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In order to ascertain whether differing structural mechanisms could underlie blood fl ow restricted training (BFRT) 

and high intensity training (HIT), this study had two aims: (i) to gain an insight into the acute variations of muscle 

architecture following a single bout of two different volumes of BFRT, and (ii) to compare these variations with 

those observed after HIT. Thirty-fi ve young men volunteered for the study and were randomly divided into three 

groups: BFRT low volume (BFRT LV), BFRT high volume (BFRT HV) and traditional high intensity resistance 

training (HIT). All subjects performed a bilateral leg extension exercise session with a load of 20% of one repetition 

maximum (1RM) in the BFRT groups, whereas the load of the HIT group was equivalent to an 85% of their 1RM. 

Before and immediately after the exercise bout, ultrasound images were taken from the rectus femoris (RF) and the 

vastus lateralis (VL). All groups increased their RF (p < 0.001) and VL (p < 0.001) muscle thickness, while the 

increases in pennation angle were larger in HIT as compared to BFRT LV (p = 0.013) and BFRT HV (p = 0.037). 

These results support the hypothesis that acute muscle cell swelling may be involved in the processes underlying 

BFRT induced muscle hypertrophy. Furthermore, our data indicate differing structural responses to exercise between 

BFRT and HIT.
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The contractile properties of the muscle, such as contraction speed or force generating 

capacity are infl uenced by muscle architecture (3, 12). In this sense, long-term traditional 

high intensity training (HIT) is known to increase muscle pennation angle and cross-sectional 

area (CSA), while reducing fascicle length. Similarly, a single bout of cycling exercise (4) or 

repetitive jumps (11) have shown to acutely increase muscle thickness and fascicle’s 

pennation angle. One repetition maximum (1RM) is defi ned as the maximum amount of 

weight that one can lift in a single repetition of a given exercise. In this sense, the fact that a 

mechanical load of at least 70% 1RM should be used to induce increases in CSA and 

pennation angle following HIT has long been demonstrated (6). However, there is increasing 

evidence indicating that loads as low as 20% 1RM combined with blood fl ow restriction may 

also result in skeletal muscle hypertrophy (19).

Several mechanisms have been proposed to explain the skeletal muscle hypertrophy 

observed following low intensity blood fl ow restricted training (BFRT). In this sense, low 
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intensity BFRT has shown to stimulate muscle protein synthesis 3 h after the exercise (8, 9) 

and to acutely reduce proteolytic transcriptions (20). Other explanations, such as acute 

muscle cell swelling have also been proposed (2, 16). Muscle cell hydration state may act 

both as an anabolic proliferative stimulus when the cell swells and as a catabolic signal when 

the cell shrinks (10). Cell swelling can be indirectly measured through variations in muscle 

thickness or muscle volume. In line with this, Fry et al. (8) have reported acute increases in 

leg circumference after an acute bout of low intensity BFRT. This increment was signifi cantly 

greater than that observed in the control group, which performed the same exercise without 

blood fl ow restriction. Similar results have been obtained after a single bout of BFR walk 

training (23).

However, to our knowledge, there is no study that has assessed the variations of fascicle 

arrangement after a single bout of low intensity BFRT. Also, the acute structural response of 

the muscle may differ between low load BFRT and traditional high intensity resistance 

training. Understanding the acute structural response to a low intensity BFRT protocol may 

help us to gain valuable insight into the physiological processes underlying BFRT-induced 

muscle hypertrophy. Thus, the purpose of this study was twofold, (i) to gain an insight into 

the acute variations of muscle architecture following a single bout of two different volumes 

of BFRT, and (ii), to compare these variations with those observed after HIT.

Materials and Methods

Subjects

Thirty-fi ve young, physically active males volunteered for the study. None of them was 

currently undergoing regular resistance training. All subjects that presented with 

cardiovascular, metabolic or musculoskeletal diseases that would hinder their ability to 

perform high intensity resistance training were excluded from the study. All subjects were 

informed about the risks and benefi ts that could be derived from their participation in the 

experiment. Written informed consent was obtained from all subjects prior to participation. 

The study received approval from the University’s Institutional Review Board for the use of 

Human Subjects and was conducted according to the Declaration of Helsinki. 

Experimental procedure

All subjects underwent a familiarization session prior to the experiment. After familiarization, 

subjects attained at the laboratory on two different occasions, separated by three days at least. 

During the fi rst session, the leg extension concentric 1RM was obtained for all subjects. 

Then, the sample was randomly divided into three groups: low intensity (20% 1RM), low 

volume blood fl ow restricted training (BFRT LV); low intensity, high volume blood fl ow 

restricted training (BFRT HV) and HIT (85% 1RM). Physical characteristics of each group 

are displayed in Table I. Upon arriving at the laboratory on the second session ultrasound 

images were obtained at rest from subjects’ rectus femoris (RF) and vastus lateralis (VL). 

A warm-up, consisting of pedaling on a magnetically braked cycle-ergometer (Ergoselect 

100, Ergoline, Bitz, Germany) during 5 min with an output power of 70 Watts and a cadence 

of 60–70 rpm, was performed prior to the exercise session. Then, subjects in the BFRT LV 

group performed one set of thirty repetitions followed by three sets of fi fteen repetitions (9) 

with a between-sets rest interval of one minute (30 + 3 × 15, 1-min rest). BFRT HV group 

doubled the exercise volume of BFRT LV with fi ve minutes rest within bouts (30 + 3 × 15 – 5 
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min – 30 + 3 × 15). The HIT group performed three sets of eight repetitions with inter-set rest 

intervals of one minute (3 × 8, 1-min rest). Exercise was performed in the same leg extension 

machine where the 1RM had been previously assessed (SuperGym, SG8019 Leg Ext/

Hamstring Combo, Qingdao Impulse Group Co., Ltd. Mainland, China). The lifting cadence 

was standardized for all groups using a metronome, allowing a cadence of 1.5:1.5 (s) for the 

concentric and eccentric phase throughout the whole range of motion. A pressure cuff – 140 

mm wide, 940 mm length – (Riester Komprimeter, Riester, Jungingen, Germany) was infl ated 

to an arbitrary pressure of 110 mmHg (21, 24, 27) and placed around the proximal end of 

both thighs with the intent to restrict arterial blood fl ow into the muscle of interest and 

occlude venous outfl ow of that muscle in the BFRT groups. Pressure remained constant 

during the whole training session and was released immediately upon the completion of the 

last set. In the BFRT HV, the cuff was released during the 5-min rest between-bouts to allow 

recovery. Ultrasound images of rectus femoris and vastus lateralis were obtained immediately 

after the completion of the exercise protocol (post reperfusion in the BFR groups).

Table I. Characteristics of subjects by training group

Age (yr) Height (m) Weight (kg)

BFRT LV
Mean 20.3 1.80 76.9

± SD 1.1 0.04 2.9

BFRT HV
Mean 21.1 1.78 75.7

± SD 2.0 0.04 7.5

HIT
Mean 20.7 1.80 75.2

± SD 2.3 0.04 10.5

Values are means ± SD; BFRT LV (n = 11): low volume occlusive training; BFRT HV (n = 12): high volume oc-

clusive training; HIT (n = 12): high intensity resistance training

Ultrasound measurements

Ultrasound measurements were performed before and after the completion of the exercise 

protocol. Muscle architecture was measured by real-time B-mode ultrasonographic linear 

array ultrasound probe (LA 523, 7.5–12 MHz; length of the probe, 50 mm; Esaote Biomedica, 

Genoa, Italy). None of the subjects reported performing any physical activity prior to testing 

that could have infl uenced the ultrasound measurement. Subjects lie supine on an examination 

bed with their knees fully extended, and rested for 10 min while their skin was shaved and 

cleaned with alcohol. The measurement site was chosen as the point midway between the 

greater trochanter and the lateral epicondyle of the knee. This site was marked on the skin 

with indelible ink to ensure the repeatability of the measurement. Hypoallergenic water-

soluble transmission gel was applied on the probe to serve as a conducting interface between 

the probe and the skin. Then, the probe was placed transversely on the RF and fi ve ultrasound 

images were obtained. After that, the probe was rotated, tilted and placed longitudinally over 

the VL until the superfi cial and deep aponeuroses of the muscle were well defi ned and parallel 

to each other. Five longitudinal images were obtained from the VL. Muscle thickness was 

measured as the perpendicular distance between superfi cial and deep aponeuroses, whilst 

pennation angle was measured as the angle between the most visible fascicle and the deep 

aponeuroses (Fig. 1). Images were analyzed with specialized software (MyLabDesk, Esaote, 
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Genoa, Italy). After the analysis, the highest and the smallest value of each group of fi ve 

images were excluded. The mean of the remaining three values was used for further analysis. 

Ultrasound images were acquired before and immediately after the exercise session (post 

reperfusion in the BFR groups).

Fig. 1. Muscle thickness (MT) 

and pennation angle assessment 

of an ultrasound image of the vastus lateralis (Θ)

The same researcher took all images. The researcher’s reliability was assessed by the 

intraclass correlation coeffi cient (ICC). The ICC values were 0.976 (p < 0.001) for RF muscle 

thickness, 0.957 (p < 0.001) for VL muscle thickness and 0.916 (p < 0.001) for VL pennation 

angle. Ultrasound technique for the assessment of muscle architecture has previously shown 

this reliability values (7).

1RM assessment

During the familiarization session, as well as one week before the main experiment, subjects 

came to the laboratory to assess their concentric, bilateral, knee extension 1RM. The 1RM 

was considered as the maximum weight in kilograms that could be lifted only once in this 

particular piece of equipment. The test was carried out on an isotonic, monoarticular, open-

chain leg extension machine (SuperGym, SG8019 Leg Ext/Hamstring Combo, Qingdao 

Impulse Group Co., Ltd., Mainland, China). After a standardized dynamic warm-up, subjects 

moved to the knee extension apparatus, where they performed a specifi c warm-up. The 

specifi c warm-up consisted of 8 repetitions with an intensity of 50% of their estimated 1RM. 

This set was followed by 2 minutes of rest and one set of 5 repetitions with an intensity of 

approximately 75% 1RM. Subjects were instructed to keep their arms crossed over the chest 

and avoid any extraneous movements of the hip and trunk during the test. This was done to 

minimize assistance of other muscle groups. Then, the load was set to an intensity of 

approximately 90% 1RM. Subjects were told to lift the load until volitional failure. 

A repetition was considered valid only if the subject used proper form and lifted the weight 

throughout the whole range of motion. If the subject managed to perform more than 5 

repetitions the load was increased by 5% and the test was repeated after 3 minutes of rest. If 

they did not reach 5 repetitions, but they succeeded to complete more than one, the 1RM was 

Fig. 2. Pre-post variations of vastus lateralis (VL) 

pennation angles for all training conditions.
***Signifi cantly different from Pre (p < 0.001);

†Signifi cantly different from BFRT LV (p < 0.05) 
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estimated using the Epley’s formula (15). On average, three trials were enough to complete 

the 1RM test. If necessary, another trial was performed after fi ve minutes of recovery. 1RM 

values (mean ± SD) were as follows: 142.2 ± 20.8 kg (BFRT LV); 138 ± 29.9 kg (BFRT HV) 

and 147.9 ± 23.4 (HIT).

Statistical analysis

The normality of the data was checked and subsequently confi rmed with the Shapiro–Wilk 

test. Two-way analysis of variance (ANOVA) procedures were used to determine changes 

between groups (BFRT LV, BFRT HV and HIT) over time (pre-post). DMS post hoc test was 

performed to determine main effects and interactions when signifi cant F-values were detected. 

The level of signifi cance was set at p < 0.05. Effect sizes were measured by partial Eta 

squared (η2) for the ANOVA and also by Cohen’s d for comparison between pre and post 

values. Cohen’s d effect sizes were interpreted as follows: d < 0.02 = null effect; d < 0.5 = 

small effect; d < 0.8 = medium effect; d > 0.8 = large effect.

Results

Fascicle arrangement, as measured by pennation angle, tended to increase in all groups, 

though signifi cant differences were only found in post following HIT (p < 0.001). HIT 

pennation angles at post were signifi cantly higher than those of BFRT LV (p = 0.013) and 

BFRT HV (p = 0.037) (Fig. 1). Post-hoc interactions along with Cohen’s d effects sizes are 

displayed in Table II.

Table II. Pre-post values of muscle architecture of rectus femoris (RF) and vastus lateralis (VL)

Group RF (cm) VL (cm) Penn (º) Cohen’s d

Pre Post Pre Post Pre Post RF VL Penn

BFRT LV Mean 22.7 25.8*** 23.2 26.3*** 15.9 17.0 1.36 0.82 0.32

± SD 2.3 2.5 3.83 4.4 3.1 3.4

BFRT HV Mean 24.1 29.1***† 23.7 26.8*** 16.2 17.5 1.82 1.43 0.90

± SD 2.7 3.6 2.17 3.1 1.4 2.1

HIT Mean 24.7 29.1***† 23.8 25.3* 16.7 20.0***‡ 1.70 0.49 1.09

± SD 2.3 2.3 3.11 4.3 3.0 2.7

***Signifi cantly different from Pre (p < 0.001); *Signifi cantly different from Pre (p < 0.05); †Signifi cantly different 

from BFRT LV (p < 0.05); ‡Signifi cantly different from BFRT LV and BFRT HV (p < 0.05). BFRT LV: low vol-

ume occlusive training; BFRT HV: high volume occlusive training; HIT: high intensity resistance training

All groups increased their RF muscle thickness values at post with respect to baseline 

(16.9%, p < 0.001, η2 = 0.869). BFRT HV and HIT showed larger increases in RF muscle 

thickness as compared to BFRT LV (p = 0.012 and p = 0.028, respectively). VL muscle 

thickness was also increased in post, irrespectively of the training condition (10.9%, p < 

0.001, η2 = 0.530), with no further between-groups differences. 
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Discussion

Although the acute increases of muscle thickness following BFRT have been previously 

described (23, 28), this is the fi rst study to examine variations in muscle thickness along with 

variations in fascicle arrangement. The main fi nding of the present study was that all groups 

showed an acute increase of muscle thickness, while only the HIT group fascicle arrangement 

was signifi cantly affected. 

Previous literature has shown that exercise affects muscle structure, usually increasing 

both muscle thickness and muscle fi ber pennation angles. These variations of muscle 

architecture have been observed after exercises of different nature, ranging from pedaling to 

exhaustion (4) to medium intensity isotonic training (7) or maximal eccentric exercise (13). 

In our study all groups increased both RF and VL muscle thickness immediately after the 

cessation of the exercise. These results agree with those observed in other studies. After a 

protocol similar to that of the BFRT LV, Fry et al. (8) found leg circumference – an index of 

augmented muscle thickness – to increase immediately and 30 min after the cessation of the 

exercise. Similarly, other BFRT modalities, such as blood fl ow restricted walk training, have 

shown to immediately increase quadriceps muscle thickness after 30 min of treadmill walking 

at both slow (~6.7%) and high (~8.7%) speed (23). 

Several mechanisms have been proposed to explain the acute post-exercise increase of 

muscle thickness, though they might differ between BFRT and HIT. An increase in vascular 

perfusion to the working muscles has shown to occur rapidly at the onset of HIT, mainly due 

to an increased need for oxygen and energy supply (26). Otherwise, an infl ammatory response 

coming along with resistance training-induced muscle damage may explain, at least in part, 

the increase in muscle thickness observed after HIT (5, 22). On the other hand, increases in 

muscle thickness induced by BFRT have been associated with a loss of plasma volume (2) 

and augmented intramuscular pressure (27), which may result in a fl uid shift from the vascular 

space into the blood fl ow restricted muscle (2). However, the low mechanical load used in 

BFRT studies has shown to induce mild to no change in indices of muscle damage (17, 18). 

It is also probable that the initial increase in muscle thickness when fi rst applying the cuff was 

mostly due to venous pooling and not necessarily to a fl uid shift into the muscle cells. 

However, at some point during the protocol it is probable that a fl uid shift into the muscle 

cells did occur. If the acute change in muscle thickness was due solely to venous pooling, the 

muscle thickness value would have returned to baseline following the removal of the cuff. 

Thus, it seems plausible that differing mechanisms underlie the increases in muscle 

thickness registered either after BFRT and HIT. In line with this, one of the limitations of the 

present study was that muscle thickness was only measured at the cessation of the exercise, 

so no data are available concerning recovery. Studying the differed response of muscle 

thickness could have helped us to ascertain whether infl ammatory or perfusion reactions 

were responsible for the increase in muscle thickness. 

In accordance with previous literature, HIT increased VL pennation angle immediately 

after the exercise (4, 7, 13). Surprisingly, changes in VL pennation angle were observed 

neither after BFRT LV nor after BFRT HV. Csapo et al. (7) attributed the increase of VL 

pennation angles after resistance training to an increased stiffness of tendons and aponeuroses. 

In support of this idea, it has been demonstrated that the stiffness of human tendon increases 

after resistance training (13, 25); furthermore, fascicle shortening has been associated with 

increased pennation angles (1). Thus, with increased tendon and aponeuroses stiffness, 

muscle fascicles will shorten more to maintain a given level of tension (7). This could explain 

the increased VL pennation angle observed following HIT. However, it has been demonstrated 
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that tendon stiffness increases in a linear relationship with the training load. To illustrate, 

Kubo et al. (14) found that training with high internal muscle force induced greater increases 

in tendon stiffness compared with training with low internal muscle force. In support of this, 

chronic changes in tendon-aponeuroses stiffness have shown not to change following BFRT, 

while a group that trained with higher loads increased it signifi cantly. For instance, it seems 

likely that in our study the mechanical tension was responsible for the increases in pennation 

angle of HIT group. 

In summary, a high volume of BFRT induced an acute increase in RF and VL muscle 

thickness in a similar extent as HIT. These results support the hypothesis that acute muscle 

cell swelling induced by BFRT may be responsible for the processes underlying BFRT 

induced muscle hypertrophy. However, future research is needed to ascertain whether this 

acute increase of muscle thickness may be caused by muscle cell swelling or could refl ect an 

infl ammatory response. Additionally, pennation angles of VL only increased after HIT, 

suggesting that the higher mechanical load of HIT may have induced a response of the 

tendon-aponeuroses complex different to that of the BFRT groups. Thus, the overall response 

of muscle architecture to BFRT differs from that of traditional resistance training. This study 

provides an avenue on future research on the implications of these results to long-term muscle 

architecture adaptations induced by BFRT.

Acknowledgements

The authors gratefully acknowledge the grant provided by the European Social Fund and Junta de Castile and Leon, 

Consejería de Educación through the P.O. Castile and Leon 2007–2013 program. Authors would also like to thank 

all participants for their effort.

REFERENCES

1. Aagaard P, Andersen JL, Dyhre-Poulsen P, Leffers AM, Wagner A, Magnusson SP, Halkjaer-Kristensen J 

Simonsen EB: A mechanism for increased contractile strength of human pennate muscle in response to strength 

training: changes in muscle architecture. J. Physiol. 534, 613–623 (2001)

2. Abe T, Loenneke JP, Fahs CA, Rossow LM, Thiebaud RS, Bemben MG: Exercise intensity and muscle 

hypertrophy in blood fl ow-restricted limbs and non-restricted muscles: a brief review. Clin. Physiol. Funct. Imag. 

32, 247–252 (2012)

3. Alegre LM, Jiménez F, Gonzalo-Orden JM, Martín-Acero R, Aguado X: Effects of dynamic resistance training 

on fascicle length and isometric strength. J. Sports Sci. 24, 501–508 (2006)

4. Br ancaccio P, Limongelli FM, D’Aponte A, Narici M, Maffulli N: Changes in skeletal muscle architecture 

following a cycloergometer test to exhaustion in athletes. J. Sci. Med. Sports 11, 538–541 (2008)

5. Br entano MA, Martins Kruel LF: A review on strength exercise-induced muscle damage: applications, adaptation 

mechanisms and limitations. J. Sports Med. Phys. Fit. 51, 1–10 (2011)

6. Co mmunications S: American college of sports medicine position stand. Progression models in resistance 

training for healthy adults. Med. Sci. Sports Exerc. 41, 687–708 (2009)

7. Cs apo R, Alegre LM, Baron R: Time kinetics of acute changes in muscle architecture in response to resistance 

exercise. J. Sci. Med. Sports. 14, 270–274 (2011)

8. Fr y CS, Glynn EL, Drummond MJ, Timmerman KL, Fujita S, Abe T, Dhanani S, Volpi E Rasmussen BB: Blood 

fl ow restriction exercise stimulates mTORC1 signaling and muscle protein synthesis in older men. J. Appl. 

Physiol. 108, 1199–1209 (2010)

9. Fu jita S, Abe T, Drummond MJ, Cadenas JG, Dreyer HC, Sato Y, Volpi E, Rasmussen BB: Blood fl ow restriction 

during low-intensity resistance exercise increases S6K1 phosphorylation and muscle protein synthesis. J. Appl. 

Physiol. 103, 903–910 (2007)



418

Acta Physiologica Hungarica 100, 2013

Martín-Hernández J et al.

10. H äussinger D, Roth E, Lang F, Gerok W: Cellular hydration state: an important determinant of protein catabolism 

in health and disease. Lancet 341, 1330–1332 (1993)

11. Is hikawa M, Dousset E, Avela J, Kyröläinen H, Kallio J, Linnamo V, Kuitunen S, Nicol C, Komi PV: Changes 

in the soleus muscle architecture after exhausting stretch-shortening cycle exercise in humans. Eur. J. Appl. 

Physiol. 97, 298–306 (2006)

12. Kawa kami Y, Ichinose Y, Kubo K, Ito M: Architecture of contracting human muscles and its functional 

signifi cance. J. Appl. Biomech. 16, 88–98 (2000)

13. Kubo  K, Kanehisa H: Infl uences of repetitive muscle contractions with different modes on tendon elasticity in 

vivo. J. Appl. Physiol. 91, 277–282 (2001)

14. Kubo  K, Komuro T, Ishiguro N, Tsunoda N, Sato Y, Ishii N, Kanehisa H, Fukunaga T: Effects of low-load 

resistance training with vascular occlusion on the mechanical properties of muscle and tendon. J. Appl. Biomech. 

22, 112–119 (2006)

15. Le S uer DA, McCormick JH, James H, Mayhew JL, Wassertein RL, Ronald L, Arnold MD: The accuracy of 

prediction equations for estimating 1-RM performance in the bench press, squat and deadlift. J. Strength Cond. 

Res. 11, 211–213 (1997)

16. Loen neke JP, Fahs CA, Rossow LM, Abe T, Bemben MG: The anabolic benefi ts of venous blood fl ow restriction 

training may be induced by muscle cell swelling. Medical Hypotheses 78, 151–154 (2012)

17. Loen neke JP, Fahs CA, Wilson JM, Bemben MG: Blood fl ow restriction: the metabolite/volume threshold 

theory. Medical Hypotheses 77, 748–752 (2011)

18. Loen neke JP, Pujol TJ: The use of occlusion training to produce muscle hypertrophy. Strength Cond. J. 31, 

77–84 (2009)

19. Loen neke JP, Wilson JM, Marín PJ, Zourdos MC, Bemben MG: Low intensity blood fl ow restriction training: a 

meta-analysis. Eur. J. Appl. Physiol. 112, 1849–1859 (2012)

20. Manin i TM, Vincent KR, Leeuwenburgh CL, Lees HA, Kavazis AN, Borst SE, Clark BC: Myogenic and 

proteolytic mRNA expression following blood fl ow restricted exercise. Acta Physiol. 201, 255–263 (2011)

21. Martí n-Hernández J, Marín PJ, Menández H, Ferrero C, Loenneke JP, Herrero AJ: Muscular adaptations after 

two different volumes of blood fl ow-restricted training. Scand. J. Med. Sci. Sports 23, e114–e120 (2013)

22. Morton JP , Kayani AC, McArdle A, Drust B: The exercise-induced stress response of skeletal muscle, with 

specifi c emphasis on humans. Sports Med. 39, 643–662 (2009)

23. Ogawa M,  Loenneke JP, Yasuda T, Fahs CA, Lindy M, Thiebaud RS, Bemben MG, Abe T: Time course changes 

in muscle size and fatigue during walking with restricted leg blood fl ow in young men. J. Phys. Ed. Sport 

Manag. 3, 14–19 (2012)

24. Patterson  SD, Ferguson RA: Increase in calf post-occlusive blood fl ow and strength following short-term 

resistance exercise training with blood fl ow restriction in young women. Eur. J. Appl. Physiol. 108, 1025–1033 

(2010)

25. Reeves ND , Maganaris CN, Narici MV: Effect of strength training on human patella tendon mechanical 

properties of older individuals. J. Physiol. 548, 971–981 (2003)

26. Saltin B,  Rådegran G, Koskolou MD, Roach RC: Skeletal muscle blood fl ow in humans and its regulation 

during exercise. Acta Physiol. Scand. 162, 421–436 (1998)

27. Takarada Y , Nakamura Y, Aruga S, Onda T, Miyazaki S, Ishii N: Rapid increase in plasma growth hormone after 

low-intensity resistance exercise with vascular occlusion. J. Appl. Physiol. 88, 61–65 (2000)

28. Yasuda T,  Loenneke JP, Thiebaud RS, Abe T: Effects of blood fl ow restricted low-intensity concentric or 

eccentric training on muscle size and strength. PLoS ONE 7, e52843, doi:10.1371/journal.pone.0052843 (2012)


