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Abstract 

Low-load combined with blood flow restriction (BFR) resistance training has been 

reported to increase muscle size and muscle strength similar to traditional high-load 

resistance training. However, the mechanism of muscle hypertrophy induced by low-

load resistance training with BFR is not clear. Additionally, the cardiovascular 

responses to low-load resistance training have not been elucidated. PURPOSE: To 

investigate the muscular (muscle thickness, arm circumference muscle activity and 

muscle strength) and cardiovascular (arterial stiffness and forearm blood flow) 

responses of eight weeks of low-load unilateral elbow flexor resistance training with 

BFR compared to traditional high-load resistance training, and to compare the acute 

skeletal muscle responses (muscle thickness, muscle activity, isometric strength, 

hematocrit and blood lactate) between traditional high-load and low-load with BFR 

unilateral elbow flexor resistance exercise in college-aged males. METHODS: 

Fourteen healthy college-aged males were randomly assigned to either the experimental 

group (n = 9) or control group (n = 5, CON) and each arm of the participants in the 

experimental group were randomly assigned to either the traditional high-load protocol 

(HI, 75% 1-RM and 3 sets of 10 reps) or low-load with BFR protocol (LI-BFR, 30% 1-

RM and 30 reps following 3 sets of 15reps with 50% arterial occlusion pressure). The 

participants in the experimental group completed eight weeks of unilateral elbow flexor 

training (3 times per week). Both arms of participants in the CON group were assigned 

to the control protocol and the participants in the CON group maintained their daily 

physical activity and did not participate in any exercise sessions during the training 

period. All of the participants completed muscular and cardiovascular measurements 
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two times before the training began (PRE 1 and PRE2) and once after the training ended 

(POST). Additionally, the participants in the experimental group completed the acute 

response testing during the first and second sessions of the fourth week of the training 

period and measurements were determined before and after an acute bout of HI or LI-

BFR protocol in each session. The values at PRE1 and PRE 2 were averaged for further 

analysis. When there were no group differences at the baseline, ANOVA with post-hoc 

testing was utilized, and when significant group differences were detected at the 

baseline, ANCOVA with post-hoc testing was used to examine main effects (time and 

group) and interaction (time × group) effects. Alpha was set at p < 0.05. RESULTS: 

Muscle thickness and arm circumference at all sites in both HI and LI-BFR groups were 

significantly increased over time, but not in the CON group. 1-RM and isometric 

strength in both HI and LI-BFR groups were significantly increased over time, but not 

in the CON group, and the 1-RM in the HI group was significantly greater than the 

CON at the POST test. There were group differences at baseline for arterial stiffness 

(PWV) and forearm blood flow (FBF). PWV and FBF were unchanged over time when 

analyzed by ANCOVA. In the acute response testing, muscle thickness, arm 

circumference, muscle strength, muscle activity, blood lactate, and hematocrit values in 

both HI and LI-BFR groups showed similar responses. CONCLUSION: Both 

traditional high-load and low-load with BFR unilateral elbow flexor resistance training 

resulted in similar muscle hypertrophy and strength gains without any changes in 

cardiovascular function. In addition, acute cell swelling induced by a single bout of the 

LI-BFR protocol may represent the best explanation of a mechanism for BFR related 

muscle hypertrophy.
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Chapter I: Introduction 

Traditional high-load (greater than 70% 1-RM) resistance exercise is generally 

utilized for improving skeletal muscle size and strength, thus it may be beneficial to 

combat sarcopenia in the elderly (9). However, not all populations are able to perform 

high-load resistance exercise due to joint or cardiorespiratory problems (54, 84). 

Additionally, some literature suggests that regular low-load resistance exercise is not 

sufficient to improve muscle size and strength (60).  

However, low-load exercise combined with blood flow restriction (BFR) has 

shown to induce muscle hypertrophy (52). In previous studies, low-load blood flow 

restricted exercise (both aerobic and resistance) has been reported to improve muscle 

mass, size and strength (1, 8, 24, 56, 86-88, 97). Moreover, some studies showed similar 

muscle hypertrophy and strength gains after low-load resistance exercise with BFR as 

high-load resistance exercise (35, 37, 69, 87) in young and old males.  

Several mechanisms may explain muscle hypertrophy induced by low-load 

resistance exercise with BFR. Generally, recruitment of type II (fast twitch) fibers 

during high-load resistance exercise, plays an important role in muscle hypertrophy and 

strength gains (38). Low-load resistance exercise with BFR also recruits type II fibers 

because applying BFR in exercising muscles (a hypoxic intramuscular environment) 

leads to intramuscular metabolic stress similar as high-load resistance exercise resulting 

in the additional recruitment of type II fibers (81). During exercise with BFR, pooling 

of blood in the limbs caused by a delayed venous return (42, 68) may produce cell 

swelling which may stimulate muscle hypertrophy though pathways that include 
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mammalian target of rapamycin (mTOR) and mitogen-activated proteinkinase (MAPK) 

(49).  

Safety is a potential issue with BFR exercise because reactive oxygen species 

(ROS) that may be induced by the hypoxic intramuscular environment is possibly 

related with muscle damage (85), but several BFR studies have reported muscle 

hypertrophy without any side effects such as muscle damage, or thrombosis (53, 55, 64). 

Thus, low-load resistance exercise with BFR appears to increase muscle size and 

strength with minimal risks.  

Arterial compliance (inverse relationship with arterial stiffness) is decreased 

with advancing age, and it is a risk factor for cardiovascular disease. Generally aerobic 

exercise improves arterial compliance (32), but high-load resistance exercise may be 

related to arterial stiffness (11) even though it is beneficial for muscle hypertrophy and 

strength gains (9). However, previous studies have shown that arterial compliance after 

acute and chronic low-load resistance exercise with BFR was not changed (13, 20, 21, 

37). Moreover, a study reported that high-load resistance exercise improved muscle 

hypertrophy and strength gains while reducing carotid arterial compliance whereas low-

load resistance exercise with BFR increased muscle mass and strength without altering 

carotid arterial compliance (69).  

In previous BFR studies, much of the data for muscle hypertrophy and strength 

gains after BFR studies are not consistent due to the use of a standard uniform pressure 

to induce BFR across all subjects (48). One study reported that the use of a standard 

pressure for all subjects is not suitable due to different limb sizes (vessels surrounded by 

different components of muscle and subcutaneous fat) and that using individualized 
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BFR pressures based on the limb size may result in better responses (48). Furthermore, 

many previous BFR studies did not compare their findings to high-load exercise, and 

there are no studies that used low-load upper body resistance exercise combined with 

individualized BFR on muscular and vascular responses compared to traditional high-

load resistance exercise.  

 Purpose of the Study 

The purpose of this study was to compare the skeletal muscle (arm 

circumference, muscle thickness, muscle activity, and isometric and isotonic strength) 

and vascular responses (forearm blood flow and peripheral arterial stiffness) following 

eight weeks of unilateral elbow flexor resistance exercise with either a traditional high-

load without BFR or a low-load with BFR (50% of arterial blood flow occlusion) in 

untrained college-aged males.  

A secondary purpose of this study was to compare the acute skeletal muscle 

responses (muscle thickness, muscle activity, isometric strength, hematocrit and blood 

lactate) between traditional high-load and low-load with BFR unilateral elbow flexor 

resistance exercise in college-aged males.  

Research Questions 

1. Will low-load elbow flexor resistance training with BFR produce a similar 

skeletal muscle response (arm circumference, muscle thickness, muscle activity, 

and isometric and isotonic strength) as traditional high-load elbow flexor 

resistance training in untrained college-aged males? 

2. Will there be differences in the vascular responses (forearm blood flow and 

peripheral arterial stiffness) between low-load elbow flexor resistance training 
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with BFR and traditional high-load elbow flexor resistance training in untrained 

college-aged males? 

Research Hypotheses 

1. Low-load elbow flexor resistance training with BFR will produce skeletal 

muscle responses (increases in arm circumference, muscle thickness, muscle 

activity, and isometric and isotonic strength) similar to traditional high-load 

elbow flexor resistance training.  

2.  Low-load elbow flexor resistance training with BFR will produce increased 

forearm blood flow response similar to traditional high-load elbow flexor 

resistance training but unchanged or decreased peripheral arterial stiffness 

response different from traditional high-load elbow flexor resistance training. 

3. High-load elbow flexor resistance training will produce vascular responses 

(increases in forearm blood flow and peripheral arterial stiffness) different 

from a control (non-exercise) group and the low-load elbow flexor resistance 

training with BFR will produce vascular responses (increase in forearm blood 

flow and unchanged or decreased peripheral arterial stiffness) different from 

a control (non-exercise) group.  

  Subquestion 

1. Will low-load elbow flexor resistance exercise with BFR produce similar 

acute skeletal muscle responses (muscle thickness, hematocrit, blood lactate, 

and isometric strength,) as traditional high-load elbow flexor resistance 

exercise in college-aged males? 
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Subhypothese 

1. Low-load elbow flexor resistance exercise with BFR will produce acute 

skeletal muscle responses (increases in muscle thickness, hematocrit and 

blood lactate and decrease in isometric strength and muscle activity) similar 

to traditional high-load elbow flexor resistance exercise. 

Significance of the Study 

Many studies of low-load resistance exercise with BFR have been shown to 

induce muscle hypertrophy without altering arterial compliance. However, most studies 

have not compared low-load exercise with BFR to traditional high-load exercise which 

generally induces skeletal muscular adaptations (31). Therefore, this study is the first 

study to compare unilateral elbow flexor training at a low-load with individualized BFR 

to traditional high-load training without BFR. The skeletal muscle and vascular 

responses from this study may then be used to design an appropriate individualized low-

load BFR training program for future studies with various populations. Additionally, 

acute skeletal muscle responses from low-load elbow flexor resistance exercise with 

BFR may provide information for one of the possible BFR muscle hypertrophy 

mechanisms (cell swelling).  

Assumptions 

The assumptions of the study included: 

1. Each participant will give maximal effort during strength tests and exercise 

protocols. 

2. Each participant will honestly answer and complete health history questionnaire 

and PAR-Q truly.    
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3. Each participant will maintain their physical activity and diet during this study 

period. 

4. Each participant will follow protocols that will include (at outcome testing): 

 2 hours fasting before testing. 

 No caffeine consumption on the testing day.  

 No alcohol consumption for 24 hours prior to testing. 

 No exercise for 24 hours prior to testing.  

Delimitations 

The delimitations of the study included: 

1. The outcomes of this study will only be applicable to untrained college-aged 

males (18 – 35 years old). 

2. Participants will be free of any medical or physical issues that would prevent 

them from exercise. 

Limitations 

The limitations of the study included: 

1. All participants will be willing to participate this study as volunteers, thus this 

sample will not be random; therefore, they may not represent all college-aged 

(18 - 35 years) males.  

2. Since only untrained college-aged males will be eligible to participate in this 

study, outcomes may be different from the outcomes of other age groups and 

gender.  

3. Participants will maintain normal daily activities, and outside activities of this 

study will not be managed. 
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Operational Definitions 

The operational definitions for this study included: 

1. Blood Flow Restriction (BFR) exercise: While participants perform low to 

moderate intensity exercise, restricted cuffs with specific pressure are placed at 

the most proximal portion of the lower or upper body to reduce arterial blood 

flow and restrict venous return to the exercising limbs.  

2. One Repetition Maximum (1-RM) test: 1-RM is the greatest weight that can 

be lifted once throughout a complete range of movement, using correct form.  

3. Test-retest reliability: a consistent result from same participants in the same 

measurements between 2 different time periods.   

4. Maximal Voluntary Contraction (MVC):  maximally generated force when 

participants perform an isometric strength test. 

5. Pulse Wave Velocity (PWV): A determination of the velocity of pulse wave 

propagation from one site to another site to assess regional arterial stiffness 

(smaller values indicate a lower stiffness).  

6. Untrained Subjects: participants who are not resistance trained no more than 

once a week, running no more than 5 miles per weeks, or recreationally 

exercised (example: basketball, tennis, swimming and so on) no more than once 

a week.    
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Chapter II: Literature Review 

Exercise with Blood Flow Restriction 

Exercise with blood flow restriction (BFR) was invented in Japan and has been 

popular in Japan since the mid-1980s, and the concept of exercise with BFR is that 

specialized pressure cuffs are placed on the most proximal site of limbs for occluding 

venous blood flow and reducing arterial blood flow while performing exercise at a low-

intensity (77). In previous studies, various intensities (20 – 50% 1-RM), BFR pressures 

(100 – 300 mmHg), size of BFR cuffs (2 – 20.5 cm) and types of BFR cuffs (pneumatic 

cuffs, regular blood pressure cuffs, elastic belts containing pneumatic bags, and elastic 

knee wraps) have been utilized for BFR exercise (18).  

This BFR exercise results in muscle hypertrophy that is similar to traditional 

high-load exercise (104) and greater than low-load resistance exercise without BFR (24). 

In addition, not only resistance exercise with BFR (1, 35, 37, 86, 87, 97) but also 

aerobic exercise (walk or cycle training) with BFR (2, 4, 5, 7, 70) leads to muscle 

hypertrophy and strength gains. Thus, BFR exercise may be appropriate for several 

populations to induce muscle hypertrophy and strength gains due to the use of low-

intensity exercise with various types of modalities (walking, cycling, etc). In addition, 

applying BFR without exercise may also elicit cell swelling leading to muscle anabolic / 

anticatabolic signaling pathways (49).    

However, the mechanism of muscle hypertrophy induced by BFR exercise is 

unclear, but there are several possible mechanisms such as enhanced motor unit 

recruitment caused by locally accumulated metabolites such as lactate and H
+ 

(95), cell 

swelling caused by pooling of blood in limbs (47), decreased myostatin gene expression 
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(45), enhanced systemic anabolic hormones (85), increases in myogenic stem cells (65),  

and enhanced mTOR signaling caused by greater hyperemia after releasing BFR cuffs 

and increasing blood flow (17).  

Generally, type II fibers, which are a greater factor for muscle hypertrophy than 

type I fibers (27), are recruited during high-intensity exercise based on the size principle, 

but blood flow restricted exercise also recruits type II fibers (87) due to an acidic and 

hypoxic intramuscular environment which stimulates chemosensitive group III and IV 

afferents leading to increased muscle fiber recruitment (58). Suga et al. (82) showed 

that changes of intramuscular metabolites and pH and recruitment of type II fibers in 

exercise with BFR (during both exercise and resting period) were similar to a high-load 

exercise group. In addition, generally the eccentric phase of high-load resistance 

exercise induces increases in muscle mass and strength; however, the concentric phase 

of low-load resistance exercise with BFR has been shown to elicit muscle hypertrophy 

and strength gains (89, 101), and this concentric phase of BFR exercise leads to cell 

swelling, which can stimulate muscle protein synthesis and can inhibit protein 

breakdown (101). 

During exercise with BFR, the applied pressure of the BFR cuffs on the most 

proximal portion of the limbs induces pooling of blood because of occluded venous 

blood flow and reduced arterial blood flow (42). The pooling of blood in the limbs 

decreases the return of blood to the heart and stroke volume, resulting in increases in 

heart rate and blood pressure (42, 68) and accumulate metabolites (95). Thus, the BFR 

pressure is important to regulate the degree of both arterial and venous blood flows.  
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However, most previous BFR studies have used a standardized pressure for all 

subjects (18). One study using lower body BFR exercise found that a standardized 

pressure was not suitable for all subjects, and that the restricted pressure should depend 

on the circumference of the limbs (48). Ultimately, there may be a better adaptive 

response if the BFR pressure is individualized during exercise.   

Muscular Responses to Exercise with Blood Flow Restriction 

 Recently, BFR exercise has become a popular research topic, and varied types 

of exercise (resistance or aerobic exercise) combined with BFR have been investigated 

(73).  Traditionally, muscle hypertrophy and strength gains are induced by high-load 

resistance exercise; however, BFR studies have also resulted in muscle hypertrophy and 

strength gain even though the exercise load is low to moderate (58).  

Many previous BFR studies compared their results with non-BFR exercise 

groups. Abe et al. (3) reported that muscle mass (muscle-bone cross sectional area 

(CSA) and muscle thickness (MTH)) and 1-RM strength in a BFR group were increased 

but not in a non-BFR group after 8 days (2 times per day) of squat and leg curl 

resistance exercise in college athletes. Yasuda et al. (94) showed 1-RM and muscle 

fiber CSA by biopsy in a BFR group were improved but not in a non-BFR group 

following two weeks of squat and leg curl resistance training (20% 1-RM with and 

without 160 – 240 mmHg, 2 times per day, 6 days per weeks) in young males. Similarly, 

Ohta et al. (66) investigated subjects (males and females, 18 – 52 years old) performing 

lower body training with or without BFR (180 mmHg) for 16 weeks after anterior 

cruciate ligament surgery and reported that strength (isokinetic and isometric) and 

muscle CSA (by MRI) in the BFR group were greater than the non-BFR group. Another 
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BFR study reported that two weeks of bench press training (30% 1-RM with 100- 160 

mmHg, twice per day and 6 days per week) in untrained young males increased muscle 

CSA in a BFR group on both the restricted upper body limbs as well as for the 

unrestricted chest but not in a non-BFR group. This result indicated exercise with BFR 

stimulates both restricted and unrestricted exercising muscle groups (97).   

Moreover, some low-load resistance exercise with BFR studies have shown 

muscle hypertrophy and strength gains that were similar to high-load resistance exercise. 

Takarada et al. (87) reported after 16 weeks (2 times per week) of low-load elbow 

flexion training at high-load (80% 1-RM) and low-load with and without BFR (~50% 1-

RM with ~110 mmHg) in old females (aged 47 to 67 years), that muscle CSA, isometric 

strength, and isokinetic strength in the low-load with BFR exercise group were 

increased to the same extent as the high-load non-BFR exercise group, and were greater 

than the non-BFR low-load exercise group. Similarly, Yasuda et al. (103) reported 

muscle CSA (triceps brachii and pectoralis major) was improved following low-load 

bench press exercise with BFR for 6 weeks (3 times per week) in young males and there 

results were similar to a high-load exercise group. Also, Kubo et al. (41) showed muscle 

volume (quadriceps femoris) and isometric knee extension strength in both high-

intensity and low-intensity with BFR groups were increased after 12 weeks (3 times per 

week) of knee extension training in young males. Moreover, tendon stiffness may be 

inversely related to exercise performance (40), but low-load resistance exercise with 

BFR may not alter tendon stiffness. Kubo et al. (41) reported that low-load knee 

extension training with BFR for 12 weeks (3 time per week) did not change tendon 
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stiffness with improving muscle volume (quadriceps femoris) and isometric strength 

whereas a high-load exercise group had increased tendon stiffness.   

Laurentino et al. (44) examined high (6-RM) - and moderate (12-RM)-load knee 

extension training with or without BFR for 8 weeks (2 times per week) in physically 

active young males and found that muscle hypertrophy (quadriceps CSA) and strength 

gains (1-RM) were also similar, indicating that high-load and moderate-load resistance 

exercise combined with BFR did not additionally enhance muscle hypertrophy and 

strength gain compared to high-load and moderate-load resistance exercise without BFR 

(44).    

    Cardiovascular Responses to Exercise with Blood Flow Restriction 

The cardiovascular system also responds to BFR exercise. During exercise with 

BFR, heart rate (HR) is increased and stroke volume (SV) is decreased due to pooling 

of blood in the limbs caused by a delayed venous return. Blood pressure (BP) during the 

initial phase of BFR exercise increases and then is decreased due to greater total 

peripheral resistance induced by an enhanced vasoconstrictor response (norepinephrine) 

(42).  

Arterial stiffness (inverse relationship with arterial compliance) is increased 

with advancing age and related to renal problems and high-blood pressure (68). 

Moreover, increases in arterial stiffness is a risk factor for cardiovascular disease (10). 

In fact, some literature has shown that high-load resistant training decreases arterial 

compliance (62).  

Heffernan et al. (28) showed that central arterial stiffness, as determined by 

pulse wave velocity (PWV), was increased by an acute bout of high-load resistance 
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exercise in young males. Similarly, a meta-analysis reported that high-load resistance 

exercise is strongly associated with arterial stiffness, but not moderate-load resistance 

exercise (61). Collier et al. (14) reported that both central and peripheral arterial 

stiffness was increased after 4 weeks of resistance exercise (3 days per week) at 10-RM 

in pre or stage 1 hypertensive old males and females (aged 30 to 60 years). Also, 

Miyachi et al. (62) examined arterial stiffness, measured by ultrasound, and reported 

that arterial stiffness was increased after high-load resistance exercise for 4 months (3 

times per week) in young males compared with a non-exercising group but returned 

back to baseline following 4 months of detraining.  

In contrast, one study indicated that acute unilateral leg exercise in young 

females and males at high-load (85% 1-RM and 6 sets to failure) did not alter central 

arterial stiffness but increased peripheral arterial stiffness compared to the non-

exercising leg (29). Thus, changes in arterial compliance induced by high-load exercise 

are still uncertain. 

In previous BFR studies, Clark et al. (13) showed peripheral arterial compliance 

was not changed after both high-load and low-load with BFR resistance exercise for 4 

weeks (3 days per week) in young males. Similarly Fahs et al. (20) indicated that high-

load, moderate-load, and low-load with BFR resistance exercise did not change arterial 

compliance measured by pulse contour analysis (PCA) after 6 weeks of resistance 

training (3 times per week) in young males. However, Ozaki et al. (69) showed carotid 

arterial compliance determined by ultrasound in the high-load group was reduced after 6 

weeks of bench press training (3 days per week) in young males whereas the low-load 

with BFR group did not alter carotid arterial compliance. Furthermore, Hunt et al. (34) 
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reported brachial artery diameter was larger after 4 weeks of handgrip training with 

BFR (3 days per week) in young males but returned back to baseline following two 

weeks of detraining. On the contrary, Fahs et al. (22) reported peripheral arterial 

stiffness, assessed by PWV, in a BFR group was increased after low-intensity unilateral 

knee extension training to failure for 6 weeks (3 times per week) in young males.   

In BFR studies with blood flow, one study suggested capillary growth in rat 

muscle may be increased after low-load resistance training with BFR for 6 weeks (2 

times per week) compared to a non-BFR group (83). Several previous BFR studies also 

supported this suggestion. For example, Fahs et al. (20) reported resting calf blood flow 

was increased after low-load lower body resistance training with BFR for 6 weeks (3 

days per week) similar to high- and moderate-load lower body training groups 

compared to a non-exercising group. Similarly Hunt et al. (33) showed 6 weeks of low-

load unilateral plantar flexion training with BFR (3 times per week) increased calf 

blood flow compared with the non-exercise group in young males.  

In contrast, Patterson and Ferguson (71) indicated calf blood flow was not 

changed after low-load (at 25% and 50% 1-RM) unilateral plantar flexion with and 

without BFR for 4 weeks (to failure, 3 days per week) in young females. Also, Fahs et 

al. (22) reported 6 weeks of low-load unilateral knee extension training with BFR (to 

failure, 3 times per week) in young males did not alter calf blood flow, but increased in 

the non-BFR group.  

There are some possible mechanisms for improved vascular function induced by 

exercise with BFR. Vascular endothelial growth factor (VEGF) expression is increased 

due to hypoxia status during exercise with BFR leading to an enhanced lactate 
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accumulation (84) and hyperemia after releasing restricted blood flow may also 

stimulate microvasucular function (17). There is no consistence finding for the vascular 

responses with BFR exercise; therefore, further research is required. 

Muscle Activation to Exercise with Blood Flow Restriction 

Muscle activation and the recruitment of muscle fibers are strongly associated 

with generating increased force production (76). Thus, a smaller number of fibers and 

fewer type I fibers are recruited at low-intensity exercises, and a greater number of 

fibers and more type II fibers are recruited at high-intensity exercises (63) based on the 

size principle (30). However, low-load resistance exercise with BFR results in greater 

muscle activation similar to a high-load resistance exercise group when compared to a 

low-load resistance exercise without BFR group (87) due to an increased hypoxic 

intramuscular environment inducing the additional recruitment of type II fibers (39). 

Furthermore, the concentric phase of low-load resistance exercise with BFR stimulates 

muscle hypertrophy and strength gains whereas the eccentric phase in high-load 

exercise stimulates muscle hypertrophy (89, 101). Thus, Yasuda et al. (101) reported 

EMG for biceps brachii in concentric portion during acute dumbbell curl exercise with 

BFR was greater than eccentric portion, and these results match with the results of 

muscle hypertrophy induced by concentric BFR training after 6 weeks of dumbbell curl 

training (3 times per week) in young males.  

In acute exercise with BFR, Yasuda et al. (96) showed muscle activation for the 

triceps brachii and pectoralis major in the BFR group during low-load bench press 

exercise in young males was higher than the non-BFR group. Moore et al. (63) 

indicated that the biceps brachii in the BFR group had greater muscle activation after 
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unilateral elbow flexion compared with the non-BFR group. Similarly, Yasuda et al. (98) 

reported EMG activity for the biceps brachii in young males during elastic band 

resistance exercise with BFR was greater than a non-BFR group.  

However, Takarada et al. (87) indicated that EMG activity from the biceps 

brachii in low-load elbow flexor exercise without BFR was lower than the high-load 

group, and that the low-load exercise group with greater BFR pressure group (100 

mmHg) had higher EMG activity than the lower BFR pressure group (50 mmHg). 

Similarly, Kubo et al. (41) reported that acute low-load knee extension exercise with 

BFR did not increase EMG activity from the vastus lateralis, but EMG activity in the 

high-load group was improved.  

In general, muscle activation for restricted and non-restricted exercising muscles 

during low-load resistance exercise with BFR is greater than non-BFR group and that 

the greater the BFR pressure, the greater the response of muscle activation, but still may 

be lower than traditional high-load resistance exercise. Thus, individualized BFR 

pressures may produce a better response of muscle activation.     

  Summary 

In the previous literature, muscle hypertrophy and strength gains induced by 

high-load resistance exercise are maximized, but high-load resistance exercise may 

have a negative relationship with arterial compliance. Also not all populations are able 

to exercise at a high-intensity due to joint and cardiac problems (54, 84). However, low-

load resistance exercise with BFR elicits muscle hypertrophy and strength gains similar 

to high-load training without exacerbating joint and cardiac problems. Moreover, low-

load resistance exercise with BFR may have a positive relationship with cardiovascular 
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function. Most previous BFR studies have used general BFR pressures for all subjects; 

however, a general BFR pressure may not be appropriate for all subjects based on 

different sizes of limbs and limb circumferences (48). Thus, low-load resistance 

exercise with individualized BFR pressure based on limb size may be needed to 

maximally simulate muscular and vascular responses.  
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Chapter III: Methodology 

This study investigated the muscular (arm circumference, muscle thickness, 

muscle activity, and isometric and isotonic strength) and vascular (forearm blood flow 

and arterial compliance) responses following eight weeks of traditional high-load and 

low-load with BFR (estimated 50% of arterial blood flow occlusion) unilateral elbow 

flexor resistance exercise. This section described the research subjects, experimental 

design, procedure of data collection, instrumentation, and data analyses. 

Subjects 

Eighteen untrained young subjects (males, 18 - 33 years old) participated in this 

study but only fourteen subjects completed all of testing and exercise sessions. The 

subjects did not perform any regular resistance or endurance training (no more than 

once per week) for at least six months prior to this study. The subjects were randomly 

assigned to either an experimental group (n = 9) or a control group (n = 5). All subjects 

were recruited from the Norman and Oklahoma City Metropolitan area through fliers, 

web listing, word of mouth, and e-mail. A non-probability sampling technique was 

utilized due to voluntary participation in this study. All forms and materials were 

approved by the University of Oklahoma Health Sciences Center Institutional Review 

Board.  

Inclusion Criteria: 

1. Male (between the ages of 18-35 years). 

2. Untrained. 

3. Non-smoker. 
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4. Participants were ambulatory and have no disabilities or hemodynamic disorders 

preventing them from sustaining short bouts of limb compression. 

Exclusion Criteria: 

1. Female. 

2. Outside the age range of 18-35 years. 

3. Physically active (participant who is currently engaged in regular resistance or 

endurance training more than two times per week). 

4. Smokers (cigarettes, cigars, chew/snuff etc.). 

5. Having more than one risk factor for thromboembolism: 

 Classified as obese based on a body mass index of  > 30 kg/m
2
 

 Diagnosed crohn’s or inflammatory bowel disease 

 Past fracture of a hip, pelvis, or femur 

 Major Surgery within the last 6 months 

 Varicose veins 

 Family history of deep vein thrombosis or pulmonary embolism 

6. Hypertensive (>140/90 mmHg). 

7. Ankle brachial index of <0.9. 

8. Any disease or medical condition documented in the Health History 

Questionnaire and Physical Activity Readiness Questionnaire (PAR-Q) that 

would prevent them from training and testing. 
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Experimental Design 

This study used a pre- and post-test comparison group design. The total length 

of the present study was 10 weeks, including one week of pre (PRE 1 and PRE 2 to 

establish reliability of the measurements) and one week of post outcome (POST) testing 

and eight weeks of unilateral elbow flexor training (three times per week (total 24 

sessions)). The initial portion of the study included initial screening, a familiarization 

session, and pre outcome testing. Within one week after the first pre outcome testing, 

the second pre outcome testing was completed for measurement reliability. Subjects in 

the experimental group then trained three times per week for eight weeks, then post 

outcome testing was completed (Figure 1). In the first and second session of fourth 

week, acute response measurements were assessed for the experimental group. During 

the 8 week training period, the subjects in the control (non-exercise, CON) group 

maintained their current activity levels and then completed the post outcome testing.  

Exercise Training Protocols 

 The subjects were divided to either an experimental group (n = 9) or a control 

group (n =5). In the experimental group, each subjects’ arm was randomly assigned to 

perform one of two exercise protocols (unilateral elbow flexor exercise (1 second 

concentric and 1 second eccentric cadence) with a dumbbell at traditional high-load (75% 

1-RM, HI) or low-load (30% 1-RM) with blood flow restriction (50% AOP, LI-BFR)). 

Thus, one arm was assigned to perform one exercise protocol and the other arm was 

assigned to perform the other protocol. During each training session, the starting order 

for each arm was randomized. For example, a subject performed 3 sets of 10 repetitions 

with one minute rest between sets of unilateral elbow flexion in the HI protocol and 
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then completed 30 repetitions followed by three sets of 15 repetitions with 30 seconds 

rest between sets of unilateral elbow flexion for the LI-BFR protocol. Subjects rested 

for 5 minutes on a chair between exercise protocols. During each session, RPE and a 

discomfort scale were administered at the end of every set. In the control group, the 

subjects did not perform any exercise session during the training period and their both 

arms were used as a sample.  

 
Figure 1. Experimental Design 
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Acute Response Testing 

In the experimental group, the acute response testing was measured in the fourth 

week of training in order to reduce the chances of possible muscle damage that may 

occur during the initial three weeks. In the first exercise session of the fourth week, 

subjects were randomly ordered to perform one of two exercise protocols (traditional 

high-load (75% 1-RM, HI) and low-load (30% 1-RM) with BFR (50% of AOP, LI-BFR) 

with acute response measurements at pre (Acute PRE) and post (Acute POST). After 

finishing one of the protocols, the subject rested for 5 minutes on a chair, and then 

completed the other exercise protocol as part of the regular training session. In the 

second exercise session of the fourth week, subjects performed the untested exercise 

protocol from the first session with acute responses being assessed before and after 

exercise. After completing the exercise protocol, the subject rested for 5 minutes and 

then completed the other exercise protocol as part of the regular training session. In 

third exercise session of the fourth week, subjects resumed their normal exercise 

training session.  

All protocols and measurements for the training and acute responses were 

completed at the Neuromuscular and Ultrasound Labs in the Department of Health and 

Exercise Science at the University of Oklahoma. 

Initial Screening and Familiarization 

After initial screening for inclusion and exclusion criteria, subjects completed an 

informed consent, HIPPA, health status questionnaire, and physical activity readiness 

questionnaire (PAR-Q), and then their height, body mass, blood pressure, forearm 

circumference, and ankle brachial index (ABI) were measured. If inclusion criteria were 
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not met, the subject was excluded from this study. After finishing the initial screening 

(completing forms, and measurements: height, body mass, blood pressure, forearm 

circumference, and ABI), subjects performed a familiarization session for blood flow 

restriction, isometric strength testing and the one-repetition maximum (1 RM) strength 

test.  

Questionnaires 

At the start of the initial screening period, a desk was set up so that subjects 

were able to read the consent form, sign the document and were asked questions. After 

completing consent and HIPPA forms, subjects filled out a PAR-Q and health status 

questionnaire.  

Body Mass and Height 

A digital scale (Tanita BWB-800, Tanita Corporation of America, Inc., 

Arlington Heights, IL) was utilized for determining subject’s body mass, and a wall 

stadiometer (PAT #290237, Novel Products, Rockton, IL, USA) was used for 

measuring subject’s height, and then body mass index (BMI (kg/m
2
)) was calculated: 

weight (kg) divided by height (m
2
). 

Brachial Blood Pressure 

After measuring body mass and height, subjects laid down on a plynth in a 

supine position for 10 minutes of rest. An automatic blood pressure cuff (Model HEM-

773, Omron®, Shelton, CT) was utilized for determining brachial blood pressure 

following the rest period. This was measured two times and the values were averaged. 
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Ankle Brachial Index (ABI) 

After brachial blood pressure, ABI was measured. A blood pressure cuff was 

applied on the subject’s right arm and inflated, and then blood flow through the brachial 

artery was determined by a Bidirectional Doppler probe (MD6, Hokanson Inc, Bellevue, 

WA). When the blood pressure cuff on the arm was slowly decreased, the Bidirectional 

Doppler probe detected blood flow. The highest blood pressure was determined when 

blood flow was first detected. Following the measurement on the right arm, the blood 

pressure cuff was placed at the subject’s right ankle and inflated, and then blood flow 

through the posterior tibial artery was measured while the inflated blood pressure cuff 

was slowly deflated. The ankle blood pressure was determined by the Bidirectional 

Doppler probe when blood flow was first detected. This measurement was repeated on 

the left ankle and left arm. The ABI was calculated by the highest ankle blood pressure 

divided by the highest brachial blood pressure, and the value was compared to a 

reference value (< 0.9). If a subject’s ABI was < 0.9, the subject was excluded from this 

study.  

Forearm Circumference 

While the subject was supine on the medical bed, a tape measure was applied to 

measure forearm circumference of both arms at the largest circumference site (nearest 

0.1 cm). The forearm circumference was used to determine the size of the strain gauge 

for measurement of forearm blood flow. The same procedure was completed on the 

other arm. 
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Familiarization Session 

Blood flow restriction 

When the subject was standing, a specialized blood pressure cuff (5 cm width, 

Hokanson, Bellevue, WA) was worn at the most proximal end of one of the arms, and 

arterial occlusion pressure (AOP) was determined in order to calculate the target BFR 

pressure that was used during training. The pressure of the cuff was incrementally 

increased (inflating 30 seconds and deflating 10 seconds) from 50 mmHg to the AOP, 

and the Bidirectional Doppler probe on the brachial pulse detected occluding arterial 

blood flow. After determining the AOP, the subject performed unilateral elbow flexor 

exercise (1 second concentric and 1 second eccentric cadence) with a dumbbell. The 

subject completed unilateral elbow flexion for 2 sets of 15 repetitions with 30 seconds 

rest between sets at 30% 1-RM combined with BFR (50% of the AOP). Following BFR 

protocol, the subject rested for 5 minutes on a chair and performed unilateral elbow 

flexion with the arm that did not exercise for 2 sets of 5 repetitions at 75% 1-RM with 1 

minute rest between sets.  

Rating of Perceived Exertion (RPE) and Discomfort  

The RPE and Discomfort scales were explained to subjects during the initial 

visit. During each exercise protocols, a rating of perceived exertion and discomfort was 

obtained at the end of each set throughout the exercise bout by the standard Borg's RPE 

Scale (from 6 to 20) and Borg’s Discomfort scale (from 0 to 10+). 

Maximal Isometric Voluntary Contraction (MVC) 

Subjects were seated on an isokinetic dynamometer (Biodex System 3, Biodex Medical 

System, Shirley, NY) and one arm was immobilized at a 90 degree angle perpendicular 
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to the floor. The arm performed isometric elbow flexion against the lever arm of the 

isokinetic dynamometer for 3 seconds to measure the highest torque. Three submaximal 

contractions (3 seconds with 30 seconds rest period between attempts, at approximately 

30%, 50%, and 70% of maximal efforts) were performed as a warm up followed by two 

maximal contractions (3 seconds with 30 seconds rest period between attempts). The 

subject’s arm was then moved to a 120 degree angle, and two additional maximal 

contractions (3 seconds with 30 seconds rest period between attempts) were completed. 

The same procedures were completed by the other arm.  

One-Repetition Maximum (1-RM) 

 A dumbbell with microloading plates (Platemate, Boothbay Harbor, ME) was 

used for measuring 1-RM testing. The 1-RM testing was performed to determine the 

maximum strength for the elbow flexors of each arm. Subjects completed a standard 

warm-up procedure (5 - 8 repetitions at approximately 50% of estimated 1-RM 

following by and 2– 3 repetitions at approximately 70% of estimated 1-RM with 1 

minute rest period between attempts). Following 1 minute rest period, the subjects 

began the 1-RM procedure. Weight was incrementally increased until the maximum 

weight that can be lifted in one repetition with correct form was reached. The 1-RM 

values were achieved within 5 attempts with one minute rest periods between each 

attempt. 

Outcome Testing 

After finishing the initial screening and familiarization session, pre-training 

testing ((PRE 1) height, body mass, muscle thickness, forearm blood flow, pulse wave 

velocity, 1 RM, and isometric strength tests) was completed. A second pre-training 
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(PRE 2) session took place at least 48 hours after the PRE 1, but before the end of 10 

days to assess measurement reliability. Then, following eight weeks of training, post-

training testing (POST) completed the data collection process.  

Body Mass and Height 

A digital scale (Tanita BWB-800, Tanita Corporation of America, Inc., 

Arlington Heights, IL) was utilized for determining subject’s body mass, and a wall 

stadiometer (PAT #290237, Novel Products, Rockton, IL, USA) was used for 

measuring subject’s height, and then body mass index (BMI (kg/m
2
)) will be calculated: 

weight (kg) divided by height (m
2
). 

Muscle Thickness (MTH) 

Subjects stood with their arms fully extended downward at their side and relaxed. 

MTH sites at the anterior surface of 50%, 60% and 70% sites between the medial 

acromion process of the scapula and the lateral epicondyle of the humerus for both arms 

were marked and then MTH was determined by a B-mode ultrasound (UF-750XT, 

Fukuda Denshi, Tokyo, Japan) and a 5 MHz linear probe. Transmission gel was placed 

on the probe and this probe was located on the marked skin surfaces, perpendicular to 

the long axis of the muscle, and 3 scans were taken at each marked site. Both arms were 

assessed.   

Upper Arm Circumference 

While the subject was standing with their arms hanging downward at their side 

and relaxed, a tape measure was applied to measure upper arm circumference at 50%, 

60% and 70% sites between the medial acromion process of the scapula and the lateral 

epicondyle of the humerus in both arms (nearest 0.1 cm). Both arms were assessed.   
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Brachial Blood Pressure 

After measuring body mass and height, subjects laid down on a plynth in a 

supine position for 10 minutes of rest. An automatic blood pressure cuff (Model HEM-

773, Omron®, Shelton, CT) was utilized for determining brachial blood pressure 

following the rest period. This was measured two times and the values were averaged. 

Pulse Wave Velocity (PWV)  

Peripheral arterial stiffness was determined by measuring carotid and radial 

pulse wave velocity for both arms. A tape measure was applied to measure the distances 

(nearest 0.1 cm) between the carotid artery pulse and sternal notch (Dis 1) and between 

the sternal notch and radial artery pulse (Dis 2) and then subtract Dis 1from Dis 2. The 

value was entered into the PWV program. Electrocardiography (ECG) sites were 

marked at lateral sites below the right and left clavicles and below the left rib cage, and 

then electrode placement sites were prepared. The hair around the ECG sites were 

shaved by a razor, and cleaned with an alcohol prep pad. A pen shaped high fidelity 

strain-gauge transducer (SphygmoCor, AtCorMedical, Sydney, Australia) was used for 

determining pulse waveforms at the marked carotid artery and then the radial artery. At 

the same time, ECG was recorded to obtain the electrical signal of heart contractions 

and used as a timing marker. The same procedure was used on both arms. In the 

analyzing program, the distance between the carotid and radial pulses and the recording 

of the time delay between the proximal (carotid) and distal (radial) waveforms relative 

to the peak of the R-wave recorded from the ECG was utilized for calculating pulse 

wave velocity and it was expressed as meters per second (m/s).  
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Forearm Blood Flow 

The forearm was placed on a foam pad (10-15 cm above heart level) and a blood 

pressure cuff will be placed on the wrist (11 x 85 cm) and on the upper arm (13 x 85 

cm). A mercury-filled strain gauge (3 - 4 cm smaller than the largest circumference) 

was placed at the largest circumference site of forearm. The blood pressure cuff on the 

wrist was inflated to 200 mmHg for 1 minute, and then the blood pressure cuff on the 

upper arm was inflated to 50 mmHg for 7 seconds and then deflated for 8 seconds. Six 

measurements were obtained and averaged by using the Noninvasive Vascular Program 

(NIVP3, D.E. Hokanson Inc., Bellevue, WA). Both arms were assessed. 

One-Repetition Maximum (1-RM) 

A dumbbell with microloading plates (Platemate, Boothbay Harbor, ME) was 

used for measuring 1-RM testing. The 1-RM testing was performed to determine the 

maximum strength for the elbow flexors of each arm. Subjects completed a standard 

warm-up procedure (5 - 8 repetitions at approximately 50% of estimated 1-RM 

following by and 2– 3 repetitions at approximately 70% of estimated 1-RM with 1 

minute rest period between attempts). Following 1 minute rest period, the subjects 

began the 1-RM procedure. Weight was incrementally increased until the maximum 

weight that can be lifted in one repetition with correct form was reached. The 1-RM 

values were achieved within 5 attempts with one minute rest periods between each 

attempt. During training period, the 1-RM testing was re-assessed by every two weeks 

in order to adjust the subject’s workload.  
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Maximal Isometric Voluntary Contraction (MVC) 

Subjects were seated on an isokinetic dynamometer (Biodex System 3, Biodex 

Medical System, Shirley, NY) and one arm was immobilized at a 90 degree angle 

perpendicular to the floor. The arm performed isometric elbow flexion against the lever 

arm of the isokinetic dynamometer for 3 seconds to measure the highest torque. Three 

submaximal contractions (3 seconds with 30 seconds rest period between attempts, at 

approximately 30%, 50%, and 70% of maximal efforts) were performed as a warm up 

followed by two maximal contractions (3 seconds with 30 seconds rest period between 

attempts). The subject’s arm was then moved to a 120 degree angle, and two additional 

maximal contractions (3 seconds with 30 seconds rest period between attempts) were 

completed. The same procedures were completed by the other arm. The highest 

isometric MVC peak torque value for each arm was used in further analysis.  

Electromyography (EMG) 

During the initial testing, surface EMG sites were marked at 33% of the biceps 

brachii (BB) in both arms and the 7
th

 cervical vertebrae of the neck. In the preparing 

electrode placement, the hair around the EMG sites were shaved by a razor, abraded to 

remove dead skin, and cleaned with an alcohol prep pad. Subsequently, bipolar 

electrodes (inter electrode distance of 2 cm, Instatrace ECG Electrode, ConMed, Utica, 

NY) were affixed at the 33% site of BB on both arms, and an electrode was affixed on 

the 7
th

 cervical vertebrae as a reference. EMG signals were recorded from the 33% site 

of BB during the MVC testing and both arms were assessed. An EMG amplifier 

(EMG100C, Biopac system Inc., Goleta, CA) obtained the EMG signals. The signals 
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were filtered (low-pass filter: 500 Hz and high-pass filter: 10 Hz), amplified (1000 

times) and sampled at a rate of 2 KHz.   

EMG Analysis 

The EMG data were analyzed using computer software (Labview 7.1, National 

instrument corporation, Austin, TX). The collected EMG data included EMG amplitude 

(root mean square (RMS)) and mean power frequency (MPF).  

Acute Response Testing 

Acute response measurements (muscle thickness (MTH) and upper arm 

circumference, whole blood lactate (WBL), hematocrit (HCT), maximal voluntary 

contraction (MVC) and electromyography (EMG)) were obtained before (Acute PRE) 

and after one of the exercise protocols (Acute POST) in the first and second sessions of 

fourth week. The same measurements of MTH, upper arm circumference, and EMG as 

in the outcome testing were utilized. However, during the Acute POST testing period 

following the acute testing session, two MVC’s at both 90 and 120 degree (similar to 

the outcome testing) were obtained without the initial warm-up period. Pre acute EMG 

data were used to normalize the post acute EMG data.  

Whole Blood Lactate (WBL) 

Fingertip blood lactate samples were obtained before and after exercise 

protocols. The subjects’ finger was cleaned with an alcohol prep pad and Kimwipes, 

and the finger was pricked by a lance and then was lightly pressed to form a drop of 

blood. After removing the first drop of blood with the Kimwipes, a second drop of 

blood was made (approximately 0.7µL by volume) for determining blood lactate. The 
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blood lactate was measured by a lactate analyzer (Nova Biomedical Corporation, 

Waltham, MA).  

Hematocrit (HCT) 

Following blood lactate measurements, hematocrit was measured. Two capillary 

tubes were filled the blood from the fingertip. These capillary tubes were centrifuged 

with a CritSpin Microhematocrit Centrifuge (StatSpin, Norwood, MA) for 2 minutes, 

and read on a CritSpin Digital Reader (StatSpin, Norwood, MA).  

Maximal Voluntary Contraction (MVC) 

Subjects were seated on an isokinetic dynamometer (Biodex System 3, Biodex 

Medical System, Shirley, NY) and one arm was immobilized at a 90 degree angle 

perpendicular to the floor. The arm performed isometric elbow flexion against the lever 

arm of the isokinetic dynamometer for 3 seconds to measure the highest torque. Three 

submaximal contractions (3 seconds with 30 seconds rest period between attempts, at 

approximately 30%, 50%, and 70% of maximal efforts) were performed as a warm up 

followed by two maximal contractions (3 seconds with 30 seconds rest period between 

attempts). The subject’s arm was then moved to a 120 degree angle, and two additional 

maximal contractions (3 seconds with 30 seconds rest period between attempts) were 

completed. After exercise protocol, the subject immediately completed two maximal 

contractions (3 seconds with 30 seconds rest period between attempts) at both 90 and 

120 degree without three submaximal contractions (warm-up).  

Electromyography (EMG) 

During the initial testing, surface EMG sites were marked at 33% of the biceps 

brachii (BB) in both arms and the 7
th

 cervical vertebrae of the neck. In the preparing 
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electrode placement, the hair around the EMG sites were shaved by a razor, abraded to 

remove dead skin, and cleaned with an alcohol prep pad. Subsequently, bipolar 

electrodes (inter electrode distance of 2 cm, Instatrace ECG Electrode, ConMed, Utica, 

NY) were affixed at the 33% site of BB on tested arms, and an electrode was affixed on 

the 7
th

 cervical vertebrae as a reference. EMG signals were recorded from the 33% site 

of BB during the MVC testing. An EMG amplifier (EMG100C, Biopac system Inc., 

Goleta, CA) obtained the EMG signals. The signals were filtered (low-pass filter: 500 

Hz and high-pass filter: 10 Hz), amplified (1000 times) and sampled at a rate of 2 KHz.   

EMG Analysis 

The EMG data were analyzed using computer software (Labview 7.1, National 

instrument corporation, Austin, TX). The collected EMG data included EMG amplitude 

(root mean Square (RMS)) and mean power frequency (MPF). The values were 

normalized for analysis.  

Statistical Analysis 

Means and standard deviations were reported for each dependent variable. In the 

control group, both arms were measured to compare with the two training groups. 

Baseline comparisons between the three protocols (HI, LI-BFR and CON) for each 

variable were evaluated by an one-way analysis of variance (ANOVA). If differences 

were detected, analysis of covariance (ANCOVA) was utilized in further data analyses. 

In the training testing, time-points comparisons between the PRE 1 and PRE 2 for each 

variable were evaluated by a paired t-test. If there was no significant difference between 

PRE1 and PRE2, each variable was averaged (PRE) for further analysis. Between 

protocol comparisons over time were made by a two-way (protocols: HI, LI-BFR, and 
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CON)  time (PRE and POST test) repeated measures ANOVA. If there are any 

significant differences between protocols, a Bonferroni post-hoc test was used.  

In the acute response testing, between protocol comparisons over time was made 

by a two-way (conditions: HI and LI-BFR)  time (acute pre and acute post test) 

repeated measures ANOVA.  

In addition, the minimal difference (MD, formula = SEM × 1.96 × 2 ) was 

calculated from the standard error of measurement (SEM, formula = ICCSD 1  and 

the  ICC3,1, intraclass correlations coefficient ) to reduce systemic error and ICC3,1 

(model 3; a fixed-effect model) was used due to only considers random error whereas 

model 2 (random-effects model) considers both systemic and random error (91). Also, % 

coefficient of variation (%CV) was calculated using the formula; [(pooled SD of PRE1 

and PRE2 /pooled mean of PRE1 and PRE2) × 100]. 

The data were analyzed by SPSS 18.0 (SPSS Inc., Chicago, IL). The level of 

significance was set at p < 0.05. Effect size (ES) were calculated by subtracting the 

mean of pre-test from the mean of post-test and then dividing by standard deviation of 

pre-test (SD) (74).  
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Chapter IV: Results and Discussion 

Purpose of the Study 

The purpose of this study was to compare the skeletal muscle (arm 

circumference, muscle thickness, muscle activity, and isometric and isotonic strength) 

and vascular responses (forearm blood flow and peripheral arterial stiffness) following 

eight weeks of unilateral elbow flexor resistance exercise with a traditional high-load 

without BFR program and a low-load with BFR program (50% of arterial blood flow 

occlusion) in untrained college-aged males.  

A secondary purpose of this study was to compare the acute skeletal muscle 

responses (muscle thickness, muscle activity, isometric strength, hematocrit and blood 

lactate) between traditional high-load and low-load with BFR unilateral elbow flexor 

resistance exercise in college-aged males.  

Participant Characteristics 

A total of eighteen physically inactive males (age range: 18 – 33 years old) participated 

in this study, but four participants did not complete the study due to their personal 

schedules. Three subjects were withdrawal before groups were assigned and one subject 

in the control group was withdrawal after the PRE2 test. Thus only fourteen participants 

completed all of testing and training sessions. The description of the baseline participant 

characteristics is shown in Table 1. At baseline, there were no significant differences 

between groups. Results are expressed as means ± standard deviation (SD) for all 

variables. The description of exercise protocols is shown in Table 2. 

 

 



36 

Table 1. Participants Characteristics. 

 Group  

Variables Experimental (n = 9) Control (n = 5) p - value 

Age (years) 21.8 ± 2.5 27.6 ± 6.4 0.071 

Height (cm) 177.9 ± 7.1 175.2 ± 5.4 0.478 

Weight (kg) 76.0 ± 9.3 73.7 ± 18.4 0.762 

BMI (kg/m
2
) 24.1 ± 3.2 23.8 ± 4.5 0.901 

Values : mean ± SD; BMI, body mass index  

Table 2. Exercise Protocols for Each Group. 

  Group  

Variables HI  LI-BFR  CON  

Work load 75 % 1-RM 30 % 1-RM None 

Set # 3 4 None 

Repetition # 10, 10, 10  30, 15, 15, 15 None 

Cuff pressure (mmHg)  None 72.0 ± 10.9 None 

RM, repetition maximum; AOP, arterial occlusion pressure 

Pre-testing 1 to Pre-testing 2 Measurement Stability 

Paired t-tests and Pearson correlation coefficients were used to compare values 

between pre-testing 1 (PRE1) and pre-testing 2(PRE2) for measurement reliability.  

Pearson r values were statistically significant except for forearm blood flow (p = 0.051) 

and the t-value (3.167) for pulse wave velocity indicated a significant mean difference 

(p = 0.004) which indicated that these values were somewhat inconsistent between 

PRE1 and PRE2. The description of measurement stability is shown in Table 3 and 4. 

PRE1 and PRE2 values were then averaged to compare with POST values.  
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Table 3. Measurement Stability 

Variables PRE1 PRE2 r t sig. 

MTH at 50% (cm) 2.98 ± 0.54 2.98 ± 0.52 0.973 0.038 0.970 

MTH at 60% (cm) 3.35 ± 0.50 3.31 ± 0.47 0.961 1.361 0.185 

MTH at 70% (cm) 3.75 ± 0.49 3.74 ± 0.46 0.956 0.403 0.690 

AC at 50% (cm) 30.96 ± 3.47 30.98 ± 3.49 0.995 -0.276 0.785 

AC at 60% (cm) 30.09 ± 3.45 30.09 ± 3.50 0.993 -0.094 0.926 

AC at 70% (cm) 28.93 ± 3.16 28.98 ± 3.20 0.993 -0.641 0.527 

FAC (cm) 27.04 ± 1.83  27.13 ± 1.79 0.996 0.735 0.469 

SBP (mmHg) 116.3 ± 7.3 115.9 ± 9.7 0.858 0.365 0.721 

DBP (mmHg) 73.1 ± 8.8 72.2 ± 8.3 0.862 0.773 0.454 

1-RM (kg) 15.10 ± 2.82 15.23 ± 2.79 0.978 -1.250 0.222 

MVC 90° (Nm) 44.72 ± 14.85 45.47 ± 15.79 0.964 -0.947 0.352 

MVC 120° (Nm) 54.33 ± 16.17 53.61 ± 13.14 0.891 0.509 0.615 

EMG-RMS 90° (mV) 706.5 ± 236.4 670.5 ± 255.8 0.668 0.946 0.352 

EMG-MPF 90° (Hz) 83.45 ± 14.90 81.60 ± 12.45 0.603 0.790 0.436 

EMG-RMS 120° (mV) 682.1 ± 255.8 683.5 ± 290.0 0.613 -0.031 0.976 

EMG-MPF 120° (Hz) 77.79 ± 11.10 77.07 ± 11.55 0.633 0.390 0.700 

PWV (m/s)
 
 7.82 ± 0.98 7.60 ± 0.92 0.921 3.167 0.004

*
 

FBF (ml/min/100ml)
 
 2.33 ± 0.75 2.53 ± 0.53 0.372 -1.417 0.168 

MTH, muscle thick ness; AC, arm circumference; FAC, forearm circumference; SBP, 

systolic blood pressure; DBP, diastolic blood pressure; 1-RM, one repetition maximum; 

MVC, maximal voluntary contraction; EMG-RMS; Electromyography-root mean 

square; EMG-MPF; Electromyography-mean power frequency; PWV, pulse wave 

velocity; FBF, forearm blood flow; 
*
p < 0.05 significant difference between PRE1 and 

PRE2 
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Table 4. Measurement Stability 

Variables ICC3,1 SEM MD %CV 

MTH at 50% (cm) 0.973 0.09 0.25 17.72 

MTH at 60% (cm) 0.959 0.10 0.28 14.33 

MTH at 70% (cm) 0.954 0.11 0.29 12.67 

AC at 50% (cm) 0.995 0.25 0.68 11.14 

AC at 60% (cm) 0.993 0.29 0.80 11.52 

AC at 70% (cm) 0.993 0.27 0.74 10.93 

FAC (cm) 0.996 0.12 0.32 6.62 

SBP (mmHg) 0.822 3.06 8.49 7.26 

DBP (mmHg) 0.860 3.28 9.08 11.51 

1-RM (kg) 0.978 0.42 1.16 18.35 

MVC 90° (Nm) 0.963 2.86 7.91 33.68 

MVC 120° (Nm) 0.872 5.79 16.03 27.06 

EMG-RMS 90° (mV) 0.665 136.80 378.93 35.54 

EMG-MPF 90° (Hz) 0.594 9.49 26.30 16.52 

EMG-RMS 120° (mV) 0.608 160.14 443.60 39.68 

EMG-MPF 120° (Hz) 0.632 6.74 18.66 14.51 

PWV (m/s)
 
 0.919 0.28 0.77 12.27 

FBF (ml/min/100ml) 0.351 0.61 1.68 26.99 

ICC, intraclass correlation coefficient, SEM, standard error of measurement; MD, 

minimal difference; %CV, % coefficient of variation; SEM and MD, expressed units 

being measured 
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PRE and POST Assessments 

Muscular Responses 

At baseline, MTH at 50% (p = 0.888), 60% (p = 0.963) and 70% (p = 0.920) 

were not significantly different between groups. The description of the MTH at 50%, 60% 

and 70% at PRE and POST for each group is shown in Table 5.  

For MTH at 50%, results from the two-way repeated measures ANOVA 

indicated there were significant group × time interaction (p = 0.008) and time (p = 0.000) 

effects, but no group effect (p = 0.318). The Bonferroni post-hoc test showed the MTH 

at 50% in both HI (p = 0.000) and LI-BFR (p = 0.01) groups was significantly increased 

over time, but not in the CON group (p = 0.372), and there was no group difference at 

the POST (p = 0.175).   

Table 5. MTH at 50%, 60%, and 70% at PRE and POST for Each Group 

Variables Group PRE POST %Δ ES 

MTH at 50% 

(cm)
 §§, **

 

HI (n=9) 

LI-BFR (n=9) 

CON (n=10) 

3.03 ± 0.47 

3.00 ± 0.58 

2.91 ± 0.58 

3.31 ± 0.44
**

  

3.34 ± 0.48
**

 

2.95 ± 0.55 

9.2 

11.3 

1.4 

0.60 

0.59 

0.07 

MTH at 60% 

(cm)
 §, **

 

HI (n=9) 

LI-BFR (n=9) 

CON (n=10) 

3.37 ± 0.42 

3.33 ± 0.44 

3.31 ± 0.60 

3.59 ± 0.47
*
 

3.56 ± 0.48
*
 

3.27 ± 0.58 

6.5 

6.9 

-1.2 

0.52 

0.52 

-0.07 

MTH at 70% 

(cm) 
§§, **

 

HI (n=9) 

LI-BFR (n=9) 

CON (n=10) 

3.79 ±0.41 

3.72 ± 0.46 

3.71 ± 0.47 

4.09 ± 0.50
*
 

3.99 ± 0.50
*
 

3.66 ± 0.56  

7.9 

7.3 

-1.3 

0.73 

0.59 

-0.11 

Values : mean ± SD; 
*
p < 0.05 time effect; 

**
p < 0.01time effect; 

§
p < 0.05 group × time 

interaction effect; 
§§

p < 0.01 group × time interaction effect; MTH, muscle thickness 

 

For MTH at 60%, results from the two-way repeated measures ANOVA 

indicated there were significant group × time interaction (p = 0.016) and time (p = 0.002) 

effects, but no group effect (p = 0.663). The Bonferroni post-hoc test showed the MTH 

at 60% in both HI (p = 0.035) and LI-BFR (p = 0.02) groups was significantly increased 
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over time, but not in the CON group (p = 0.344), and there was no group difference at 

the POST (p = 0.329).   

For MTH at 70%, results from the two-way repeated measures ANOVA 

indicated there were significant group × time interaction (p = 0.001) and time (p = 0.009) 

effects, but no group effect (p = 0.601). The Bonferroni post-hoc test showed the MTH 

at 70% in both HI (p = 0.013) and LI-BFR (p = 0.032) groups was significantly 

increased over time, but not in the CON group (p = 0.293), and there was no group 

difference at the POST (p = 0.184).   

The magnitude of change for MTH at 50% in both HI and LI-BFR (0.28 and 

0.34) groups was greater than MD (0.25) for MTH at 50% indicating a real change 

since it was greater than the expected normal variability associated with the 

measurement. The magnitude of change for MTH at 70% in HI group (0.29) was also 

greater than the MD (0.29) for MTH at 70% and statically similar to MTH at 70% in the 

LI-BFR group (0.27) even though the value was slightly below the MD. However, the 

magnitude of change for MTH at 60% in both HI and LI-BFR (0.22 and 0.23) groups 

was lower than the MD (0.28) for MTH at 50% and therefore may be only due to 

normal expected variability associated with the measurement. 

The individual muscle thickness responses for the HI or LI-BFR group at 50%, 

60%, and 70% are shown in Figure 2, 3, 4, 5, 6, and 7, respectively.  
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Figure 2. Individual Muscle Thickness Responses at 50% for the HI Group 

 

 

 

 

 

 
Figure 3. Individual Muscle Thickness Responses at 50% for the LI-BFR Group. 
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Figure 4. Individual Muscle Thickness Responses at 60% for the HI Group. 

 

 

 

 
Figure 5. Individual Muscle Thickness Responses at 60% for the LI-BFR Group. 
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Figure 6. Individual Muscle Thickness Responses at 70% for the HI Group. 

 

 

 

 
Figure 7. Individual Muscle Thickness Responses at 70% for the LI-BFR Group. 
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At baseline, AC at 50% (p = 0.496), 60% (p = 0.700) and 70% (p = 0.632) and 

FAC (p = 0.901) were not significantly different between groups. The description of the 

AC at 50%, 60% and 70% and FAC at PRE and POST for each group is shown in Table 

6.  

Table 6. AC at 50%, 60% and 70% and FAC at PRE and POST for Each Group. 

Variables Group PRE POST %Δ ES 

AC at 50% 

(cm)
§§, **

 

HI (n=9) 

LI-BFR (n=9) 

CON (n=10) 

31.59 ± 2.97 

31.53 ± 2.90 

29.90 ± 4.36 

32.45 ± 2.61
**

  

32.16 ± 2.85
**

 

29.94 ± 4.35 

2.7 

2.0 

0.1 

0.29 

0.22 

0.01 

AC at 60% 

(cm)
 §§, **

 

HI (n=9) 

LI-BFR (n=9) 

CON (n=10) 

30.47 ± 3.21 

30.56 ± 3.11 

29.33 ± 4.15 

31.59 ± 2.76
**

 

31.29 ± 2.76
*
 

29.28 ± 4.06 

3.7 

2.4 

-0.2 

0.35 

0.23 

-0.01 

AC at 70% 

(cm)
 §§, **

 

HI (n=9) 

LI-BFR (n=9) 

CON (n=10) 

29.34 ± 3.00 

29.46 ± 2.82 

28.16 ± 3.78 

30.60 ± 2.73
**

 

30.23 ± 2.41
*
 

28.28 ± 3.71  

4.3 

2.6 

0.4 

0.42 

0.27 

0.03 

FAC (cm)
 

§§,**
 

HI (n=9) 

LI-BFR (n=9) 

CON (n=10) 

27.10 ± 1.91 

27.28 ± 1.33 

26.89 ± 2.21  

27.54 ± 1.80
**

 

27.63 ± 1.52
*
 

26.83 ± 2.28  

1.6 

1.3 

-0.2 

0.23 

0.26 

-0.03 

Values : mean ± SD; 
*
p < 0.05 time effect; 

**
p < 0.01time effect; 

§§
p < 0.01 group × 

time interaction effect; AC, arm circumference; FAC, forearm circumference 

 

For AC at 50%, results from the two-way repeated measures ANOVA indicated 

there were significant group × time interaction (p = 0.007) and time (p = 0.01) effects, 

but no group effect (p = 0.348). The Bonferroni post-hoc test showed the AC at 50% in 

both HI (p = 0.005) and LI-BFR (p = 0.01) groups was significantly increased over time, 

but not in the CON group (p = 0.725), and there was no group difference at the POST (p 

= 0.228).   

For AC at 60%, results from the two-way repeated measures ANOVA indicated 

there were significant group × time interaction (p = 0.001) and time (p = 0.000) effects, 

but no group effect (p = 0.470). The Bonferroni post-hoc test showed the AC at 60% in 

both HI (p = 0.001) and LI-BFR (p = 0.011) groups was significantly increased over 
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time, but not in the CON group (p = 0.726), and there was no group difference at the 

POST (p = 0.264).   

For AC at 70%, results from the two-way repeated measures ANOVA indicated 

there were significant group × time interaction (p = 0.000) and time (p = 0.000) effects, 

but no group effect (p = 0.406). The Bonferroni post-hoc test showed the AC at 70% in 

both HI (p = 0.000) and LI-BFR (p = 0.019) groups was significantly increased over 

time, but not in the CON group (p = 0.091), and there was no group difference at the 

POST (p = 0.216). 

For FAC, results from the two-way repeated measures ANOVA indicated there 

were significant group × time interaction (p = 0.001) and time (p = 0.000) effects, but 

no group effect (p = 0.379). The Bonferroni post-hoc test showed the FAC in both HI (p 

= 0.000) and LI-BFR (p = 0.019) groups was significantly increased over time, but not 

in the CON group (p = 0.0379), and there was no group difference at the POST (p = 

0.604). 

The magnitude of change for AC at 50% and 60% in the HI group (0.86 and 

1.12) was greater than the MD (0.68 and 0.80) for AC at 50% and 60% and statically 

similar to AC at 50% and 60% in the LI-BFR group (0.63 and 0.77), respectively, even 

though these values were slightly below the MD. The magnitude of change for AC at 70% 

and FAC in both HI (1.26 and 0.44) and LI-BFR (0.77 and 0.35) groups was greater 

than the MD (0.74 and 0.32) for AC at 70% and FAC, respectively, indicating a real 

change since it was greater than the expected normal variability associated with the 

measurement  
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 The individual arm circumference responses for the HI or LI-BFR group at 50%, 

60%, and 70% are shown in Figure 8, 9, 10, 11, 12, and 13, respectively.  

 
Figure 8. Individual Arm Circumference Responses at 50% for the HI Group. 

 

 
Figure 9. Individual Arm Circumference Responses at 50% for the LI-BFR Group. 
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Figure 10. Individual Arm Circumference Responses at 60% for the HI Group. 

 

 

 
Figure 11. Individual Arm Circumference Responses at 60% for the LI-BFR 

Group. 
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Figure 12. Individual Arm Circumference Responses at 70% for the HI Group. 

 

 

 
Figure 13. Individual Arm Circumference Responses at 70% for the LI-BFR 

Group. 
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 Strength Responses 

At baseline, 1RM (p = 0.793), MVC 90° (p = 0.914) and MVC 120° (p = 0.588) 

were not significantly different between groups. The description of the 1RM, MVC 90° 

and MVC 120° at PRE and POST for each group is shown in Table 7.  

Table 7. 1-RM, MVC 90°, and MVC 120° at PRE and POST for Each Group. 

Variables Group PRE POST %Δ ES 

1-RM (KG)
 

§§, **, #
 

HI (n=9) 

LI-BFR (n=9) 

CON (n=10) 

15.57 ± 2.85 

15.28 ± 2.75 

14.69 ± 3.00 

19.33 ± 4.79
**

  

17.67 ± 3.26
**

 

14.26 ± 3.35 

24.1 

15.6 

-2.9 

1.32 

0.87 

-0.14 

MVC 90° 

(Nm)
 §

 

HI (n=9) 

LI-BFR (n=9) 

CON (n=10) 

45.61 ± 18.70 

46.40 ± 16.62 

43.46 ± 11.40 

51.53 ± 13.07
*
 

51.04 ± 18.54
*
 

40.51 ± 9.02 

13.0 

10.0 

-6.8 

0.32 

0.28 

-0.26 

MVC 120° 

(Nm)
 **

 

HI (n=9) 

LI-BFR (n=9) 

CON (n=10) 

56.62 ±18.48 

55.53 ± 13.13 

50.19 ± 11.29 

63.56 ± 17.12
*
 

60.28 ± 18.21
*
 

54.34 ± 11.92  

12.3 

8.6 

8.6 

0.38 

0.36 

0.37 

Values : mean ± SD; 
*
p < 0.05 time effect; 

**
p < 0.01time effect;

 §
p < 0.0 group × time 

interaction effect; 
§§

p < 0.01 group × time interaction effect; 
#
p < 0.05 group effect 

between HI and CON at the POST; 1-RM, one repetition maximum; MVC, maximal 

voluntary contraction  

 

For 1-RM, results from the two-way repeated measures ANOVA indicated there 

were significant group × time interaction (p = 0.000) and time (p = 0.000) effects, but 

no group effect (p = 0.156). The Bonferroni post-hoc test showed the 1-RM in both HI 

(p = 0.001) and LI-BFR (p = 0.000) groups was significantly increased over time, but 

not in the CON group (p = 0.062). There was significantly group different at the POST 

(p = 0.024). The HI group was significantly greater than the CON group at the POST (p 

=0.025), but there were no group differences between HI and LI-BFR groups and 

between LI-BFR and CON groups.     

For MVC 90°, results from the two-way repeated measures ANOVA indicated 

there was significant group × time interaction effect (p = 0.021), but not time (p = 0.067)  

and group (p = 0.470) effects. The Bonferroni post-hoc test showed the MVC 90° in the 
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HI (p = 0.043) group was significantly increased over time, but not in both LI-BFR (p = 

0.091) and CON group (p = 0.180), and there was no group difference at the POST (p = 

0.166).   

For MVC 120°, results from the two-way repeated measures ANOVA indicated 

there was significant time effect (p = 0.000), but no group × time interaction (p = 0.635) 

and group (p = 0.501) effects. The Bonferroni post-hoc test showed the MVC 120° in 

both HI (p = 0.011) and CON group (p = 0.036) was significantly increased over time, 

but not in and LI-BFR (p = 0.112) group, and there was no group difference at POST (p 

= 0.447). 

The magnitude of change for 1-RM in both HI and LI-BFR (3.76 and 2.39) 

groups was greater than the MD (1.16) for 1-RM indicating a real change since it was 

greater than the expected normal variability associated with the measurement. However, 

the magnitude of change for MVC 90° and MVC 120° in both HI (5.92 and 6.94) and 

LI-BFR (4.64 and 4.75) groups was lower than the MD (7.91 and 16.03) for MVC 90° 

and MVC 120°, respectively, but were still significantly increased following training.  

The 1-RM at PRE, Week 2, Week 4, Week 6 and POST in Both HI and LI-BFR 

is shown in Figure 14.  
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Figure 14. 1-RM at PRE, Week 2, Week 4, Week 6 and POST in Both HI and LI-

BFR Groups.  

*p < 0.05 time effect; **p < 0.01time effect 
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The individual 1-RM, MVC 90°, and MVC 120° responses for the HI or LI-BFR 

group are shown in Figure 15, 16, 17, 18, 19, and 20, respectively. 

 
Figure 15. Individual 1-RM Responses for the HI Group. 

 

 
Figure 16. Individual 1-RM Responses for the LI-BFR Group. 
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Figure 17. Individual MVC 90° Responses for the HI Group. 

 

 

 

 
Figure 18. Individual MVC 90° Responses for the LI-BFR Group. 
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Figure 19. Individual MVC 120° Responses for the HI Group. 

 

 

 

 
Figure 20. Individual MVC 120° Responses for the LI-BFR Group. 
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Electromyography Responses 

At baseline, EMG-RMS 90° (p = 0.376), EMG-MPF 90° (p = 0.556), EMG-

RMS 120° (p = 0.245) and EMG-MPF 120° (p = 0.359) were not significantly different 

between groups. The description of the EMG-RMS and MPF 90° and 120° at PRE and 

POST for each group is shown in Table 8.  

Table 8. EMG-RMS and MFP 90° and 120° responses at PRE and POST for Each 

Group. 

Variables Group PRE POST %Δ ES 

EMG-RMS 90° 

(mV)
 
 

HI (n=9) 

LI-BFR (n=9) 

CON (n=10) 

615.5 ± 201.1 

766.3 ± 222.3 

688.5 ± 245.4  

781.5 ± 317.0  

818.2 ± 274.5 

663.9 ± 228.0 

27.0 

6.8 

-3.6 

0.83 

0.23 

-0.10 

EMG-MPF 90° 

(Hz)
 *
 

HI (n=9) 

LI-BFR (n=9) 

CON (n=10) 

84.98 ± 16.54 

83.86 ± 12.47 

79.12 ± 6.95 

74.20 ± 5.30  

79.44 ± 13.90 

76.67 ± 5.29 

-12.7 

-5.3 

-3.1 

-0.65 

-0.35 

-0.35 

EMG-RMS 120° 

(mV)
 
 

HI (n=9) 

LI-BFR (n=9) 

CON (n=10) 

697.1 ± 189.8 

775.7 ± 281.5 

586.2 ± 242.2  

788.0 ± 243.3 

793.9 ± 191.4 

590.0 ± 225.0  

13.0 

2.3 

0.6 

0.48 

0.06 

0.02 

EMG-MPF 120 ° 

(Hz)
 
 

HI (n=9) 

LI-BFR (n=9) 

CON (n=10) 

80.58 ± 11.48 

78.24 ± 10.63 

73.86 ± 8.49 

75.94 ± 11.33 

75.89 ± 11.89 

72.97 ± 7.30 

-5.8 

-3.0 

-1.2 

-0.40 

-0.22 

-0.10 

Values : mean ± SD; 
*
p < 0.05 time effect; EMG-RMS; Electromyography-root mean 

square; EMG-MPF; Electromyography-mean power frequency 

 

For EMG-RMS 90°, results from the two-way repeated measures ANOVA 

indicated there was no significant time (p = 0.155), group × time interaction (p = 0.250) 

and group (p = 0.486) effects. The Bonferroni post-hoc test showed there was no time 

effect for the EMG-RMS 90° in the HI (p = 0.147), LI-BFR (p = 0.465) and CON (p = 

0.740)  groups, and there was no group difference at the POST (p = 0.447).   

For EMG-MPF 90°, results from the two-way repeated measures ANOVA 

indicated there was significant time effect (p = 0.011), but no group × time interaction 

(p = 0.271) and group (p = 0.389) effects. The Bonferroni post-hoc test showed there 

was no time effect for the EMG-RMS 90° in the HI (p = 0.067), LI-BFR (p = 0.241) 
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and CON (p = 0.306)  groups, and there was no group difference at the acute POST (p = 

0.476).   

For EMG-RMS 120°, results from the two-way repeated measures ANOVA 

indicated there was no significant time (p = 0.249), group × time interaction (p = 0.501) 

and group (p = 0.151) effects. The Bonferroni post-hoc test showed there was no time 

effect for the EMG-RMS 120° in the HI (p = 0.239), LI-BFR (p = 0.764) and CON (p = 

0.911)  groups, and there was no group difference at the POST (p = 0.090).   

For EMG-MPF 120°, results from the two-way repeated measures ANOVA 

indicated there was no significant time (p = 0.213), group × time interaction (p = 0.755) 

and group (p = 0.455) effects. The Bonferroni post-hoc test showed there was no time 

effect for the EMG-MPF 120° in the HI (p = 0.304), LI-BFR (p = 0.516) and CON (p = 

0.735) groups, and there was no group difference at the POST (p = 0.769).   

The magnitude of change for MVC 90°-RMS, MVC 90°-MPF, MVC 120°-RMS 

and MVC 120°-MPF in both HI (166.0, -10.8, 90.9 and -4.6) and LI-BFR (51.9, -4.4, 

18.2 and -2.4) was lower than the MD (378.9, 26.3, 443.6 and 18.7) for MVC 90°-RMS, 

MVC 90°-MPF, MVC 120°-RMS and MVC 120°-MPF, respectively, and may only 

represent normal expected variability associated with the measurement. 

The individual EMG-RMS and MPF 90° and 120° responses for the HI or LI-

BFR group are shown in Figure 21, 22, 23, 24, 25, 26, 27 and 28, respectively. 
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Figure 21. Individual EMG-RMS 90° Responses for the HI Group. 

 

 

 

 

 
Figure 22. Individual EMG-RMS 90° Responses for the LI-BFR Group. 
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Figure 23. Individual EMG-MPF 90° Responses for the HI Group. 

 

 

 

 

 
Figure 24. Individual EMG-RMS 90° Responses for the LI-BFR Group. 
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Figure 25. Individual EMG-RMS 1200° Responses for the HI Group. 

 

 

 

 
Figure 26. Individual EMG-RMS 90° Responses for the LI-BFR Group. 
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Figure 27. Individual EMG-MPF 120° Responses for the HI Group. 

 

 

 

 
Figure 28. Individual EMG-RMS 120° Responses for the LI-BFR Group. 
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Cardiovascular Responses 

At baseline, SBP (p = 0.944) was not significantly different between the 

experimental and control groups whereas DBP (p = 0.011) was significantly different 

between groups, thus the ANOVA was used for the SBP analysis and the ANCOVA 

was used for the DBP analysis (the PRE was used as covariate). The description of the 

SBP and DBP at PRE and POST for experimental and control groups is shown in Table 

9.  

Table 9. SBP and DBP at PRE and POST for Experimental and Control Groups. 

Variables Group PRE POST %Δ ES 

SBP  

(mmHg)
 
 

Experimental (n=9) 

Control (n=5) 

116.06 ± 4.97 

116.40 ± 13.01  

115.33 ± 8.25  

120.00 ± 13.00  

- 0.6 

3.1 

-0.17 

0.28 

DBP  

(mmHg) 

Experimental (n=9) 

Control (n=5) 

68.83 ± 5.09 

79.60 ± 8.61 

67.11 ± 5.23 

80.80 ± 7.23 

- 2.5 

1.5 

-0.34 

0.13 

Values : mean ± SD; SBP, systolic blood pressure; DBP, diastolic blood pressure 

For SBP, results from the ANOVA indicated there were no significant group × 

time interaction (p = 0.113) time (p = 0.277) and group (p = 0.629) effects. The paired t-

test showed the SBP in Experimental (p = 0.658) and Control (p = 0. 125) groups was 

not significantly different.  

For DBP, results from the ANCOVA indicated there were no significant group × 

time interaction (p = 0.992) and group (p = 0.818) effects. The paired t-test showed the 

DBP in Experimental (p = 0.193) and Control (p = 0.483) groups was not significantly 

different.  

The magnitude of change for SBP and DBP in both Experimental (- 0.73 and – 

1.72) and Control (3.6 and 1.2) groups was lower than the MD (8.5 and 9.1) for the SBP 

and DBP, respectively, and may represent normal expected variability associated with 

the measurement.  
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At baseline, PWV (p = 0.000) and FBF (p = 0.030) were significantly different 

between groups (PWV; HI vs CON, p = 0.000 and LI-BFR vs CON, p = 0.000 and FBF; 

LI-BFR vs CON, p = 0.033), thus the ANCOVA was utilized for data analysis (the PRE 

was used as covariate). The description of the PWV and FBF at PRE and POST for 

each group is shown in Table 10.  

Table 10. PWV and FBF at PRE and POST for Each Group. 

Variables Group PRE POST %Δ ES 

PWV  

(m/s)
 
 

HI (n=9) 

LI-BFR (n=9) 

CON (n=10) 

7.21 ± 0.57 

7.23 ± 0.66 

8.60 ± 0.74 

7.56 ± 0.85  

7.24 ± 0.58 

8.69 ± 0.83 

4.9 

0.1 

1.0 

0.61 

0.02 

0.12 

FBF 

(ml/min/100ml) 

HI (n=9) 

LI-BFR (n=9) 

CON (n=10) 

2.52 ± 0.54 

2.70 ± 0.35 

2.09 ± 2.30 

3.11 ± 1.00 

2.84 ± 0.77 

2.30 ± 0.80 

23.4 

5.2 

10.0 

1.09 

0.40 

0.09 

Values : mean ± SD; PWV, pulse wave velocity; FBF, forearm blood flow 

For PWV, results from the ANCOVA indicated there were no significant group 

× time interaction (p = 0.503) and group (p = 0.343) effects. The paired t-test showed 

the PWV in HI (p = 0.237), LI-BFR (p = 0.942) and CON (p = 0.559) groups was not 

significantly different.  

For FBF, results from the ANCOVA indicated there were no significant group × 

time interaction (p = 0.106) and group (p = 0.241) effects. The paired t-test showed the 

FBF in HI (p = 0.223), LI-BFR (p = 0.595) and CON (p = 0.356) groups was not 

significantly different.  

The magnitude of changes for PWV and FBF in both HI (0.35 and 0.59) and LI-

BFR (0.01 and 0.14) was lower than the MD (0.77 and 1.68) for the PWV and FBF, 

respectively, and may represent normal expected variability in these measurement.  

The individual PWV and FBF responses in the HI, LI-BFR, and CON groups 

are shown in Figure 29 and 30, respectively.  
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Figure 29. Individual PWV responses in the HI, LI-BFR and CON Groups. 

 

 

 

 
Figure 30. Individual FBF responses in the HI, LI-BFR and CON Groups. 
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Acute Response Testing 

Acute Muscular Responses 

At baseline, acute MTH at 50% (p = 0.402), 60% (p = 0.368) and 70% (p = 

0.098) were not significantly different between groups. The description of the acute 

MTH at 50%, 60% and 70% at PRE and POST for each group is shown in Table 11.  

Table 11. Acute MTH at 50%, and 60% and 70% responses at PRE and POST for 

Each Group. 

Variables Group Acute PRE Acute POST %Δ ES 

MTH at 50% 

(cm)
 **

 

HI (n=9) 

LI-BFR (n=9) 

3.06 ± 0.53 

3.13 ± 0.47 

3.19 ± 0.55
**

  

3.28 ± 0.53
*
 

4.2 

4.8 

0.25 

0.32 

MTH at 60% 

(cm) 
**

 

HI (n=9) 

LI-BFR (n=9) 

3.45 ± 0.42 

3.41 ± 0.39 

3.63 ± 0.42
*
 

3.72 ± 0.48
**

 

5.2 

9.1 

0.43 

0.79 

MTH at 70% 

(cm)
 §, **

 

HI (n=9) 

LI-BFR (n=9) 

3.94 ±0.42 

3.84 ± 0.37 

4.13 ± 0.53
*
 

4.16 ± 0.49
**

 

4.8 

8.3 

0.45 

0.86 

Values : mean ± SD; 
*
p < 0.05 time effect; 

**
p < 0.01time effect;

 §
p < 0.05 group × time 

interaction effect; MTH, muscle thick ness 

 

For acute MTH at 50%, results from the two-way repeated measures ANOVA 

indicated there was significant time effect (p = 0.002), but no group × time interaction 

(p = 0.919) and group (p = 0.318) effects. The paired sample t-tests showed the MTH at 

50% in both HI (p = 0.005) and LI-BFR (p = 0.046) groups was significantly increased 

over time, but there was no group difference at the acute POST (p = 0.402).   

For acute MTH at 60%, results from the two-way repeated measures ANOVA 

indicated there was significant time effect (p = 0.000), but no group × time interaction 

(p = 0.193) and group (p = 0.577) effects. The paired sample t-tests showed the MTH at 

60% in both HI (p = 0.014) and LI-BFR (p = 0.000) groups was significantly increased 

over time, but there was no group difference at the acute POST (p = 0.368).   
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For acute MTH at 70%, results from the two-way repeated measures ANOVA 

indicated there were significant group × time interaction (p = 0.046) and time (p = 0.001) 

effects, but no group effect (p = 0.569). The paired sample t-tests showed the MTH at 

70% in both HI (p = 0.014) and LI-BFR (p = 0.000) groups was significantly increased 

over time, but there was no group difference at the acute POST (p = 0.657).   

The individual acute changes of muscle thickness responses for the HI or LI-

BFR group at 50%, 60%, and 70% are shown in Figure 31, 32, and 33, respectively.  

 
Figure 31. Individual Acute Changes of MTH at 50% in Both HI and LI-BFR 

Groups. 
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Figure 32. Individual Acute Changes of MTH at 60% in Both HI and LI-BFR 

Groups. 

 

 

 
Figure 33. Individual Acute Changes of MTH at 70% in Both HI and LI-BFR 

Groups. 

 

 



67 

At baseline, acute AC at 50% (p = 0.406), 60% (p = 0.842) and 70% (p = 0.440) 

were not significantly different between groups. The description of the acute AC at 50%, 

60% and 70% at PRE and POST for each group is shown in Table 12.  

Table 12. Acute AC at 50%, and 60% and 70% responses at PRE and POST for 

Each Group. 

Variables Group Acute PRE Acute POST %Δ ES 

AC at 50% 

(cm)
 **

 

HI (n=9) 

LI-BFR (n=9) 

32.07 ± 2.65 

31.76 ± 2.84 

32.30 ± 2.68
**

  

32.16 ± 2.71
*
 

0.7 

1.3 

0.09 

0.14 

AC at 60% 

(cm) 
**

 

HI (n=9) 

LI-BFR (n=9) 

30.88 ± 2.78 

30.79 ± 2.79 

31.31 ± 2.81
**

 

31.35 ± 2.69
**

 

1.4 

1.8 

0.15 

0.20 

AC at 70% 

(cm)
  **

 

HI (n=9) 

LI-BFR (n=9) 

29.97 ±2.82 

29.71 ± 2.41 

30.39 ± 2.87
*
 

30.31 ± 2.39
**

 

1.4 

2.0 

0.15 

0.20 

Values : mean ± SD; 
*
p < 0.05 time effect; 

**
p < 0.01time effect; AC, arm 

circumference
 
 

 

For acute AC at 50%, results from the two-way repeated measures ANOVA 

indicated there was significant time effect (p = 0.001), but no group × time interaction 

(p = 0.335) and group effect (p = 0.516). The paired sample t-tests showed the acute AC 

at 50% in both HI (p = 0.007) and LI-BFR (p = 0.015) groups was significantly 

increased over time, but there was no group difference at the acute POST (p = 0.678).   

For acute AC at 60%, results from the two-way repeated measures ANOVA 

indicated there was significant time effect (p = 0.001), but no group × time interaction 

(p = 0.419) and group effect (p = 0.957). The paired sample t-tests showed the acute AC 

at 60% in both HI (p = 0.007) and LI-BFR (p = 0.003) groups was significantly 

increased over time, but there was no group difference at the acute POST (p = 0.910).   

For acute AC at 70%, results from the two-way repeated measures ANOVA 

indicated there was significant time effects (p = 0.001), but not group × time interaction 

(p = 0.269) and group effect (p = 0.593). The paired sample t-tests showed the acute AC 
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at 70% in both HI (p = 0.017) and LI-BFR (p = 0.001) groups was significantly 

increased over time, but there was no group difference at the acute POST (p = 0.804).   

The individual acute changes of arm circumferences for the HI or LI-BFR group 

at 50%, 60%, and 70% are shown in Figure 34, 35, and 36, respectively.  

 
Figure 34. Individual Acute Changes of AC at 50% in Both HI and LI-BFR 

Groups. 
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Figure 35. Individual Acute Changes of AC at 60% in Both HI and LI-BFR 

Groups. 

 

 

 
Figure 36. Individual Acute Changes of AC at 70% in Both HI and LI-BFR 

Groups. 
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Acute Whole Blood Lactate and Hematocrit Responses 

At baseline, acute WBL (p = 0.825) and HCT (p = 0.756) were not significantly 

different between groups. The description of the acute WBL and HCT at PRE and 

POST for each group is shown in Table 13.  

Table 13. Acute WBL and HCT responses at PRE and POST for Each Group. 

Variables Group Acute PRE Acute POST %Δ ES 

WBL 

(mmol/L)
 **

 

HI (n=9) 

LI-BFR (n=9) 

1.37 ± 0.43 

1.41 ± 0.53 

3.23 ± 1.31
**

  

2.76 ± 0.72
**

 

135.8 

95.7 

4.33 

2.55 

HCT (%)
 
 HI (n=9) 

LI-BFR (n=9) 

45.29 ± 2.48 

44.97 ± 2.42 

46.06 ± 2.21
*
 

45.97 ± 2.14 

1.7 

2.2 

0.31 

0.41 

Values : mean ± SD; 
*
p < 0.05 time effect; 

**
p < 0.01time effect;

 
WBL, whole body 

lactate; HCT, hematocrit 

 

For acute WBL, results from the two-way repeated measures ANOVA indicated 

there was significant time effect (p = 0.000), but no group × time interaction (p = 0.168) 

and group (p = 0.298) effects. The paired sample t-tests showed the WBL in both HI (p 

= 0.002) and LI-BFR (p = 0.000) groups was significantly increased over time, but there 

was no group difference at the acute POST (p = 0.161).   

For acute HCT, results from the two-way repeated measures ANOVA indicated 

there were no significant time (p = 0.08), group × time interaction (p = 0.737) and group 

(p = 0.805) effects. The paired sample t-tests showed the HCT in the HI (p = 0.04) 

group was significantly increased over time but not in the LI-BFR (p = 0.194), and there 

was no group difference at the acute POST (p = 0.903).   

The individual acute changes of whole body lactate and hematocrit for the HI or 

LI-BFR group are shown in Figure 37 and 38, respectively.  



71 

 
Figure 37. Individual Acute Changes of WBL in Both HI and LI-BFR Groups. 

 

 

 

 
Figure 38. Individual Acute Changes of HCT in Both HI and LI-BFR Groups. 
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Acute Maximal Voluntary Contraction Responses 

At baseline, acute MVC 90° (p = 0.545) and 120° (p = 0.096) were not 

significantly different between groups. The description of the acute MVC 90° and 120°  

at PRE and POST for each group is shown in Table 14.  

Table 14. Acute MVC 90° and 120° responses at PRE and POST for Each Group. 

Variables Group Acute PRE Acute POST %Δ ES 

MVC 90° 

(Nm)
 **, #

 

HI (n=9) 

LI-BFR (n=9) 

47.00 ± 13.29 

49.87 ± 12.02 

38.37 ± 8.32
*
  

33.53 ± 11.20
**

 

-18.4 

-32.8 

-0.65 

-1.36 

MVC 120° 

(Nm)
 **, #

 

HI (n=9) 

LI-BFR (n=9) 

61.82 ± 13.84 

57.21 ± 11.06 

48.82 ± 11.56
**

 

43.80 ± 10.94
**

 

-21.0 

-23.4 

-0.94 

-1.21 

Values : mean ± SD; 
*
p < 0.05 time effect; 

**
p < 0.01time effect; 

#
p < 0.05 group effect 

at the acute POST 

 

For acute MVC 90°, results from the two-way repeated measures ANOVA 

indicated there was significant time effect (p = 0.002), but no group × time interaction 

(p = 0.083) and group (p = 0.746) effects. The paired sample t-tests showed the MVC 

90° in both HI (p = 0.042) and LI-BFR (p = 0.001) groups was significantly decreased 

over time, and there was group difference at the acute POST (p = 0.047).   

For acute MVC 120°, results from the two-way repeated measures ANOVA 

indicated there were significant time (p = 0.000) and group (p = 0.028) effects, but no 

group × time interaction (p = 0.878) effect. The paired sample t-tests showed the MVC 

120° in both HI (p = 0.000) and LI-BFR (p = 0.000) groups was significantly decreased 

over time, and there was group difference at the acute POST (p = 0.033).   

The individual acute changes of MVC 90° and 120°for the HI or LI-BFR group 

are shown in Figure 40 and 41, respectively.  
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Figure 39. Individual Acute Changes of MVC 90° in Both HI and LI-BFR Groups. 

 

 

 

 
Figure 40. Individual Acute Changes of MVC 120° in Both HI and LI-BFR Groups. 
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Acute Electromyography Response 

All amplitude (RMS) mean power frequency (MPS) EMG values were 

normalized. The description of the acute EMG-RMS and MPF 90° and 120° at PRE and 

POST for each group is shown in Table 15.  

Table 15. Acute EMG 90° and 120° responses at PRE and POST for Each Group. 

Variables Group Acute PRE Acute POST %Δ 

EMG-RMS 90° 

(%)
 **

 

HI (n=9) 

LI-BFR (n=9) 

100.00 ± 0.00 

100.00 ± 0.00 

73.23 ± 16.78
**

  

68.67 ± 17.60
**

 

-26.8 

-31.3 

EMG-MPF 90° 

(%)
 **

 

HI (n=9) 

LI-BFR (n=9) 

100.00 ± 0.00 

100.00 ± 0.00 

83.80 ± 9.72
**

  

86.47 ± 12.56
*
 

-16.2 

-13.5 

EMG-RMS 120° 

(%)
 *

 

HI (n=9) 

LI-BFR (n=9) 

100.00 ± 0.00 

100.00 ± 0.00 

85.33 ± 14.72
*
 

83.97 ± 26.63 

-14.7 

-16.0 

EMG-MPF 120 ° 

(%)
 
 

HI (n=9) 

LI-BFR (n=9) 

100.00 ± 0.00 

100.00 ± 0.00 

93.97 ± 6.73
*
 

95.90 ± 14.39 

-6.0 

-4.1 

Values : mean ± SD; 
*
p < 0.05 time effect; 

**
p < 0.01time effect 

For acute EMG-RMS 90°, results from the two-way repeated measures ANOVA 

indicated there was significant time effect (p = 0.000), but no group × time interaction 

(p = 0.459) and group effect (p = 0.459). The paired sample t-tests showed the EMG-

RMS 90° in both HI (p = 0.012) and LI-BFR (p = 0.017) groups was significantly 

decreased over time, and there was no group difference at the acute POST (p = 0.459).   

For acute EMG-MPF 90°, results from the two-way repeated measures ANOVA 

indicated there was significant time effect (p = 0.001), but no group × time interaction 

(p = 0.582) and group effect (p = 0.582). The paired sample t-tests showed the EMG-

MPF 90° in both HI (p = 0.001) and LI-BFR (p = 0.001) groups was significantly 

decreased over time, and there was no group difference at the acute POST (p = 0.582).   

For acute EMG-RMS 120°, results from the two-way repeated measures 

ANOVA indicated there was significant time effect (p = 0.019), but no group × time 

interaction (p = 0.893) and group (p = 0.893) effects. The paired sample t-tests showed 
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the EMG-RMS 120° in the HI group (p = 0.017) was significantly decreased over time, 

but not in the LI-BFR group (p = 0.109) and there was no group difference at the acute 

POST (p = 0.893).   

For acute EMG-MPF 120°, results from the two-way repeated measures 

ANOVA indicated there was no significant time (p = 0.091), group × time interaction (p 

= 0.727) and group (p = 0.727) effects. The paired sample t-tests showed the EMG-

MPF 120° in both HI (p = 0.028) and LI-BFR (p = 0.417) groups was significantly 

decreased over time, and there was no group difference at the acute POST (p = 0.727).   

  The individual acute changes of EMG-RMS and MPF 90° and 120° for the HI 

or LI-BFR group are shown in Figure 42, 43, 44, and 45, respectively.  
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Figure 41. Individual Acute Changes of EMG-RMS 90° in Both HI and LI-BFR 

Groups. 

 

 

 

 
Figure 42. Individual Acute Changes of EMG-MPF 90° in Both HI and LI-BFR 

Groups. 
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Figure 43. Individual Acute Changes of EMG-RMS 120° in Both HI and LI-BFR 

Groups. 

 

 

 
Figure 44. Individual Acute Changes of EMG-MPF 120° in Both HI and LI-BFR 

Groups. 
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Exercise Training 

Volume of Exercise 

At baseline, the volume of exercise (p = 0.451) was not significantly different 

between groups. Also there were no group differences for the volume of exercise in 

each week. The volume of exercise during eight weeks of training for both groups is 

shown in Figure 46.  

 
Figure 45. Volume of Exercise during Eight Weeks of Training for Both HI and 

LI-BFR Groups. 

 
*
p < 0.05 time effect; 

**
p < 0.01time effect 
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For the volume of exercise, results from the two-way repeated measures 

ANOVA indicated there was significant time (p = 0.000) and group × time interaction 

(p = 0.017) effects, but no group effect (p = 0.379). The one-way ANOVA showed the 

volume of exercise in both HI (p = 0.000) and LI-BFR (p = 0.000) groups was 

significantly increased over time. The Bonferroni post-hoc test showed there were time 

effects from week 1 to week 6 (p = 0.041), week 7 (p = 0.025) and week 8 (p = 0.025), 

from week 2 to week 6 (p = 0.037), week 7 (p = 0.008) and week 8 (p = 0.008), from 

week 3 to week 7 (p = 0.038), from week 4 to week 7 (p = 0.009) and week 8 (p = 

0.017), from week 5 to week 7 (p = 0.029) and week 8 (p = 0.027) and from week 6 to 

week 7 (p = 0.017) and week 8 (p = 0.027) in the HI group and from week 1 to week 5 

(p = 0.006), week 6 (p = 0.006), week 7 (p = 0.001) and week 8 (p = 0.001), from week 

2 to week 7 (p = 0.001) and week 8 (p = 0.002) and from week 4 to week 7 (p = 0.042) 

in the LI-BFR group, but there was no group difference at each time points (p = 0.451, p 

= 0.733, p = 0.565, p = 0.257, p = 0.157, p = 0.185, p = 0.169, and p = 0.152, 

respectively).    
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Rating of Perceived Exertion (RPE) and Discomfort 

The RPE and discomfort during eight weeks of training for the HI and LI-BFR 

groups are shown in Figure 47, 48, 49 and 50, respectively.  

 
Figure 46. PRE during 8 Weeks of Training for the HI Group. 

 

 

 
Figure 47. PRE during 8 Weeks of Training for the LI-BFR Group. 
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Figure 48. Discomfort during 8 Weeks of Training for the HI Group. 

 

 

 

 
Figure 49. Discomfort during 8 Weeks of Training for the LI-BFR Group. 
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Discussion 

Main Findings 

1) Eight weeks of low-load (30% of 1-RM) unilateral elbow flexor training 

combined with BFR (50% of arterial occlusion pressure) resulted in similar muscle 

hypertrophy as the traditional high-load (75% of 1-RM) training, while the control 

group remained unchanged. 

2)   Eight weeks of low-load (30% of 1-RM) unilateral elbow flexor training 

combined with BFR (50% of arterial occlusion pressure) resulted in similar muscle 

strength gains as the traditional high-load (75% of 1-RM) training, while the control 

group remained unchanged. 

3) Peripheral arterial stiffness and forearm blood flow did not change for the 

low-load with BFR training, high-load training and control groups.  

4) EMG amplitude and mean power frequency did not change for the low-load 

with BFR training, high-load training and control groups.  

5) A single bout of low-load unilateral elbow flexor exercise with BFR resulted 

in similar acute muscular responses as a bout of traditional high-load unilateral elbow 

flexor exercise. 

6) A single bout of low-load unilateral elbow flexor exercise with BFR resulted 

in similar acute whole body lactate and hematocrit responses as a bout of traditional 

high-load unilateral elbow flexor exercise. 

7) A single bout of low-load unilateral elbow flexor exercise with BFR resulted 

in similar acute muscle strength response as a bout of traditional high-load unilateral 

elbow flexor exercise. 
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8) A single bout of low-load unilateral elbow flexor exercise with BFR resulted 

in similar acute EMG responses as a bout of traditional high-load unilateral elbow 

flexor exercise. 

Muscle Hypertrophy Responses 

Both the low-load combined with BFR and the high-load unilateral elbow flexor 

training groups had significant increases in muscle thickness and arm circumferences at 

the 50, 60 and 70% sites of the biceps brachii with no changes in the control group 

which supported our hypothesis.  

In the present study, even though individualized BFR pressures (72.0 ± 10.9) 

were much lower than the BFR pressures (~110 mmHg (87) and 100 to 160 mmHg (69, 

103)) used in other BFR studies, muscle hypertrophy and increases in strength in the LI-

BFR group were still similar to the HI group. This indicates that higher BFR pressures 

may not be required to induce muscle hypertrophy and strength gains, thus decreasing 

the perceived effort associated with BFR exercise.  

Generally, previous LI-BFR resistance training studies compared their findings 

to work-matched low-load without BFR training and results always indicated that 

muscle hypertrophy in the LI-BFR training groups were greater than the non-BFR 

training groups (LI, work-matched with the LI-BFR protocol, but non-occlusion) (1, 66, 

94). Only a few studies (19, 97) used ultrasound (B-mode) to measure muscle thickness 

between pre and post testing. These studies reported that the MTH at 60% of the triceps 

brachii and pectoralis major in the LI-BFR group was increased 8% and 16%, 

respectively, after 2 weeks (two times daily, 6 times per week, total 24 sessions) of 

bench press training (30% 1-RM and 75 reps with 100 to 160 mmHg occlusion pressure) 
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in young males but not in the LI group (-1% and 2 %, respectively) (97). These MTH 

data were similar to the findings of the present study. Other BFR resistance training 

studies compared their results with non-work-matched low-load without BFR training 

(LFF, low-load free flow). Even though the volume of work in the LFF group was much 

greater than the BFR group, lateral quadriceps MTH in the BFR group was greater than 

the LFF group after 6 weeks (3 times per week) of unilateral knee extensor training (30% 

1-RM, and 2 - 4 sets to failure with and without 50% AOP (150 to 240 mmHg) ) in 

middle-aged males and females (aged 42 to 62 years) (19). In another study, changes of 

muscle volume by assessed MRI were similar between BFR and LFF (40% 1-RM and 4 

sets to failure with and without 100 mmHg occlusion pressure) groups after unilateral 

elbow flexor dumbbell curl training for 6 weeks (3 time per week) in young males and 

females even though the work volume in the LFF group was three times higher than the 

BFR group (23).   

Consistent with the results of the present study, Takarada et al. (87) reported that 

the muscle cross sessional area (CSA) at the mid-point of biceps brachii was 

significantly increased after 16 weeks of  unilateral elbow flexor training (two times per 

week, 3 sets to failure protocols for LI-BFR and HI, and work-matched with LI-BFR for 

LI) at low-load with BFR (LI-BFR, ~50% 1-RM and 3 sets to failure with ~100 mmHg 

occlusion pressure) and high-load (HI, 80% 1-RM and 3 sets to failure) groups in old 

females (aged 47 to 67 years), but not at low-load group (LI, ~50% 1-RM and work-

matched with the LI-BFR without occlusion). Additionally, muscle CSA for the biceps 

brachii in both HI and LI-BFR groups (18.4% and 20.3%, respectively) was greater than 

the LI group (6.9%) (87). Yasuada et al. (103) compared the LI-BFR (30% 1-RM and 
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75 reps (30, 15, 15 and 15) with 100 to 160 mmHg occlusion pressure) and HI (75% 1-

RM and 30 reps) groups following 6 weeks of bench press training (3 times per week) 

in young males and reported that muscle CSA for the triceps brachii and pectoralis 

major was significantly increased 8.6% and 17.6% in the HI group and 4.9% and 8.8% 

in the LI-BFR group, respectively, but not in the CON group (no exercise training). 

Ozaki et al. (69) reported that 6 weeks of bench press training (3 time per week) for a 

HI group (75% 1-RM and 30 reps) and a LI-BFR group (30% 1-RM and 75 reps with 

100 to 160 mmHg occlusion pressure) in young males resulted in significant increases 

in muscle CSA (sum of triceps brachii and pactoralis major) 11.8 % and 6.9%, 

respectively. In another study, Yasuda et al. (104) indicated that muscle CSA for the 

triceps brachii and pectoralis major was significantly increased after 6 weeks of bench 

press training (3 times per week) in young males for HI (75% 1-RM and 30 reps), LI-

BFR (30% 1-RM and 75 reps (30, 15, 15 and 15) with 100 to 160 mmHg occlusion 

pressure), and CB (both protocols combined - two times per week with the LI-BFR 

protocol and once a week with the HI protocol), but not in the CON group (no exercise 

training). Additionally, muscle CSA for the triceps brachii and pactoralis major in the 

HI (8.6%, 17.6%), CB (7.2%, 10.5%), and LI-BFR (4.4%, 8.3%) groups were 

significantly increased but not in the CON group (-1.1%, 0.0%).  

In the Takarada et al. study (87), the magnitude of muscle hypertrophy in the HI 

and LI-BFR groups were similar to findings in our study, but slightly different from 

Yasuda et al. and Ozaki et al. studies (69, 103, 104). These studies showed that the 

changes of muscle CSA in the LI-BFR group were slightly lower than the HI group but 

greater than the CON group (69, 103, 104). Discrepancies in these findings might be 
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influenced by different intensities (~50% 1-RM vs 30% 1-RM), exercise modality 

(elbow flexor vs bench press), protocols (to failure vs 75 reps) or training periods (16 

week vs 6 weeks).      

 Both HI and LI-BFR training elicited muscle hypertrophy, however the 

mechanism may be different between the two protocols. The eccentric portion of 

exercise in HI training contributes to muscle hypertrophy whereas the concentric 

portion of exercise in LI-BFR training has a beneficial influence on muscle hypertrophy 

(101).  

This mechanism is supported by several studies. Vikne et al. (90) reported 

muscle CSA as well as individual Type I and IIA fibers were significantly increased 

after 12 weeks of high-load eccentric elbow flexor training (3 times per week, 4 to 8 

RM and 3 to 5 sets) but not in concentric elbow flexor training. Yasuda et al. (101) 

showed changes in muscle CSA and muscle volume for concentric training was greater 

than for eccentric training after LI-BFR training (30% 1-RM and 75 reps with 100 to 

160 mmHg occlusion pressure) for 6 weeks (3 times per week) in young males. 

Moreover, Yasuda et al. (102) indicated that 6 weeks of the concentric elbow flexor 

BFR training (3 times per week, 30% 1-RM and 75 reps with 100 to 160 mmHg 

occlusion pressure) in young males had greater muscle CSA increases compared to the 

eccentric BFR training, and muscle CSA in the concentric BFR group was well 

maintained and still greater than the eccentric BFR group after 6 weeks of detraining 

indicating that the concentric portion of BFR exercise may provide the important 

stimulus for muscle hypertrophy.    
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  Muscle Strength Responses 

In the present study, both LI-BFR and HI groups were able to statistically 

increase 1-RM’s and MVC 90° and 120°. The 1-RM increase for the HI group was 

significantly greater than the CON group at the POST testing but LI-BFR and CON 

values were similar. Thus, this data supported our hypothesis.  

Additionally, there were no strength differences between the three groups from 

PRE1 to PRE2, perhaps due to the familiarization session, which may have prevented a 

learning effect. The 1-RM values for both LI-BFR and HI groups gradually increased 

during the training period and there were no group differences at week 2, week 4, week 

6 and POST testing.  

1-RM strength for the HI, LI-BFR and CON groups of the present study 

increased 24.1%, 15.6% and -2.9%, respectively. Similar to our findings, Takarada et al.  

(87) reported that the 1-RM strength values  for HI, LI-BFR, and LI groups were 

increased 22.6%, 18.4%, and 1%, respectively after 16 weeks of elbow flexor training 

in old females (aged 47 to 67 years). The magnitude of changes in the present study 

were very similar to results from the study of Takarada et al. (87) even though the 

training period, work-loads, and occlusion pressures in the present study were smaller. 

In other studies, the 1-RM for HI and LI-BFR groups were increased 17.7% and 8.7%, 

respectively, after 6 weeks of bench press training (69). Similarly, the 1-RM for HI, LI-

BFR, and CON groups was increased 19.9%, 8.7% and 1.6%, respectively, after the 

bench press training for 6 weeks (103) in young males. In addition, Yasuda et al. (104) 

showed the 1-RM for HI, LI-BFR, and CB groups was significantly increased after 6 

weeks of bench press training in young males, but not for the CON group. In these 
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studies, the HI group had slightly greater 1-RM responses than the LI-BFR group, but 

there was no statistical group difference (69, 87, 103).   

Contrary to the results from the present study, Burgomaster et al. (12) reported 

1-RM strength increases in the LI-BFR (22%) and LI (23%) groups were not different 

following unilateral elbow flexor training (50% 1-RM with and without 100 mmHg 

occlusion pressure and 3 – 6 sets of 10 reps with to failure for the last set) for 8 weeks 

(2 times per week) in young males. Although this study utilized heavier work-loads and 

a greater number of sets and repetitions during each training session compared to the 

present study, neither group had strength increases (both 1-RM and isokinetic strength) 

(12). Hunt et al. (34) reported the 1-RM strength increases in both LI-BFR and LFF 

groups were significantly increased after 4 weeks (3 times per week) of  unilateral 

handgrip training (40% 1-RM and 3 sets to failure with and without 80 mmHg 

occlusion pressure) in young males and still well maintained after 2 weeks of detraining, 

but there were no statistical group differences.  

The MVC at 90° and 120° in the HI (13.0% and 12.3%) and LI-BFR (10.0% and 

8.6%) groups of the present study were increased but not in the CON (-6.8% and 8.6%) 

group, respectively. Consistent with the results of the present study, Clark et al. (13) 

reported after 4 weeks (3 times per week) of knee extension training (80% 1-RM and 30% 

1-RM with 1.3 times systolic blood pressure of occlusion pressure, and 3 sets to failure) 

in young males that the MVC strength in both HI (16%) and LI-BFR (8%) groups was 

increased. Similarly, Credeur et al. (16) showed MVC handgrip strength in the LI-BFR 

(16.2%) and LI (8%) groups were significantly increased following 4 week (3 times per 

week) of unilateral handgrip training (15 times per min for 20 minutes with and without 
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80 mmHg occlusion pressure) in young males. Patterson and Ferguson (72) reported 

after 4 weeks (3 times per week) of unilateral plantar-flexion training (25% 1-RM and 3 

sets to failure with and without 110 mmHg occlusion pressure) in elderly (males and 

females, aged 62 to 73 years), that plantar-flexion MVC in the LI-BFR group was 

significantly increased but not in the LI group.     

In contrast to our findings, Yasuda et al. (104) reported that MVC strength for 

HI and CB groups were significantly increased but not for LI-BFR and CON groups 

after the bench press training for 6 weeks .  

In previous BFR studies, LI-BFR training has consistently demonstrated greater 

muscle hypertrophy and muscle strength gains compared to LI training and the 

magnitude of changes in muscle hypertrophy and muscle strength gains in the LI-BFR 

training groups have been similar as or slightly lower than HI training. Generally, high-

load resistance training recruits a higher proportion of type II fibers which results in 

greater muscle hypertrophy and muscle strength gains compared to the lower proportion 

of type II fibers recruited during low-load exercise (27). However, LI-BFR exercise, as 

in the present study, may recruit additional type II fibers caused by changes in 

intramuscular metabolites and pH (37) leading to stimulation of chemosensitive group 

III and IV afferents (58).  

Cardiovascular Responses 

Contrary to our hypothesis, PWV (arterial stiffness) and forearm blood flow 

(FBF) in both HI and LI-BFR groups were not changed after unilateral elbow flexor 

training. The average values of PWV and FBF in the HI group were only slightly 

increased but were not statistically significant. The fact that the PWV was significantly 
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different between PRE 1 and PRE 2 and that there were significant group differences 

for PWV and FBF at baseline may have been due to the age difference between 

experimental and control groups (21.8 ± 2.5 and 27.6 ± 6.4, respectively) although this 

difference was not statistically significant. 

The hypothesis in the present study was that PWV in the HI group would 

increase, but decrease or remain unchanged in the LI-BFR group, and that FBF in both 

HI and LI-BFR groups would increase. This hypothesis was based on the fact that 

altered vascular smooth muscle tone during high-load resistance exercise might be 

caused by the sympathetic nervous system activation and enhanced norepinephrine 

release resulting in acute elevated blood pressure and ultimately increased arterial 

stiffness (67).  

Consistent with the results of the present study, Clark et al. (13) reported that 

after 4 weeks of knee extension training (3 times per week and 3 sets to failure) in 

young males, peripheral PWV for both HI (80% 1-RM) and LI-BFR (30% 1-RM with 

1.3 times SBP) groups were unaltered. Rossow et al. (75) reported that both central and 

peripheral PWV were not changed after 8 weeks (3 times per week) of high-load 

resistance training (6 exercises, 80% 1-RM and 3 sets of 8 – 10 reps) in both young 

(aged 18 to 25 years) and old (aged 50 to 64 years) females. Fahs et al. (20) reported 

arterial compliance (inverse relationship with arterial stiffness) was not altered 

following HI (70% 1-RM and 3 sets of 10 reps), MI (moderate intensity, 45% of 1-RM 

and 3 sets of 15 reps) and LI-BFR (20% 1-RM and 75 reps with 160 to 180 mmHg 

occlusion pressure) resistance training (6 exercises) for 6 weeks (3 times per week) in 

young males. Yasuda et al. (99) indicated that arterial stiffness was not changed after 12 
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weeks (2 times per week) of knee extension and leg press training (20 – 30% 1-RM and 

75 reps with 120 to 270 mmHg occlusion pressure) in the elderly (males and females, 

aged 64 to 81 years).  

Contrary to the results of the present study, Fahs et al. (22) showed peripheral 

PWV in both LI-BFR and LFF (low-load free flow) groups was increased after 6 weeks 

(3 times per week) of unilateral knee extensor training (30%  1-RM, and 2 - 4 sets to 

failure with and without 50% AOP (150 to 240 mmHg)) in middle-aged males and 

females. Also, Miyachi et al. (62) reported central arterial compliance was decreased 

following 4 months (3 times per week) of high-load resistance training (6 exercises, 80% 

1-RM and 3 sets of 8 – 12 reps) in young males and returned back to baseline values 

following 4 months of detraining, but remained unchanged in the CON group during 

training and detraining. Ozaki et al. (69) reported central arterial compliance was 

decreased after 6 weeks of bench press training (3 time per week) in young males for 

the HI group (75% 1-RM and 30 reps) but was unaltered in the LI-BFR group (30% 1-

RM and 75 reps with 100 to 160 mmHg occlusion pressure).   

In the previous studies mentioned, there were no consistent findings related to 

arterial stiffness for both HI and LI-BFR training. Also, there were no reasonable 

explanations for the findings. Many factors, such as sympathetic nervous system 

activity and endothelial-derived vasoactive substance, influence arterial stiffness (22). A 

prior study indicated that the acute response of arterial blood pressure during high-load 

resistance might be strongly related to arterial stiffness (69) however, other studies 

showed arterial stiffness might not be altered following a single bout of high-load 

resistance exercise due to increased vasodilation after the exercise is terminated (29). 



92 

Further research is required to investigate the effect of HI and LI-BFR training on 

arterial stiffness.  

     Factors such as angiogenesis, i.e., increased capillaries and vascular 

endothelial growth factor (VEGF), have been related to changes in blood flow 

following exercise. A study that used an acute bout of knee extension resistance 

exercise (60-80% 1-RM and 3sets of 10 reps) reported an increase in VEGF messenger 

RNA (mRNA) in untrained young males (25). Also, VEGF mRNA has been shown to 

increase after inducing ischemia in human epithelial cells in vitro (80) as well as 

following 45 minutes of unilateral leg cycling with restricted blood flow (50 mmHg 

above atmospheric pressure) (26). Additionally, VEGF hormone has been shown to 

increase after acute knee extension resistance exercise (20% 1-RM and 30 reps with 3 

sets to failure with 160 – 180 mmHg occlusion pressure) in untrained young males (84). 

These results indicate that capillary growth may occur after both HI and LI-BFR 

training.  

Thus, the hypothesis in the present study was that the FBF in both HI and LI-

BFR groups would increase. However, our findings indicated that FBF in both groups 

was not significantly changed. 

Consistent with the results of the present study, Fahs et al. (22) reported calf 

blood flow was not altered after 6 weeks of knee extension training in both LI-BFR and 

LFF in middle-aged males and females. Moreover, Rossow et al. (75) showed resting 

forearm blood flow was not increased after 8 weeks of HI resistance training (6 

exercises) in both young and old females. Patterson and Ferguson (71) indicated that 

resting calf blood flow was not changed after low-load unilateral plantar flexion training 
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(25% and 50% 1-RM and 3 sets to failure with and without 110 mmHg occlusion 

pressure) for 4 weeks (3 times per week) in young females. In addition, Patterson and 

Ferguson (72) showed that resting blood flow was not increased after 4 weeks of 

unilateral plantar flexion training (25% 1-RM with and without BFR) in elderly.   

Contrary to the results of the present study, Evans et al. (17) showed calf 

filtration capacity was increased after unilateral calf raise training (30% MVC and 4 

sets of 50 reps with 150 mmHg occlusion pressure) for 4 weeks (3 times per week) but 

not in a LI training group.  Also, Hunt et al. (33) reported calf capillary filtration was 

increased after 6 weeks (3 times per week) of unilateral plantar flexion training with 

BFR (30% 1-RM and 3 sets to failure with 110 mmHg occlusion pressure) in young 

males but not in a CON group and Fahs et al. (20) reported that calf blood flow was 

increased after 6 weeks of HI, MI  and LI-BFR  resistance training (6 exercises) in 

young males. 

Following LI-BFR exercise, microvascular function may be stimulated by 

hyperemia following deflation of the restrictive pressure, resulting in a large increase in 

blood flow (17). Therefore studies that have utilized higher restrictive pressures to 

restrict blood flow for longer periods of time and over a greater muscle mass like the 

lower limbs may show greater vascular responses compared to lower restrictive 

pressures used for upper limb training. More research is needed to elucidate these 

findings.     
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Acute Exercise Testing Responses 

Acute Muscular Responses 

Both MTH and AC at 50%, 60% and 70% in both HI and LI-BFR group were 

increased over time and % changes and ES in the LI-BFR group were slightly greater 

than the HI group, but there were no group differences.  

The mechanism of muscle hypertrophy after LI-BFR exercise is not certain. 

Previous BFR studies have reported potential mechanisms include: 1) additional 

recruitment of type II fibers induced by local accumulation of metabolites (95), 2) 

elevation of anabolic hormone concentration (85), 3) decline of myostatin gene 

expression (45), 4) reactive hyperemia (enhanced blood flow after releasing occlusion 

pressure) (17) , and 5) cell swelling (49).    

Cell swelling (cellular hydration), which is blood plasma movement into cells 

induced by changes of intracellular to extracellular pressure gradients, results in the 

membrane being stretched, which they could stimulate a volume sensor, leading to an 

enhanced anabolic response including stimulation of protein synthesis, inhibition of  

proteolysis (78) and the stimulation of  muscle hypertrophy pathways such as 

mammalian target of repamycin (mTOR) and mitogen-activated protein-kinase (MAPK) 

(47).   

Generally, resistance exercise is related to cell swelling (78) and enhanced 

intracellular metabolites induced by restricted blood flow also result in cell swelling 

during BFR exercise or BFR alone (51). Thus, the LI-BFR resistance exercise used in 

the current study might have promoted the cell swelling response.  
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Acute increases in muscle size are strongly related to a decrease in plasma 

volume (fluids shifting into cells) (6). Thus, measuring MTH and AC before and after 

an acute exercise session may be good indicators for cell swelling. 

Consistent with the results of the present study, Yasuda et al. (100) showed that 

the MTH for the biceps brachii in both LI-BFR and LFF groups were increased after 

acute arm curl exercise (20% 1-RM and 4 sets to failure with and without 160 mmHg 

occlusion pressure) in young males. Fahs et al. (19) reported that the MTH in the lateral 

quadriceps was increased in both LI-BFR and LFF groups after acute unilateral knee 

extension exercise (8
th

 of 18 sessions) in middle-aged males and females and was only 

increased in the LI-BFR group after 6 weeks of training, but not in the LFF group. 

Yasuda et al. (101) reported that the MTH at 10 cm from the elbow joint and at the mid-

point of the biceps brichii (measured by Ultrasound, one per week - total 6 times and 

averaged values) were increased after both concentric (CON-BFR) and eccentric (ECC-

BFR) unilateral elbow flexor exercise (30% 1-RM and 75 reps with 100 to 160 mmHg 

occlusion pressure) in young males but the magnitude of change in the CON-BFR 

group was greater than the  ECC-BFR group and only the CON-BFR group had muscle 

hypertrophy (measured by MRI) after 6 weeks of training.    

Results in previous studies (19, 101) and the present study indicate that 

increased MTH after acute LI-BFR exercise (cell swelling) is related to the muscle 

hypertrophy observed after the exercise session and may represent the best explanation 

of a mechanism for BFR related muscle hypertrophy.    
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Acute Whole Blood Lactate and Hematocrit Responses 

Consistent with our hypothesis, whole blood lactate was significantly increased 

in both HI and LI-BFR groups after a bout of unilateral elbow flexor exercise; however, 

hematocrit increased significantly for only the HI group.  

The accumulation of lactate, which is strongly related with 60 to 80% 1-RM 

resistance exercise, may directly stimulate one of the muscle hypertrophy pathways 

(mTOR) (79). In addition, the lactate accumulated from LI-BFR training due to the 

hypoxic status of the limb results in an increase in intracellular hydration, also leading 

to cell swelling (79) and the reduction of blood plasma volume (inversely related with 

hematocrit). Furthermore, the acidic and hypoxic intramuscular environment created 

with BFR training can also stimulate chemosensitive group III and IV afferents leading 

to the recruitment of additional type II fibers (58).  

   Consistent with the results of the present study, Yasuda et al. (100) showed 

after acute arm curl exercise with BFR in young males, lactate and hematocrit were 

significantly increased. However, the lactate and hematocrit return to baseline 15 

minutes post-testing whereas cell swelling was maintained until 60 minutes post-testing. 

Madarame et al. (57) reported that the blood lactate was increased immediately post and 

15 and 30 minutes post-testing following a bout of upper limb (UL, biceps curl and 

triceps press down) and lower limb (LL, leg extension and flexion) exercise (30% 1-RM 

and 30 reps with 2 sets to failure with 130 mmHg (for the upper limbs) and 200 mmHg 

(for the lower limbs) occlusion pressure) in young males, and that there were no group 

differences at each time point even though mean values of lactate concentration in the 

LL group were greater than in the UL group. Yasuda et al. (93) reported that lactate 
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concentrations were increased following a bout of unilateral elbow flexor exercise (20% 

1-RM and 75 reps with and without occlusion peruse (100 and 160 mmHg, and 70% 1-

RM and 3 sets to failure) in young males, and that the magnitude of change for lactate 

increased from low to high intensity (LI to LI-BFR (100 mmHg) to LI-BFR (160 

mmHg) to HI); however, hematocrit did not change in any group. Manini et al. (59) 

reported the concentrations of lactate in young and elderly males were increased after 

acute knee extension exercise (20% 1-RM and 4 sets to failure with 1.5 times the SBP 

(135-186 mmHg) occlusion pressure and 80% 1-RM and 4 sets to failure), and that both 

LI-BFR and HI groups in the young and older men showed similar peak patterns. 

However, the lactate response for the LI-BFR group in the young males had a slight 

delay reaching peak values compared to the HI group and the peak lactate values for the 

LI-BFR group in the elderly males were slightly lower than for the HI group (59).  Kim 

et al. (36) reported  increased blood lactate concentrations in college-aged women after 

acute knee extension and leg press exercises (20% 1-RM and 60 reps with 200 mmHg 

occlusion pressure and 80% 1-RM and 3 sets of 10 reps), and the magnitude if changes 

for the HI group was significantly greater than for the LI-BFR group. Additionally, 

hematocrit in both HI and LI-BFR groups were increased with no group difference (36).  

In these aforementioned studies (36, 57, 93), the changes in lactate 

concentrations for HI groups were greater than for LI-BFR groups most likely due to 

the higher volume of exercise in the HI groups compared to LI-BFR groups.      

Contrary to the results in the present study, Takarada et al. (87) reported that 

after acute unilateral elbow flexor exercise (40% 1-RM and 20 reps with 100 mmHg 
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occlusion pressure and 80% 1-RM and 10 reps) in young males that lactate 

concentrations for the LI-BFR group were significantly higher than for the HI group.  

Acute Maximal Voluntary Contraction Responses 

Consistent with our hypothesis, the MVC at 90° and 120° in both HI and LI-

BFR groups were significantly decreased after acute elbow flexor exercise, but the 

MVC at 90° and 120° in the LI-BFR group was significantly lower than the HI group.  

Moreover, EMG amplitude and MFP at 90° in both HI and LI-BFR groups were 

significantly decreased with no group difference at acute POST, but only EMG 

amplitude and MFP at 120° in the HI group was significantly decreased.  

Central or peripheral fatigue influenced by intense muscle performance (MVC) 

is related with lactate accumulation and EMG activity (46). Muscular fatigue induced 

by acidic intracellular environments can result in lower movement and sensitivity of 

Ca
++

 thereby reducing muscle force production (43).      

Consistent with the results in the present study, Cook et al. (15) reported that 

MVC was significantly decreased after unilateral knee extension (20% and 40% MVC, 

3 sets to failure with 160 and 300 mmHg occlusion pressure and 80% MVC, 3 sets to 

failure) in young males and females, and that MVC in the 20% MVC with 300 mmHg 

BFR group was significantly lower than for the HI group. In fact, the MVC in most LI-

BFR protocols are reported to be slightly lower than the HI group without significant 

group differences (15). Yasuda et al. (95) reported the MVC (at 90°) and EMG (MPF) 

were decreased after a bout of unilateral elbow flexion (20% 1-RM and 30 reps, 3 sets 

of 10 reps, and 3 sets of 15 reps with 160 and 300 mmHg occlusion pressure) in young 

males but not in the LI group, and MVC and EMG in the LI-BFR (300 mmHg) group 
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was lower than in the LI-BFR (160 mmHg) group. Additionally, the MVC measured 

after one of minute rest following the POST test was still significantly lower than 

baseline, but EMG activity was not different between groups (95). Similarly, in the 

present study, the MVC in the LI-BFR group at both 90° and 120° was significantly 

lower than baseline, but EMG at 120° was not different from baseline since the MVC 

120° was measured following 30 seconds of rest after the EMG 90° measurement. 

There results indicate that the decreases in MVC and EMG after LI-BFR exercise are 

caused by muscle fatigue and not muscle damage.  

Only one BFR study (92) suggested that the dramatic decrease in MVC after LI-

BFR exercise was due to muscle damage. However, Loenneke et al. (50) was able to 

demonstrated that the dramatic decrease in MVC for the LI-BFR group was measured 

immediately post exercise while the BFR cuffs were still inflated and that MVC 

returned to baseline all other time points (4, 24, 48, 72, 96 hours after exercise).  

Exercise Training 

Volume of Exercise, RPE and Discomfort Responses  

The volume of exercise in both HI and LI-BFR groups were gradually increased 

during the 8 week training period without any significant differences although the 

volume for the HI group was slightly greater than the LI-BFR group. The RPE and 

discomfort for both HI and LI-BFR groups increased from set 1 to set 3 or set 4 

consistently during each training day. 
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Chapter V: Conclusions 

Purpose of the Study 

The purpose of this study was to compare the skeletal muscle (arm 

circumference, muscle thickness, muscle activity, and isometric and isotonic strength) 

and vascular responses (forearm blood flow and peripheral arterial stiffness) following 

eight weeks of unilateral elbow flexor resistance exercise with either a traditional high-

load without BFR or a low-load with BFR (50% of arterial blood flow occlusion) in 

untrained college-aged males.  

A secondary purpose of this study was to compare the acute skeletal muscle 

responses (muscle thickness, muscle activity, isometric strength, hematocrit and blood 

lactate) between traditional high-load and low-load with BFR unilateral elbow flexor 

resistance exercise in college-aged males.  

Research Hypotheses 

1. Low-load elbow flexor resistance training with BFR will produce skeletal 

muscle responses (increases in arm circumference, muscle thickness, 

muscle activity, and isometric and isotonic strength) similar to 

traditional high-load elbow flexor resistance training.  

Low-load elbow flexor resistance training with BFR was able to increase arm 

circumference, muscle thickness, muscle activity and strength (isometric and 

isotonic) similar to traditional high-load elbow flexor resistance training, 

therefore this hypothesis was accepted.   
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2.  Low-load elbow flexor resistance training with BFR will produce 

increased forearm blood flow response similar to traditional high-load 

elbow flexor resistance training but unchanged or decreased peripheral 

arterial stiffness response different from traditional high-load elbow 

flexor resistance training. 

Both low-load combined with BFR and traditional high-load elbow flexor 

resistance training did not alter forearm blood flow and peripheral arterial 

stiffness, therefore this hypothesis was not supported.  

 

3. High-load elbow flexor resistance training will produce vascular 

responses (increases in forearm blood flow and peripheral arterial 

stiffness) different from a control (non-exercise) group and the low-load 

elbow flexor resistance training with BFR will produce vascular 

responses (increase in forearm blood flow and unchanged or decreased 

peripheral arterial stiffness) different from a control (non-exercise) 

group.  

At the baseline, peripheral arterial stiffness and forearm blood flow were 

significantly different among groups and arterial stiffness in all groups was 

unaltered after training, therefore this hypothesis was not supported.  
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Subhypothese 

1. Low-load elbow flexor resistance exercise with BFR will produce acute 

skeletal muscle responses (increases in muscle thickness, hematocrit and 

blood lactate and decrease in isometric strength and muscle activity) 

similar to traditional high-load elbow flexor resistance exercise. 

      Low-load elbow flexor resistance exercise with BFR was able to increases in 

muscle thickness, hematocrit and blood lactate and decreases in isometric 

strength and muscle activity similar to traditional high-load elbow flexor 

resistance exercise, therefore this hypothesis was accepted. 

Limitations 

The results of the present study are limited to healthy college-aged male 

population and may be different from other age populations or gender. Also, the results 

from unilateral high-load or low load with BFR elbow flexor resistance training may be 

different from other types of exercise protocols or other muscle groups. Another 

limitation was the lack of daily diet and physical activity monitoring during the training 

period which could influence the results of muscle hypertrophy, muscle strength gain or 

cardiovascular measurements. Also, the results of the cardiovascular responses are from 

a small muscle group (biceps brachii) and a short training period (8 weeks) in the 

present study and may be different if used large muscle groups and longer training 

periods were used. In addition, the small sample size used in this study may have 

underpowered our statistical analysis.      
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Significance 

Low-load resistance training combined with blood flow restriction is able to 

increase muscle size and muscle strength without increasing arterial stiffness similar to 

high-load resistance training. Thus, this type of exercise may be appropriate for some 

populations who are not able to perform high-load resistance exercise due to cardiac or 

joint problems such as the elderly, clinical patients, or individuals undergoing 

rehabilitation.  

Additionally, the muscle hypertrophy and strength gains that were elicited in the 

present study were done with lower BFR pressure than many previous BFR studies 

indicating that lower restrictive pressures may be as effective as higher pressures that 

have been used in the past.  

Future Research 

 Future studies should investigate this type of exercise with different muscle 

groups, varying protocols (to failure), training durations, and occlusion pressures while 

using robust measurements for muscle hypertrophy such as magnetic resonance imaging 

(MRI), peripheral quantitative computed tomography, and mRNA expression.  
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Appendix A: IRB Approval Letter, Consent Form, and HIPPA 
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Appendix B: Other Forms 
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Appendix C: Data Collection Forms 
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Subject ID: _______________    Date of Birth: _____/_____/________     Group:  

Exercise or CON 

Visit #1 (Initial Screening) 

 Questionnaires  

o Consent form 

o HIPPA 

o PAR-Q 

o Health Status Qustionnaires 

 

 Weight: _______________kg,  Height: ______________cm, BMI: 

____________kg/m
2
  

 Blood pressure (patient lie down on a bed for 10 minutes) 

o BP 1:  __________/____________    BP 2: ___________/___________ 

mmHg 

o Average BP _____________/_____________ mmHg 

 Ankle Brachial Index (ABI) – if < 0.9, exclude 

o Right Arm: ______________   Right Leg: ____________  

ABI:_______________ 

o Left Leg: ______________   Left Arm: ____________ ABI: 

______________ 

 Forearm Circumference 

o Right Arm: _____________cm   Left Arm: ________________cm 

 Familiarization Session 

o RPE and Discomfort Scales 

o 1 RM 
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1. Light warm – up 

(8 – 10 repetitions) 

Right Left 

2. Heavy warm – up 

(3 – 5 repetitions) 

Right Left 

Attempt 1   

Attempt 2   

Attempt 3   

Attempt 4   

Attempt 5   

 Blood flow restriction 

o Arterial Occlusion Pressure (AOP) 

 Right Arm: __________mmHg – 50% AOP: 

__________mmHg  

 Left Arm: __________mmHg– 50%  AOP: 

___________mmHg 

o Dumbbell Curls 

 30% of 1RM with 50% AOP  

 2 set of 15 repetitions (30 seconds rest)  

 75% of 1RM   

 2 set of 5 repetitions (1 minute rest) 

o Maximal Isometric Voluntary Contraction – (Right arm and Left Arm) 

 Check Positions 

 Right Left 

1   

2   

3   

4   

 

 3 warm-ups at 90 degree (30, 50 and 70% of estimated maximal 

effort) 

 2 all-out at 90 degree 



135 

 2 all-out at 120 degree 

 Schedule Next Visit 

o Reminders for next visit #2 

 Wear shorts and a t-short 

 Overnight fasting before visit #2 

 Hydrated (no Alcohol and caffeine) 

Visit #2 (PRE 1 testing) 

 Weight: _______________kg,  Height: ______________cm, BMI: 

____________kg/m
2
  

 Muscle Thickness 

o Marks at 50, 60 and 70% of Biceps brachii on Right and Left Arms 

 Total distance (medial acromion process and lateral epicondyle)  

 Right Arm: _________cm    Left Arm: _________cm 

 Distance form later epicondyle to 50% of biceps brachii  

 Right Arm: _________cm    Left Arm: _________cm 

o Marks at 33% of Biceps brachii on Right and Left Arms 

 Total distance (medial acromion process and antecubital fossa)  

 Right Arm: _________cm    Left Arm: _________cm 

o Measure at 50, 60 and 70% of Beceps brachii by Ultrasound 

Sites Right  Left 

50% BB   

60% BB   

70% BB   
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 Arm Circumferences 

o Measure at 50, 60 and 70% of Beceps brachii by Ultrasound 

Sites Right  Left 

50% BB   

60% BB   

70% BB   

 

 Blood pressure (patient lie down on a bed for 10 minutes) 

o BP 1:  __________/____________    BP 2: ___________/___________ 

mmHg 

o Average BP _____________/_____________ mmHg 

 Pulse Wave Velocity (PWV) 

o Sphygmacor: Stiffness 

1. Last name: Dissertation 

2. First name: DK 

3. ID: DKD_ _ 

4. Birthdate: ____/____/_______ 

o Measure Distance from Carotid pulse to Sternal notch:  

 Right_____________ cm                Left: _____________cm 

o Measure Distance from Sternal notch to Radial pulse:  

 Right_____________ cm                Left: _____________cm 

 Sternal to Radial – Carotid to Sternal (Right) ______________ 

cm 

 Sternal to Radial – Carotid to Sternal (Left) ______________ cm 

o Measure Largest forearm circumference  

 Right_____________ cm                Left: _____________cm 
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 Largest forearm circumference – 3 or 4 cm = Right strain gauge: 

___________cm 

 Largest forearm circumference – 3 or 4 cm = Left strain gauge: 

____________cm 

o Clean ECG sites  

 At lateral sites below the right and left clavicles and below the 

left rib cage 

 Place Electrodes 

o Open the program 

 Put in blood pressure 

 Put visit # with Right or Left 

 Put distance of Carotid to Sternal (Right or Left) 

o Measure at Carotid and Radial Pulse 

 Right_____________              Left: _____________ 

 Forearm Blood Flow 

o Hokanson: blood 

1. Last name: Dissertation 

2. First name: DK 

3. ID: 1100-00-0__ __ 

4. Birthdate: ____/____/_______ 

o Open the Hokanson program 

 Place one pad under shoulder 

 Place two pads in shape of square and with wrist holder pad on 

the top at the area of the wrist 

 Place 10 cm cuff with pressure inflator on wrist 

 Pleace 12 cm cuff over upper arm 

 Place string gauge over forearm at marked site 

 Inflate wrist cuff to 200 mmHg for 1 minute 

 After hit start and take 6 measures 
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 Right Left 

1   

2   

3   

4   

5   

6   

 

 1 RM 

1. Light warm – up 

(8 – 10 repetitions) 

Right Left 

2. Heavy warm – up 

(3 – 5 repetitions) 

Right Left 

Attempt 1   

Attempt 2   

Attempt 3   

Attempt 4   

Attempt 5   

 

 Maximal Isometric Voluntary Contraction – (Right arm and Left Arm) 

o At the 33% of BB on both Arms and the 7th cervical vertebrae of the 

neck  

 shaved by a razor 

 abraded to remove dead skin 

 cleaned with an alcohol prep pad 

 Place bipolar electrode at 33% of BB on both arms and an 

electrode at C7 

o Check Positions 

 Right Left 

1   

2   

3   

4   
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o Right Arm 

 3 warm-ups at 90 degree (30, 50 and 70% of estimated maximal 

effort) 

 2 all-out at 90 degree (Peak Torque ________________Nm) 

 2 all-out at 120 degree (Peak Torque ________________Nm) 

o Left Arm (after 5 minutes rest) 

 3 warm-ups at 90 degree (30, 50 and 70% of estimated maximal 

effort) 

 2 all-out at 90 degree (Peak Torque ________________Nm) 

 2 all-out at 120 degree (Peak Torque ________________Nm) 

 Schedule Next Visit 

o Reminders for next visit #3 

 Wear shorts and a t-short 

 Overnight fasting before visit #3 

 Hydrated (no Alcohol and caffeine) 

Visit #3 (PRE 2 testing) 

 Weight: _______________kg,  Height: ______________cm, BMI: 

____________kg/m
2
  

 Muscle Thickness 

o Marks at 50, 60 and 70% of Biceps brachii on Right and Left Arms 

 Total distance (medial acromion process and lateral epicondyle)  

 Right Arm: _________cm    Left Arm: _________cm 

 Distance form later epicondyle to 50% of biceps brachii  
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 Right Arm: _________cm    Left Arm: _________cm 

o Marks at 33% of Biceps brachii on Right and Left Arms 

 Total distance (medial acromion process and antecubital fossa)  

 Right Arm: _________cm    Left Arm: _________cm 

o Measure at 50, 60 and 70% of Beceps brachii by Ultrasound 

Sites Right  Left 

50% BB   

60% BB   

70% BB   

 

 Arm Circumferences 

o Measure at 50, 60 and 70% of Beceps brachii by Ultrasound 

Sites Right  Left 

50% BB   

60% BB   

70% BB   

 

 Blood pressure (patient lie down on a bed for 10 minutes) 

o BP 1:  __________/____________    BP 2: ___________/___________ 

mmHg 

o Average BP _____________/_____________ mmHg 

 Pulse Wave Velocity (PWV) 

o Sphygmacor: Stiffness 

5. Last name: Dissertation 

6. First name: DK 

7. ID: DKD_ _ 

8. Birthdate: ____/____/_______ 

o Measure Distance from Carotid pulse to Sternal notch:  

 Right_____________ cm                Left: _____________cm 
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o Measure Distance from Sternal notch to Radial pulse:  

 Right_____________ cm                Left: _____________cm 

 Sternal to Radial – Carotid to Sternal (Right) ______________ 

cm 

 Sternal to Radial – Carotid to Sternal (Left) ______________ cm 

o Measure Largest forearm circumference  

 Right_____________ cm                Left: _____________cm 

 Largest forearm circumference – 3 or 4 cm = Right strain gauge: 

___________cm 

 Largest forearm circumference – 3 or 4 cm = Left strain gauge: 

____________cm 

o Clean ECG sites  

 At lateral sites below the right and left clavicles and below the 

left rib cage 

 Place Electrodes 

o Open the program 

 Put in blood pressure 

 Put visit # with Right or Left 

 Put distance of Carotid to Sternal (Right or Left) 

o Measure at Carotid and Radial Pulse 

 Right_____________              Left: _____________ 

 Forearm Blood Flow 

o Hokanson: blood 

5. Last name: Dissertation 

6. First name: DK 

7. ID: 1100-00-0__ __ 

8. Birthdate: ____/____/_______ 

o Open the Hokanson program 

 Place one pad under shoulder 
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 Place two pads in shape of square and with wrist holder pad on 

the top at the area of the wrist 

 Place 10 cm cuff with pressure inflator on wrist 

 Pleace 12 cm cuff over upper arm 

 Place string gauge over forearm at marked site 

 Inflate wrist cuff to 200 mmHg for 1 minute 

 After hit start and take 6 measures 

 Right Left 

1   

2   

3   

4   

5   

6   

 

 1 RM 

1. Light warm – up 

(8 – 10 repetitions) 

Right Left 

2. Heavy warm – up 

(3 – 5 repetitions) 

Right Left 

Attempt 1   

Attempt 2   

Attempt 3   

Attempt 4   

Attempt 5   

 

 Maximal Isometric Voluntary Contraction – (Right arm and Left Arm) 

o At the 33% of BB on both Arms and the 7th cervical vertebrae of the 

neck  

 shaved by a razor 

 abraded to remove dead skin 

 cleaned with an alcohol prep pad 

 Place bipolar electrode at 33% of BB on both arms and an 

electrode at C7 
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o Check Positions 

 Right Left 

1   

2   

3   

4   

 

o Right Arm 

 3 warm-ups at 90 degree (30, 50 and 70% of estimated maximal 

effort) 

 2 all-out at 90 degree (Peak Torque ________________Nm) 

 2 all-out at 120 degree (Peak Torque ________________Nm) 

o Left Arm (after 5 minutes rest) 

 3 warm-ups at 90 degree (30, 50 and 70% of estimated maximal 

effort) 

 2 all-out at 90 degree (Peak Torque ________________Nm) 

 2 all-out at 120 degree (Peak Torque ________________Nm) 

 Schedule Next Visit 

o Reminders for next visit # 4 - 27 

 Wear a t-short for exercise 
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Visit # 4 – 28 (Exercise sessions) 

 Visit # 4 – 7 (LI-BFR : ___________Arm and HI: ______________Arm) 

o LI-BFR - 30% of 1RM: ____________kg and 50% AOP: 

_____________mmHg - 30 repetitions followed by three sets of 15 

repetitions 

o HI – 75% of 1RM: ______________kg - 10 repetitions of 3 sets 

 Visit # 4 Visit # 5 Visit # 6 

LIBFR HI LIBFR HI LIBFR HI 

Set 1       

RPE       

Disc       

Set 2       

RPE       

Disc       

Set 3       

RPE       

Disc       

Set 4       

RPE       

Disc       
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 Visit # 7 – 9 (Visit #9 – 1RM testing) 

 Visit # 7 Visit # 8 Visit # 9 – 1RM  

LIBFR HI LIBFR HI LIBFR HI 

Set 1       

RPE       

Disc       

Set 2       

RPE       

Disc       

Set 3       

RPE       

Disc       

Set 4       

RPE       

Disc       

 

 Visit #9 - 1 RM 

1. Light warm – up 

(8 – 10 repetitions) 

Right Left 

2. Heavy warm – up 

(3 – 5 repetitions) 

Right Left 

Attempt 1   

Attempt 2   

Attempt 3   

Attempt 4   

Attempt 5   
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Visit # 10 – 15 (Acute Response Testing) 

 Visit # 10 – 12 (LI-BFR : ___________Arm and HI: ______________Arm) 

o LI-BFR - 30% of 1RM: ____________kg and 50% AOP: 

_____________mmHg - 30 repetitions followed by three sets of 15 

repetitions 

o HI – 75% of 1RM: ______________kg - 10 repetitions of 3 sets 

 Visit # 10 Visit # 11 Visit # 12  

LIBFR HI LIBFR HI LIBFR HI 

Set 1       

RPE       

Disc       

Set 2       

RPE       

Disc       

Set 3       

RPE       

Disc       

Set 4       

RPE       

Disc       

 

 

 Visit # 13 

 Acute PRE Testing (LI-BFR or HI) 

 Muscle Thickness 

o Marks at 50, 60 and 70% of Biceps brachii on Right or Left Arms 

 Total distance (medial acromion process and lateral epicondyle)  

 Arm: _________cm     

 Distance form later epicondyle to 50% of biceps brachii  

 Arm: _________cm     

o Marks at 33% of Biceps brachii on Right or Left Arms 
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 Total distance (medial acromion process and antecubital fossa)  

 Arm: _________cm 

o Measure at 50, 60 and 70% of Beceps brachii by Ultrasound 

Sites Right or Left 

50% BB  

60% BB  

70% BB  

 

 Arm Circumferences 

o Measure at 50, 60 and 70% of Beceps brachii by Ultrasound 

Sites Right or Left 

50% BB  

60% BB  

70% BB  

 

 

 Whole Blood Lactate (WBL)- PRE 

o Clean a finger with an alcohol pad and Kimwipes 

o Lance it  ________________ mmol/L 

 Hematocrit (HCT)- PRE 

o Fill two Capillary tubes, sill it and centrifuge it 

o 1. ______________________    2. ____________________  

 Maximal Isometric Voluntary Contraction – (Right arm and Left Arm) 

o At the 33% of BB on both Arms and the 7th cervical vertebrae of the 

neck  

 shaved by a razor 

 abraded to remove dead skin 

 cleaned with an alcohol prep pad 

 Place bipolar electrode at 33% of BB on both arms and an 

electrode at C7 
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o Check Positions 

 Right Left 

1   

2   

3   

4   

o Right or Left Arm 

 3 warm-ups at 90 degree (30, 50 and 70% of estimated maximal 

effort) 

 2 all-out at 90 degree (Peak Torque ________________Nm) 

 2 all-out at 120 degree (Peak Torque ________________Nm) 

 Exercise (LI-BFR or HI) – 30% 1RM ___________kg or 75%1RM 

______________kg 

 LIBFR or HI RPE Discomfort 

Set 1    

Set 2    

Set 3    

Set 4    

 

 

 Acute POST testing 

 Maximal Isometric Voluntary Contraction – (Right arm and Left Arm) 

o Right or Left Arm 

 2 all-out at 90 degree (Peak Torque ________________Nm) 

 2 all-out at 120 degree (Peak Torque ________________Nm) 

 Arm Circumferences 

o Measure at 50, 60 and 70% of Beceps brachii by Ultrasound 

Sites Right or Left 

50% BB  

60% BB  

70% BB  
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 Muscle Thickness 

o Measure at 50, 60 and 70% of Beceps brachii by Ultrasound 

Sites Right or Left 

50% BB  

60% BB  

70% BB  

 

 Whole Blood Lactate (WBL)- POST 

o Clean a finger with an alcohol pad and Kimwipes 

o Lance it  ________________ mmol/L 

 Hematocrit (HCT)- POST 

o Fill two Capillary tubes, sill it and centrifuge it 

o 1. ______________________    2. ____________________  

 Take 5 minutes rest 

 Exercise (LI-BFR or HI) – Untested Protocol 

 30% 1RM ___________kg or 75%1RM ______________kg 

 LIBFR or HI RPE Discomfort 

Set 1    

Set 2    

Set 3    

Set 4    

 

 Visit # 14 

 Acute PRE Testing (LI-BFR or HI) 

 Muscle Thickness 

o Marks at 50, 60 and 70% of Biceps brachii on Right or Left Arms 

 Total distance (medial acromion process and lateral epicondyle)  

 Arm: _________cm     
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 Distance form later epicondyle to 50% of biceps brachii  

 Arm: _________cm     

o Marks at 33% of Biceps brachii on Right or Left Arms 

 Total distance (medial acromion process and antecubital fossa)  

 Arm: _________cm 

o Measure at 50, 60 and 70% of Beceps brachii by Ultrasound 

Sites Right or Left 

50% BB  

60% BB  

70% BB  

 

 Arm Circumferences 

o Measure at 50, 60 and 70% of Beceps brachii by Ultrasound 

Sites Right or Left 

50% BB  

60% BB  

70% BB  

 

 Whole Blood Lactate (WBL)- PRE 

o Clean a finger with an alcohol pad and Kimwipes 

o Lance it  ________________ mmol/L 

 Hematocrit (HCT)- PRE 

o Fill two Capillary tubes, sill it and centrifuge it 

o 1. ______________________    2. ____________________  

 Maximal Isometric Voluntary Contraction – (Right arm and Left Arm) 

o At the 33% of BB on both Arms and the 7th cervical vertebrae of the 

neck  

 shaved by a razor 

 abraded to remove dead skin 

 cleaned with an alcohol prep pad 
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 Place bipolar electrode at 33% of BB on both arms and an 

electrode at C7 

o Check Positions 

 Right Left 

1   

2   

3   

4   

 

o Right or Left Arm 

 3 warm-ups at 90 degree (30, 50 and 70% of estimated maximal 

effort) 

 2 all-out at 90 degree (Peak Torque ________________Nm) 

 2 all-out at 120 degree (Peak Torque ________________Nm) 

 Exercise (LI-BFR or HI) – 30% 1RM ___________kg or 75%1RM 

______________kg 

 LIBFR or HI RPE Discomfort 

Set 1    

Set 2    

Set 3    

Set 4    

 

 Acute POST testing 

 Maximal Isometric Voluntary Contraction – (Right arm and Left Arm) 

o Right or Left Arm 

 2 all-out at 90 degree (Peak Torque ________________Nm) 

 2 all-out at 120 degree (Peak Torque ________________Nm) 

 Arm Circumferences 

o Measure at 50, 60 and 70% of Beceps brachii by Ultrasound 
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Sites Right or Left 

50% BB  

60% BB  

70% BB  

 

 Muscle Thickness 

o Measure at 50, 60 and 70% of Beceps brachii by Ultrasound 

Sites Right or Left 

50% BB  

60% BB  

70% BB  

 

 

 Whole Blood Lactate (WBL)- POST 

o Clean a finger with an alcohol pad and Kimwipes 

o Lance it  ________________ mmol/L 

 Hematocrit (HCT)- POST 

o Fill two Capillary tubes, sill it and centrifuge it 

o 1. ______________________    2. ____________________  

 Take 5 minutes rest 

 Exercise (LI-BFR or HI) – Untested Protocol 

 30% 1RM ___________kg or 75%1RM ______________kg 

 LIBFR or HI RPE Discomfort 

Set 1    

Set 2    

Set 3    

Set 4    
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 Visit # 15 

 Exercise (LI-BFR and HI) – 30% 1RM ___________kg or 75%1RM 

______________kg 

 LIBFR   HI 

Set 1   

RPE   

Disc   

Set 2   

RPE   

Disc   

Set 3   

RPE   

Disc   

Set 4   

RPE   

Disc   

 

 Visit #15 - 1 RM 

1. Light warm – up 

(8 – 10 repetitions) 

Right Left 

2. Heavy warm – up 

(3 – 5 repetitions) 

Right Left 

Attempt 1   

Attempt 2   

Attempt 3   

Attempt 4   

Attempt 5   
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 Visit # 16 – 18 (LI-BFR : ___________Arm and HI: ______________Arm) 

o LI-BFR - 30% of 1RM: ____________kg and 50% AOP: 

_____________mmHg - 30 repetitions followed by three sets of 15 

repetitions 

o HI – 75% of 1RM: ______________kg - 10 repetitions of 3 sets 

 Visit # 16 Visit # 17 Visit # 18 

LIBFR HI LIBFR HI LIBFR HI 

Set 1       

RPE       

Disc       

Set 2       

RPE       

Disc       

Set 3       

RPE       

Disc       

Set 4       

RPE       

Disc       
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 Visit # 19 – 21 (Visit #21 – 1RM testing) 

 Visit # 19 Visit # 20 Visit # 21 - 1RM 

LIBFR HI LIBFR HI LIBFR HI 

Set 1       

RPE       

Disc       

Set 2       

RPE       

Disc       

Set 3       

RPE       

Disc       

Set 4       

RPE       

Disc       

 

 Visit # 21 - 1 RM 

1. Light warm – up 

(8 – 10 repetitions) 

Right Left 

2. Heavy warm – up 

(3 – 5 repetitions) 

Right Left 

Attempt 1   

Attempt 2   

Attempt 3   

Attempt 4   

Attempt 5   
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 Visit # 22 – 24 (LI-BFR : ___________Arm and HI: ______________Arm) 

o LI-BFR - 30% of 1RM: ____________kg and 50% AOP: 

_____________mmHg - 30 repetitions followed by three sets of 15 

repetitions 

o HI – 75% of 1RM: ______________kg - 10 repetitions of 3 sets 

 Visit # 22 Visit # 23 Visit # 24  

LIBFR HI LIBFR HI LIBFR HI 

Set 1       

RPE       

Disc       

Set 2       

RPE       

Disc       

Set 3       

RPE       

Disc       

Set 4       

RPE       

Disc       
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 Visit # 25 – 27 (Visit #27 – NO 1RM testing) 

 Visit # 25 Visit # 26 Visit # 27  

LIBFR HI LIBFR HI LIBFR HI 

Set 1       

RPE       

Disc       

Set 2       

RPE       

Disc       

Set 3       

RPE       

Disc       

Set 4       

RPE       

Disc       

 

Visit #28 (POST testing) 

 Weight: _______________kg,  Height: ______________cm, BMI: 

____________kg/m
2
  

 Muscle Thickness 

o Marks at 50, 60 and 70% of Biceps brachii on Right and Left Arms 

 Total distance (medial acromion process and lateral epicondyle)  

 Right Arm: _________cm    Left Arm: _________cm 

 Distance form later epicondyle to 50% of biceps brachii  

 Right Arm: _________cm    Left Arm: _________cm 

o Marks at 33% of Biceps brachii on Right and Left Arms 

 Total distance (medial acromion process and antecubital fossa)  

 Right Arm: _________cm    Left Arm: _________cm 
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o Measure at 50, 60 and 70% of Beceps brachii by Ultrasound 

Sites Right  Left 

50% BB   

60% BB   

70% BB   

 

 Arm Circumferences 

o Measure at 50, 60 and 70% of Beceps brachii by Ultrasound 

Sites Right  Left 

50% BB   

60% BB   

70% BB   

 

 Blood pressure (patient lie down on a bed for 10 minutes) 

o BP 1:  __________/____________    BP 2: ___________/___________ 

mmHg 

o Average BP _____________/_____________ mmHg 

 Pulse Wave Velocity (PWV) 

o Sphygmacor: Stiffness 

9. Last name: Dissertation 

10. First name: DK 

11. ID: DKD_ _ 

12. Birthdate: ____/____/_______ 

o Measure Distance from Carotid pulse to Sternal notch:  

 Right_____________ cm                Left: _____________cm 

o Measure Distance from Sternal notch to Radial pulse:  

 Right_____________ cm                Left: _____________cm 

 Sternal to Radial – Carotid to Sternal (Right) ______________ 

cm 

 Sternal to Radial – Carotid to Sternal (Left) ______________ cm 
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o Measure Largest forearm circumference  

 Right_____________ cm                Left: _____________cm 

 Largest forearm circumference – 3 or 4 cm = Right strain gauge: 

___________cm 

 Largest forearm circumference – 3 or 4 cm = Left strain gauge: 

____________cm 

o Clean ECG sites  

 At lateral sites below the right and left clavicles and below the 

left rib cage 

 Place Electrodes 

o Open the program 

 Put in blood pressure 

 Put visit # with Right or Left 

 Put distance of Carotid to Sternal (Right or Left) 

o Measure at Carotid and Radial Pulse 

 Right_____________              Left: _____________ 

 Forearm Blood Flow 

o Hokanson: blood 

9. Last name: Dissertation 

10. First name: DK 

11. ID: 1100-00-0__ __ 

12. Birthdate: ____/____/_______ 

o Open the Hokanson program 

 Place one pad under shoulder 

 Place two pads in shape of square and with wrist holder pad on 

the top at the area of the wrist 

 Place 10 cm cuff with pressure inflator on wrist 

 Pleace 12 cm cuff over upper arm 

 Place string gauge over forearm at marked site 

 Inflate wrist cuff to 200 mmHg for 1 minute 

 After hit start and take 6 measures 

 



160 

 Right Left 

1   

2   

3   

4   

5   

6   

 

 1 RM 

1. Light warm – up 

(8 – 10 repetitions) 

Right Left 

2. Heavy warm – up 

(3 – 5 repetitions) 

Right Left 

Attempt 1   

Attempt 2   

Attempt 3   

Attempt 4   

Attempt 5   

 

 

 Maximal Isometric Voluntary Contraction – (Right arm and Left Arm) 

o At the 33% of BB on both Arms and the 7th cervical vertebrae of the 

neck  

 shaved by a razor 

 abraded to remove dead skin 

 cleaned with an alcohol prep pad 

 Place bipolar electrode at 33% of BB on both arms and an 

electrode at C7 

o Check Positions 

 Right Left 

1   

2   

3   

4   
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o Right Arm 

 3 warm-ups at 90 degree (30, 50 and 70% of estimated maximal 

effort) 

 2 all-out at 90 degree (Peak Torque ________________Nm) 

 2 all-out at 120 degree (Peak Torque ________________Nm) 

o Left Arm (after 5 minutes rest) 

 3 warm-ups at 90 degree (30, 50 and 70% of estimated maximal 

effort) 

 2 all-out at 90 degree (Peak Torque ________________Nm) 

 2 all-out at 120 degree (Peak Torque ________________Nm) 
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Appendix D: Data 
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