pulse of the radial artery, which was captured by 

the vascular Doppler probe (MedPeg® DV - 2001, Ribeirão Preto, SP, Brazil), was discontinued and that was 

considered as the BFR pressure (mmHg). For each participant, the cuff pressure used during the exercises was 

determined at 80% of the complete BFR pressure during the resting state
2
. 

 

Maximal Dynamic Muscle Strength (1RM) 

The maximal dynamic muscle strength to determine the training load was assessed by the 1RM test, following 

the recommendations of the ACSM
28

. Thus, all the participants performed the 1RM test across the four bilateral 

exercises (i.e., bench press, front pull down, triceps pulley, and biceps pulley). A recovery time of 5 minutes was 

adopted between each exercise based on the studies by Rodrigues Neto et al.
20-22

. 

 

Surface Electromyography (EMG) 

An electromyography acquisition device (W4X8 model, Biometrics Ltd., UK) with eight wireless channels and 

the following technical characteristics was used to record the electrical signal of the triceps and biceps brachial muscles 

during the execution of the four exercises: 12-bit analog-to-digital (A/D) conversion plate; amplifier gain, 1,000x; 

bandpass filter, 20 to 500 Hz (second-order Butterworth); common mode rejection ratio (CMRR), > 100 dB; signal 

noise rate, < 3 mV root mean square (RMS); and impedance, 10
9
 Ohms. Surface, bipolar, active, and simple differential 

electrodes were used, preamplified 20 times. DataLOG software was used for the sampling and analysis of the signals at 

a sampling frequency of 1,000 Hz. Before the electromyographic signal was captured, trichotomy, abrasion, and skin 

cleaning with 70% alcohol were performed to decrease tissue impedance. 

The capture electrodes were fixed with double-sided adhesive tape, micropore, and elastic bands at specific 

points of each muscle. To ensure that the electrodes were placed at the same points for all evaluations, the volunteers 

were tagged with a long-lasting henna dye, and a new layer was applied when the mark had almost disappeared.  

The entire process for capturing the EMG signals of the biceps and triceps brachial muscles across the four 

exercises was based on the recommendations of the Surface Electromyography for the Non-invasive Assessment of 

Muscles (SENIAM). For the brachial biceps, the electrode was fixed at 1/3 of the distance between the cubital fossa and  

acromium, whereas for the brachial triceps (lateral portion) the electrode was placed at 50% of the distance between the 

posterior portion of the acromion and the olecranum (laterally this point)
29

. The recording of the electromyographic 

signal was stored on a memory card and then analyzed and processed using the DataLog software that came with the 

equipment, considering the RMS of 15 repetitions for each set. 

The electromyographic signal was measured only on the arm that presented greater isometric strength, which 

was measured via a manual dynamometer (CROW
®
, Brazil). For this procedure, the following standardization was 
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adopted. Each participant performed three hand grip attempts on a manual dynamometer in each hand; thus, only the 

limb that presented the greatest isometric strength was considered for electrode placement. The reference electrode was 

fixed at the radial styloid processes, on the arm with less strength. To record the electromyographic signal, the 

participants assumed the correct positions for each of the four exercises. 

For purpose of signal processing and statistical calculations, the mean and RMS peak of the five central 

repetitions (i.e., the 6th, 7th, 8th, 9
th

, and 10th repetitions) were considered for each of the four sets based on the 15 

repetitions performed, and normalization of the EMG signal was performed based on the peak. Regarding the 

windowing time, three seconds (1.5 s for concentric phase and 1.5 s for eccentric phase) were used.  

 

Training Sessions 

A total of 72 hours after the first visit, the participants were randomly divided into three experimental groups: 

a) four exercises at 20% of 1RM combined with CBFR (LL + CBFR); b) four exercises at 20% of 1RM combined with 

IBFR (LL + IBFR); and c) four exercises at 20% of 1RM without BFR (LL). Twelve sessions were performed with the 

following bilateral exercises: bench press (with a conventional bar and calibrated weights), front pull down, triceps 

pulley, and biceps pulley (using conventional equipment). The joint amplitude of the shoulder ranged from 90° to 120° 

for the bench press exercise (lying in the supine position) and from 180° to 45° for the front pull down exercise (sitting). 

The joint amplitude of the elbow ranged from 90° to 0° for the triceps pulley exercise (standing) and from 0° to 145° for 

the biceps pulley exercise (standing). The participants of the three groups completed four sets of 15 repetitions using 

20% of 1RM with 30-second intervals between all of the sets and a 1-minute interval between exercises. The groups 

with BFR used a standard blood pressure cuff (a Riester pneumatic tourniquet komprimeter) to restrict blood flow in the 

in the arms (width 60 mm, length 470 mm), which was placed in the most proximal region. For the LL + CBFR group, 

the cuff was kept inflated between sets; however, it was always deflated at the end of each exercise, whereas the cuff 

was deflated between sets for the LL + IBFR group. The execution speed for the three groups was established at 3 

seconds (1.5 for the concentric muscle action and 1.5 for the eccentric muscle action) controlled by a metronome. 

 

Total Training Volume 

The total volume (VT) of any intervention (12 sessions) was verified by multiplying the load by the number of 

sets and complete repetitions of all of the sessions of the four exercises (sessions x load x sets x repetitions). 

 

Statistical Analysis 

Initially, the Shapiro-Wilk normality test and Mauchly's sphericity test were used. The variables showed a 

normal distribution (p > 0.05); however, because the sphericity assumption was not met, Greenhouse-Geisser correction 

values were adopted (p < 0.05). The characteristics of the sample (age, body mass, height, and BMI), the mean pressure 

used for the BFR of the left arm and the 1RM test of the four exercises (bench press, front pull down, triceps pulley, and 

biceps pulley) were verified with One-way ANOVA. One-way ANOVA with Bonferroni post hoc test was used to 

compare the VT of the exercises between groups. Student’s independent-samples t-test was employed to compare the 

BFR pressures used for the LL + CBFR and LL + IBFR groups. A three-way repeated-measures ANOVA composed of 

group (LL + CBFR vs. LL + IBFR vs. LL) × evaluation (pre-test vs. post-test) × sets (first vs. second vs. third vs. 

fourth), followed by Bonferroni post hoc test, was used to analyze the possible differences in the dependent variable. 

The ES was used to verify the magnitude (trivial < 0.50, small = 0.50-1.25, moderate = 1.25-1.9, and large > 2.0] of the 

significant changes between the assessments of the study groups
30

. The level of significance was set at p < 0.05. All 

statistical analyses were performed using SPSS version 20.0 (SPSS Inc., Chicago, IL). 
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Results 

The analysis of the total training volume of the 12 sessions did not reveal significant differences among the 

groups (LL + CBFR [30,585.6 ± 5,629.1] vs. LL + IBFR [30,251.3 ± 5,236.1] vs. LL [29,447.1 ± 4,724.2], p = 0.902). 

The analysis of BFR measured at the left arm did not reveal a significant difference between the LL + CBFR and LL + 

IBFR groups (p = 0.128). 

 

EMG of the Bench Press Exercise  

The comparative analysis of the muscle activation of the biceps and triceps brachial muscles did not show 

group × evaluations × sets, group × evaluations, group × sets, or evaluations × sets interactions for the group, 

evaluations, or the sets with regard to the bench press exercise (p > 0.05; see Table 2). 

Table 2. Comparison of normalized EMG signal means in the biceps and triceps brachial muscles across the four sets of bench press exercises.  

 

Muscles 

LL + CBFR  

(n = 9) 

LL + IBFR  

(n = 7) 

LL  

(n = 8) 

Pre-test Post-test Pre-test Post-test Pre-test Post-test 

Biceps       

1
st
 Set 0.136 ± 0.05 0.165 ± 0.13 0.181 ± 0.07 0.176 ± 0.08 0.187 ± 0.05 0.170 ± 0.10 

2
nd

 Set 0.122 ± 0.03 0.131 ± 0.07 0.179 ± 0.09 0.154 ± 0.12 0.178 ± 0.04 0.152 ± 0.05 

3
rd

 Set 0.137 ± 0.04 0.139 ± 0.09 0.142 ± 0.04 0.133 ± 0.11 0.196 ± 0.04 0.189 ± 0.10 

4
th

 Set 0.137 ± 0.05 0.140 ± 0.08 0.146 ± 0.04 0.149 ± 0.08 0.187 ± 0.04 0.143 ± 0.04 

Triceps       

1
st
 Set 0.154 ± 0.02 0.184 ± 0.13 0.132 ± 0.05 0.404 ± 0.32 0.160 ± 0.05 0.245 ± 0.07 

2
nd

 Set 0.155 ± 0.03 0.151 ± 0.07 0.159 ± 0.02 0.857 ± 1.81 0.156 ± 0.05 0.208 ± 0.04 

3
rd

 Set 0.152 ± 0.07 0.152 ± 0.07 0.146 ± 0.02 0.529 ± 0.98 0.147 ± 0.03 0.195 ± 0.05 

4
th

 Set 0.150 ± 0.03 0.138 ± 0.08 0.144 ± 0.06 0.462 ± 0.76 0.160 ± 0.03 0.196 ± 0.04 

Note: LL + CBFR = low-load combined with continuous blood flow restriction; LL + IBFR = low-load combined with intermittent 
blood flow restriction; LL = low-load. 

 

EMG of the Front Pull Down Exercise  

The comparative analysis of the muscle activation of the biceps brachial muscle did not show group × 

evaluations × sets, group × evaluations, group × sets, or evaluations × sets interactions for the group or the sets with 

regard to the front pull down exercise (p > 0.05); however, significant interactions were observed for the evaluations (p 

= 0.005). For the effect evaluations, a significant increase was observed only with regard to the LL + IBFR group at the 

1st (p = 0.017, ES = 4.47), 2nd (p = 0.002, ES = 6.07), and 4
th

 sets (p = 0.027, ES = 5.23; see Table 3). The comparative 

analysis of the triceps brachial muscle activation did not find group × evaluations × sets, group × evaluations, group × 

sets, or evaluations × sets interactions for the group, evaluations, or sets with regard to the bench press exercise (p > 

0.05; see Table 3). 

 

 

 

 

 



145 Muscle activation and blood flow restriction 

R. bras. Ci. e Mov 2019;27(3):139-149. 
 

Table 3. Comparison of normalized EMG signal means in the biceps and triceps brachial muscles across the four sets of front pull down exercises.  

Muscles 

LL + CBFR 

 (n = 9) 

LL + IBFR 

 (n = 7) 

LL  

(n = 8) 

Pre-test Post-test Pre-test Post-test Pre-test Post-test 

Biceps       

1
st
 Set 0.152 ± 0.10 0.196 ± 0.17 0.110 ± 0.04 0.289 ± 0.21* 0.160 ± 0.03 0.224 ± 0.13 

2
nd

 Set 0.120 ± 0.04 0.164 ± 0.14 0.129 ± 0.04 0.372 ± 0.26* 0.146 ± 0.07 0.230 ± 0.14 

3
rd

 Set 0.110 ± 0.05 0.141 ± 0.14 0.128 ± 0.04 0.331 ± 0.24 0.152 ± 0.08 0.357 ± 0.49 

4
th

 Set 0.115 ± 0.05 0.128 ± 0.11 0.125 ± 0.03 0.282 ± 0.19* 0.136 ± 0.07 0.211 ± 0.20 

Triceps       

1
st
 Set 0.114 ± 0.02 0.240 ± 0.24 0.209 ± 0.04 0.458 ± 0.38 0.148 ± 0.05 0.232 ± 0.28 

2
nd

 Set 0.114 ± 0.05 0.155 ± 0.12 0.160 ± 0.04 0.212 ± 0.13 0.148 ± 0.07 0.280 ± 0.30 

3
rd

 Set 0.160 ± 0.05 0.164 ± 0.12 0.179 ± 0.05 0.235 ± 0.20 0.142 ± 0.06 0.265 ± 0.22 

4
th

 Set 0.161 ± 0.05 0.173 ± 0.11 0.180 ± 0.03 0.229 ± 0.16 0.148 ± 0.05 0.293 ± 0.95 

Note: * Significant difference when compared with the pre-test; LL + CBFR = low-load combined with continuous blood flow 

restriction; LL + IBFR = low-load combined with intermittent blood flow restriction; LL = low-load 

 

EMG of the Triceps Exercise 

The comparative analysis of the muscle activation of the biceps and triceps brachial muscles did not reveal 

group × evaluations × sets, group × evaluations, group × sets, or evaluations × sets interactions for the group, 

evaluations, or sets with regard to the triceps pulley exercise (p > 0.05; see Table 4).  

 

Table 4. Comparative analysis of the normalized mean EMG signal in the biceps and triceps brachial muscles across the four sets of triceps pulley 

exercises.  

Muscles 

LL + CBFR 

 (n = 9) 

LL + IBFR  

(n = 7) 

LL  

(n = 8) 

Pre-test Post-test Pre-test Post-test Pre-test Post-test 

Biceps       

1
st
 Set 0.338 ± 0.48 0.156 ± 0.08 0.222 ± 0.12 0.282 ± 0.21 0.165 ± 0.10 0.132 ± 0.07 

2
nd

 Set 0.173 ± 0.02 0.145 ± 0.05 0.156 ± 0.02 0.178 ± 0.06 0.165 ± 0.12 0.118 ± 0.07 

3
rd

 Set 0.216 ± 0.12 0.148 ± 0.05 0.161 ± 0.03 0.194 ± 0.04 0.168 ± 0.06 0.181 ± 0.12 

4
th

 Set 0.262 ± 0.273 0.153 ± 0.06 0.175 ± 0.06 0.155 ± 0.05 0.175 ± 0.07 0.202 ± 0.17 

Triceps       

1
st
 Set 0.211 ± 0.05 0.159 ± 0.09 0.184 ± 0.02 0.186 ± 0.18 0.170 ± 0.07 0.203 ± 0.04 

2
nd

 Set 0.208 ± 0.05 0.135 ± 0.06 0.172 ± 0.07 0.164 ± 0.10 0.188 ± 0.03 0.189 ± 0.05 

3
rd

 Set 0.208 ± 0.05 0.151 ± 0.09 0.184 ± 0.02 0.159 ± 0.10 0.160 ± 0.06 0.198 ± 0.05 

4
th

 Set 0.199 ± 0.05 0.146 ± 0.08 0.190 ± 0.02 0.142 ± 0.09 0.192 ± 0.09 0.220 ± 0.06 

Note: LL + CBFR = low-load combined with continuous blood flow restriction; LL + IBFR = low-load combined with intermittent 

blood flow restriction; LL = low-load. 

 

EMG of the Biceps Pulley Exercise  

The comparative analysis of the muscle activation of the biceps and triceps brachial muscles did not reveal 
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group × evaluations × sets, group × evaluations, group × sets, or evaluations × sets interactions for the group, 

evaluations, or sets with regard to the biceps pulley exercise (p > 0.05; see Table 5).  

 

Table 5. Comparison of the normalized muscle activation (EMG) means of the biceps and triceps brachial muscles across the four sets of biceps 
pulley exercises.  

 
LL + CBFR 

 (n = 9) 

LL + IBFR 

 (n = 7) 

LL  

(n = 8) 

Muscles Pre-test Post-test Pre-test Post-test Pre-test Post-test 

Biceps       

1
st
 Set 0.203 ± 0.03  0.217 ± 0.11 0.198 ± 0.03 0.179 ± 0.07 0.184 ± 0.02 0.250 ± 0.19 

2
nd

 Set 0.203 ± 0.04 0.215 ± 0.13 0.235 ± 0.04 0.190 ± 0.07 0.199 ± 0.04 0.241 ± 0.18 

3
rd

 Set 0.206 ± 0.04 0.213 ± 0.14 0.253 ± 0.05 0.212 ± 0.11 0.206 ± 0.04 0.240 ± 0.17 

4
th

 Set 0.214 ± 0.04 0.210 ± 0.12 0.259 ± 0.05 0.228 ± 0.11 0.187 ± 0.08 0.249 ± 0.19 

Triceps       

1
st
 Set 0.182 ± 0.03 0.436 ± 0.59 0.169 ± 0.01 0.207 ± 0.09 0.188 ± 0.11 0.179 ± 0.05 

2
nd

 Set 0.280 ± 0.23 0.192 ± 0.12 0.148 ± 0.02 0.224 ± 0.10 0.156 ± 0.05 0.171 ± 0.05 

3
rd

 Set 0.232 ± 0.20 0.287 ± 0.29 0.169 ± 0.04 0.233 ± 0.10 0.150 ± 0.04 0.206 ± 0.13 

4
th

 Set 0.179 ± 0.03 0.249 ± 0.30 0.255 ± 0.19 0.248 ± 0.14 0.165 ± 0.05 0.227 ± 0.11 

Note: LL + CBFR = low-load combined with continuous blood flow restriction; LL + IBFR = low-load combined with intermittent 

blood flow restriction; LL = low-load 

 

Discussion 

The present study analyzed the chronic effect of RT with CBFR or IBFR on the activation of the agonist and 

antagonist muscles of the upper limbs of healthy men. According to the literature, this was the first study to analyze the 

chronic adaptations of RT combined with CBFR or IBFR on the electrical activity of the upper limbs. The main 

findings were that the BFR modes (continuous or intermittent) were similar regarding the activation of the biceps and 

triceps brachial muscles for the bench press, triceps pulley, and biceps pulley exercises. However, a significant increase 

in biceps muscle activation was observed in the LL + IBFR group among the 1st, 2nd, and 4th sets. 

Although no study had analyzed the chronic effects of CBFR or IBFR on muscle activation, one study 

evaluated the acute effect of strength exercise combined with CBFR or IBFR on muscle activation
24

. Our findings 

corroborate those of Yasuda et al.
24

 and reinforce the present hypothesis because those authors did not find significant 

differences between CBFR and IBFR. In that study, the participants performed only one exercise with unilateral 

execution (arm flexion), the load used was 20% of 1RM, and four sets were performed (30 x 15 x 15 x 15 repetitions 

with 30-second intervals) with a training pressure of 160 mmHg. After analyzing the data of the present study and those 

of Yasuda et al.
24

, it appears that no significant differences exist between CBFR and IBFR, and this finding was 

independent of acute or chronic adjustments, training volume (one vs. four exercises), execution mode (unilateral vs. 

bilateral), and mean restriction pressure (high = 160 mmHg [Yasuda et al.
24

] vs. moderate = 108 or 117 mmHg [present 

study]). 

In this context, Sousa et al.
4
 analyzed the 6-week effect of RT combined with CBFR on the muscle activation 

of the knee extensors across four groups (high intensity, LL + CBFR, high intensity and LL + CBFR, and LL). 

Although these authors did not find differences among the groups, they observed higher values for the two groups that 

used CBFR. Our results corroborate those of that study in that differences among groups were not observed with regard 

to muscle activation, showing higher magnitudes for IBFR. 

In addition, other studies have analyzed the acute effect of strength exercise combined with CBFR on muscle 
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activation
31,32

, observing that BFR increased the muscle activation compared with the condition without BFR, and with 

greater chronic muscle activation during the concentric phase
33

. This increase in muscle activation may lead to acute 

changes that are observed due to the increased volume and swelling of the muscle cell, which might be important 

factors for the promotion of muscle hypertrophy in chronic adaptation
33

. Moreover, this increase in muscle activation 

during CBFR compared with the condition without BFR diverges from our study where no differences were found. One 

possible explanation is that Yasuda et al.
31,32

 analyzed muscle activation in the same participants (crossover study), 

whereas groups were used in the present study. Furthermore, the different physical characteristics of the participants 

might have interfered directly with the electromyographic signal, which is a limitation of the present study. To respond 

to the proposed objective; however, it was necessary to use this study design.  

The increase in the muscle activation of the biceps brachial muscle in the IBFR group seemed to be an 

effective form of intervention and the best intervention using the training method. CBFR and IBFR are similar with 

regard to the neuromuscular adaptations of the muscle activation in its acute
24

 and chronic form, muscular strength and 

hypertrophy
19

, heart rate and double product
22

, and oxidative stress and muscle damage
21

; however, no consistency 

exists with regard to metabolic stress
22,23

. However, IBFR has a lower perception of effort
22,24

 and is associated with 

less pain
19

, which might enable greater adherence and permanence among the people who practice this training method, 

either for rehabilitation or muscular performance. 

Finally, this study has limitations. The muscle activity of the pectoralis and back was not verified because the 

heart beat might have interfered with the electromyographic signal. The BFR pressure used was verified for the dorsal 

decubitus, but the positions of the four exercises were performed in different positions; however, these procedures are 

commonly performed in the literature
2-4,6,8,11,12

. 

 

Conclusions 

The results of the present study showed that CBFR and IBFR appear to generate similar chronic adaptations to 

the activation of the biceps and triceps brachial muscles during the bench press, triceps pulley, and biceps pulley; 

however, IBFR seems to improve biceps muscle activation only for the front pull down exercise. Therefore, research 

should be developed and aimed at comparing the two forms of BFR on the activation of different muscle groups across 

different exercises, intensities, and BFR percentages. 
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