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ABSTRACT 

 

Esparza, Brittany N., The Effects of a Short-Term Endurance Training Program with Blood Flow 

Restriction Cuffs versus ACSM Recommended Endurance Training on Arterial Compliance and 

Muscular Adaptations in Recreationally Active Males. Master of Science (MS), July, 2017, 

pp.103, 3 tables, 39 figures, references, 80 titles. 

RESULTS: Significant time and group interaction found in cardiac ejection time 

(p<.05). Significant condition difference between blood flow restriction (BFR) and control for 

heart rate (HR) max (p=.05) and maximum oxygen consumption (VO2) (p<.05). Significant time 

difference found in pulse wave velocity femoral to distal (p<.05). Significant repetition main 

effect (p<.01) for root mean square (RMS) and median frequency (MDF) of Thorstensson. 

Significant time and group interaction in vastus lateralis of MDF (p<.01). Significant repetition 

main effect for RMS and MDF ratio (p<.01) Significant time and repetition interaction in vastus 

lateralis of RMS ratio (p<.03) 

CONCLUSION: The BFR session showed improvement in both post HR max and post 

VO2 in comparison to the control group. This may have been caused by increased tolerance to 

pain/metabolic by-products for HR and increased efficiency at extracting oxygen for VO2.  

KEYWORDS: Blood flow restriction, arterial elasticity, pulse wave velocity, 

electromyography, endurance. 
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                                CHAPTER I. 

 

 INTRODUCTION 

INTRODUCTION 

 

 Research has shown that “arterial stiffness is an independent predictor of mortality and is 

regulated by a number of factors including vascular smooth muscle tone” (Mc Eniery et al., 

2006). Both in animals and humans “arterial stiffness is closely related with both left ventricular 

(LV) and systolic and diastolic dysfunction” (Tsao et al., 2015, p.1). It is a major factor that leads 

to “cardiovascular disease and is becoming a focal point in the efforts of early detection and 

prevention of cardiovascular disease” (Sugawara et al., 2005). One way to combat coronary 

artery disease (CAD) and maintain cardiovascular fitness in healthy adults according to the 

American College of Sports Medicine (ACSM) guidelines for aerobic training, is to exercise 3 to 

5 days a week for approximately 60 minutes (Abe et al., 2010, p.34). Edwards, Schofield, 

Magyari, Nichols, and Braith (2004) found that “exercise training appears to be associated with 

reduced arterial stiffness or increased compliance” (p.540).  

 In a 12-week training program, Edwards et al. (2004) examined the effects of endurance 

exercise training in patients with CAD. The results showed a reduction in arterial stiffness as 

evidenced by a reduction in augmentation index (30% at baseline v 26% at 12weeks). In 2003, 

Oliver and Webb stated that “there are several non-invasive methods for arterial compliance 

assessment, including measuring pulse wave velocity, relating the change in artery diameter to 
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the distending pressure” (p.556). Evidence has shown that the “relationship between endothelial 

function and aortic pulse wave velocity, is the current ““gold-standard” measure of stiffness, in 

healthy normotensive individuals”” (Mc Eniery et al., 2006, p.602). 

 Blood flow restriction (BFR) training is an “increasingly common practice employed 

during resistance exercise by athletes attempting to enhance skeletal muscle mass and strength” 

(Spranger, Krishnan, Levy, O’Leary, and Smith, 2015).  The method of applying blood flow 

restriction involves, “applying a cuff [that] is inflated to a pressure greater than brachial diastolic 

blood pressure (BP)” (Manini and Clark, 2009, p.78).This technique has also been purported to 

provide health benefits to the elderly, individuals recovering from joint injuries, and patients 

undergoing cardiac rehabilitation (Spranger et al., 2015; Karabulut, Abe, Sato, & M.G. Bemben, 

2009). Another positive result is that since elderly and recovering athletes cannot withstand high 

mechanical stress, blood flow restriction can, “provide a unique, beneficial , mode of exercise, 

even in clinical settings, because it produces positive training adaptations equivalent to the 

physical activity of daily life” (Loenneke, J.M Wilson , G.J Wilson, Pujol, M.G. Bemben, 2010, 

p.510). Abe, Kearns, and Sato (2005) stated that “kaatsu [blood flow restriction] training can 

achieve rapid results” although the mechanisms behind this process are still unknown.  

 The possibility of an equal or greater increase in arterial compliance may occur when 

combining BFR to endurance exercise when compared to a higher intensity without BFR. The 

investigation of the arterial compliance and aerobic capacity to endurance exercise with BFR has 

yet to be explored. Therefore, this study will investigate the effects of BFR endurance exercise 

on arterial compliance and changes in electromyography in a short-term training study. 
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Problem and Purpose Statement 

   Sufficient research on arterial elasticity and EMG analysis has not been conducted using 

blood flow restriction during aerobic training on a treadmill in a short-term training study. The 

purpose of this study was to determine the impact of blood flow restriction on arterial elasticity, 

EMG activity, and VO2 max among sedentary and recreationally active males engaged in an 8-

week aerobic training program. 

   

Study Purposes 

The purposes of this study were to 1) Determine if subjects who were assigned to the 

blood flow restriction group would have greater EMG activity following training. 2) Determine 

if subjects who were assigned to the blood flow restriction group would perform better in post-

training VO2 testing than those in the ACSM guideline groups. 3) Determine if blood flow 

restriction would result in better arterial elasticity and compliance post-training than ACSM 

guidelines. Furthermore, the purpose of this study was to determine if there were changes in 

small and large arterial elasticity following the use of BFR cuffs during aerobic exercise when 

compared to a higher intensity session without BFR. 4) To determine if changes occurred in 

RHR (resting heart rate), SBP (systolic blood pressure), DBP (diastolic blood pressure), MAP 

(mean arterial pressure), CO (cardiac output), SV (stroke volume), SVR (systemic vascular 

resistance) and TVI (total vascular impedance) in recreationally active male subjects following 

the use of BFR cuffs during aerobic training when compared to a higher intensity session without 

BFR. 5) Determine if there would be greater increases in MVC force following the use of BFR 

cuffs during aerobic training when compared to a higher intensity session without BFR.  
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Significance of the Study 

 Examining arterial elasticity and compliance, EMG activity, and VO2 max among 

sedentary and recreationally active males in a short-term training study will allow for a more 

thorough profile of cardiovascular and neural muscular adaptations. A 6-week training study will 

allow time for neuromuscular adaptations to occur as well as changes to the cardiovascular 

system, such as increased stroke volume and cardiac output, and pulse wave velocity. This study 

will help provide a better understanding of how blood flow restriction affects the cardiovascular 

system while performing endurance exercise, and will show comparisons between training with 

blood flow restriction versus ACSM protocols. The study will further help determine if 

neuromuscular changes can occur with a shorter aerobic exercise period with blood flow 

restriction, in comparison with the established guidelines. 

Assumptions 

1. Participants would adhere to the 6-week training plan.  

2. Participants would not participate in additional physical activity after beginning the study. 

3. Participants provided accurate information on Health Status Questionnaire. 

4. All equipment provided accurate results following proper calibration. 

5. All participants performed the VO2 max test at the best of their ability. 

6. All participants arrived 8-hours fasted, hydrated, and rested on pre and post-testing days. 

7. All participants would complete the study. 



 

 5 

Limitations 

1.The study is not representative of the population due to all participants being volunteers and 

not being randomly sampled. 

2. The study was limited to only male participants from a university in South Texas. 

3. Health history and medical information were gathered though self-report. 

4. Participants were asked to refrain from changes on their current physical activity; however, 

physical activity performed outside of the study was not monitored. 

Delimitations 

1. Individuals with signs or symptoms of CVD were not permitted to participate in the 

study. 

2. Individuals younger than 18 and older than 50 were excluded from this study, because of 

age has on arterial elasticity. 

3. Individuals suffering from diseases or disabilities that prevent the individual from 

undergoing maximal testing were excluded. These included metabolic and cardiovascular 

diseases, hypertension, joint injuries, and chronic pain. 

4. Individuals were required to be 8-hours fasted and adequately hydrated before testing. 

Research Questions 

In order to test the hypotheses, the following research questions were addressed: 

1) Did subjects who were assigned to the blood flow restriction group have greater EMG 

activity than the low and high group?  

2) Did subjects who were assigned to the blood flow restriction group perform better in post-

training VO2 testing than those in the ACSM guideline groups? 
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3) Did blood flow restriction result in better arterial elasticity and compliance than ACSM 

guidelines? 

4) Did subjects who were assigned to the blood flow restriction group perform better in post-

training MVC and Thorstensson testing? 

 

Hypotheses  

1) Differences in EMG activity would be found in the blood flow restriction group when 

compared the other training groups.  

2) Subjects in the blood flow restriction group would perform better in post-testing VO2 

testing when compared to the training group that followed ACSM aerobic guidelines.  

3) Subjects in the blood flow restriction group would have better arterial elasticity and 

compliance than the other training groups that followed ACSM aerobic guidelines.  

4) Differences on Biodex would be seen in the BFR group when performing MVC and 

Thorstensson. 

Operational Definitions 

To aid the reader, the following terms are defined as used in this study: 

1) PAR-Q: PAR-Q (Physical activity readiness questionnaire) is a screening tool that is 

designed to determine whether a subject may perform the exercise in a safe and risk free 

manner. 

2) Blood Flow Restriction (BFR): BFR is a technique that restricts venous blood return 

during exercise. This process involves cuffs placed over the inguinal crease, to which 
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they are then inflated to a specific pressure.  The cuffs are 5 centimeters wide and contain 

an inflatable bladder. 

3) Arterial compliance: the measurement of the elastic properties of the arteries, which has 

an inverse relationship with arterial stiffness. 

4) Hemodynamics: Analysis of physical aspects of blood circulation and blood flow. 

5) Pulse Wave Velocity: Noninvasive assessment of arterial compliance in which velocity 

of blood pressure wave forms traveling between two different sites are measured. 

6) Biodex: Is a device used to measure power, force, moment force (torque), and calculating 

muscle fiber type percentages. 

7) EMG: Measures neural activity in isolated muscles. 

8) Bod Pod: Gold standard for measuring body fat and muscle mass using air displacement 

9) Hydration: Hydration status was deemed adequate when urine specific gravity measured 

1.010 and lower as determined by a clinical urine refractometer. 

 Summary 

      Research has shown that “arterial stiffness is an independent predictor of mortality 

and is regulated by a number of factors including vascular smooth muscle tone” (Mc Eniery et 

al., 2006). While there are ways to reduce this factor by participating in regular aerobic exercise 

some individuals cannot handle the intensity, such as elderly and rehabilitative patients.  Blood 

flow restriction (BFR) training is an “increasingly common practice employed during resistance 

exercise by athletes attempting to enhance skeletal muscle mass and strength” (Spranger, 

Krishnan, Levy, O’Leary, and Smith, 2015).  By combining blood flow restriction along with 

aerobic exercise it is possible that individuals may benefit from the decreased intensity and time, 

while still receiving positive benefits.  
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The following research questions investigated the effects of a short term training study, 

and establish if subjects may have more benefits to neural adaptations, and arterial compliance 

than from traditional ACSM guidelines. The purposes of this study were to1) Determine if 

subjects who were assigned to the blood flow restriction group have greater EMG activity. 2) 

Determine if subjects who were assigned to the blood flow restriction group perform better in 

post-training VO2 testing than those in the ACSM guideline groups. 3) Determine if blood flow 

restriction result in better arterial elasticity and compliance than ACSM guidelines. 

  Chapter 2 contains a literature review on arterial compliance, the effects of aerobic 

exercise to arterial compliance, blood flow restriction, and neural adaptations that occur with 

blood flow restriction. Chapter 3 contains the methodology that occurred in this study. Chapter 4 

contains the results and analyses of this study. Chapter 5 includes the conclusion and summary of 

this study, as well as future recommendations for blood flow restriction training.  
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       CHAPTER II. REVIEW OF THE LITERATURE 

 

REVIEW OF THE LITERATURE 

 

The purposes of this study were to 1) Determine if subjects who were assigned to the 

blood flow restriction group would have greater EMG activity following training. 2) Determine 

if subjects who were assigned to the blood flow restriction group would perform better in post-

training VO2 testing than those in the ACSM guideline groups. 3) Determine if blood flow 

restriction would result in better arterial elasticity and compliance post-training than ACSM 

guidelines. Furthermore, the purpose of this study was to determine if there were changes in 

small and large arterial elasticity following the use of BFR cuffs during aerobic exercise when 

compared to a higher intensity session without BFR. 4) To determine if changes occurred in 

RHR (resting heart rate), SBP (systolic blood pressure), DBP (diastolic blood pressure), MAP 

(mean arterial pressure), CO (cardiac output), SV (stroke volume), SVR (systemic vascular 

resistance) and TVI (total vascular impedance) in recreationally active male subjects following 

the use of BFR cuffs during aerobic training when compared to a higher intensity session without 

BFR. 5) Determine if there would be greater increases in MVC force following the use of BFR 

cuffs during aerobic training when compared to a higher intensity session without BFR. In this 

chapter, selected literature about arterial compliance, neural muscular adaptations, and blood 

flow restriction is reviewed. Included in this review are the following topics (1) arterial 

compliance, (2) effects of aerobic activity on arterial compliance and neuromuscular adaptations, 
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(3) blood flow restriction, (4) effects of blood flow restriction on arterial compliance and 

neuromuscular adaptations. 

 

Arterial Compliance 

There are several factors that contribute to cardiovascular disease, however, one of the 

most important contributors of CVD is arterial stiffness. Several studies over the years have 

found that, “arterial stiffness is an independent predictor of mortality, and is regulated by a 

number of factors, including vascular smooth muscle tone” (McEniery et al., 2006, p. 602; 

Sugawara, Hayashi, Yokoi, Cortez-Cooper, DeVan, Anton, & Tanaka, 2005, p.402). Another 

study reported similar findings that, “measures of arterial compliance and larger arterial elasticity 

indices relate to risk factors for coronary artery disease (CAD)” (Fazlioglu et al., 2008). B. Li, 

Gao, X. Li, Liu, and Wang found that, “elasticity is one of the important characteristics of the 

arteries and is a direct reflection of the condition of these blood vessels” (2006). Aging brings 

both structural and functional changes to the arteries, “including fragmentation and degeneration 

of elastin, increases in collagen, thickening of the arterial wall, and progressive dilation of the 

arteries” (Sutton-Tyrrell et al., 2004). One noninvasive way to test for arterial stiffness is by 

using pulse wave velocity (PWV), “PWV is considered to be the most hallowed technique as 

recently described in the consensus statement on arterial elasticity” (Sugawara et al., 2005). 

Pulse wave velocity measures the stiffness of an arterial wall, which “provides prognostic 

information above and beyond that from traditional risk factors” (Cohn, 2006).  

In the Rotterdam study researchers found that, “as a consequence of arterial stiffness, 

systolic blood pressure increases, causing a rise in left ventricular workload, and subsequent 
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hypertrophy…” (Francesco et al., 2005). This particular study consisted of “2835 subjects that 

participated in the third examination phase” (Francesco et al., 2005). Their data found that, 

“aortic PWV was found to be a strong and independent predictor or coronary heart disease and 

stroke” (Francesco et al., 2005). However, one thing that was noted in this study is that the 

association of PWV and, “coronary heart disease was weak after adjustment for all potential 

confounders” (Francesco et al., 2005).  

In the Framingham heart study Mitchell and colleagues collected data from a total of 

2232 participants, and after using multivariable models that, “adjusted for age, sex, systolic 

blood pressure, use of antihypertensive therapy, total and high density lipoprotein cholesterol 

concentrations, smoking, and presence of diabetes mellitus, higher aortic PWV was associated 

with a 48% increase in cardiovascular disease risk” (2009, p. 509). In a similar study which 

examined pulse wave velocity as a marker of arterial stiffness the Health, Aging, Body 

Composition (Health ABC) study looked at 2488 participant’s aortic PWV. Their data suggests 

that arterial PWV is, “a marker associated with CHD [coronary heart disease], and CV 

[cardiovascular] mortality in a well-functioning, community-dwelling population sample” 

(Sutton-Tyrrell et al., 2004). When subjects were in the 25th percentile of PWV there was a 2-

fold increase or greater risk of having CVD. In addition, there was a 2-3 fold increase of a stroke 

occurring and a 50% increase in CHD event when compared to other individuals who were 

below this level (Sutton-Tyrrell et al., 2004). 
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Effects of Aerobic Activity on Arterial Compliance and Neuromuscular Adaptations  

 It has been previously stated that arterial stiffness is a contributing factor for 

cardiovascular risk. While conversely, “exercise training appears to be associated with reduced 

arterial stiffness or increased compliance in healthy humans” (Cameron & Dart, 1994). 

Additionally, when the effects of advancing age are controlled for, arterial stiffness is less in 

persons with higher maximal oxygen consumption” (Edwards, Schofield, Magyari, Nichols, & 

Braith, 2003). Other benefits from exercise include a healthier body weight, which is, 

“associated with low aerobic capacity and impaired endothelial function, of which both serve as 

a strong and independent risk factors of mortality from cardiovascular and metabolic disease” 

(Schjerve et al., 2008). Furthermore, “exercise training-induced alterations in arterial stiffness 

would be of great benefit in CAD, potentially reducing myocardial oxygen demand and 

symptoms of ischemia” (Edwards et al., 2003).  

 The study conducted by Edwards and colleagues, consisted of a total of 20 patients who 

had been diagnosed with CAD. Subjects were either assigned to a 12 week standard cardiac 

rehabilitation program or a 12 week control. After the 12 week study results should that subjects 

who participated in the endurance program had, “a reduction in arterial stiffness as evidenced by 

a reduction in augmentation index (30% at baseline v 26% at 12 weeks) and an increase in the 

travel time of the reflected wave” (Edwards, et. al., 2004). The current study suggests that, “in 

patients with CAD, endurance exercise training improves systemic arterial stiffness…exercise 

training may result in a decrease in myocardial oxygen demand and ischemic symptoms” 

(Edwards, et. al., 2004, p. 542). 

 In the study by Schjerve and colleagues in 2008, they examined how aerobic endurance 

can improve cardiovascular health in obese adults. A total of 40 subjects were randomized into 
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strength training, moderate intensity aerobic training, or high intensity aerobic interval training 

program for a total of 12 weeks. Their results showed that, “both aerobic exercise training at 

either high or moderate intensities and high-intensity strength training improve endothelial 

function and decrease the cardiovascular risk profile in obese adults” (Schjerve et al., 2008). It 

was shown though that high intensity aerobic interval training that the greatest improvement in 

endothelial function. Along with improvement in endothelial function participants also had an 

increase in VO₂ max. The interpretations of this study show, “that it might be possible to reverse 

impaired endothelial function, decrease cardiovascular risk and improve exercise capacity in 

subjects that have difficulty performing whole-body aerobic training” (Schjerve et al., 2008). 

 Along with changes to the cardiovascular system from aerobic training, neuromuscular 

changes also occur. In 2001, Allen and colleagues noted, “increases in muscular activity, such as 

those occurring during endurance exercise, are associated with rapid and dramatic adaptations of 

the cardiovascular and musculoskeletal system”. Similarly reported in another study, “regular 

endurance training induces numerous physiological adaptations that facilitate improved exercise 

capacity…” (Gibala et al., 2006, p.901).  

Blood Flow Restriction 

 Blood flow restriction was popularized in Japan over 40 years ago, and since then has 

been used widely for rehabilitation purposes, since it allows an individual to train at a lower 

intensity while still gaining the benefits of training at higher loads There are different formulas 

for inflating blood flow restriction cuffs, but “typically the cuff is inflated to a pressure greater 

than brachial diastolic blood pressure (BP) and upward of pressures exceeding systolic BP” 

(Manini & Clark, 2009). Blood flow restriction to the extremities, “occludes venous return and 

causes arterial blood flow to become turbulent and a reduction in blood velocity is seen distal of 
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the cuff” (Manini & Clark, 2009). Interestingly, “numerous studies using low intensity exercise 

combined with blood flow restriction (LI-BFR) have shown muscle hypertrophy to occur with a 

training intensity as low as 20%” (Loenneke, Wilson, Marin, Zourdos, &Bemben, 2011). 

Another study has also shown that, “blood flow restriction cuffs has been shown to mimic the 

hypertrophic response of a 70% 1RM exercise when using 20% 1RM” (Park, Kwak, Harveson, 

Weavil, & Seo, 2015). However, “the mechanisms underlying the hypertrophic response 

observed with BFR exercise training are not known, although they are likely to rise from a 

systemic and/or local response pathway” (Manini & Clark, 2009).  

 One important aspect of blood flow restriction is that it allows for adaptations to occur at 

a lower intensity, which is beneficial to “many individuals such as the elderly and rehabilitating 

athletes [who] are unable to withstand the high mechanical stresses placed upon the joints during 

heavy resistance training” (Loenneke, J. Wilson, G. Wilson, Pujol, Bemeben, 2010). 

Furthermore, Loenneke and colleagues stated that, “this style of training can provide a unique, 

beneficial mode of exercise, even in clinical settings, because it produces positive training 

adaptations equivalent to the physical activity of daily life (10-30% of maximal work capacity)” 

(2010). 

 Although, adequate research has been conducted using blood flow restriction some safety 

concerns remain, “obvious potential safety concerns for practitioners with respect to blood flow 

changes post-exercise (PObf)” is probably the most examined cardiovascular change while using 

blood flow restriction (Loenneke et al., 2010). Research regarding PWV is limited and 

contradicting, a study conducted by Collier et al. (2008) “found that 4 weeks of resistance 

training (65% 1 RM) increased peripheral PWV”. However, several other studies have shown 
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that there are no harmful effects to arterial stiffness from blood flow resistance training. (Cortez-

Cooper et. al., 2005; Casey et al., 2007; Yoshizawa et al., 2009).   

 While there has been extensive research of the effects of blood flow restriction, while 

performing resistance training there are very limited studies that have examined the long term 

effects of blood flow restriction, in combination with aerobic endurance training. Although 

several walk-training studies have been conducted there is not a substantial review of those 

studies. 

Effects of Blood Flow Restriction on Arterial Compliance and Neuromuscular Adaptions 

 Because of the mechanisms behind blood flow restriction many studies have looked at 

the effects on arterial compliance following a training session with blood flow restriction. Fahs 

and colleagues cited that, “concerns have been raised about its impact on the cardiovascular 

system; both acute and chronic” (2010). However, most the research has been focused on 

resistance training with blood flow restriction because, “some studies have shown that acute and 

chronic resistance exercise may increase arterial stiffness (decrease compliance)…” (Fahs et al., 

2010, p. 2969). Furthermore, a study conducted by Credeur et al., 2009 stated that, “blood flow 

restricted (BFR) exercise has been shown to reduce endothelial function”. Reduction in 

endothelial function is a major contributor to reduced arterial compliance and increased arterial 

stiffness.  

 The study conducted by Fahs and associates looked at different types of resistance 

exercises and the effects on arterial compliance and calf blood flow. The study involved a total 

of 11 recreationally active men between the ages of 18 and 35 years old. They participated either 

in high intensity, low intensity, or low intensity with blood flow restriction, and completed three 
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acute resistance exercise sessions. The findings of the study state that, “both traditional HI [high 

intensity] as well as LI [low intensity] and LI-BFR [low intensity-blood flow restriction] 

resistance exercise cause similar post-exercise increases in systemic large artery compliance.” 

(Fahs et al., 2010). However, the high intensity exercise group was the only one that had 

increased CVC (calf vascular conductance). It was stated that, “LI-BFR exercise also did not 

increase post-exercise calf blood flow, likely due to reductions in flow mediated vasodilation” 

(Fahs et al., 2010). 

 A study conducted by Ozaki, Miyachi, Nakajima, and Abe, examined the effects of a ten 

week walk training program with blood flow restriction on carotid arterial compliance, as well as 

muscle size. They had a total of 23 sedentary elderly men and women participate in their study 

and were randomized into a control walk group or a blood flow restriction walk group. 

Interestingly, Ozaki and colleagues found that both, “strength and thigh muscle size increased 

following 10 weeks of walk training combined with BFR…in addition, carotid arterial 

compliance improved by BFR walk training” (2010, p.3). This suggest along with other research 

that, “concurrent improvements in arterial compliance and muscle hypertrophy can be achieved 

with walk training with BFR” (Ozaki et al., 2010). Another well researched area in blood flow 

restriction are the muscular adaptations that occur from blood flow restriction training. Evidence 

has shown that there is an application in clinical settings for elderly patients and recovering 

athletes who cannot train at high intensities. While many studies have looked at the effects of 

resistance training, this section will focus on the effects of aerobic exercise in combination with 

blood flow restriction.  

 The study conducted by Takashi Abe and colleagues wanted to examine if muscle size 

and strength would increase following walk training with restricted venous blood flow from the 
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leg muscle while using Kaatsu (blood flow restriction cuffs) during walk training. This included 

18 healthy men who were randomized into groups walking with or without Kaatsu for 3 weeks at 

50 m/min. Researchers found that, “3-weeks of twice-daily Kaatsu-walk training increased thigh 

muscle CSA [cross sectional area] and volume in young men (P < 0.01)” (Abe, et. al., 2005). 

When results were analyzed for 1-RM “leg press and leg curl 1-RM strength increased by 7.4 

and 8.3%, respectively, in the Kaatsu-walk group after 3 weeks of training (P <0.05)” (Abe, et. 

al., 2006).  Other important finding were that, “a single bout of Kaatsu-walk exercise 

significantly increased serum GH concentrations, even though the training intensity was very 

low (50m/min) (P < 0.01)” (Abe, et. al., 2005). 

 In another study examining walk training with blood flow restriction. Abe and colleagues 

instead looked at effects on muscle strength and aerobic capacity in older adults. They stated 

that, “slow walk training combined with restricted leg muscle blood flow (KAATSU) produces 

muscle hypertrophy and strength gain in young men” (Abe, et. al., 2005). Applying this to the 

elderly population would be advantageous because the intensity and duration would be lower in 

comparison to following the recommended training protocol from ACSM, which would be, 

“approximately 60 minutes, a total training time of approximately 5 to 8 hours a week” (Abe, et. 

al., 2010). The conclusion of this particular study showed that, “6 weeks of KAATSU walk 

training can produce increases in muscle strength and size as well as functional ability of aging 

adult participants” (Abe, et. al., 2010). However, when it came to aerobic capacity no significant 

changes occurred over the 6 week period.   

Conclusion 

 In conclusion, the literature presented showed sufficient research on arterial compliance 

in response to aerobic exercise. However, there was not an adequate amount of research when 
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pertaining to aerobic exercise and neuromuscular adaptations, particularly when performing 

walking and running. Arterial compliance in relation to blood flow restriction, when combined 

with aerobic exercise, is another area that had insufficient information. Nevertheless, research in 

muscular adaptations with blood flow restriction was abundant when in combination with 

resistance training. More research needs to be done to examine the effects of blood flow 

restriction when performing aerobic exercise such as running, and how it will effect arterial 

compliance and neuromuscular adaptations.  
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      CHAPTER III. METHODS 

 

METHODS 

 

The purposes of this study were to 1) Determine if subjects who were assigned to the 

blood flow restriction group would have greater EMG activity following training. 2) Determine 

if subjects who were assigned to the blood flow restriction group would perform better in post-

training VO2 testing than those in the ACSM guideline groups. 3) Determine if blood flow 

restriction would result in better arterial elasticity and compliance post-training than ACSM 

guidelines. Furthermore, the purpose of this study was to determine if there were changes in 

small and large arterial elasticity following the use of BFR cuffs during aerobic exercise when 

compared to a higher intensity session without BFR. 4) To determine if changes occurred in 

RHR (resting heart rate), SBP (systolic blood pressure), DBP (diastolic blood pressure), MAP 

(mean arterial pressure), CO (cardiac output), SV (stroke volume), SVR (systemic vascular 

resistance) and TVI (total vascular impedance) in recreationally active male subjects following 

the use of BFR cuffs during aerobic training when compared to a higher intensity session without 

BFR. 5) Determine if there would be greater increases in MVC force following the use of BFR 

cuffs during aerobic training when compared to a higher intensity session without BFR. In this 

chapter, the methods and procedures used in the course of this study are presented and discussed. 

Participants 

 The University of Texas Rio Grande Valley Institutional Review Board approved the 

study procedure for Human Subjects, and all subjects read and signed an informed consent. A 
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total of 44 recreationally active males between the ages of 18-50 participated in this short-term 

training study. Of this group a total of 41 participants completed the pre and post-testing, as well 

as 90% of the training. Subjects were recruited from the University of Texas Rio Grande Valley, 

and consisted of undergraduate and graduate male students, and others who were interested in 

participating in our study. Recruitment was completed through classroom recruitment, as well as 

an in-person script. Participants were also recruited by means of fliers and word of mouth at 

UTRGV. Participation in this study was voluntary and subjects were allowed to withdraw at any 

time. 

Inclusion Criteria 

1. Participants who were within the 18 to 50 year age range. 

2. Participants who had no medical history of hypertension, cardiovascular disease, 

respiratory disease, joint or muscle problems, any metabolic disease, chronic pain, or 

currently ingesting medication that might interfere with vascular function. 

Exclusion Criteria 

1. Participants ingesting medication for hypertension, cardiovascular disease, or chronic 

pain. 

2. Participants ingesting medication that may interfere with vascular function. 

3. Participants who had joint or muscle problems. 

4. Participants whom had a medical history of hypertension, cardiovascular disease, 

respiratory disease, joint or muscle problems, or any metabolic disease. 
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5. Participants who were suffering from chronic back pain and joint injuries in the lower 

back extremities. 

Recruitment 

 Participants were recruited from The University of Texas Rio Grande Valley through 

classroom recruitment; in which a professor permission script was used as a well as an in-person 

script (see appendix for forms). Participants were also recruited by means of fliers and word of 

mouth at UTRGV (see appendix for flier). Participation in this study was voluntary and 

participants were allowed to withdraw at any time. 

Experimental Protocol 

All study procedures were conducted in the Exercise Science Laboratory (M-1 building, 

room 216). Time schedules were agreed on by the subject and researcher to when it is most 

convenient to the subject to be both fasted (for at least 8 hours) and hydrated, for pre and post-

testing.  Hydration was monitored with the use of a Clinical Urine refractometer 300005 (SPER 

Scientific, Scottsdale, AZ, USA), that will require a subject to provide a urine sample to 

determine the level of current hydration (hydration is at or below 1.010). This study was a total 

of 8 weeks long with weeks 1 and 8 consisting of pre and post-testing and weeks 2- 7 consisting 

of actual training. Any sessions prior to the beginning of week 2 will be introductory in nature, 

including initial paperwork and recording necessary values prior to training. 

On the first day, the participants filled out questionnaires and were familiarized with the 

study procedures before starting the exercise sessions. Participants that answered yes to any 

PAR-Q question, or have blood pressure at or higher than 140/90 mmHg were excluded from 

this study. Following initial screening (PAR-Q and health questionnaire, a copy of both forms 
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will be provided) and familiarization, anthropometric measurements included resting heart rate, 

blood pressure, height, weight, body composition, and thigh circumference. Weight and body fat 

percentage will be measured using the BodPod (gold standard body composition based on air 

displacement). Thigh circumference was taken at the mid-point of the greater trochanter and 

lateral epicondyle. Inflation of the blood flow restriction cuffs was based on capillary refilling 

time. Participants will also perform their VO2 max using Bruce Protocol day one will last for a 

total of 1.5 hours.  

The second day consisted of collecting measurements using SphygmoCor® CPV Pulse 

Wave Analyzer (AtCor Medical, Itasca, IL, USA), HDI/Pulse Wave CR-2000 TM Research 

Cardio Vascular Profiling System (Hypertension Diagnostic, Inc., Eagan, Minnesota, USA).  

BodPod 2000A (Life Measurement, Inc., CA, USA), and Biodex (Biodex Medical Systems, Inc., 

NY, USA) in conjunction with EMG Delysys ® Trigno ™ Wireless System (DELSYS Inc., 

Boston, MA, USA). These sessions averaged for a total of 2 hours. When performing 

measurements using SphygmoCor the subjects lied down in the supine position for a minimum 

of 10 minutes and baseline arterial elasticity and hemodynamics were measured using 

Hypertension diagnostic (noninvasive equipment conducts measurements of arterial stiffness via 

placing a sensor on the radial artery at the right wrist and a cuff to the left arm to measure blood 

pressure) and measurement of  pulse wave velocity using SphygmoCor (which was conducted 

noninvasively using a pulse wave velocity analyzer in segmental measures at the carotid, 

femoral, and the dorsalis pedis while wearing three electrodes on the chest to monitor the heart’s 

electrical activity). EMG electrodes were placed on subject’s right quadriceps. Measurements to 

find the belly of the rectus femoris, vastus lateralis and vastus medialis were done by having a 

subjects lie down and raising their torso to a 45˚ angle and raising their legs with an 8 inch foam 
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roller placed under their knees. Measurements were found by locating the subject’s iliac crest 

and the top of the patella (rectus femoris, lateral side of patella (vastus lateralis) and joint space 

of patella (vastus medialis) for the respective muscles. Once the distance was found between the 

iliac crest and other sites a calculation was used to determine where the electrodes would be 

place. For the rectus femoris 50% of the total distance was where the electrode would be placed, 

80% of the total distance was where the electrode would be placed for the vastus lateralis and 

1/3rd of the total distance was where the electrode would be placed for the vastus medialis.  

Weeks 2-7 will include the actual training sessions in which each participant will come in 

and perform the specified routine on the treadmill 3 times a week with at least one day of rest 

between sessions. Upon finishing the 6-week training program, week 8 will consist of measuring 

all variables that were recorded in week 1. For pre and post-testing recordings subjects will be 

required to be fasted and hydrated prior to testing. Once body anthropometric and body 

composition measurements have been taken, the subject will perform their VO2 max using Bruce 

Protocol (Bruce, Kusumi, & Hosmer, 1973) during their first week and last week. Heart rate (via 

Polar chest strap and watch) will be monitored continuously while performing VO2  max testing. 

This first session lasted about 35 minutes.  

This study will consist of 4 different groups: A control group that will only come to the 

lab for pre and post-testing and perform the normal daily routine weeks 2-7. The high intensity 

training group will train at 60-80% of their VO2 reserve for 30 minutes 3 times a week. The low 

intensity training group will train 30-45% of their VO2 reserve for 30 minutes 3 times a week. 

The low intensity BFR training group will train at 30-45% of their VO2 reserve for 30 minutes 3 

times a week. The time training will be a total of 9 hours for the 6 weeks of training except for 
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the control group who will only come in for pre and post-testing. Week 8 will consist of 

measuring all variables that were recorded in week 1 as outlined above and will take the same 

amount of time.  

Minimal Risk: The minimal risk includes discomfort using blood flow restriction cuff 

(for the 30-minute run/walk sessions) and performing the VO2 max test (the subject may feel 

tired right after the test and feel sore a day after the test). They will be screened in detail before 

being allowed to participate. If at any time they are unable to complete any task they will be 

allowed to stop.   

The research team is required to calibrate all the equipment (which will be performed 

regularly according to instructions provided by the manufacture), know how to properly use the 

equipment, and have all documentation done to conduct research. The research team will 

conduct measurements on the subject of the same gender. 

Moxus VO2 Metabolic Cart  

 Participants were required to wear a breathing mask that was connected to the MOXUS 

Modular VO2 System (AEI Technologies, Inc., Pittsburgh, PA, USA) through mask and 

breathing tubes. The metabolic cart computer collected inspired oxygen and expired carbon 

dioxide and the software recorded analysis and calculations of energy expenditure and oxygen 

consumption. Heart Rate was assessed continuously by wearing a Polar Heart Rate Monitor FT7 

series (Polar Electro Inc., Lake Success, NY, USA). 

Bruce Protocol 

 The Bruce Protocol (Bruce, Kusumi, & Hosmer, 1973) consisted of multiple stages of 

increasing speeds and inclines until maximal exertion was reached. The metabolic cart (MOXUS 
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Modular VO2 System) continuously recorded oxygen consumption and carbon dioxide 

production during the test. 

 

Table 1. Bruce Protocol 

Stage Minutes % Grade Km/Hr MPH 

1 3 10 2.7 1.7 

2 6 12 4 2.5 

3 9 14 5.4 3.4 

4 12 16 6.7 4.2 

5 15 18 8 5 

6 18 20 8.8 5.5 

7 21 22 9.6 6 

 

Clinical Urine Refractometer 

Participants are required to provide a urine sample at the beginning of each session. 

Hydration was be measured by using 1-3 drops of the urine sample on to the lens of the urine 

refractometer (Refractometer 300005; SPER Scientific, Scottsdale, AZ, USA). The device was 

then pointed at a light source and the level of refraction, caused by the sample, was recorded. 

The device was then cleaned and the rest of the urine was discarded into the biohazard waste bin.  

HDL/PulseWave CR-2000TM Research Cardio Vascular Profiling System 

Participants were instructed to lie in the supine position with their arms held comfortably 

abducted from their bodies by roughly 15 degrees and legs separated comfortably, have an 

appropriate-sized blood pressure cuff placed above the left antecubital space, and a plastic wrist 

stabilizer on the right wrist to minimize movement while the measurements were taken place. 

The pulse wave analysis sensor was placed proximal to the crease between the wrist and hand 

with the sensor lined over the radial artery at a point of a strong pulse. The sensor was adjusted 

to signal strength of 18-22 before each recording. When recording, the subject would be required 

to stay as still as possible for duration of about a minute, in which blood pressure would be taken 
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before a 30 s time recording took place. The device measured blood pressure, heart rate, stroke 

volume, left ventricular ejection time, systemic vascular resistance, total vascular impedance, 

and small and large arterial elasticity. 

Pulse Wave Velocity 

  Analysis of pulse wave velocity was conducted noninvasively using a pulse wave 

velocity analyzer; SphygmoCor® Pulse Wave Analyzer (AtCor Medical Pty. Ltd., Sydney 

Australia). Subject required three electrodes to be attached to monitor the heart’s electrical 

activity, which were placed at the top and bottom of the sternum and at the bottom of the rib cage 

near the mid-axillary line. The subject lied down and had segmental measures take at the carotid 

(neck), radial (wrist), femoral artery (groin), and the posterior tibial (foot). Measurements were 

taken to determine the time that it takes to propagate a pulse from one site to another; which used 

four sites to acquire 3 different measurements: carotid to radial (upper peripheral), carotid to 

femoral (central), and femoral to posterior tibial (lower peripheral). 

BodPod 

 BodPod 2000A (Life Measurement, Inc., CA, USA), is the gold standard for measuring 

body composition based on air displacement. The subjects were required to take off unnecessary 

clothing, jewelry, shoes, and socks before entering the BodPod and then placed a swim cap on 

their head to ensure that the subject’s hair did not interfere with air displacement.  

Delsys Electromyography 

 EMG Delysys ® Trigno ™ Wireless System (DELSYS Inc., Boston, MA, USA), 

wireless system was used on subjects when they performed leg extensions on the Biodex. 

Electrodes were placed on their vastus lateralis, rectus femoris, and vastus medialis. The area 
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were the electrodes were placed was shaved and wiped down with alcohol to ensure proper 

adhesion.  

Biodex 

Biodex (Biodex Medical Systems, Inc., NY, USA), is a multi-joint system that was used to 

test subjects’ isometric and isokinetic right leg extension. This device is used to measure power, 

force, and moment force (torque). 

BFR (blood flow restriction) Cuff 

The elastic cuffs are 50 mm in width and were filled with air to create pressure to restrict 

blood flow. The cuffs are to be connected to an electronic air pressure control system that 

monitors the restrictive pressures. Thigh circumference was taken at the mid-point of the greater 

trochanter and at the lateral epicondyle. The cuffs were then inflated to reach an individual’s 

final pressure depending on thigh circumference: <45–50 cm = 120 mmHg; 51–55 cm = 150 

mmHg; 56–59 cm = 180 mmHg; and ≥60 cm = 210 mmHg. The BFR cuffs were placed on the 

uppermost portion of the thigh and tightened to the initial pressure. The cuffs were tightened to 

an initial pressure rage of 50-55 mmHg for males and 55-60 mmHg for females on the 20-minute 

walk/run at 40% VO2 intensity with the BFR cuffs inflated and 40-45 mmHg for both sexes on 

the 20-minute walk/run at 40% VO2 intensity without the BFR cuffs inflated. Inflation began at 

120 mmHg and was slowly inflated to a maximal inflation. The pressure was slowly increased, 

by 20 mmHg, by holding the pressure for 30 s and releasing for 10 s between increments until 

maximal inflation was reached. 

Statistical Analysis 

 Analysis of covariance (ANCOVA) and 2-way analysis of variance (ANOVA) with 

repeated measures was used to see if significant differences exist in large and small arterial 
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elasticity, central and peripheral pulse wave velocity, blood oxygen level, heart rate, systolic 

blood pressure, diastolic blood pressure, mean arterial pressure, cardiac output, stroke volume, 

systemic vascular resistance, and total vascular impedance, EMG activity, MVC and 

Thorstensson. Using Pearson Correlation Coefficient, the relationships between the variables was 

assessed. An alpha of 0.05 was used to determine statistical significance and data were analyzed 

using SPSS 23.0 for Windows (IBM Corporation, New York, USA).  
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       CHAPTER IV. RESULTS 

 

RESULTS 

 

The purposes of this study were to 1) Determine if subjects who were assigned to the 

blood flow restriction group would have greater EMG activity following training. 2) Determine 

if subjects who were assigned to the blood flow restriction group would perform better in post-

training VO2 testing than those in the ACSM guideline groups. 3) Determine if blood flow 

restriction would result in better arterial elasticity and compliance post-training than ACSM 

guidelines. Furthermore, the purpose of this study was to determine if there were changes in 

small and large arterial elasticity following the use of BFR cuffs during aerobic exercise when 

compared to a higher intensity session without BFR. 4) To determine if changes occurred in 

RHR (resting heart rate), SBP (systolic blood pressure), DBP (diastolic blood pressure), MAP 

(mean arterial pressure), CO (cardiac output), SV (stroke volume), SVR (systemic vascular 

resistance) and TVI (total vascular impedance) in recreationally active male subjects following 

the use of BFR cuffs during aerobic training when compared to a higher intensity session without 

BFR. 5) Determine if there would be greater increases in MVC force following the use of BFR 

cuffs during aerobic training when compared to a higher intensity session without BFR. In this 

chapter, the methods and procedures used in the course of this study are presented and discussed. 
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Subject Characteristics 

 Forty-four male participants were recruited for the study and forty-one completed the 

study. Table 1 shows descriptive statistics that were taken from the study population. Participants 

were recruited from the University of Texas Rio Grande Valley at the Brownsville campus.  

Table 2. Pre-Testing Descriptive Statistics 

Variables Blood Flow 

(n=10) 

Low Intensity 

(n=8) 

High Intensity 

(n=11) 

Control 

(n=10) 

Age (yr) 24.6 (±4.9) 23.0 (±4.0) 25.9 (±8.3) 24.8 (±6.5) 

Height (cm) 173.2 (±8.0) 172.6 (±6.9) 173.8 (±5.5) 176.8 (±6.3) 

Weight (kg) 82.0 (±13.6) 86.4 (±30.7) 93.1 (±26.8) 87.9 (±17.1) 

Body Fat Percentage 

(%) 

23.5 (±7.1) 25.1 (±12.9) 26.8 (±8.7) 24.1 (± 8.4) 

VO2MAX (ml/kg/min) 40.9 (±8.2) 41.4 (±6.6) 39.6 (±8.4) 42.8 (± 6.4) 

Values are reported as means (SD). 

 

Table 3. Post-Testing Descriptive Statistics 

Variables Blood Flow 

(n=10) 

Low Intensity 

(n=8) 

High Intensity 

(n=11) 

Control 

(n=10) 

Weight (kg) 83.3 (±14.7) 86.3 (±30.4) 93.1 (±25.9)  87.4 (±16.4) 

Body Fat Percentage 

(%) 

24.3 (±8.7) 27.6 (±11.2) 26.0 (±10.5) 24.7 (±9.3) 

VO2MAX (ml/kg/min) 43.9 (±7.6) 43.1 (±7.4) 42.0 (±10.0) 43.4 (±7.0) 

Values are reported as means (SD). 

 

Hemodynamic Responses 

Figure 1 shows the effects of a six week short-term endurance exercise training study 

with BFR cuffs at low intensity, without BFR cuffs at low and high intensity and a control group 

that performed no training on systolic blood pressure (SBP) in males. All groups were 

statistically similar (p>.05) for all effects and interactions and were reported together. 



 

 31 

Figure 1. Systolic Blood Pressure 

 

Males (N=39), Blood Flow (N=10), Low Intensity (N=8), High Intensity (N=11), Control 

(N=10). Values reported as mean ±SE. 

 

Figure 2 shows the effects of a six week short-term endurance exercise training study 

with BFR cuffs at low intensity, without BFR cuffs at low and high intensity and a control group 

that performed no training on diastolic blood pressure (DBP) in males. All groups were 

statistically similar (p>.05) for all effects and interactions and were reported together 
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Figure 2. Diastolic Blood Pressure 

 

Males (N=39), Blood Flow (N=10), Low Intensity (N=8), High Intensity (N=11), Control 

(N=10). Values reported as mean ±SE. 

 

Figure 3 shows the effects of a six week short-term endurance exercise training study 

with BFR cuffs at low intensity, without BFR cuffs at low and high intensity and a control group 

that performed no training on mean arterial pressure (MAP) in males. All groups were 

statistically similar (p>.05) for all effects and interactions and were reported together 
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Figure 3. Mean Arterial Pressure 

Males (N=39), Blood Flow (N=10), Low Intensity (N=8), High Intensity (N=11), Control 

(N=10). Values reported as mean ±SE. 

 

Figure 4 shows the effects of a six week short-term endurance exercise training study 

with BFR cuffs at low intensity, without BFR cuffs at low and high intensity and a control group 

that performed no training on pulse pressure (PP) in males. All groups were statistically similar 

(p>.05) for all effects and interactions and were reported together 
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Figure 4. Pulse Pressure 

Males (N=39), Blood Flow (N=10), Low Intensity (N=8), High Intensity (N=11), Control 

(N=10). Values reported as mean ±SE. 

 

Figure 5 shows the effects of a six week short-term endurance exercise training study 

with BFR cuffs at low intensity, without BFR cuffs at low and high intensity and a control group 

that performed no training on pulse rate (PR) in males. All groups were statistically similar 

(p>.05) for all effects and interactions and were reported together.  
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Figure 5. Pulse Rate 

Males (N=39), Blood Flow (N=10), Low Intensity (N=8), High Intensity (N=11), Control 

(N=10). Values reported as mean ±SE. 

 

Figures 6 and 7 shows the effects of a six week short-term endurance exercise training 

study with BFR cuffs at low intensity, without BFR cuffs at low and high intensity and a control 

group that performed no training on cardiac ejection time (CET) in males. Repeated measures 

ANOVA found significant interactions between time and group (p<.05). All other groups were 

statistically similar (p>.05) for all effects and interactions and were reported together.  
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Figure 6. Cardiac Ejection Time 

Males (N=39), Blood Flow (N=10), Low Intensity (N=8), High Intensity (N=11), Control 

(N=10). & Represents significant time and group interaction (p<.05). Values reported as mean 

±SE.  

 

Figure 7. Cardiac Ejection Time Percent Change 

Males (N=39), Blood Flow (N=10), Low Intensity (N=8), High Intensity (N=11), Control 

(N=10). Values reported as mean ±SE.  

 

Figure 8 shows the effects of a six week short-term endurance exercise training study 

with BFR cuffs at low intensity, without BFR cuffs at low and high intensity and a control group 
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that performed no training on stroke volume (SV) in males. All categories were statistically 

similar (p>.05) for all effects and interactions and were reported together. 

Figure 8. Stroke Volume 

Males (N=39), Blood Flow (N=10), Low Intensity (N=8), High Intensity (N=11), Control 

(N=10). Values reported as mean ±SE. 

 

Figure 9 shows the effects of a six week short-term endurance exercise training study 

with BFR cuffs at low intensity, without BFR cuffs at low and high intensity and a control group 

that performed no training on cardiac output (CO) in males. All categories were statistically 

similar (p>.05) for all effects and interactions and were reported together. 
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Figure 9. Cardiac Output 

Males (N=39), Blood Flow (N=10), Low Intensity (N=8), High Intensity (N=11), Control 

(N=10). Values reported as mean ±SE. 

 

Figure 10 shows the effects of a six week short-term endurance exercise training study 

with BFR cuffs at low intensity, without BFR cuffs at low and high intensity and a control group 

that performed no training on systemic vascular resistance (SVI) in males. All categories were 

statistically similar (p>.05) for all effects and interactions and were reported together. 
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Figure 10. Systemic Vascular Resistance 

Males (N=39), Blood Flow (N=10), Low Intensity (N=8), High Intensity (N=11), Control 

(N=10). Values reported as mean ±SE. 

 

 Figure 11 shows the effects of a six week short-term endurance exercise training study 

with BFR cuffs at low intensity, without BFR cuffs at low and high intensity and a control group 

that performed no training on total vascular impedance (TVI) in males. All categories were 

statistically similar (p>.05) for all effects and interactions and were reported together. 
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Figure 11. Total Vascular Impedance 

Males (N=39), Blood Flow (N=10), Low Intensity (N=8), High Intensity (N=11), Control 

(N=10). Values reported as mean ±SE. 

 

Figures 12 and 13 shows the effects of a six week short-term endurance exercise training 

study with BFR cuffs at low intensity, without BFR cuffs at low and high intensity and a control 

group that performed no training on heart rate (HR) in males. ANCOVA showed significance of 

(p=.05) post-hoc analysis showed significance (p<.05). Significance was found between BFR 

group and control group with BFR having a higher post-training maximum heart rate. All other 

categories were statistically similar (p>.05) for all effects and interactions and were reported 

together. 
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Figure 12. Heart Rate Max 

Males (N=39), Blood Flow (N=10), Low Intensity (N=8), High Intensity (N=11), Control 

(N=10). * Represents significant condition difference between BFR and control (p=.05).Values 

reported as mean ±SE. 

 

Figure 13. Heart Rate Max Percent Change 

Males (N=39), Blood Flow (N=10), Low Intensity (N=8), High Intensity (N=11), Control 

(N=10). Values reported as mean ±SE. 
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Figures 14 and 15 shows the effects of a six week short-term endurance exercise training 

study with BFR cuffs at low intensity, without BFR cuffs at low and high intensity and a control 

group that performed no training on VO2 Max in males. ANCOVA showed significance group 

differences (p<.05) and post-hoc analysis revealed a significance of (p<.05) between BFR group 

and control group with BFR having a higher post-training VO2. Partial eta showed that 21% of 

the total variability in VO2 value was explained by the independent variable (training protocol). 

All other categories were statistically similar (p>.05) for all effects and interactions and were 

reported together.  

 

Figure 14. VO2 Max 

Males (N=39), Blood Flow (N=10), Low Intensity (N=8), High Intensity (N=11), Control 

(N=10). * Represents significant condition difference between BFR and control (p<.05).Values 

reported as mean ±SE. 
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Figure 15. VO2 Max Percent Change 

Males (N=39), Blood Flow (N=10), Low Intensity (N=8), High Intensity (N=11), Control 

(N=10). Values reported as mean ±SE. 

 

Arterial Compliance 

Figure 16 shows the effects of a six week short-term endurance exercise training study 

with BFR cuffs at low intensity, without BFR cuffs at low and high intensity and a control group 

that performed no training on large arterial elasticity (LAE) in males. All categories were 

statistically similar (p>.05) for all effects and interactions and were reported together. 
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Figure 16. Large Arterial Elasticity 

Males (N=39), Blood Flow (N=10), Low Intensity (N=8), High Intensity (N=11), Control 

(N=10). Values reported as mean ±SE. 

 

Figure 17 shows the effects of a six week short-term endurance exercise training study 

with BFR cuffs at low intensity, without BFR cuffs at low and high intensity and a control group 

that performed no training on small arterial elasticity (SAE) in males. All categories were 

statistically similar (p>.05) for all effects and interactions and were reported together. 
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Figure 17. Small Arterial Elasticity 

Males (N=39), Blood Flow (N=10), Low Intensity (N=8), High Intensity (N=11), Control 

(N=10). Values reported as mean ±SE. 

 

Figure 18 shows the effects of a six week short-term endurance exercise training study 

with BFR cuffs at low intensity, without BFR cuffs at low and high intensity and a control group 

that performed no training on PWV Carotid to Radial in males. All categories were statistically 

similar (p>.05) for all effects and interactions and were reported together. 

7.0

8.0

9.0

10.0

11.0

12.0

13.0

14.0

Pre Post

S
m

a
ll

 A
rt

er
ia

l 
E

la
st

ic
it

y
 

(m
l/

m
m

H
g

x
1

0
0

)

Small Arterial Elasticity

Blood Flow

Low Intensity

High Intensity

Control



 

 46 

Figure 18. PWV Carotid to Radial 

Males (N=39), Blood Flow (N=10), Low Intensity (N=8), High Intensity (N=11), Control 

(N=10). Values reported as mean ±SE. 

 

Figure 19 shows the effects of a six week short-term endurance exercise training study 

with BFR cuffs at low intensity, without BFR cuffs at low and high intensity and a control group 

that performed no training on PWV Carotid to Radial in males. All categories were statistically 

similar (p>.05) for all effects and interactions and were reported together. 
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Figure 19. PWV Carotid to Femoral 

Males (N=39), Blood Flow (N=10), Low Intensity (N=8), High Intensity (N=11), Control 

(N=10). Values reported as mean ±SE. 

 

Figures 20 and 21 shows the effects of a six week short-term endurance exercise with 

BFR cuffs at low intensity, without BFR cuffs at low and high intensity and a control group that 

performed no training on PWV Carotid to Radial in males. Repeated measures ANOVA found a 

significant time main effect (p<.05) with a decrease from pre to post-training in all groups. All 

other categories were statistically similar (p>.05) for all effects and interactions and were 

reported together. 
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Figure 20. Femoral to Distal 

Males (N=39), Blood Flow (N=10), Low Intensity (N=8), High Intensity (N=11), Control 

(N=10). T Represents significant time difference (p<.05). Values reported as mean ±SE. 

 

Figure 21. PWV Femoral to Distal Percent Change 

Males (N=39), Blood Flow (N=10), Low Intensity (N=8), High Intensity (N=11), Control 

(N=10). Values reported as mean ±SE. 
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Electromyography  

 

Figure 22 shows the effects of a six-week short-term endurance exercise training study 

with BFR cuffs at low intensity, without BFR cuffs at low and high intensity and a control group 

that performed no training on maximum voluntary contraction (MVC) RMS and median 

frequency in males. All categories were statistically similar (p>.05) for all effects and 

interactions and were reported together.  

 

Figure 22. Force Values in Newton Meter During Maximum Voluntary Contraction 

Males (N=41), Blood Flow (N=10), Low Intensity (N=10), High Intensity (N=11), Control 

(N=10). Values reported as mean ±SE. 

 

Figure 23 shows the effects of a six week short-term endurance exercise with BFR cuffs 

at low intensity, without BFR cuffs at low and high intensity and a control group that performed 

no training on Thorstensson in males. All categories were statistically similar (p>.05) for all 

effects and interactions and were reported together. 
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Figure 23. Force Values in Newton Meter During Thorstensson Test 

Males (N=41), Blood Flow (N=10), Low Intensity (N=10), High Intensity (N=11), Control 

(N=10). Values reported as mean ±SE. 

 

Figure 24 shows the effects of a six week short-term endurance exercise training study 

with BFR cuffs at low intensity, without BFR cuffs at low and high intensity and a control group 

that performed no training on EMG mean value of root mean square in males. All categories 

were statistically similar (p>.05) for all effects and interactions and were reported together. 
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Figure 24. EMG Mean Values of Root Mean Square 

 

Males (N=41), Blood Flow (N=10), Low Intensity (N=10), High Intensity (N=11), Control 

(N=10). Values reported as mean ±SE. 

 

 Figure 25 shows the effects of a six week short-term endurance exercise training study 

with BFR cuffs at low intensity, without BFR cuffs at low and high intensity and a control group 

that performed no training on EMG mean value of median frequency in males. All categories 

were statistically similar (p>.05) for all effects and interactions and were reported together. 
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Figure 25. EMG Mean Value of Median Frequency 

  

Males (N=41), Blood Flow (N=10), Low Intensity (N=10), High Intensity (N=11), Control 

(N=10). Values reported as mean ±SE. 

 

Figures 26, 27 and 28 shows the effects of a six week short-term endurance exercise 

training study with BFR cuffs at low intensity, without BFR cuffs at low and high intensity and a 

control group that performed no training on EMG mean value of cyclical analysis on the vastus 

lateralis, rectus femoris, and vastus medialis muscle while performing Thorstensson on Biodex. 

RMS values of Thorstensson were normalized against MVC RMS values for each specific 

muscle group. Repeated measures ANOVA found significant repetition main effect (p<.01) for 

all three muscle groups with the first repetition being significantly higher than the middle and 

last repetition. All other categories were statistically similar (p>.05) for all effects and 

interactions and were reported together.  
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Figure 26. Mean Value of Root Mean Square 

 

Males (N=41), Blood Flow (N=10), Low Intensity (N=10), High Intensity (N=11), Control 

(N=10). $ Significant repetition differences (p<.01). Values reported as mean ±SE. 

 

Figure 27. EMG Mean Value of Root Mean Square 

 

Males (N=41), Blood Flow (N=10), Low Intensity (N=10), High Intensity (N=11), Control 

(N=10). $ Significant repetition differences (p<.01).Values reported as mean ±SE. 
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Figure 28. EMG Mean Value of Root Mean Square 

 

Males (N=41), Blood Flow (N=10), Low Intensity (N=10), High Intensity (N=11), Control 

(N=10). $ Significant repetition differences (p<.01). Values reported as mean ±SE. 

 

Figures 29, 30, and 31 shows the effects of a six week short-term endurance exercise 

training study with BFR cuffs at low intensity, without BFR cuffs at low and high intensity and a 

control group that performed no training on EMG mean value of median frequency on the vastus 

lateralis, rectus femoris, and vastus medialis muscle while performing Thorstensson on Biodex.  

Repeated measures ANOVA found significant repetition main effect (p<.01) for all three muscle 

groups with all repetitions being significantly different. There was a significant interaction 

between time and group (p<.01) in vastus lateralis for the BFR group from pre to post-training. 

All other categories were statistically similar (p>.05) for all effects and interactions and were 

reported together. 
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Figure 29. EMG Mean Value of Median Frequency 

 

Males (N=41), Blood Flow (N=10), Low Intensity (N=10), High Intensity (N=11), Control 

(N=10). $ Significant repetition differences (p<.01). & Significant interaction between time and 

group for BFR (p<.01). Values reported as mean ±SE. 

Figure 30. EMG Mean Value of Median Frequency 

 

Males (N=41), Blood Flow (N=10), Low Intensity (N=10), High Intensity (N=11), Control 

(N=10). $ Significant repetition differences (p<.01). Values reported as mean ±SE. 
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Figure 31. EMG Mean Value of Median Frequency 

 

Males (N=41), Blood Flow (N=10), Low Intensity (N=10), High Intensity (N=11), Control 

(N=10). $ Significant repetition differences (p<.01). Values reported as mean ±SE. 

 

Figure 32 shows the effects of a six week short-term endurance exercise training study 

with BFR cuffs at low intensity, without BFR cuffs at low and high intensity and a control group 

that performed no training on EMG/force ratio for RMS in males. All categories were 

statistically similar (p>.05) for other all effects and interactions and were reported together. 
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Figure 32. MVC Force/EMG Ratio for RMS 

 

Males (N=41), Blood Flow (N=10), Low Intensity (N=10), High Intensity (N=11), Control 

(N=10). Values reported as mean ±SE. 

 

Figure 33 shows the effects of a six week short-term endurance exercise training study 

with BFR cuffs at low intensity, without BFR cuffs at low and high intensity and a control group 

that performed no training on EMG/force ratio for median frequency in males. All categories 

were statistically similar (p>.05) for all other effects and interactions and were reported together. 
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Figure 33. MVC Force/EMG Ratio for Median Frequency 

 

Males (N=41), Blood Flow (N=10), Low Intensity (N=10), High Intensity (N=11), Control 

(N=10). Values reported as mean ±SE. 

 

Figures 34, 35 and 36 shows the effects of a six week short-term endurance exercise 

training study with BFR cuffs at low intensity, without BFR cuffs at low and high intensity and a 

control group that performed no training on EMG/force ratio for RMS in males. Repeated 

measures ANOVA found significant repetition main effect (p<.01) for all three muscle groups 

with the first repetition being higher than the middle and last repetition. Vastus lateralis had a 

significant interaction between time and repetitions (p<.03) with a decrease from pre to post-

training. All categories were statistically similar (p>.05) for all other effects and interactions and 

were reported together. 
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Figure 34. Thorstensson Force/EMG Ratio for RMS  

 

Males (N=41), Blood Flow (N=10), Low Intensity (N=10), High Intensity (N=11), Control 

(N=10). $ Significant repetition differences (p<.01). # Interaction between time and repetitions 

(p<.05) 

 

Figure 35. Thorstensson Force/EMG Ratio for RMS 

 

Males (N=41), Blood Flow (N=10), Low Intensity (N=10), High Intensity (N=11), Control 

(N=10). $ Significant repetition differences (p<.01). Values reported as mean ±SE. 
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Figure 36. Thorstensson Force/EMG Ratio for RMS 

 

Males (N=41), Blood Flow (N=10), Low Intensity (N=10), High Intensity (N=11), Control 

(N=10). $ Significant repetition differences (p<.01). Values reported as mean ±SE. 

 

Figures 37, 38 and 39 shows the effects of a six week short-term endurance exercise 

training study with BFR cuffs at low intensity, without BFR cuffs at low and high intensity and a 

control group that performed no training on EMG/force ratio for median frequency in males. 

Repeated measures ANOVA showed significant repetition main effect (p<.01) with significant 

differences between all repetitions for all muscle groups. All categories were statistically similar 

(p>.05) for all effects and interactions and were reported together.  
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Figure 37. Thorstensson Force/EMG for Median Frequency 

  

Males (N=41), Blood Flow (N=10), Low Intensity (N=10), High Intensity (N=11), Control 

(N=10). $ Significant repetition differences (p<.01). Values reported as mean ±SE. 

 

Figure 38. Thorstensson Force/EMG Ratio for Median Frequency 
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 Males (N=41), Blood Flow (N=10), Low Intensity (N=10), High Intensity (N=11), Control 

(N=10). $ Significant repetition differences (p<.01). Values reported as mean ±SE. 

Figure 39. Thorstensson Force/EMG Ratio for Median Frequency 

 

 Males (N=41), Blood Flow (N=10), Low Intensity (N=10), High Intensity (N=11), Control 

(N=10). $ Significant repetition differences (p<.01). Values reported as mean ±SE. 
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                              CHAPTER V. DISCUSSION 

 

DISCUSSION 

 

 The key findings of this study are as follows: First, the BFR group showed a higher max 

heart rate and VO2 when compared to the control group, which may have been caused by the 

increased workload the cuffs created in addition to the control group not participating in the 

training program. Second, there was an increase from pre to post-training in cardiac ejection time 

for BFR. Third, pulse wave velocity at the femoral to distal site was found to have significant 

time main effects from pre to post-training; which may have been due to differences in vessel 

wall distension of the central and peripheral arteries (e.g. elastin and collagen).  

The analysis of electromyography (EMG) found a significant repetition difference. The 

first three repetitions performed in Thorstensson was less than the mid three and last three 

repetitions for the mean value of RMS for the vastus lateralis, rectus femoris and vastus medialis 

of the quadriceps in both pre and post-training. This may have been caused by the fatiguing 

effect that occurs throughout the 50 repetitions the Thorstensson test calls for (Thorstensson & 

Karlsson 1976).  

Significant time and group interactions was found in median frequency when examining 

the mean value of the vastus lateralis; the BFR group had an increase in post-training first 

repetition values when compared to pre-training values, which did not occur for the other groups. 

An increase in median frequency is typically seen with a greater percentage of fast twitch fibers, 
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this will create a greater initial values as well as a greater decrease in median frequency (Kupa et 

al., 1995). However, the present study did not find significant changes in fiber type percentage, 

which may suggest changes were due to neural adaptations. Significant repetition main effects 

were also noted for all three muscle groups in median frequency; all repetitions were 

significantly different from each other. This is to be expected since the test was fatiguing in 

nature and would produce changes in firing rate. 

 When the ratio of force values of MVC (Nm) and mean values of EMG RMS (µV) was 

applied to the first, middle and last repetitions of Thorstensson, significant repetition main effect 

were found for vastus lateralis, rectus femoris and vastus medialis with the first repetition being 

higher than the middle and last repetitions for pre and post-training. Additional findings for the 

force / EMG RMS ratio found a significant interaction between time and repetitions for vastus 

lateralis. Post-training values for the vastus lateralis ratio had a decrease in the first repetitions of 

Thorstensson when compared to pre-training values. While there were no significant changes in 

force values, the decrease in the force (Nm) / EMG (µV) ratio, this may have been caused by an 

increase in fiber recruitment. Although there was no significance seen in muscle fiber type 

composition, a shift towards Type I muscle fibers typically occurs with aerobic training 

(Holloszy& Coyle 1984; Zierath & Hawley 2004), which may explain the decrease in the force 

(Nm) / EMG (µV) ratio. Since aerobic muscle fibers are smaller and create less force compared 

to anaerobic muscle fibers (McArdle, Katch F.I & Katch V.L, 2015), it could be speculated that 

the increases in aerobic fiber recruitment to perform the same work could be one of the 

responsible factors for the changes in the ratio of force (Nm) / EMG (µV).  When the ratio of 

force (Nm) / median frequency (Hz) for Thorstensson was examined, a significant repetition 

main effect was found in all three muscle groups with all repetitions being significantly different 
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from each other; this supports findings from the EMG median frequency analysis of 

Thorstensson.  

Hemodynamic Responses 

 

Cardiac ejection time increased from pre-training to post-training in the BFR group. 

Commonly referred to as left ventricular ejection time, cardiac ejection time occurs when blood 

begins at the left ventricle with aortic valve opening and ends with aortic valve closure 

(Stedman, 2012). An increase in ejection time is typically seen with augmentations to vascular 

resistance and afterload, which is related to aortic pressure. Studies have shown that determining 

ejection phase indices are related to afterload with shortening of muscle fibers (Corin et al., 

1987; Ross 1983; Ford 1980); the present study did not show any significant differences in 

vascular resistance. Additionally, adaptations from aerobic exercise typically result in an 

increase in stroke volume, which is the amount of blood ejected per beat by the left ventricle into 

the aorta (Blomqvist & Saltin, 1983; Nadel 1985). However, no significant changes in stroke 

volume occurred during this study. It may be possible that while there were no significant 

changes seen in vascular resistance and stroke volume, perhaps the effects of these two factors 

were enough to alter ejection time for BFR. Alterations to these factors have occurred with BFR 

training (Renzi et al., 2010; Abe et al., 2010). An increase in stroke volume would suggest that 

more blood being ejected would result in increased time from aortic valve opening to aortic 

valve closing.  

Heart rate is known to increase in response to exercise intensity and duration. Exercise 

induces changes in autonomic activity causing increases in sympathetic activity. This leads to an 

increase in HR, resulting in a decrease in parasympathetic activity (Smith, Guyton, Manning, & 
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White, 1976; Victor, Seals, & Mark, 1987). The present study found a significant increase in 

post-training heart rate max in the BFR group when compared to control. It can be speculated 

that this change was most likely due to a higher percentage VO2 max used for speed and a 

greater final pressure of pneumatic cuffs placed on individuals, which caused a significantly 

greater heart rate change due to increased workload than the other training groups. Previous 

studies and text book have shown maximum heart rate has little to no adaptations, typically due 

to increases in stroke volume, allowing the heart to work more efficiently (Blomqvist & Saltin, 

1983; Saltin 1985; Kuipers, 2005; McArdle, Katch F.I & Katch V.L, 2015). Literature has shown 

that BFR sessions have lower stroke volumes and higher heart rates, in a relatively young 

population, than the control sessions (Renzi et al., 2010; Sugawara, 2010; Takano et al., 2005), 

and state that aerobic exercise with BFR requires greater cardiac work. In addition, plasma 

concentrations of lactic acid are known to be higher when exercising with BFR cuffs, which is 

known to stimulate chemoreceptors (Takarada, Nakamura et al., 2000; Takarada, Takazawa et 

al., 2000), subsequently increasing heart rate and cardiac contractility (Hayes et al., 2009). While 

the previously mentioned studies were acute, Abe et al., (2010) found no significant differences 

in maximum heart rate between the BFR aerobic training group and control group. Currently, 

there are a lack of studies investigating the cardiovascular hemodynamic changes that occur with 

BFR training. It can be speculated that increases in max HR for this study may have been due to 

subjects having an increased toleration to perception of discomfort/pain caused by metabolic by-

products (Chalaye et al., 2013) induced by BFR cuffs, allowing subjects to reach a greater heart 

rate max when performing VO₂ max testing.  

 VO2 was shown to have an increase from pre to post-training in the BFR group when 

compared to control. Increases in VO2 typically arise from changes in cardiac output and 
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peripheral adaptations (Sullivan et al., 1988) along with increases in stroke volume and 

arteriovenous oxygen difference (McArdle, Katch F.I & Katch V.L, 2015). The findings found in 

this study differ from a study conducted by Abe et al. (2010), which found no changes when it 

came to aerobic capacity over the 6-week period in the group that wore BFR cuffs. The present 

study had participants walk for 30 minutes with a 3-minute break to deflate cuffs at the 15-

minute mark, and used a speed that was based on 30-40% of an individual’s VO2 max (average 

speed was 80 m/min), while the study conducted by Abe and colleagues had all participants walk 

at a constant speed of 67m/min for 20 mins. It is a possibility that the increased time and speed 

along with a greater final pressure, of the cuffs, was enough to create peripheral adaptations and 

increase systemic arteriovenous oxygen; which may have caused a redistribution of cardiac 

output to working skeletal muscles (Blomqvist & Saltin, 1983; Clausen & Trap-Jensen, 1970; 

Clausen 1976). Studies conducted by Takarada, Nakamura, et al. (2000) and Takarada, 

Takazawa, et al. (2000) stated that the pressure from BFR cuffs induces ischemia in muscles. 

Furthermore, Neto et al. (2016) found evidence of decreased SpO₂, which is indicative of a 

hypoxic environment. During the course of the six-week training, the lower body musculature 

may have become more efficient at extracting oxygen, which would result in an increase in 

arteriovenous oxygen difference. This could potentially explain the increased augmentation to 

subject’s maximal oxygen consumption more so than the other conditions that wore no cuffs.  

Arterial Compliance 

Pulse wave velocity (PWV), at the lower peripheral femoral to dorsalis pedis (pfdPWV) 

site, was found to have decreased from pre-training to post-training. Studies have shown that 

moderate-intensity aerobic exercise training can reduce central arterial stiffness in healthy 

sedentary people (Tanaka, Dinenno et al., 2000; Tanaka, DeSouza et al., 1998). Conversely, the 
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effects of exercise training on peripheral arterial stiffness are not conclusive (Hayashi et al., 

2005). Dinenno et al. (2001) found significance that a moderate-intensity aerobic exercise 

program can induce arterial remodeling of the femoral artery. In addition, Hayashi et al. (2005) 

found changes in femoral artery diameter with no changes in femoral arterial compliance 

following aerobic exercise training; it could be speculated that while changes occurred to the 

peripheral conduit artery, it was not substantial enough to reduce arterial stiffness. One probable 

explanation for the physiological mechanisms of these changes could be tied to the collagen and 

elastin content of the peripheral arteries being far less than that of the central arteries (Nichols et 

al, 1998; Hayashi et al., 2005). The difference in vessel wall distension of the central and 

peripheral arteries may be a result of site specific adaptations towards the improvement of 

arterial stiffness that occur with exercise training; which for this present study consisted of using 

the lower body musculature for running or walking. This could possibly explain the causes for 

the decrease in pdfPWV from pre to post-training seen in this study.  

Electromyography 

 Prior studies have shown increases in muscle size and strength changes caused by the use 

of BFR cuffs in a resistance training program (Abe, Yasuda et al., 2008; Yasuda et al., 2011; 

Fujita et al.,2008). In addition, previous studies conducted by Abe, S. Fujita et al. (2010) and 

Abe, Sakamaki et al. (2010) found changes in isometric strength induced by 6 weeks of aerobic 

exercise. However, this present study did not find significant changes in MVC torque, RMS and 

MDF values during MVC. There was a significant difference in repetitions with the first 

repetition being less than the middle or last repetitions for the mean value of Thorstensson RMS 

for pre and post-training. This was observed in all conditions and in all three muscle groups 

(vastus lateralis, rectus femoris, and vastus medialis). For this analysis, mean value is the average 
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of the periodic cyclic maximum for each repetition that was performed and was normalized to 

MVC RMS values; for this study first, middle, and last equaled the total of three repetitions. This 

was likely due to the fact that Thorstensson is an isokinetic fatigue inducing test used to 

determine muscle fiber type percentage by performing 50 repetitions at 180˚/s of a person’s 

range of motion for extension and flexion at the knee. Because of the nature of the test, a decline 

in force would be expected to occur from the first, middle, and last repetitions for all groups. An 

outcome of the properties of muscle fibers innervated by different motor neurons causes the 

sequence in slow-contracting and fatigue resistant type 1 fibers being recruited before fast-

contracting fatigable type 2 fibers (Duchateau, Semmler, & Enoka, 2006). This is an expected 

response of any exercise that induces fatigue since the active muscle will recruit more motor 

units in response to a reduction in force production from motor units. Studies have shown that 

exercise training induces skeletal muscle cell remodeling, which leads to an increase in oxygen 

uptake, substrate oxidation, and resistance to fatigue (Gielen et al., 2001; Hambrecht et al., 1998; 

Booth & Thomason 1991). Nevertheless, since there were no changes seen between groups, it is 

possible that 6 weeks of endurance training, 3 times a week, was not enough to elicit significant 

differences between the groups.  

Analyzing median frequency has allowed for a noninvasive and localized method of 

observing electrophysiological fatigue processes within a specific muscle group. (Kupa et al., 

1995). This study found that the first, middle, and last repetitions were significantly different 

from each other for the mean value of median frequency when performing Thorstensson, on 

Biodex, in all three muscle groups. As mentioned earlier, this was likely due to the fatiguing 

effects of this test, which can cause a decrease in force production as repetitions progressed. 

Kupa et al. (1995) stated that muscles that have a greater percentage of fast twitch fibers will 
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have a greater initial value as well as a greater decrease in median frequency. Warren et al. 

(2000) supported findings by Kupa et al. by stating that a decrease in median frequency could be 

due to increased activation of slower motor units in combination with a decreased activation of 

fast motor units. This could account for the different variations between the first, middle and last 

repetitions. Additionally, training may have not been demanding or long enough to elicit changes 

within muscle fiber type over the course of the 6-week training; as adaptations during the 8 

weeks of training neural factors account for approximately 90% of the strength gained (McArdle, 

Katch F.I & Katch V.L, 2015).  

 There was an interaction between time and group with an increase in the first repetition 

followed by a decrease in the middle and last repetitions in post-training for the BFR group; in 

the mean value of median frequency of the vastus lateralis. This study showed an increase in 

frequency from pre to post-training, although there were no significant changes in muscle fiber 

type or body composition after six weeks of training, it can be speculated that BFR possibly 

resulted in a greater neural adaptation compared to the other conditions. Karabulut et al. (2013) 

evaluated the effects of different initial cuff pressures (40-45 mmHg and 60-65 mmHg), when 

performing leg extension on a dynamometer, with EMG recorded at the vastus lateralis. Findings 

revealed that while there was an increase in motor unit activation for both conditions, 

significantly higher values were found in the condition that had a higher initial pressure 

(tightness of the cuffs before inflation). This current study used similar initial pressures and 

higher final pressures than used in previous studies. Other studies have shown that muscle 

activation has been shown to increase during low-load exercise with BFR (Takarada et al., 2000; 

Yasuda et al., 2008, 2009). Furthermore, research also suggests that BFR during low-load 

aerobic exercise can induce small but significant morphological changes to the muscle (Scott et 
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al., 2014). It can be inferred that the increase in muscle ischemia (Takarada, Nakamura, et al., 

2000; Takarada, Takazawa, et al., 2000) from the cuffs creates a hypoxic environment that could 

change the pattern and level of contribution of different types of muscle fibers resulting in a 

greater and/or faster neuromuscular adaptations.  

 Thorstensson Force/EMG Ratio - EMG shows the electrical contraction of a muscle 

while force shows the mechanical events of the contraction (Roberts & Gabaldon 2008). For this 

reason, calculating the ratio of the force-EMG relationship provides a more complete picture of 

overall changes that occur within the muscle. The ratio for Thorstensson force/RMS EMG values 

showed a repetition main effect in all three muscle groups where all repetitions were 

significantly different from each other. Because of these similar findings, it can be inferred that 

the differences seen in the RMS ratio were caused by changes in RMS values of EMG. Since 

there were no significant changes in force production values it can be inferred that subjects 

created the same amount of force with more motor unit recruitment. 

The vastus lateralis force/EMG RMS ratio showed a significant interaction between time 

and repetitions with a decrease in the first repetition followed by little to no change from the 

middle and last repetition for post-training. This present study found no differences in the force 

production values or EMG RMS values during Thorstensson. These changes may have been 

caused by a small shift in muscle fiber type, since adaptations to aerobic exercise typically 

results in a shift toward Type I endurance muscle fibers. In addition, the structure of Type I 

fibers has been seen in other studies to fatigue less, thus causing smaller changes in EMG at 

submaximal intensities (Linssen, Stegeman et al., 1991; Linssen, Merks et al., 1991), which 

would explain how subjects were able to maintain force production during the middle and last 

repetitions. Furthermore, a study conducted by Gerzˇevic et al. (2011), which looked at the 
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differences in muscle activation between sub-maximal and maximal rowing tests found that the 

vastus lateralis was responsible for the maintenance of pace in submaximal tests, and had the 

greatest changes in activation. This could be one explanation for why this was seen in the vastus 

lateralis and not the other muscle groups examined in this study. Moreover, the fact that this 

study was a short-term aerobic study could explain why there were no changes in force since 

changes in strength are typically not seen in short-term aerobic training. In addition, while no 

differences were seen in condition one speculation could be that, motivation of the subjects may 

have changed from pre to post-testing. While subjects were instructed on how to perform tests 

during pre-testing and post-testing, both internal and external motivation may explain why 

subjects performed better post-training. External motivation in the form of positive feed-back 

was given to all subjects during pre-testing and post-testing, but multiple studies have shown that 

intrinsic motivation coupled with positive feed-back increases subject’s performance (Vallarand 

& Losier 1999; Vallarand & Reid, 1984; Vallarand 1983). It is safe to speculate that subjects in 

control group tried harder during post-testing due to their competitive nature.  

 The ratio of Thorstensson force/median frequency showed significant repetition main 

effects for all three muscle groups examined in this study. Repetitions were significantly 

different from each other, as was reported in EMG values of median frequency, which would 

account for the increase in the ratio as repetitions progressed. The increase in ratio is most likely 

due to the decrease in frequency, Warren et al. (2000) stated that a decrease in median frequency 

could be due to increased activation of slower motor units in combination with a decreased 

activation of fast motor units. In 2007, Coorevits et al stated that fatigue causes a decrease in the 

frequency of the EMG signal, typically described as a decline of median frequency parameters of 

the EMG power spectrum. While no changes were seen in force, changes in EMG will begin to 
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show in the muscles even when the force of the contraction is maintained (De Luca, 1984). For 

this study no significant changes in force were seen however, changes in median frequency are 

more detectable before reductions in force occur, which provides an explanation to the increase 

in ratio as repetitions progress.   

Conclusions 

The purposes of this study were to 1) Determine if subjects who were assigned to the blood flow 

restriction group would have greater EMG activity following training. 2) Determine if subjects 

who were assigned to the blood flow restriction group would perform better in post-training VO2 

testing than those in the ACSM guideline groups. 3) Determine if blood flow restriction would 

result in better arterial elasticity and compliance post-training than ACSM guidelines. 

Furthermore, the purpose of this study was to determine if there were changes in small and large 

arterial elasticity following the use of BFR cuffs during aerobic exercise when compared to a 

higher intensity session without BFR. 4) To determine if changes occurred in RHR (resting heart 

rate), SBP (systolic blood pressure), DBP (diastolic blood pressure), MAP (mean arterial 

pressure), CO (cardiac output), SV (stroke volume), SVR (systemic vascular resistance) and TVI 

(total vascular impedance) in recreationally active male subjects following the use of BFR cuffs 

during aerobic training when compared to a higher intensity session without BFR. 5) Determine 

if there would be greater increases in MVC force following the use of BFR cuffs during aerobic 

training when compared to a higher intensity session without BFR.  

The research questions asked were:  

1) Did subjects who were assigned to the blood flow restriction group have greater EMG activity 

than the low and high group?  
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2) Did subjects who were assigned to the blood flow restriction group perform better in post-

training VO2 testing than those in the ACSM guideline groups? 

3) Did blood flow restriction result in better arterial elasticity and compliance than ACSM 

guidelines? 

4) Did subjects who were assigned to the blood flow restriction group perform better in post-

training MVC and Thorstensson testing? 

 

Research Hypothesis 1 

Differences in EMG activity would be found in the blood flow restriction group when 

compared the other training groups.  

 The results acquired from this study only partially support this hypothesis. While there 

were significant findings in Thorstensson, they were related to repetitions differences between 

the first, middle, and the last repetitions. Only the median frequency of the vastus lateralis 

showed a time and group interaction for the BFR group with an increase from pre to post-

training. Additionally, there were no significant findings when MVC was analyzed.  

Research Hypothesis 2 

Subjects in the blood flow restriction group would perform better in post-testing VO2 

testing when compared to the training group that followed ACSM aerobic guidelines.  

 Findings from this study only partially supported this hypothesis. BFR did have a greater 

improvement in post-testing VO2 than the other training groups when compared to the control 

group that did not participate in the six-week training.  
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Research Hypothesis 3  

Subjects in the blood flow restriction group would have better arterial elasticity and 

compliance than the other training groups that followed ACSM aerobic guidelines.  

 Results obtained from this study did not support this hypothesis. There were no statistical 

differences between groups for pulse wave velocity or arterial elasticity. However, there was a 

decrease in PWV femoral to distal from pre to post-testing.  

Research Hypothesis 4 

Differences on Biodex would be seen in the BFR group when performing MVC and 

Thorstensson. 

Findings from this study did not support this hypothesis. There was no statistical 

significance in force production among any of the four groups.  
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APPENDIX A 

 

DEFINITIONS 

 

1) PAR-Q: PAR-Q (Physical activity readiness questionnaire) is a screening tool that is 

designed to determine whether a subject may perform the exercise in a safe and risk free 

manner. 

2) Blood Flow Restriction (BFR): BFR is a technique that restricts venous blood return 

during exercise. This process involves cuffs placed over the inguinal crease, to which 

they are then inflated to a specific pressure.  The cuffs are 5 centimeters wide and contain 

an inflatable bladder. 

3) Arterial compliance: the measurement of the elastic properties of the arteries, which has 

an inverse relationship with arterial stiffness. 

4) Hemodynamics: Analysis of physical aspects of blood circulation and blood flow. 

5) Pulse Wave Velocity: Noninvasive assessment of arterial compliance in which velocity 

of blood pressure wave forms traveling between two different sites are measured. 

6) Biodex: Is a device used to measure power, force, moment force (torque), and calculating 

muscle fiber type percentages. 

7) EMG: Measures neural activity in isolated muscles. 

8) Bod Pod: Gold standard for measuring body fat and muscle mass using air displacement 
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9) Hydration: Hydration status was deemed adequate when urine specific gravity measured 

1.010 and lower as determined by a clinical urine refractometer.  
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APPENDIX A 

 

LIST OF ABBREVIATIONS 

 

 

ANOVA -Analysis of Variance 

BFR -Blood Flow Restriction 

CET -Cardiac Ejection Time 

CO -Cardiac Output 

DBP -Diastolic Blood Pressure 

HR -Heart Rate 

EMG - Electromyography 

LAE -Large Arterial Elasticity 

MAP -Mean Arterial Pressure 

MVC -Maximum Voluntary Contraction  

PAR-Q -Physical Activity Readiness Questionnaire 

PP -Pulse Pressure 

PR -Pulse Rate 

PWV -Pulse Wave Velocity 
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SAE -Small Arterial Elasticity 

SBP -Systolic Blood Pressure 

SV -Stroke Volume 

SVI -Stroke Volume Index 

SVR -Systemic Vascular Resistance 

TVI -Total Vascular Impedance 

USG -Urine Specific Gravity 
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