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[bookmark: _Toc310579467][bookmark: _Toc448418105]Abstract
Blood flow restriction (BFR) on the upper and lower limbs, in combination with resistance training, has been found to increase muscle strength and muscle mass. Previous research has used either arbitrary pressures or a pressure based on systolic blood pressure (1.3 x SBP) to try and individualize the restriction of blood flow to the lower limbs. Recent studies suggest that restrictive pressure should be individualized and based on thigh circumference and limb composition. PURPOSE: The purpose of this study was to cross-validate the effects of leg size, limb composition, and blood pressure on arterial occlusion in women aged 20 to 30 years. METHODS: A total of 94 healthy college-aged women visited the laboratory for 2-3 visits. Forty-four participants visited the lab for 2 visits (1 paperwork/screening and 1 testing visit), and 50 women were asked to return for a third visit (1 paperwork/screening and 2 testing visits) to assess reliability and consistency of our measurements. On the first visit, participants completed paperwork and were screened for blood pressure (BP) and ankle brachial index (ABI). During the subsequent visit (s), participants subject’s height, body mass, pregnancy and hydration status were measured. Participants were then tested using Dual Energy X-Ray Absorptiometry (DXA) for determining total and regional body composition, followed by Peripheral Quantitative Computed Tomography (pQCT) of the mid-thigh (50% of thigh length) in both legs to assess muscle and fat cross-sectional areas (mCSA and fCSA). Next, muscle and fat thickness, measured by ultrasound, and thigh circumference at 33% and 50% of thigh length were measured on both legs followed by measurement of ABI and total occlusion pressure. RESULTS: From a total of 94 participants (age = 24.7 ± 2.5, height = 165.6 ± 6.5, weight = 64.7 ± 10.2), 50 returned for reliability testing. Day 1 and day 2 values for height, weight, SBP and diastolic blood pressure (DBP), had strong intraclass correlations (ICC’s; 0.73-0.99), small standard errors of the measurement (SEM; 0.21-3.78) and small to moderate mean differences (MD; 0.6 -10.5). Muscle and fat thickness measured using ultrasound had strong ICC’s (0.77-0.98), small SEM (0.06-0.29) and small MD (0.22-0.82). Regional lean muscle and fat tissue measured using DXA had strong ICC’s (0.95-0.99), moderate SEM (81.89-155.35), and moderate MD (226.99-430.60). Muscle area and fat area measured using pQCT had strong ICC’s (0.99), small SEM (1.51-2.51) and small MD (4.16-6.95). In the regression analysis the variables that remained constant in all three models to predict arterial occlusion pressure included SBP, DBP, and thigh circumference at 50% of thigh length, only the technique (Ultrasound, DXA, and pQCT) used to assess thigh composition (muscle and fat) changed. For ultrasound measurements, STEPWISE method beta weights and partial correlation coefficients explained 62% of the variance (R2=0.620) with the following variables for the right leg, SBP (ß=0.510, P=0.000); thigh circumference at 50% of thigh length (ß=0.266, P=0.000); anterior right 50% fat (ß=0.328, P=0.000). For the left leg, the following variables significantly predicted arterial occlusion pressures were: SBP (ß=0.482, P=0.000); thigh circumference at 50% of thigh length (ß=0.348, P=0.000); DBP (ß=0.225, P=0.006) and explained 64% of the variance (R2=0.638). For DXA, the STEPWISE method explained 56% of the variance (R2=0.560) with the following variables for the right leg, SBP (ß=0.479, P=0.000) and thigh circumference at 50% of thigh length (ß=0.484, P=0.000). For the left leg, the following variables significantly predicted arterial occlusion pressure: SBP (ß=0.482, P=0.000); thigh circumference at 50% of thigh length (ß=0.348, P=0.000); DBP (ß=0.225, P=0.006) and explained 64% of the variance (R2=0.638). For pQCT, the STEPWISE method explained 48% of the variance (R2=0.480) with the following variables significantly predicting arterial occlusion pressure for the right leg: SBP (ß=0.443, P=0.000) and thigh circumference at 50% of thigh length (ß=0.467, P=0.000). For the left leg, the following variables significantly predicted arterial occlusion pressure: SBP (ß=0.356, P=0.001); thigh circumference at 50% of thigh length (ß=0.388, P=0.000); DBP (ß=0.320, P=0.003) and explained 55% of the variance (R2=0.551). CONCLUSION: The results indicate that thigh circumference at 50% of thigh length and SBP are the main determinants of arterial occlusion pressures in both legs for 20-30 year old women. Despite differences in field (Ultrasound) and laboratory (DXA and pQCT) models, the prediction equations explained similar amounts of variance in the dependent variable, occlusion pressure (about 63% for ultrasound averaged across both legs; 60% for DXA averaged across both legs; and 52% for pQCT averaged across both legs). Therefore, arterial occlusion pressure should be based on thigh circumference and systolic and diastolic blood pressures without the need to assess limb composition. 
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[bookmark: _Toc310579468][bookmark: _Toc448418106]Chapter I: Introduction
The American College of Sports Medicine (ACSM) has categorized high load resistance exercise at loads ≥ 70% 1-RM (repetition maximum) as the recommended load to elicit increases in skeletal muscle size and strength [1].  However, this high mechanical load may not be appropriate for elderly populations as well as for individuals requiring rehabilitation in which the loss of muscle mass and strength are debilitating.  On the other hand, numerous research studies have examined the effects of blood flow restriction (BFR) with low intensity resistance exercise on skeletal muscle hypertrophy and strength, in addition to the effects on neural, cardiovascular and endocrine responses[2]. BFR, as the name denotes, involves decreasing blood flow to a muscle by the application of a wrapped device, for example, blood pressure cuffs or specially designed restrictive straps. Evidence suggests that this technique provides a beneficial mode of training that corresponds to an individual’s daily physical activity (10-30% of maximal work capacity) [3]. Therefore, research evidence suggests that low intensity resistance exercise in combination with BFR have a wide range of practical applications from clinical and rehabilitation aspects, to athletic populations. 
The novelty of resistance exercise with BFR is that at relatively low exercise intensities (i.e. 20% 1RM), skeletal muscle hypertrophy and increase muscular strength can still be elicited [3]. The practice of restricting blood flow during exercise is done by placing a restrictive band or pneumatic cuff on the most proximal portion of the exercising limb, which reduces arterial blood inflow to the working muscle, while occluding venous return, thus resulting in pooling of venous blood around the exercised muscle [4]. To date, there is no standard protocol for the application of blood flow restriction during resistance exercise. This lack of a standard procedure may be due in part to the differences in restrictive cuff types, with respect to material and size, as well as the overall technique of applying the restriction. Many studies have used 2cm wide elastic restrictive KAATSU Master cuffs (Sato Sports Plaza, Tokyo, Japan) for the upper limbs and 5cm Hokanson wide cuffs for the lower limbs [5]. However, research suggests that utilizing a wider cuff  (13.5cm width x 85cm length; Hokanson, Bellevue, WA, USA) to determine total occlusion pressures may be the best, since occlusion may be dependent upon limb circumference and body composition [4]. These differences in technique may explain the discrepancies in the literature regarding the ideal method with which to restrict blood flow.
	There is some variability in devices being used for the purposes of blood flow restriction. These devices include elastic knee wraps [6-9], nylon pneumatic cuffs [10], elastic belts containing a pneumatic bag [11, 12], or traditional nylon blood pressure cuffs [13, 14]. This variability also affects the size of the cuffs applied on the exercising limbs, which can range from 5cm to 20.5cm [15, 16]. Some of these techniques use a series of restrictive cuff pressures that range from 1.3 times greater than systolic blood pressure (SBP;160mm Hg) to over 200mm Hg [17]. However, some studies use pressures that are not set relative to the individual (1.3 x SBP), but rather use a generalized pressure for all individuals. A few studies [18] have also utilized two different elastic cuffs interchangeably, which raises the questions of whether the same amount of blood flow restriction was achieved with each cuff. Different blood flow restriction devices and cuff sizes may not produce the same effects on tissues and their surrounding blood vessels as found in previous research [19]. This variation may be due to the amount of tissue surrounding the blood vessel which influences the pressure exerted on the vasculature and therefore the degree of blood flow restriction that is achieved at a given pressure. Furthermore, such devices may have detrimental effects on muscles utilized during exercise depending on the amount of occlusion to which the muscle is exposed [20]. Some evidence suggests that it is important to define the initial restrictive pressures and target restrictive pressures as a means to obtain the desired training-related physiological adaptations [21]. However, other research focuses on individualizing the technique by determining the limb circumference and adjusting the pressures to obtain similar restriction across subjects. The overall size of the cuff is an important variable to consider, as wider restrictive cuffs have been shown to be a more effective means in restricting arterial blood flow at lower inflation pressures in comparison to narrower restrictive cuffs [19].  Loenneke et al. [17] compared the effect of cuff width on arterial occlusion utilizing both narrow cuffs (5cm) connected to a KAATSU Master Cuff inflator (Sato Sports Plaza, Tokyo, Japan), and a wide cuff (13.5cm) connected to an E 20 Rapid Cuff Inflator (Hokanson, Bellevue, WA), and reported that the restrictive cuff pressure should largely be based on thigh circumference rather than pressures previously stated in the literature. Since some research studies determine the pressures used to restrict blood flow during exercise based on limb circumference [2], and others still base occlusion pressures based on SBP [10], further research is required to assess the influence of leg size, limb composition, and resting blood pressure on arterial occlusion.   
	A gap between the amount of research conducted on males compared to females, especially in blood flow restriction studies exists. This is important because if thigh circumference is an important factor to consider when determining the restriction pressure of the limb, differences between the sexes’ body composition must be taken into account. Previous research indicates that there are sex differences for regional and whole body mass where men tend to have more muscle mass in the lower and upper body compared to women [22]. Women’s body composition is such that the storage of adipose tissue is distributed towards the lower limbs. This may warrant modifications to the technique based not only on the thigh circumference, but also on muscle cross-sectional area (mCSA) and fat cross-sectional area (fCSA) as more fat would require greater pressures to occlude the lower limb. Furthermore, leg dominance may cause various differences between the lower limbs in terms of composition and/or strength, as previous research has found that the dominant leg is 5.3% stronger than the non-dominant leg [23]. Thus further research is required to study the effect of BFR on both limbs. 
	Despite the efficacy of blood flow restriction, some studies have raised potential safety concerns [24-26]. However recent research confirms the reports that, when used in a controlled environment by experienced and trained personnel, blood flow restriction is a safe and effective training alternative for healthy populations [27] and not for those with diagnosed or uncontrolled hypertension or peripheral vascular disease [28]. While the research on blood flow restriction is promising, its limitations require further research to better define the ideal conditions in which this style of training can be used. 
[bookmark: _Toc380831997][bookmark: _Toc448418107]Purpose
The purpose of this study was to cross-validate the effects of leg size, limb composition, and resting blood pressure blood pressure on arterial occlusion pressures in women aged between 20 and 30 years.
[bookmark: _Toc380831998][bookmark: _Toc448418108]Research Question
1. [bookmark: _Toc380831999]What effects do resting blood pressure, thigh circumference, and thigh composition (mCSA and fCSA) have on arterial occlusion pressure in both lower limbs when assessed utilizing a wide cuff (Hokanson)?
[bookmark: _Toc448418109]Hypotheses
1. [bookmark: _Toc380832000]Since DBP is clinically linked to peripheral resistance and SBP contributes to arterial perfusion it was anticipated that DBP and SBP would have significant effects on arterial occlusion pressure. However, Crenshaw et al. [19] found that SBP did not affect arterial occlusion pressure and Loenneke et al. [17] suggested that brachial SBP did not explain additional variance when used in any of the regression models to predict total arterial occlusion pressure, therefore it is hypothesized that SBP will only have a minimal impact on arterial occlusion pressure. There is a tendency for pressure beneath a pneumatic cuff to decrease soft tissue depth and this tendency becomes more pronounced as the circumference of the limb increases [29]. Therefore, it was hypothesized that limb circumference would be a determining factor of arterial occlusion pressure as there is a consistent decrease in the mean maximal tissue-fluid pressure when thigh circumference increases. Previous research suggests that limb composition (muscle and fat cross sectional and thickness) has a greater influence on the pressure at which arterial blood flow restriction occurs [17, 30] , therefore it was hypothesized that muscle cross-sectional area (mCSA) and fat cross-sectional area (fCSA) would have significant effects on arterial occlusion pressure. A larger fCSA would require higher occlusion pressures and a larger mCSA would require lower occlusion pressures. 
[bookmark: _Toc448418110]Subquestion
1. [bookmark: _Toc380832001]Would the same factors (SBP, DBP, mCSA, fCSA and thigh circumference) that affect arterial occlusion pressure be similar for both right and left legs independent of limb dominance?
[bookmark: _Toc448418111]Subhypothesis
1. [bookmark: _Toc380832004]Previous research suggests that differences exist in muscle mass and strength between right and left limbs; however it was hypothesized that the factors that contribute the most to arterial occlusion pressure may differ depending on leg dominance from the right or left lower limb. 
[bookmark: _Toc448418112]Significance of Study
[bookmark: _Toc380832005]Past research has prescribed blood flow restriction training using arbitrary pressures which may not be the most effective pressure for arterial restriction in a particular person as differences in cuff width would restrict blood flow to differing amounts at the same pressure [17, 31]. The results from this research provides information for designing optimal protocols for determining the appropriate restrictive pressures that should be used for designing BFR resistance training protocols for women, especially those who do not normally perform high intensity resistance training due to physical limitations or injury. The effect of different variables on arterial occlusion pressure can provide more insight into this methodology, which may indicate that restricting cuff pressures should be based on thigh circumference, or composition, and not simply on arbitrary or standardized pressures that have been previously suggested in the literature.
[bookmark: _Toc448418113]Assumptions
1. Participants answered all questions on questionnaires truthfully.
2. Participants maintained their current level of physical activity and diet.
3. DXA and pQCT provide valid measures of muscle and fat. 
[bookmark: _Toc380832006][bookmark: _Toc448418114]Delimitations
1. The findings of this study are only applicable to women between 20-30 years of age.  
2. The participants were willing volunteers and do not represent a true random sample.  
[bookmark: _Toc380832007][bookmark: _Toc448418115]Limitations
1. Physical activity level was not controlled.
2. Participation was limited to individuals within DXA guidelines: weight capacity (300lbs) and height (6ft 4in). 
3. Hand-held directional Doppler was site-specific per individual and pressure dependent. 
[bookmark: _Toc380832008][bookmark: _Toc448418116]Operational Definitions
1. Blood flow restriction (BFR) - decreasing blood flow to a muscle by the application of a wrapped device or pneumatic cuff. 
2. Muscle cross-sectional area (mCSA) – the area of a cross-section of the thigh at 50% of thigh length that excludes bone, fat, and skin. 
3. Fat cross-sectional area (fCSA) – the area of a cross-section of the thigh at 50% of thigh length that excludes bone, muscle, and skin.  
4. Dual Energy X-Ray Absorptiometry (DXA) – assesses bone density by measuring the attenuation of two x-ray energy beams passing through the body. This method is used to measure total body bone mineral density, bone mineral content, fat, and lean soft-tissue mass. 
5. Peripheral Quantitative Computed Tomography (pQCT) – a low-voltage x-ray procedure that quantifies total, trabecular, and cortical bone mineral density (mg/cm3) and validated as a measure of muscle and fat cross-sectional area in the mid-thigh [32]. 
6. Ankle-brachial index (ABI) – the ratio of the blood pressure in the lower legs to the blood pressure in the arms used to detect peripheral vascular disease. 
7. Systolic Blood Pressure (SBP) – the brachial systolic blood pressure or the pressure blood exerts on the brachial arterial walls during systole.
8. Diastolic Blood Pressure (DBP) – the brachial diastolic pressure or the pressure blood exerts on the brachial arterial walls during diastole. 


[bookmark: _Toc380832009][bookmark: _Toc448418117]Chapter II: Literature Review
[bookmark: _Toc380832010][bookmark: _Toc448418118]History of Blood Flow Restricted Exercise
Blood flow restriction (BFR) was developed in 1966 by Yoshiaki Sato after he noticed some numbness in his calf while kneeling at a Buddhist ceremony [5]. During this time, Sato realized that the feeling was comparable to that of heavy calf-raise resistance exercise and theorized that the muscle swelling and alteration in sensation was associated with reduced blood flow to the working muscle. Shortly after, he began developing a prototype of a flexible pressurizing cuff with pressure sensors that could successfully test his theory. He surmised that the stimulus elicited while using this technique during exercise, could produce favorable and effective skeletal muscle adaptations.  After a few years of constant modifications to the equipment, he completed the basic training manual for BFR and began providing bands for use by the general public and athletic populations in Japan. His research drew acclaims from across the world. Numerous laboratories are continuing to investigate this training method, as it has been found to increase skeletal muscle size and strength [5].
[bookmark: _Toc448418119]Potential Mechanisms Associated with Blood Flow Restriction
Blood flow restricted (BFR) exercise training, coined “KAATSU Training”, has been the subject of numerous studies on skeletal muscle hypertrophy, strength gains, and neural, endocrine, and cardiovascular responses. This technique has been used in combination with resistance exercise at relatively low intensities (i.e. 20% 1-RM), as well as low-intensity aerobic exercise (i.e. walking, cycling) for eliciting skeletal muscle hypertrophy and strength respectively [3]. These studies have shown favorable results in a variety of populations, including the elderly [33-35], trained athletes [36, 37], people recovering from injury (i.e. ACL, osteochondral fracture) [38, 39], people diagnosed with idiopathic inflammatory myopathy [40] and even astronauts [18]. Thus, BFR has a wide range of practical applications because all observed changes have occurred at low intensities/loads, therefore benefiting populations that are contraindicated to perform high intensity/loads and thus are limited to lower loads.  
To restrict blood flow during exercise, a restrictive band or cuff is placed on the lower and upper proximal portions of the exercising limbs. This reduces the amount of arterial blood inflow to the muscle, occluding venous return, which in turn results in venous pooling in the localized muscle. As a result of exercising with BFR, myogenic and proteolytic markers increase, correlative evidence that cell signaling pathways, rates of protein synthesis, hormonal responses, and satellite cell activation is taking place. Previous research suggests that BFR produces a metabolic accumulation that causes positive physiological adaptations. These include fast twitch fiber recruitment and subsequent increases in both anabolic growth factors and protein synthesis through the rapamycin (mTOR) pathway [41]. The novel aspect of BFR is that fast twitch fibers are recruited even though training intensity is low. Research shows significant increases in motor unit (MU) firing rate and MU spike amplitude associated with the arterial occlusion imposed by BFR. This suggests that the recruitment of high threshold MU is not merely affected by force and speed of contraction, but more so by the availability of oxygen [42-45]. Loenneke et al. [46] suggested that cell swelling appears to be a likely mechanism through a combination of blood pooling, accumulation of metabolites, and reactive hyperemia. Any cell swelling in the muscle induces changes in protein metabolism, first identified by Haussinger [47] and inhibits catabolic reactions, shifting the anabolic protein balance, therefore sparing protein and promoting lipolysis [48]. Furthermore, other research suggests that BFR also increases water content of a muscle cell, inducing a cascade of cellular signaling pathways including activation of S6K, a critical regulator of exercise induced muscle protein synthesis [49] and enhances the mTOR signaling pathway, the master network regulating skeletal muscle growth. When activated, signals act as downstream targets to increase muscle protein synthesis and lead to skeletal muscle hypertrophy. Additionally, increases in whole blood lactate, plasma lactate, and muscle cell lactate accumulation in response to BFR results in increased growth hormone (GH) secretion, which has been shown to be stimulated by an acidic intramuscular environment and therefore is stimulated at lower loads [50] compared to typical high intensity resistance programs. Heat shock proteins (HSP), nitric oxide synthase -1 (NOS-1) and myostatin levels have also been shown to be affected by BFR in combination with exercise and consequently increase the muscle cross-sectional area of the muscle. HSP are induced through stressors such as heat, hypoxia, and ischemia, and are useful for slowing down muscle atrophy by playing a protective role by preventing protein degradation during lack of use, and also inhibiting the key atrophy signaling pathway, known as ubiquitin proteasome signaling pathway. NOS-1, the enzyme responsible for modulating vascular tone, functions as a retrograde neurotransmitter, stimulating muscle growth through the increased activation of satellite cells. Levels of myostatin, a negative regulator of muscle growth, have been shown to decrease as a result of mechanical overloading, including exercising with BFR. Therefore, BFR exercise elicits a comparable increase in muscle protein synthesis compared to high intensity exercise. However, the underlying mechanisms behind muscle hypertrophy with BFR may be quite different.
[bookmark: _Toc448418120]Blood Flow Restriction and Cuff Type
Currently, there is no standardized method for the application of BFR during resistance exercise due to the differences in cuff design (cuff size and material). Differences in cuffs also result in alterations in restrictive cuff pressures. Therefore, the duration of restrictive pressure applied will fluctuate and may affect the degree of BFR to the working muscles. The careful manipulation of the degree of BFR during exercise has been shown to affect muscle activation patterns and the degree of muscle fatigue [4]. The occlusive stimulus is typically produced by a KAATSU Master Apparatus or modified blood pressure cuffs. This style of training is expensive because it requires a high level of skill to operate the apparatus and difficulty obtaining the apparatus makes it available to only a few [41]. Consequently, a need still exists for the development of a practical application of an occlusive stimulus. Loenneke et al. [9] found that performing four sets of leg extension exercise (30-15-15-15) with 150-second rest between sets at 30% 1RM with elastic knee wraps did not significantly increase metabolic stress. This study suggested that elastic knee wraps, although inexpensive, easy to obtain, and practical, do not elicit similar blood flow restriction adaptations as seen with more traditional BFR techniques. Teramoto and Golding  [14] found that vascular occlusion with the BFR cuff after a  5-week of 12-inch step exercise program resulted in greater muscular strength gain of the lower leg that was using a traditional nylon blood pressure cuff compared to the non-occluded leg. Other methods of BFR include an elastic belt containing a pneumatic bag [11] and pneumatic cuffs [10] that also change the range of restrictive pressures, the duration of restriction pressure, and the overall restriction of blood flow to the working limb. Thus, it is important to distinguish the type of device used to induce BFR for future research designs.   
[bookmark: _Toc448418121]Blood Flow Restriction and Cuff Size
Across the literature, a variety of devices and different cuff sizes have been used for blood flow restriction exercise. However, the latest research has found that the size of the cuff, especially its width, is an important factor to consider when exercising. Studies have shown that using a wider restrictive cuff is more effective in restricting arterial blood flow at lower inflation pressures compared to narrow cuffs used to elicit the same results [19]. Still, recent literature suggests that the actual restrictive device is of less importance for muscle adaptation than the actual degree of BFR applied during exercise. For example, most published studies that demonstrate positive adaptations to BFR have used narrow elastic cuffs with the internal pneumatic bags (KAATSU Master Apparatus). With the narrow cuffs, the belts are regulated by pressure sensors throughout the inflation period to account for changes in muscular pressure while the muscle contracts. However, it has been hypothesized that the pressures used to restrict blood flow while exercising should be determined by the width of the cuffs and limb circumference, rather than using pressures that are estimated as 1.3 times greater than systolic blood pressure [17]. Furthermore, from a physiological perspective, the magnitude of reductions in arterial and venous blood flow does appear to be an important factor; however the devices used to restrict the blood flow is still not standardized relative to material or size. 
[bookmark: _Toc448418122]Blood Flow Restriction and Occlusion Pressure
Occlusion pressure is the amount of pressure required to restrict vascular blood flow in the exercising muscle. The theory of BFR restriction exercises is that the cuff appears to restrict venous outflow that occurs at low pressures ranging from 7 to 35mm Hg in elbow flexors [4] during upper body resistance training and is dependent on body position. The restriction may also depend on the amount of soft tissue that surrounds the artery [29], therefore it should be noted that initial pressure, meaning how tightly the elastic cuffs are applied initially, may have an effect on the level of tissue oxygenation at the given pressure. Furthermore, previous studies have utilized restrictive cuff pressures of 140-240mm Hg for lower body exercise and between 100-160mm Hg for upper body exercise in the upright position [4]. It is noted that a reduction in arterial blood flow to the exercising skeletal muscle increases the chemoreflex thereby increasing heart rate (HR) and blood pressure (BP) while exercising. Renzi et al. [26] studied the effects of blood flow restriction during low-intensity aerobic exercise and found an increase the HR and BP responses compared to traditional exercise. Sakamaki et al. [51] compared a higher restrictive pressure (200mm Hg) to a lower restrictive pressure (160mm Hg) during walking at 67m/min (4 km/hr) for 20 minutes suggesting that higher restrictive pressures elicit greater HR and BP response. A few studies have used complete arterial occlusion (300mm Hg) thereby eliciting greater HR and BP responses [52]. However, restrictive pressures above 300mm Hg are not recommended as a safe practice. Loenneke et al. [30] assessed SBP, DBP, muscle and fat thickness, and thigh circumference in the upper and lower extremities in men and women between the ages of 18 to 35 years, to measure their relationship to arterial occlusion. Their study assessed a laboratory model consisting of muscle and fat cross section (estimated by pQCT), SBP, and DBP, and a field method consisting of thigh circumference, SBP, and DBP. His findings suggest that although SBP and DBP were important variables to consider, thigh circumference was the greatest predictor of arterial occlusion in the lower extremities. Therefore, a restrictive cuff pressure based on limb circumference may be more advisable when combining BFR with exercise. However, limb size can vary based on sex differences in skeletal muscle mass, muscular strength and fat content which may have had a significant effect on the prediction equation produced from their analysis where men and women were combined. Further research is needed to investigate the importance of limb circumference, limb composition and blood pressure in women when exercising while using blood flow restriction cuffs.
[bookmark: _Toc448418123]Comparison of Males and Females
Sex differences based on skeletal muscle mass have indicated that men generally have larger and stronger muscles compared to women. These differences tend to be more pronounced in the upper limbs compared to the lower extremities [53, 54]. Janssen et al. [22] studied skeletal muscle mass and distribution in 468 men and women, finding that, on average, skeletal muscle mass in men is 36% greater than in women. Muscle distribution measurements showed that women tend to have 40% less muscle mass than men in the upper body, but only 33% less in the lower body. Together, these findings suggest that sex differences in lower body strength are smaller than those observed in upper body strength [55, 56]. Factors that may affect maximal voluntary strength include mCSA, specific tension (force per unit of CSA), full activation of motor units, and possible anatomical differences in mechanical advantages [55]. Additionally, studies [22, 23] have indicated that sex differences include the fact that women tend to have a smaller proportion of lean tissue and greater amount of fat in the body compared to men. 
It is a well-known observation that women generally have a greater amount of body fat compared to men. Studies indicate that women hold a higher proportion of body fat in the gluteal-femoral region, whereas men have more body fat in the abdominal (visceral) region [57]. These body fat distributions may be due to differences in regional fatty acid storage, mobilization and/or oxidation which contribute to differentiation between the sexes [58]. The mechanisms for the sex differences in body fat distribution, as well as the interaction between sex and fat distribution are still largely unknown. However, body fat distribution should be a factor to consider when accounting for the pressure used for BFR in women. It is expected that women will have smaller mCSA and larger fCSA than men, in the lower extremities, due to the increased fat distribution in the thigh. Typically, greater amounts of fat will require a greater amount of pressure to compress the fat and ultimately the blood vessels during BFR protocols, whereas, a more muscular leg would require less pressure to affect the blood vessels in the limb. The area of limb composition relative to BFR protocols needs further investigation.
[bookmark: _Toc448418124]Blood Flow Restriction and Leg Dominance
Leg dominance is defined as the preferential use of one leg over the other. Previous research has demonstrated that the preferential use of one limb over the other can result in greater differences in muscle thickness between the dominant and non-dominant legs [59]. Lanshammar and Ribom [23] studied the differences in muscle strength in dominant and non-dominant legs in females, demonstrating a significant asymmetry in leg muscular strength favoring the dominant leg compared to the non-dominant leg. However, blood flow restriction studies testing both limbs during supine testing, walking and/or resistance training have found increases in muscle strength and hypertrophy in both limbs suggesting that leg dominance does not play a significant role. Therefore, differences in muscle thickness and cross-sectional area may indicate differences in arterial occlusion pressures for each limb. Therefore, further research is needed to compare muscle and fat composition of each limb and their effect on arterial occlusion pressures with BFR. 
[bookmark: _Toc448418125]Blood Flow Restriction and Safety
A comprehensive review of the literature, with respect to safety and blood flow restriction, suggests that the application of BFR can be performed safely across various populations when performed correctly [2]. Due to the manipulation of blood flow dynamics with BFR, safety concerns have arisen with respect to the cardiovascular system, skeletal muscle damage, oxidative stress, and nerve conduction velocity responses compared to what is observed during regular exercise. With respect to the cardiovascular system, the congestion and distention of veins due to blood pooling with BFR could potentially result in damage to the valves within the veins. However studies suggest that the peripheral blood flow during BFR responds in a similar fashion as to traditional resistance exercise because it is partially dependent upon the type of muscle contraction and exercise intensities [2]. With respect to blood coagulation, coagulation activity has not been reported, however fibrinolytic potential appears to be enhanced [2] with BFR exercise compared to traditional resistance exercise. The studies citing these findings have investigated coagulation activity with different cuff sizes that range from 50 to 60cm with restrictive pressures of 150 to 200mm Hg with a standardized resistance protocol [18], however these findings may not be necessarily applicable to BFR models outside the standardized protocol. The term oxidative stress indicates a combination of an imbalance between increased free radical production and exhaustion of antioxidant defense. Under normal conditions, oxidative stress increases in proportion to exercise intensity [60]. High intensity exercise (≥ 70% 1RM) elicits a measureable increase in blood oxidative stress markers [60], however, studies suggest that 20% 1RM knee extension with BFR does not elicit a similar oxidative stress response [61]. Muscle damage occurs due to an unaccustomed bout of exercise or eccentric muscle contractions [62]. Both resistance exercise at 20% 1RM [61] and walk training at 50m/min [3] have found that BFR induces hypertensive responses in the aorta [63], however this does not result in changes to either creatine kinase or myoglobin content following BFR exercise. 
Though research is encouraging, it is still limited and more research should be completed to determine under what conditions BFR training should be used. Blood flow restriction when used in a controlled environment elicits similar training results as regular exercise, therefore it is considered a safe training alternative for populations and individuals with safety concerns. 


[bookmark: _Toc380832020][bookmark: _Toc448418126]Chapter III: Methodology
[bookmark: _Toc380832021][bookmark: _Toc448418127]Participants
One hundred women aged 20-30 (24.7 ± 2.5) years from Norman, Oklahoma and the surrounding areas were recruited to participate in the study. To establish a statistical power of 0.80, a sample size of 40 subjects was determined to be necessary, based on previously published literature utilizing similar sample sizes [17]. However, since linear regression was being used to predict occlusion pressures from several different outcome variables, a sample size of 100 was recruited to allow for approximately 20 subjects per prediction variable with the idea that at most, five prediction variables would be used in each prediction equation. An article by Peduzzi et al. [64] reported that as few as 10 subjects per prediction variable was sufficient when developing prediction equations.  
[bookmark: _Toc380832022][bookmark: _Toc448418128]Inclusion Criteria
1. Women between the ages of 20-30 years.  
2. Participants were ambulatory and had no disabilities or hemodynamic disorders preventing them from sustaining short bouts of limb compression.
3. Normotensive.
4. Free of overt clinical disease as determined from a health history questionnaire.
5. [bookmark: _Toc380832023]Ankle Brachial Index of >0.9. 
[bookmark: _Toc448418129]Exclusion Criteria
1. Weight over 300lbs. 
2. Joint replacement/metal implants.
3. Pregnant.
4. Cardiovascular or metabolic disease.
5. Having more than one risk factor for thromboembolism [65]:
a. Classified as obese based on a Body Mass Index > 30kg/m2;
b. Diagnosed Crohn’s or inflammatory bowel disease;
c. Past fracture of a hip, pelvis, or femur;
d. Major surgery within the last 6 months;
e. Varicose veins; 
f. Family history of deep vein thrombosis or pulmonary embolism.
6. Hypertensive (>140/90mm Hg).
7. [bookmark: _Toc380832024]Ankle Brachial Index of <0.9.
[bookmark: _Toc448418130]Experimental Design
One-hundred women aged 20 to 30 (24.7 ± 2.5) years visited the lab on two occasions. In addition, to assess reliability and consistency of our measures, a subset of 50 women, systematically selected by asking every second subject recruited if they would be willing to return for a third visit to establish reliability measures for each outcome variable (exactly the same as visit two), returned for a third visit. If the subject did not want to return for a third visit, the next subject that was recruited was asked to come in for the reliability testing to maintain the alternation of assignment of women to the reliability testing group. Almost all subjects returned for their second visit within a one week time period (39/50 subjects) and most were tested at the same time of day for both visits (41/50 subjects).
[bookmark: _Toc380832025]During the initial visit, participants completed paperwork consisting of informed consent, a Health Insurance Portability and Accountability act (HIPAA) form, physical activity readiness questionnaire (PAR-Q), health status questionnaire, menstrual history questionnaire, and inclusion/exclusion criteria. Following this paperwork, participants had their right arm blood pressure taken and ankle brachial index (ABI) measured on each of their upper and lower limbs to exclude those participants who may be hypertensive or those who had indications of peripheral vascular disease. All subjects were instructed to refrain from caffeine, medication, and exercise on the day of the testing visit. On the second and third visits, subject’s height and body mass was measured using a standard stadiometer and an electronic scale, followed by a urine sample to assess pregnancy and hydration status. Then, participants were tested using DXA to determine total and regional body composition, followed by pQCT of the mid-thigh in both legs to assess mCSA and fCSA. Next, muscle thickness (ultrasound) and thigh circumference were measured on both the non-dominant leg and dominant leg, followed by measurement of blood flow occlusion pressures for each leg.
[bookmark: _Toc448418131]Standing Height and Body Mass
[bookmark: _Toc380832026]Height was measured to the nearest 0.5cm using a calibrated stadiometer (Stadi-o-meter, Novel Products, Inc., Rockton, Illinois, USA) while body mass was measured using a calibrated scale (Tanita, Digital Scale, Model BWB-800A, Japan) to the nearest 0.1 kg with participants wearing minimal clothing such as shorts and a t-shirt and no shoes.
[bookmark: _Toc448418132]Brachial Blood Pressure
[bookmark: _Toc380832027]Participants rested in a supine position for 10 minutes. Brachial blood pressure was determined using an automatic blood pressure cuff (Omron Healthcare Inc. Vernon Hills, IL, Model HEM-773). Blood pressure was taken twice and the values were averaged. If the measurements were not within 5mm Hg, a third measurement was taken and the closer of the two values was averaged for use in future analyses. 
[bookmark: _Toc448418133]Ankle Brachial Index
[bookmark: _Toc380832028]Ankle brachial index is the ratio of the blood pressure in the lower legs to the blood pressure in the arms and is used to detect peripheral vascular disease. Participants had an MV10 segmental cuff placed on their left arm and inflated to occlude blood flow. A hand-held bidirectional Doppler (MD4, Hokanson, Bellevue, WA) was placed on the brachial artery at an angle of 45-60⁰ and detected blood flow as the arm cuff was slowly deflated until a pulse (arterial flow) was detected giving the highest pressure at which blood flow was present; this was defined as brachial blood pressure. This measurement was repeated on the right and left arm. Next, the blood pressure cuff was placed on the participant’s left ankle and inflated. The Doppler probe was again used to measure posterior tibial blood flow pulse as the ankle pressure cuff was slowly released. This measurement was repeated on the right ankle. The ankle brachial index was calculated by dividing the highest ankle pressure by the highest brachial pressure for each side of the body.  
[bookmark: _Toc448418134]Thigh Circumference (33%, 50%)
Participant’s thigh circumference was measured with a tape measure at the distance from the inguinal crease to the top of the patella, and marks were made at 33% distal to the inguinal crease determined by the tape measure, and at 50% distal from the greater trochanter and the femoral condyle determined by pQCT scan, to accurately represent the site at which the cuffs were placed (33%), and the location of the pQCT scan (50%) respectively.  
[bookmark: _Toc448418135]Ultrasound
Muscle and fat thicknesses were measured using a Fukuda Denshi UF-4500 (Tokyo, Japan) ultrasound unit and a 5 MHz linear probe. The probe was coated with transmission gel and placed perpendicular to the tissue interface at the marked site without depressing the skin. Muscle thickness was determined as the distance from the adipose tissue-muscle interface to the muscle-bone interface and fat thickness was determined as the distance from the adipose tissue-muscle interface to the top of the skin. All measurements were taken while standing with feet, hip width apart, with arms and legs relaxed and fully extended. Three measurements at each individual site and anterior and lateral (33% determined by a tape measure and 50% of thigh length determined by pQCT) were recorded and then averaged with the in vivo precision (CV %) for muscle at 4.28% and 4.10% and fat at 6.81% and 5.60% for right and left leg respectively. 
[bookmark: _Toc448418136]Pregnancy and Hydration
A urine sample was used to assess pregnancy status and hydration status for each subject. Each pregnancy test was measured by SAS pregnancy strip (SAS Scientific, Mega Cor, GmbH Europaplatz 88131 Lindau, Germany) and hydration status was assessed by a refractometer (Brix 0-32PCT .2 VEE GEE Scientific). Normal hydration ranged from 1.004-1.029 urine specific gravity [66].     
[bookmark: _Toc448418137]Dual Energy X-ray Absorptiometry (DXA)
Dual energy X-ray absorptiometry (DXA) (Lunar Prodigy, GE Medical System, Madison, MI) was used to measure body composition. Each participant completed one total body scan to assess total body composition and regional composition of the upper portion of both legs that included: total percent fat mass (FM) and bone free lean body mass (BFLBM). Scans were analyzed using the encore 2010 software, version 13.31.016 (GE Healthcare, Madison, WI.) Each DXA scan consisted of two different x-ray beams at 40 and 70kV, which were attenuated based on the differences in densities, to assess bone mineral density, fat mass, and BFLBM. This study involved radiation exposure ranging from 0.02 to 1.5mrem. This exposure was similar to that of daily exposure to environmental radiation and less than the typical radiation exposure found in X-rays and CT scans (25-270 mrem) [67]. A Quality Assurance (QA) test was used to calibrate the DXA at the beginning of each day that testing sessions took place. A standard calibration block was placed on the DXA table for this test. 
Participants were required to wear minimal clothing and remove all metal and attenuating materials along with their shoes. Subjects were asked to lie in a supine position on the table, with their head approximately 2-3cm below the horizontal line located at the top of the table. Hips and shoulders were evenly spaced in the middle of the table, arms were close to the body, and knees and feet were secured with one strap each to keep the legs straight and in place. In the Bone Density Research laboratory the in vivo precision (CV%) for DXA assessed fat mass , body fat, fat free mass at 2.33% and 2.54% for the right and left leg respectively, and bone free lean body mass at 2.26% and 3.02% for the right and left leg, respectively.   
[bookmark: _Toc448418138]Peripheral Quantitative Computed Tomography (pQCT)
Peripheral Quantitative Computed Tomography (pQCT) is an effective supplement to DXA and provides detailed information about the cross-sectional geometry of skeletal sites and muscle. The mCSA and fCSA of both right and left thighs of all participants was measured by a pQCT scanner (XCT 3000) using software version 6.00 (Stratec Medizintechnik GmbH, Pforzheim, Germany). A trained technician measured all pQCT scans with the coefficient of variation of mCSA of 2.09% and 2.06% for the right and left leg respectively, and fCSA of 1.09% and 3.01% for the right and left leg respectively. The length of the femur was measured as the distance between the greater trochanter and the femoral condyle using a tape measure. With the subject seated, the right and left leg of each participant was positioned in the center of the scanning area and each leg was secured to minimize any movement. A scout view was used to find the end of the femur, and the gantry moved proximally from the femoral condyle area to 50% of the femoral length. Before the start of the scan, pQCT determined the mark at 50% of thigh length that would be used for the ultrasound and thigh circumference measurements. All scans were performed using a 0.4 mm voxel and a scan speed of 20mm/sec. The pQCT software generated image files directly after the CT was performed. All images were exported and analyzed using ImageJ and the BoneJ soft tissue distribution analysis. A Batch macro process was use to prepare the image and run the soft tissue distribution analysis. Preparing the image consisted of “Rotate 90 Degrees right”, Flip Horizontally, and a 7x7 normalized kernel filter using the convolve function so that the muscle edge was better defined. The Distribution soft tissue Analysis was then run using the following default settings: voxel size = 0.4 x 0.4 x 2.2 mm; air threshold = -40.0000; fat = 40.0000; muscle threshold = 40.0000; marrow threshold = 80.0000; soft tissue threshold = 200.0000; rotation threshold = 200.0000; area = 550.0000; BMD = 690.0000; scaling coefficient = 1.4840; scaling constant = -337.3000; ROI selection = bigger soft tissue; and ROI selection = bigger rotation selection [68]. 
[bookmark: _Toc380832037][bookmark: _Toc448418139]Arterial Occlusion Pressure
Participants reclined in a supine position, and the blood flow restriction cuff (13.5cm x 83cm; Hokanson, SC12, Bellevue, WA) was applied to the most proximal portion of each leg. The design of the pressure cuff resulted in the inflation bladder to be located over the femoral artery on the left leg but closer to the outside of the thigh on the right leg. The pulse at the ankle (arterial blood flow) was detected by using a hand-held bidirectional Doppler probe that was placed on the posterior tibial artery. This site was selected because femoral arterial blood flow is challenging to measure while the cuffs are applied since the size of the cuff covered the ideal testing site of the femoral artery. Both visual and auditory signals from the Doppler probe indicated when the pulse was present. 
		The cuffs were connected to an E 20 Rapid Cuff Inflator (Hokanson, Bellevue, WA) where the cuff pressure automatically adjusted and was confirmed on the machines’ digital window. Based on previous research methods that have found to progressively restrict arterial flow [30], the cuffs were first inflated to 50mm Hg for 30s and then deflated for 10s. Next, the cuffs were inflated to the participant’s systolic blood pressure (SBP) for 30s and then deflated for 10s. The cuff pressure was then increased incrementally by 40mm Hg (30s inflation followed by a 10s deflation) until arterial flow was no longer present. When arterial flow was no longer detected, cuff pressure was decreased in 10mm Hg increments until arterial flow was regained. Arterial occlusion pressure was recorded to the nearest 10mm Hg as the lowest cuff pressure at which pulse was not present. This process was used on both the right and left legs and cuff pressure was increased up to but not over 300mmHg. 
[bookmark: _Toc380832040][bookmark: _Toc448418140]Statistical Analyses

To establish a statistical power of 0.80, a sample size of 40 subjects was determined to be necessary based on previous literature [17]. However, since linear regression was being used to predict occlusion pressures from several different outcome variables, a sample size of 100 was recruited to allow for approximately 20 subjects per prediction variable with the idea that five prediction variables would be used to generate the regression equation. All recorded data were analyzed using PAWS Statistics 20. Data are reported as means () and standard deviations (SD). Normality of the data was checked by skewness and kurtosis values (normal ranges for both skewness and kurtosis are between ± 4), as well as the Kolmogorov-Smirnov test. The skewness and kurtosis analysis provides information regarding the shape of the distribution curve for each variable compared to the normal curve distribution. Skewness values outside the ± 4 range would indicate either a positive skewed distribution (to the right) or a negative skewed distribution (to the left). Kurtosis values outside that of ± 4 range would indicate either a leptokurtic distribution (more peaked in the middle) or a platykurtic distribution (more flat across the entire distribution curve). The Kolmogorov-Smirnov test actually tests whether or not the curve distribution is statistically the same or different from a normal distribution but tells nothing of the shape of the curve. Reliability of each objective measure was determined by Intraclass Correlation Coefficient (ICC), Standard Error of the Measurement (SEM), Minimal Difference (MD), Pearson r, and paired t-tests. If the two separate days of testing were considered reliable based on ICC, SEM, MD, Pearson r, and paired t-test, the data were averaged and used in further analyses. Two different linear regression techniques (STEPWISE and ENTER methods) were used with three different model of predictor variables (i.e. three different models: field –ultrasound; laboratory – DXA and pQCT), with each model representing an increase in detail and complexity, for obtaining measures of body composition to predict arterial occlusion pressure for each leg. Each model consisted of individual blocks based on changes in the Pearson correlation coefficient, adjusted R2, standard error of the estimate (SEE), and also on changes in the F value when all variables were included. Prediction equations were then generated using unstandardized beta weights and the constant for each separate analysis (12 separate equations, two regression techniques (STEPWISE and ENTER), three different sets of predictor variables, and two separate legs). Simplified regression equations were also developed by using either SBP or thigh circumference at 50% of thigh length independently to predict occlusion pressure for each model (US, DXA, and pQCT) and both legs (right and left) and the R2values (amount of variance explained in the dependent variable) were reported.  To compare the appropriateness of each regression equation, the Akaike Information Criterion (AIC) Scores were computed for each model and the equation with the lowest scores were considered more accurate. Finally, to compare the actual mean occlusion pressures to the occlusion pressures obtained from each model (US, DXA, pQCT) both legs (right and left) and the two regression techniques (ENTER and STEPWISE) mean values for each parameter were calculated and Pearson Correlation coefficients (r) and Paired t-tests were used for each comparison. A statistical significance level of p ≤ 0.05 was used. 


[bookmark: _Toc448418141]CHAPTER IV: Results and Discussion
[bookmark: _Toc448418142]Results
[bookmark: _Toc448418143]Participant Characteristics
One hundred women aged 20-30 (24.6 ± 2.46) years from Norman, OK and the surrounding areas were recruited to participate in this study.  Out of the initial 100, only 94 completed all the testing sessions. Six subjects were excluded based on the following reasons: 1) having a metal implant after completion of the screening; 2) no further contact after the first screening visit; 3) having an Ankle Brachial Index < 0.9; 4) under the age requirement of 20 years old; 5) the size of the limb was too large for the pQCT gantry to scan and therefore none of the measurements from this subject were used; and 6) the Hokanson cuffs being too small for the subject’s thigh circumference. Thus the sample size of 94 subjects was used for this research study. Out of 94 subjects, 50 participants were used to assess reliability and consistency of each outcome measurement.  Every second subject recruited was asked if they would be willing to return for a third visit, if they declined then the next subject recruited was asked to come in for the reliability measures, and every second subject after them would be asked to return. Participant characteristics are presented in Table 1.




[bookmark: _Toc448418144]Ultrasound Results
[bookmark: _Toc449998898]Table 1. Reliability of Height, Weight, Blood Pressures, Thigh Circumferences and 
	   Total Occlusion Pressures for Ultrasound Subjects for Day 1 and Day 2
   (N=50)
	Variable
	
1 ± SD
	
2 ± SD
	Pooled SD
	ICC
	SEM
	MD
	Pearson r
	t value
	P value

	Height (cm)
	165.2 ± 6.8
	165.2 ± 6.8
	6.80
	0.99**
	0.21
	0.60
	0.99**
	-.38
	.71

	Weight (kg)
	63.3 ± 10.6
	63.1 ± 10.4
	10.52
	0.99**
	0.47
	1.30
	0.99**
	2.16
	.04*

	SBP(mmHg)
	109.5 ± 7.7
	110.1 ± 6.8
	7.25
	0.73**
	3.78
	10.5
	0.73**
	-.69
	.49

	DBP(mmHg)
	66.6 ± 6.9
	66.6 ± 5.9
	6.41
	0.82**
	2.69
	7.5
	0.83**
	-.21
	.84

	TC 50 R (cm)
	51.4 ± 4.8
	51.3 ± 4.7
	4.76
	0.98**
	0.60
	1.67
	0.98**
	1.02
	.32

	TC 50  L (cm)
	50.8 ± 4.7
	50.9 ± 4.7
	4.77
	0.98**
	0.69
	1.92
	0.98**
	-.249
	.81

	OCC R(mmHg)
	146.8 ± 21.1
	143.5 ± 18.9
	20.04
	0.86**
	7.63
	21.15
	0.86**
	2.16
	.035*

	OCC L(mmHg)
	136.2 ± 16.9
	134.2 ± 14.3
	15.70
	0.88**
	5.44
	15.07
	0.89**
	1.86
	0.69



Systolic blood pressure (SBP); Diastolic blood pressure (DBP); Thigh circumference at 50% of thigh length (TC 50); Occlusion Pressure (OCC); Right (R); Left (L); Mean (); Standard Deviation (SD); Intraclass Correlation Coefficient (ICC); Standard Error of Measurement (SEM); Minimal Difference (MD);**(p=0.01); *(p=0.05)

Table 1 presents the anthropometric measures of height, weight, systolic and diastolic blood pressures for day 1 and day 2, as well as the thigh circumference and total occlusion pressures for both legs for the 50 subjects who were tested to establish the reliability for each of the outcome variables. Results are expressed as means () ± standard deviations (SD) for all variables. Reliability between days was established by calculating intraclass correlation coefficients (ICC), Standard Error of Measurement (SEM), minimal difference (MD), Pearson correlation coefficients (r), and paired t-test (t values). All variables had a highly significant (p<0.01) ICC’s ranging from 0.73 for SBP to 0.99 for height and weight. The SEM were quite small, ranging from 0.21 for height (cm) to 7.63 (mm Hg) for OCC Pressure, as were the minimal differences (ranging from 0.6cm for height to 21.15mm Hg for occlusion pressure for the right leg). The Pearson r’s (indicating ranking order) were all significant (p<0.01) and strong, and ranged from r = 0.99 (height and weight) to r = 0.73 (SBP). Paired sample t-tests found no significant mean differences between day 1 and day 2 for height, SBP, and DBP. However there was a significant mean difference between day 1 and day 2 for weight (t value = 2.16, p < 0.04) and occlusion pressure for the right leg (t value = 2.16, p < 0.04) despite the mean and standard deviations for day 1 (63.3 ± 10.6kg) and day 2 (63.0 ± 10.4kg) for weight, and day 1(146.8 ± 21.1mm Hg) and day 2 (143.5 ± 18.9mm Hg) for occlusion pressure for the right leg being close. Measurements shown in Table 1 were averaged and then added to the data for subjects with only one visit for subsequent analyses. 











[bookmark: _Toc449998899]Table 2. Reliability of Ultrasound Measurements for Day 1 and Day 2 at 33% and
   50% Sites (N=50)
	Variable (cm)
	
1 ± SD
	
2 ± SD
	Pooled SD
	ICC
	SEM
	MD
	Pearson r
	t value
	P value

	Ant R 33 M
	4.9 ± 0.6
	4.9 ± 0.6
	0.62
	0.77**
	0.29
	0.82
	0.77**
	-.58
	.57

	Ant R 33 F
	1.5 ± 0.5
	1.5 ± 0.6
	0.54
	0.96**
	0.11
	0.29
	0.96**
	.16
	.87

	Ant L 33 M
	5.1 ± 0.6
	5.0 ± 0.6
	0.59
	0.90**
	0.18
	0.51
	0.90**
	3.2
	.002**

	Ant L 33 F
	1.5 ± 0.5
	1.5 ± 0.5
	0.51
	0.97**
	0.09
	0.25
	0.97**
	.93
	.36

	Ant R 50 M
	4.4 ± 0.6
	4.4 ± 0.6
	0.63
	0.91**
	0.19
	0.53
	0.91**
	-.58
	.57

	Ant R 50 F
	1.2 ± 0.4
	1.2 ± 0.4
	0.41
	0.96**
	0.08
	0.22
	0.96**
	.04
	.97

	Ant L 50 M
	4.4 ± 0.7
	4.4 ± 0.7
	0.69
	0.93**
	0.19
	0.52
	0.93**
	.16
	.87

	Ant L 50 F
	1.2 ± 0.4
	1.2 ± 0.4
	0.41
	0.98**
	0.06
	0.17
	0.98**
	.32
	.75

	Lat R 33 M
	3.2 ± 0.5
	3.2 ± 0.4
	0.47
	0.82**
	0.20
	0.55
	0.83**
	.31
	.76

	Lat R 33 F
	2.0 ± 0.8
	2.0 ± 0.8
	0.80
	0.97**
	0.14
	0.39
	0.97**
	1.15
	.26

	Lat L 33 M
	3.1 ± 0.4
	3.1 ± 0.4
	0.39
	0.86**
	0.15
	0.41
	0.86**
	.07
	.95

	Lat L 33 F
	2.0 ± 0.8
	2.0 ± 0.7
	0.74
	0.97**
	0.13
	0.37
	0.97**
	2.3
	.30

	Lat R 50 M
	3.5 ± 0.4
	3.5 ± 0.4
	0.44
	0.93**
	0.12
	0.33
	0.93**
	-.42
	.68

	Lat R 50 F
	1.2 ± 0.5
	1.1 ± 0.5
	0.51
	0.97**
	0.09
	0.24
	0.97**
	.69
	.49

	Lat L 50 M
	3.4 ± 0.4
	3.4 ± 0.4
	0.36
	0.90**
	0.12
	0.32
	0.90**
	.34
	.73

	Lat L 50 F
	1.0 ± 0.5
	1.0 ± 0.5
	0.47
	0.94**
	0.11
	0.32
	0.94**
	.09
	.93



Anterior (Ant); Lateral (Lat); Muscle (M); Fat (F); Mean (); Standard Deviation (SD); Intraclass Correlation Coefficient (ICC); Standard Error of Measurement (SEM); Minimal Difference (MD); 33% of thigh length (33); 50% of thigh length (50);** (p=0.01) 
Table 2 presents day 1 and day 2 data for each measurement site (33% and 50%) for both muscle and fat thickness at the anterior and lateral sites for each thigh. Femur length was taken from the top of the inguinal crease to the top of the patella and measurements sites were chosen at 33% and 50% of femur length to closely represent the location where the Hokanson cuffs would be placed (33%), and to match the scan locations for pQCT (50%). ICC ranged from 0.77-0.98, SEM ranged from 0.06 -0.29, and MD ranged from 0.17-0.82. Paired sample t-tests and Pearson correlation coefficients (r) were used to compare mean differences and rank order for each variable between day 1 and day 2. Pearson r values were statistically significant (0.77-0.98) and considered strong for all variables and both anterior and lateral sites between day 1 and day 2. There was one significant t-test (p < 0.01) for the Anterior Left 33% Muscle (p=0.002) indicating mean difference between visits, however the means for day 1 (5.1 ± 0.6cm) and day 2 (5.0 ± 0.6cm) were also nearly identical. Measurements shown in Table 1 and Table 2 for both day 1 and day 2 were averaged and added to the data of those subjects with only one visit and used for subsequent analyses. 


[bookmark: _Toc449998900]Table 3. Summary of Ultrasound Data from the 94 Participants
	Variable
	
± SD
	Skewness
	Kurtosis
	K-S test

	Age (yrs)
	24.6 ± 2.46 
	1.37
	1.52
	

	Height (cm)
	165.6 ± 6.5
	.025
	-.001
	

	Weight (kg)
	64.7 ± 10.2
	.571
	.096
	

	SBP (mmHg)
	110.7± 7.5
	.364
	-.236
	

	DBP (mmHg)
	 66.7 ± 5.8
	.981
	1.83
	

	Ant R 33 M (cm)
	5.1 ± .63
	-.088
	-.002
	

	Ant R 33 F (cm)
	1.5 ± .52
	1.14
	1.46
	**

	Ant L 33 M (cm)
	5.2 ± .57
	-.071
	-.32
	

	Ant L 33 F (cm)
	1.5 ± .52 
	1.09
	1.14
	**

	Ant R 50 M (cm)
	4.6 ± .66
	-.001
	-.022
	

	Ant R 50 F (cm)
	1.2 ± .42
	1.19
	1.90
	**

	Ant L 50 M (cm)
	4.6 ± .67
	.089
	-.291
	

	Ant L 50 F (cm)
	1.3 ± .56
	3.11
	15.11**
	**

	Lat R 33 M (cm)
	3.3 ± .45
	-.212
	1.29
	

	Lat R 33 F (cm)
	2.1 ± .75
	.743
	.54
	**

	Lat L 33 M (cm)
	3.2 ± .42
	.131
	.63
	

	Lat L 33 F (cm)
	2.1 ± .73 
	.847
	1.16
	**

	Lat R 50 M (cm)
	3.6 ± .48
	-.332
	1.22
	

	Lat R 50 F (cm)
	1.2 ± .46
	1.36
	4.05**
	**

	Lat L 50 M (cm)
	3.5 ± .42
	.08
	.39
	

	Lat L 50 F (cm)
	1.1 ± .44
	1.95
	8.23**
	**

	TC R 33 (cm)
	58.6 ± 5.8
	.194
	-.317
	

	TC L 33 (cm)
	58.3 ± 5.8
	.280
	-.329
	

	TC R 50 (cm)
	52.5 ± 4.7
	.166
	-.082
	

	TC L 50 (cm)
	51.8 ± 4.7
	.317
	-.162
	

	OCC R (mmHg)
	149.1 ± 19.2
	.925
	1.03
	

	OCC L (mmHg)
	137.9 ± 15.3
	.887
	1.11
	*



Systolic blood pressure (SBP); Diastolic blood pressure (DBP); Anterior (Ant); Lateral (Lat); Muscle (M); Fat (F); Thigh Circumference (TC); Occlusion Pressure (OCC); Right (R); Left (L); Mean (); Standard Deviation (SD); ** (p<0.01) from normal distribution; * (p<0.05) from normal distribution; 33% of thigh length (33); 50% of thigh length (50); Kolmogorov-Smirnov  test (K-S test)

Table 3 summarizes the ultrasound data from 94 subjects (50 from the reliability analyses and 44 with only one visit) who were included in the ultrasound analyses. Results are expressed as means () ± standard deviations (SD) for all variables. Skewness and kurtosis values demonstrate normal distributions for each variable with the exception of Lateral Right 50 Fat (kurtosis = 4.05), and Lateral Left 50 Fat (kurtosis = 8.23). Kurtosis values for these three variables demonstrate a leptokurtic distribution. The Kolmogorov-Smirnov test confirmed a normal distribution for all variables except fat thickness at the anterior and lateral 33% sites of thigh length for both legs and anterior and lateral 50% sites of thigh length for both legs. However, since only the data from the anterior 50% of thigh length mark for both legs were used for the regression analysis, and since they were normally distributed based on skewness and kurtosis measurements, the data was not transformed.
[bookmark: _Toc449998901]Table 4. Correlation Matrix (Pearson r) for Ultrasound Measurements 33% and
   50% Sites for Right Leg (N=94)
	Variable
	Ant R 50 M
	Ant R 50 F
	Lat R 50 M
	Lat R 50 F

	Ant R 33 M
	.914**
	
	
	

	Ant R 33 F 
	
	.914**
	
	

	Lat R 33 M
	
	
	.864**
	

	Lat R 33 F
	
	
	
	.925**


Anterior (Ant); Lateral (Lat); Muscle (M); Fat (F); Right (R); 33% of thigh length (33); 50% of thigh length (50); ** (p=0.01)
Table 4 presents the correlation matrix for the anterior and lateral thigh sites at 33% and 50% of the thigh length of the right leg. This analysis was done to check for multicollinearity among outcome variables that might be used in the regression analysis. Pearson r values were statistically significant and strong (0.86-0.93) between variables when comparing anterior 33% to 50% sites, and lateral 33% and 50% sites for both muscle and fat. Both muscle and fat exhibited strong correlations between 33% and 50% sites with significance values of p = 0.00. Based on these correlations, the 50% sites were chosen for the remainder of the analyses since these sites corresponded to the measurement site for the pQCT measures. 
[bookmark: _Toc449998902]Table 5. Correlation Matrix (Pearson r) for Ultrasound Measurements for 33%
   and 50% Sites for Left Leg (N=94)
	Variable
	Ant L 50 M
	Ant L 50 F
	Lat L 50 M
	Lat L 50 F

	Ant L 33 M
	.914**
	
	
	

	Ant L 33 F 
	
	.915**
	
	

	Lat L 33 M
	
	
	.868**
	

	Lat L 33 F
	
	
	
	.909**


Anterior (Ant); Lateral (Lat); Muscle(M); Fat (F); Left(L); 33% of thigh length (33); 50% of thigh length (50); ** (p=0.01)
Table 5 presents the correlation matrix for the anterior and lateral thigh sites at 33% and 50% of the thigh length of the left leg. This analysis was done to check for multicollinearity among outcome variables that might be used in the regression analysis. Pearson r values were statistically significant and strong (0.86-0.91) between variables when comparing anterior 33% to 50% sites, and lateral 33% and 50% sites for both muscle and fat. Both muscle and fat were strongly correlated between 33% and 50% sites with significance values of p = 0.00. Based on these correlations, the 50% sites were chosen for the remainder of the analyses since they corresponded to the measurement site for the pQCT measures. 
[bookmark: _Toc449998903]Table 6. Correlation Matrix (Pearson r) for Ultrasound Measurements from
   Anterior and Lateral Sites for Right Leg (N=94)
	Variable	
	Lat R 33 M
	Lat R 33 F
	Lat R 50 M
	Lat R 50 F

	Ant R 33 M
	.556**
	
	.611**
	

	Ant R 33 F 
	
	.848**
	
	.839**

	Ant R 50 M
	.506**
	
	.618**
	

	Ant R 50 F
	
	.816**
	
	.861**


Anterior (Ant); Lateral (Lat); Muscle (M); Fat(F); Right (R); 33% of thigh length (33); 50% of thigh length (50);** (p = 0.01)
Table 6 presents the correlation matrix between the anterior and lateral thigh sites at 33% and 50% of the thigh length of the right leg. This analysis was done to check for multicollinearity among outcome variables that might be used in the regression analysis. Pearson r values were statistically significant and strong (0.51-0.86) between variables when comparing anterior 33% to lateral 33% sites, and anterior 50% to lateral 50% sites for both muscle and fat. Both muscle and fat demonstrated strong correlation between 33% and 50% sites with significance values of p = 0.00. Based on these correlations, the 50% sites were chosen for the remainder of the analyses since they corresponded to the measurement site for the pQCT measures. 
[bookmark: _Toc449998904]Table 7. Correlation Matrix (Pearson r) for Ultrasound Measurements from 
	   Anterior and Lateral Sites for Left Leg (N=94)
	Variable
	Lat L 33 M
	Lat L 33 F
	Lat L 50 M
	Lat L 50 F

	Ant L 33 M
	.339**
	
	.377**
	

	Ant L 33 F 
	
	.905**
	
	.797**

	Ant L 50 M
	.322 **
	
	.407**
	

	Ant L 50 F
	
	.797**
	
	.883**


Anterior (Ant); Lateral (Lat); Muscle (M); Fat (F); Left (L); 33% of thigh length (33); 50% of thigh length (50); ** (p = 0.01)
Table 7 presents the correlation matrix for the anterior and lateral thigh sites at 33% and 50% of the thigh length of the left leg. This analysis was done to check for multicollinearity among outcome variables that might be used in the regression analysis. Pearson r values were statistically significant (0.32-0.90) between variables when comparing anterior 33% to lateral 33% sites, and anterior 50% to lateral 50% sites for both muscle and fat. Both muscle and fat demonstrated strong correlations between 33% and 50% sites with a significance values of p<0.05. Based on these correlations, the 50% sites were chosen for the remainder of the analyses since they corresponded to the measurement sites for the pQCT measures. 



[bookmark: _Toc449998905]Table 8. Correlation Matrix for Ultrasound Measurements for Limb 
	   Composition and Thigh Circumference for Right and Left Leg (N=94)
	Right Leg
	
	
	         Left Leg

	Variable
	Fat
	Thigh Circumference 
	
	
	Fat
	Thigh Circumference

	Muscle
	0.07
	0.62**
	
	
	0.06
	0.60**

	Fat
	
	0.64**
	
	
	
	0.46**


Thigh Circumference at 50% of thigh length (Thigh Circumference); ** (p = 0.01)

Table 8 presents the correlation matrix between limb composition (muscle and fat thickness) and thigh circumference at 50% of thigh length of the right and left leg from Ultrasound. This analysis was done to check for multicollinearity among the outcome variables that were used for the regression analysis. Pearson r values ranged from 0.07-0.64 when comparing muscle, fat and thigh circumference at 50% of thigh length for the right leg and 0.06-0.60 when comparing muscle, fat and thigh circumference at 50% of thigh length for the left leg. Both muscle and thigh circumference at 50% of thigh length for both right and left legs, and fat and thigh circumference at 50% of thigh length for both right and left legs demonstrated low to moderate correlations. Based on these correlations, all three variables were chosen as independent prediction variables for the remainder of the regression analyses. 
Based on previous research and the current analysis regarding multicollinearity, five prediction variables were selected to predict arterial occlusion pressures for each leg. As mentioned in the Methods section, two linear regression techniques (ENTER method and STEPWISE method) were used. The variables used in the first model (based on ultrasound measures of thigh composition) were SBP, DBP, thigh circumference at 50% of thigh length, anterior muscle thickness at 50% of thigh length, and anterior fat thickness at 50% of the thigh length. 
	In later analyses, two linear regression techniques were used (ENTER and STEPWISE method) for both right and left legs and three of the five prediction variables were used in both regressions (SBP, DBP, thigh circumference at 50% of thigh length). Only the technique used to assess thigh composition (fat and muscle) differed between the regressions. In the second set of regression equations, thigh fat and thigh muscle were obtained from DXA, and in the third set of regression equations, thigh fat and muscle were obtained from pQCT. With the ENTER technique, all five variables were input into the regression analysis at the same time and produced a prediction equation with all five variables even though not all variables were significant or contributed significantly to changes in R2. With the STEPWISE technique, all five variables were available for the regression analysis, however, only the variables that significantly added to the explained variance in arterial occlusion pressure (R2 changes) were used.








[bookmark: _Toc449998906]Table 9. Regression Analysis for Ultrasound Model for Right Leg- ENTER
  Method
	Variable
	Standardized ß
	       P value
	Partial correlation

	Systolic blood pressure
	.486
	.000
	.366

	Diastolic blood pressure
	.045
	.603
	.034

	Anterior Right 50 Muscle
	.046
	.641
	.031

	Anterior Right 50 Fat
	.336
	.001
	.223

	Thigh Circumference 50
	.231
	.077
	.117

	R
	R2
	SEE
	Sig. F change

	.788
	.621
	12.12
	< 0.000


Measurement at 50% of thigh length (50)

Arterial Occlusion (mm Hg) = 1.239 (SBP) +.146 (DBP) + 1.338 (Ant R 50 M) + 15.221 (Ant R 50 F) + .942 (TC 50) - 71.934 

Table 9 presents the linear regression model for ultrasound measurements when using the ENTER method (N=94) on the right leg. None of the variables met the criteria for multi-collinearity. Standardized beta weights and partial correlation coefficients indicated that when adding all five variables into the equation, SBP (ß=0.486) (p=0.000), Anterior Right 50% Fat (ß=0.336) (p=0.001) and thigh circumference 50% (ß=0.231) (p=0.077) explain the most variance in the dependent variable, occlusion pressure. R2 changes explain 62% (0.621) of the variance of the outcome variable (arterial occlusion pressure) by the prediction equation with a Standard Error of Estimate (SEE) of 12.12mm Hg. This means that even though five prediction variables were analyzed at the same time, only three prediction variables significantly impacted arterial occlusion pressure and two variables did not add any additional changes in the to the explained variance of R2. The formula for the ultrasound regression model of the right leg was developed from the unstandardized beta weights and the constant of -71.934 from the ENTER regression analysis.
To demonstrate the effectiveness of the prediction equation based on the ENTER method, subject number 03 was randomly chosen to compare predicted occlusion pressures to actual occlusion pressures for the right leg. The raw data for the five variables were as follows: 1) SBP = 112mm Hg; 2) DBP = 66mm Hg; 3) anterior right 50% muscle = 4.4cm; 4) anterior right 50% fat = 0.8cm; 5) thigh circumference = 49.5cm; and occlusion value = 142mm Hg. When all variables were entered into the prediction equation, the predicted occlusion pressure was 141.2mm Hg.  














[bookmark: _Toc449998907]Table 10. Regression Analysis for Ultrasound Model for Right Leg –
	     STEPWISE Method
	Variables
	Standardized ß
	p value
	Partial Correlation

	block 1
	
	
	

	Thigh Circumference  50
	.581
	.000
	.581

	R
	R2
	SEE
	Sig. F change

	.581
	.338
	15.68
	< 0.000

	block 2
	
	
	

	
	Standardized ß
	p value
	Partial Correlation

	Thigh Circumference  50
	.484
	.000
	.474

	Systolic Blood Pressure
	.479
	.000
	.469

	R
	R2
	SEE
	Sig. F change

	.747
	.558
	12.88
	< 0.000

	block 3
	
	
	

	
	Standardized ß
	p value
	Partial Correlation

	Thigh Circumference  50
	.226
	.000
	.198

	Systolic Blood Pressure
	.510
	.000
	.495

	Anterior Right 50 Fat
	.328
	.000
	.249

	R
	R2
	SEE
	Sig. F change

	.787
	.620
	12.01
	< 0.000


Systolic blood pressure (SBP); Anterior(Ant); Fat(F); Right (R); Thigh circumference at 50% of thigh length (TC 50)

Arterial Occlusion (mm Hg): 1.085 (TC 50) + 1.299 (SBP) + 14.847 (Ant R 50 F) – 69.639 

Table 10 presents the linear regression model for ultrasound measurements when using the STEPWISE method (N=94) on the right leg. None of the variables met the criteria for multi-collinearity. Standardized beta weights and partial correlation coefficients indicated that when adding all five variables into the equation, block 1 demonstrates a single variable that significantly predicted arterial occlusion pressures seen in the explained variance of R2. Block 2 demonstrates a second variable that significantly predicted arterial occlusion pressure and increased the variance explained as seen in R2.  Finally, block 3 demonstrates the most significant variables; thigh circumference at 50% of thigh length (ß=0.266) (p=0.000), SBP (ß=0.510) (p=0.000), and Anterior Right 50% Fat (ß=0.328) (p=0.000) explaining the most variance. R2 changes explain 62% (0.620) of the variance of the outcome variable (arterial occlusion pressure) by the prediction equation with a Standard Error of Estimate (SEE) of 12.01 mm Hg. The formula for the ultrasound regression model of the right leg was developed from the unstandardized beta weight and the constant of -69.639 from the STEPWISE regression analysis.
To compare predicted occlusion pressure to actual occlusion pressure for the right leg for randomly chosen subject 03, the raw data for the five variables were as follows: 1) SBP = 112mm Hg; 2) anterior right 50% fat = 0.8cm; 3) thigh circumference = 49.5cm; and occlusion value = 142mm Hg. When all variables were entered into this prediction equation, the predicted occlusion pressure was 141.4mm Hg.  



[bookmark: _Toc449998908]Table 11. Regression Analysis for Ultrasound Model for Left Leg-
    ENTER Method
	Variable
	Standardized ß
	       P value
	Partial correlation

	Systolic blood pressure
	.485
	.000
	.373

	Diastolic blood pressure
	.223
	.008
	.174

	Anterior Right 50 Muscle
	.019
	.818
	.015

	Anterior Right 50 Fat
	.021
	.792
	.017

	Thigh Circumference 50
	.327
	.001
	.215

	R
	R2
	SEE
	Sig. F change

	0.799
	.639
	9.48
	<0.000


Measurement at 50% of thigh length (50)

Arterial Occlusion (mm Hg) = .989 (SBP) + .582 (DBP) + .443 (Ant L 50 M) + .564 (Ant L 50 F) + 1.055 (TC 50) – 67.797
Table 11 presents the linear regression model for ultrasound measurements when using the ENTER method (N=94) on the left leg. None of the variables met the criteria for multi-collinearity. Standardized beta weights and partial correlation coefficients indicated that when adding all five variables into the equation, SBP (ß=0.485) (p=0.000), Anterior left 50% Fat (ß=0.021) (p=0.792) and thigh circumference 50% (ß=0.327) (p=0.001) explain the most variance. R2 changes explain 64% (0.639) of the variance of the outcome variable (arterial occlusion pressure) by the prediction equation with a Standard Error of Estimate (SEE) of 9.48mm Hg. This means that even though five prediction variables were analyzed at the same time, only three prediction variables significantly predicted arterial occlusion pressure and two variables did not add any additional changes in the to the explained variance of R2.
The formula for this ultrasound regression model of the left leg was developed from the unstandardized beta weight and the constant of -67.797 from the ENTER regression analysis.
To compare predicted occlusion pressure to actual occlusion pressure for the left leg for a randomly chosen subject 03, the raw data for the five variables were as follows: 1) SBP = 112mm Hg; 2) DBP = 66mm Hg; 3) anterior left 50% muscle = 4.4cm; 4) anterior left 50% fat = 1.0cm; 5) thigh circumference = 49cm; and occlusion value = 135mm Hg. When all variables were entered into the prediction equation, the predicted occlusion pressure was 135.6mm Hg.  














[bookmark: _Toc449998909]Table 12. Regression Analysis for Ultrasound Model for Left Leg – 
	     STEPWISE Method
Variables			Standardized ß	p value	Partial correlation
block 1
Systolic Blood Pressure 		.701		.000		.701	
		R		R2		SEE		Sig. F change
		.701		.491		11.00		< 0.000
block 2
				Standardized ß 	p value	Partial correlation
Systolic Blood Pressure		.619		.000		.602	
Thigh Circumference 50		.349		.000		.340
		R		R2		SEE		Sig. F change
		.779		.606		9.73		< 0.000
block 3
Standardized ß 	p value	Partial correlation
Systolic Blood Pressure		.482		.000		.376	
Thigh Circumference 50	 	.348		.000		.338
Diastolic Blood Pressure		.225		.006		.179
		R		R2		SEE		Sig. F change
		.799		.638		9.38		< 0.006
Thigh circumference at 50% of thigh length (TC 50) 

Arterial Occlusion (mm Hg) = .984 (SBP) + 1.125 (TC 50) + .587 (DBP) – 68.442
Table 12 presents the linear regression model for ultrasound measurements when using the STEPWISE method (N=94) on the left leg. Measurements considered in this method were SBP, DBP, Anterior left 50% Muscle from ultrasound, Anterior left 50% Fat from ultrasound, and Thigh Circumference 50% of thigh length. None of the variables met the criteria for multi-collinearity. Standardized beta weights and partial correlation coefficients indicated that when adding all five variables into the equation, block 1 demonstrates a single variable that significantly predicted arterial occlusion pressures seen in the explained variance of R2. Block 2 demonstrates a second variable that significantly predicted arterial occlusion pressure and increased the variance explained as seen in R2.  Finally, block 3 demonstrates the most significant variables; SBP (ß=0.482) (p=0.000), thigh circumference at 50% of thigh length (ß=0.348) (p=0.000), and DBP (ß=0.225) (p=0.006) explaining the most variance. R2 changes explain 64% (.638) of the variance of the outcome variable (arterial occlusion pressure) by the prediction equation with a Standard Error of Estimate (SEE) of 9.38mm Hg. The formula for the ultrasound regression model of the left leg was developed from the unstandardized beta weights and the constant of -68.442 from the STEPWISE regression analysis.
[bookmark: _Toc448418145]To compare predicted occlusion pressure based on the STEPWISE method, to actual occlusion pressure for the right leg for randomly chosen subject 03, the raw data for the five variables were as follows: 1) SBP = 112mm Hg; 2) DBP = 66mm Hg; 3) thigh circumference = 49.5cm; and occlusion value = 135mm Hg. When all variables were entered into this prediction equation, the predicted occlusion pressure was 136.2mm Hg.  


DXA Results
[bookmark: _Toc449998910]Table 13. Reliability of DXA Measurements from Day 1 and Day 2 Testing for 
	    Thigh Lean Muscle and Fat Tissue (N=50)
	Variable
	
1 ± SD
	
2 ± SD
	Pooled SD
	ICC
	SEM
	MD
	Pearson r
	t  value
	P value

	R Fat (g) 
	3465.6 ± 1050.8
	3487.0 ± 1063.5
	1057.18
	0.99**
	81.89
	226.99
	0.99**
	-1.26
	.213

	L Fat (g) 
	3377.3 ± 1014.2
	3385.1 ± 1020.3
	1017.27
	0.99**
	96.51
	267.50
	0.99**
	-.399
	.692

	R Lean (g) 
	4311.8 ± 696.5
	4337.2 ± 7.24.8
	710.79
	0.98**
	103.00
	285.51
	0.98**
	-1.23
	.225

	L Lean (g) 
	4291.3 ± 719.5
	4283.6 ± 713.6
	716.56
	0.95*
	155.35
	430.60
	0.95**
	0.25
	.805



Right(R); Left (L); Mean (); Standard Deviation (SD); Intraclass Correlation Coefficient (ICC); Standard Error of Measurement (SEM); Minimal Difference (MD); ** (p=0.01);* (p=0.05)
Table 13 presents data from day 1 and day 2 for each measurement site for both lean muscle and fat each thigh from DXA. The custom analysis femur length was measured using a region of interest (ROI) starting at the femoral neck to the top of the patella on both legs. ICC ranged from 0.95-0.98, SEM ranged from 81.9-155.3, and MD ranged from 226.9-430.6g. Paired sample t-tests and Pearson correlation coefficients (r) were used to compare mean differences and rank order for each variable between day 1 and day 2. Pearson r values were statistically significant (0.95-0.99) and considered strong for all variables comparing day 1 and day 2. There were no significant differences between the means for day 1 and day 2 (all p>0.21). All measurements shown in Table 13 for both day 1 and day 2 were averaged and these subjects’ data were added to the data from subjects with only one visit and used in further analyses. 



[bookmark: _Toc449998911]
Table 14. DXA Participant Characteristics (N=94)
	Variable
	
± SD
	Skewness
	Kurtosis
	K-S test

	Age (yrs)
	24.6 ± 2.46 
	1.37
	1.52
	

	Height (cm)
	165.6 ± 6.5
	.025
	-.001
	

	Weight (kg)
	64.7 ± 10.2
	.571
	.096
	

	SBP (mmHg)
	110.7± 7.5
	.364
	-.236
	

	DBP (mmHg)
	 66.7 ± 5.8
	.981
	1.83
	

	R Fat (g)
	3638.2 ± 1131.8
	.738
	.362
	**

	L Fat (g)
	3541 ± 1089.6
	.702
	.312
	**

	R Lean (g)
	4466.5 ± 676.9
	.349
	-.086
	

	L Lean (g)
	4418.7 ± 675.1
	.452
	.281
	

	TC R 50 (cm)
	52.5 ± 4.7
	.166
	-.082
	

	TC L 50 (cm)
	51.8 ± 4.7
	.317
	-.162
	

	OCC R (mmHg)
	149.1 ± 19.2
	.925
	1.03
	**

	OCC L (mmHg)
	137.9 ± 15.3
	.887
	1.11
	*



Systolic blood pressure (SBP); Diastolic blood pressure (DBP); Right (R); Left (L); Thigh Circumference at 50% of thigh length (TC); Occlusion Pressure (OCC); Kolmogorov-Smirnov test (K-S test); Mean (); Standard Deviation (SD)  

Table 14 presents data from the 94 subjects (50 from the reliability analyses and 44 with only one visit) who were included in the DXA analysis. Results are expressed as means () ± standard deviation (SD) for all variables. Both right and left legs demonstrated larger muscle mass (4466.5 ± 676.9g and 4418.7± 675.1g) when compared to fat mass (3638.2± 1131.8g and 3541± 1089.6g) respectively, however when comparing fat mass between the right and left legs, the right leg contained greater muscle and fat mass though not statistically significant. Skewness and kurtosis values demonstrate normal distributions. The Kolmogorov-Smirnov test confirmed a normal distribution for all variables except DBP, fat for both right and left legs, and occlusion pressures in both right and left legs.

[bookmark: _Toc449998912]Table 15. Correlation Matrix for DXA Measurements for Limb Composition and 
	     Thigh Circumference for Right and Left Leg (N=94)
	Right Leg
	
	
	         Left Leg

	Variable
	Fat
	Thigh Circumference 
	
	
	Fat
	Thigh Circumference

	Muscle
	0.31**
	0.28**
	
	
	0.34**
	0.20

	Fat
	
	0.19
	
	
	
	0.17


Bone Free Lean Body Mass (BFLBM); Thigh Circumference at 50% of thigh length (Thigh Circumference); ** (p = 0.01); * (p = 0.05)

Table 15 presents the correlation matrix between limb composition (bone free limb body mass and fat) and thigh circumference at 50% of thigh length of the right and left leg from DXA. This analysis was done to check for multicollinearity among the outcome variables that were used for the regression analysis. Pearson r values ranged from 0.19 -0.31 when comparing muscle, fat and thigh circumference at 50% of thigh length for the right leg and 0.17 - 0.34 when comparing muscle, fat and thigh circumference at 50% of thigh length for the left leg. Bone free lean body mass, fat mass and thigh circumference at 50% of thigh length demonstrated low correlations for both the right and left legs. Based on these correlations, all three variables were chosen as independent prediction variables for the remainder of the regression analyses. 







[bookmark: _Toc449998913]Table 16. Regression Analysis for DXA Model for Right Leg - ENTER 
    Method
Variables		Standardized ß	p value	Partial coefficient	
Systolic blood pressure	.401		.000		.311	
Diastolic blood pressure	.128		.157		.100	
R – Fat				.012		.874		.011	
R - Lean			-.043		.572		-.040	
Thigh Circumference 50	.494		.000		.466	
		R		R2		SEE		Sig. F change
		.754		.568		12.94		< 0.000
Right (R); Thigh circumference at 50% of thigh length (Thigh Circumference 50) 

Arterial Occlusion (mm Hg): 1.022 (SBP) + .418 (DBP) + .000 (R-FAT) -.001 (R-Lean) + 2.014 (TC-R) - 92.932 
Table 16 presents the DXA linear regression model when using the ENTER method (N=94) on the right leg. None of the variables met the criteria for multi-collinearity. Standardized beta weights and partial correlation coefficients indicated that when adding all five variables into the equation, SBP (ß=0.401) (p=0.000) and thigh circumference 50% (ß=0.494) (p=0.000) explain the most variance. R2 changes explain 57% (0.568) of the variance of the outcome variable (arterial occlusion pressure) by the prediction equation with a Standard Error of Estimate (SEE) of 12.94mm Hg. This means that even though five prediction variables were analyzed at the same time, only three prediction variables significantly predicted arterial occlusion pressure and two variables did not add any additional changes in the to the explained variance of R2.The formula for the DXA regression model of the right leg was developed from the unstandardized beta weights and the constant of -92.932 from the ENTER regression analysis.
To demonstrate the effectiveness of the prediction equation based on the ENTER method, subject number 03 was randomly chosen to compare predicted occlusion pressures to actual occlusion pressures for the right leg. The raw data for the five variables were as follows: 1) SBP = 112mm Hg; 2) DBP = 66mm Hg; 3) right lean muscle area = 4315g; 4) right fat area = 2319.5g; 5) thigh circumference = 49.5cm; and occlusion value = 142mm Hg. When all variables were entered into the prediction equation, the predicted occlusion pressure was 144.5mm Hg.  
[bookmark: _Toc449998914]Table 17. Regression Analysis for DXA Model for Right Leg-STEPWISE 
	    Method
Variables	Standardized ß	p value	Partial correlation		
block 1
TC 50 		.581			.000	   		.581	
		R		R2		SEE		Sig. F change
		.581		.338		15.68		< 0.000
block 2
Standardized ß 	p value	Partial correlation
TC 50 		.484			.000			.474	
SBP		.479			.000			.469
		R		R2		SEE		Sig. F change
		.747		.558		12.88		< 0.000
Systolic blood pressure (SBP); Thigh circumference at 50% of thigh length (TC 50); 
Arterial Occlusion (mm Hg) = 1.972 (TC 50) + 1.221 (SBP) – 89.634 
Table 17 represents the linear regression model for DXA measurements when using the STEPWISE method (N=94) on the right leg. None of the variables met the criteria for multi-collinearity. Standardized beta weights and partial correlation coefficients indicated that when adding all five variables into the equation, block 1 demonstrates a single variable that significantly impacted arterial occlusion pressures seen in the explained variance of R2, and block 2 contained a second variable that significantly impacted arterial occlusion pressure and increased the variance explained as seen in R2. Block 2 demonstrates the most significance variables; thigh circumference at 50% of thigh length (ß=0.484) (p=0.000) and SBP (ß=0.479) (p=0.000), explaining the most variance. R2 changes explain 56% (0.558) of the variance of the outcome variable (arterial occlusion pressure) by the prediction equation with a Standard Error of Estimate (SEE) of 12.88mm Hg. The formula for the DXA regression model of the right leg was developed from the unstandardized beta weights and the constant of -89.634 from the STEPWISE regression analysis.
To compare predicted occlusion pressure to actual occlusion pressure for the right leg for randomly chosen subject 03, the raw data for the five variables were as follows: 1) SBP = 112mm Hg; 2) thigh circumference = 49.5cm; and occlusion value = 142mm Hg. When all variables were entered into this prediction equation, the predicted occlusion pressure was 144.7mm Hg.  




[bookmark: _Toc449998915]Table 18. Regression Analysis for DXA Model for Left Leg - ENTER 
	     Method
Variables			Standardized ß	p value	Partial correlation
Systolic blood pressure		.474		.000		.366	
Diastolic blood pressure		.238		.005		.185	
Left – Fat				-.009		.895		-.008	
Left - Lean 				-.047		.501		-.043	
Thigh Circumference 50		.359		.000		.340	
		R		R2		SEE		Sig. F change
		.800		.641		9.45		.000
Thigh circumference at 50% of thigh length (Thigh Circumference 50)

Arterial Occlusion (mm Hg): .967 (SBP) + .620 (DBP) + .000 (L-Fat) - .001 (L-Lean) + 1.161 (TC-50) – 65.407
Table 18 presents the DXA linear regression model when using the ENTER method (N=94) on the right leg. None of the variables met the criteria for multi-collinearity. Standardized beta weights and partial correlation coefficients indicated that when adding all five variables into the equation, SBP (ß=0.474) (p=0.000), thigh circumference 50% (ß=0.395) (p=0.000) and DBP (ß=0.238) (p=0.005) explain the most variance. R2 changes explain 64% (0.641) of the variance of the outcome variable (arterial occlusion pressure) by the prediction equation with a Standard Error of Estimate (SEE) of 9.45mm Hg. This means that even though five prediction variables were analyzed at the same time, only three prediction variables significantly impacted arterial occlusion pressure and two variables did not add any additional changes in the to the explained variance of R2. The formula for the DXA regression model of the left leg was developed from the unstandardized beta weights and the constant of -65.407 from the ENTER regression analysis.
To compare predicted occlusion pressure to actual occlusion pressure for the left leg for randomly chosen subject 03, the raw data for the five variables were as follows: 1) SBP = 112mm Hg; 2) DBP = 66mm Hg; 3) left lean muscle area = 4175g; 4) left fat area = 2257g; 5) thigh circumference = 49cm; and occlusion value = 135mm Hg. When all variables were entered into the prediction equation, the predicted occlusion pressure was 136.5mm Hg.  















[bookmark: _Toc449998916]Table 19. Regression Analysis for DXA Model for Left Leg - STEPWISE 
	    Method
Variables		      Standardized ß	          p value	           Partial correlation
block 1
Systolic blood pressure 	.701			.000		       .701	
		R		R2		SEE		Sig. F change
		.701		.491		11.00		< 0.000
block 2
			      Standardized ß 	           p value             Partial correlation
Systolic blood pressure 	.619			 .000		       .602	
Thigh Circumference 50	.349			 .000		       .340
		R		R2		SEE		Sig. F change
		.779		.606		9.73		< 0.000
block 3
       Standardized ß 	           p value		Partial correlation
Systolic blood pressure	.482			.000		        .376	
Thigh Circumference 50	.348			.000		        .338
Diastolic blood pressure	.225			.006		        .179
		R		R2		SEE		Sig. F change
		.799		.638		9.38		< 0.006
Thigh circumference at 50% of thigh length (Thigh Circumference 50) 

Arterial Occlusion (mm Hg): .984 (SBP) + .587 (DBP) + 1.125 (TC 50) – 68.442
Table 19 presents the linear regression model for DXA when using the STEPWISE method (N=94) on the left leg. None of the variables met the criteria for multi-collinearity. Standardized beta weights and partial correlation coefficients indicated that when adding all five variables into the equation, block 1 demonstrates a single variable that significantly impacted arterial occlusion pressures seen in the explained variance of R2. Block 2 demonstrates a second variable that significantly impacted arterial occlusion pressure and increased the variance explained as seen in R2.  Finally, block 3 demonstrates the most significant variables; thigh circumference at 50% of thigh length (ß=0.348) (p=0.000), SBP (ß=0.482) (p=0.000) and DBP (ß=0.225) (p=0.006) explaining the most variance. R2 changes explain 64% (0.638) of the variance of the outcome variable (arterial occlusion pressure) by the prediction equation with a Standard Error of Estimate (SEE) of 9.38mm Hg. The formula for the DXA regression model of the left leg was developed from the unstandardized beta weights and the constant of -68.442 from the STEPWISE regression analysis.
[bookmark: _Toc448418146]To compare predicted occlusion pressure to actual occlusion pressure for the left leg for randomly chosen subject 03, the raw data for the five variables were as follows: 1) SBP = 112mm Hg; 2) DBP = 66mm Hg; 3) thigh circumference = 49cm; and occlusion value = 135mm Hg. When all variables were entered into the prediction equation, the predicted occlusion pressure was 135.6mm Hg.  







pQCT Results
[bookmark: _Toc449998917]Table 20. Reliability of Height, Weight, Blood Pressure Thigh Circumferences and 
	     Total Occlusion Pressure for pQCT Subjects for Day 1 and Day 2 on 
	     Left Leg (N=38)
	Variable
	
1 ± SD
	
2 ± SD
	pooled SD
	ICC
	SEM
	MD
	Pearson r
	t value
	P value

	Height (cm)
	165.8 ± 6.7
	165.8 ± 6.7
	6.73
	0.99**
	0.21
	0.59
	0.99**
	-.132
	.89

	Weight (kg)
	60.8 ± 8.6
	60.5 ± 8.4
	8.51
	0.99**
	0.47
	1.29
	0.99**
	1.866
	.07

	SBP (mmHg)
	108.5 ± 6.8
	108.9 ± 5.6
	6.22
	0.60**
	3.94
	10.92
	0.61**
	-.524
	.60

	DBP (mmHg)
	65.5 ± 6.5
	65.9 ± 5.6
	6.04
	0.81**
	2.65
	7.36
	0.82**
	-.518
	.60



Systolic blood pressure (SBP); Diastolic blood pressure (DBP); Thigh circumference at 50% of thigh length (TC 50); Occlusion (OCC); Left (L);Mean (); Standard Deviation (SD); Intraclass Correlation Coefficient (ICC); Standard Error of Measurement (SEM); Minimal Difference (MD); ** (p=0.01)

Table 20 presents day 1 and day 2 data for the anthropometric measures of height and weight, as well as the systolic and diastolic blood pressure for 38 subjects who were tested to establish the reliability for each of the outcome variables. Out of 50 subjects, 12 subject’s measurements were excluded from the analysis due to inconsistent limb positioning or involuntary muscle activity affecting scan quality. Therefore a total of 38 subject measurements were used for reliability. Results are expressed as means () ± standard deviations (SD) for all variables. Reliability between days was established by calculating intraclass correlation coefficients (ICC), Standard Error of Measurement (SEM), minimal difference (MD), Pearson correlation coefficients (r), and paired t-test (t values). All variables had a highly significant (p < 0.01) ICC’s ranging from 0.60 for SBP to 0.99 for height and weight. The SEM were quite small, ranging from 0.21 for height (cm) to 5.54 (mm Hg) for occlusion pressure for the left leg as were the minimal differences (ranging from 0.6 cm for height to 15.35 mm Hg for occlusion pressure for the left leg). The Pearson r‘s (indicating rank order) were all highly significant (p<0.01) and strong, and ranged from r = 0.99 (height and weight) to r = 0.61 (SBP). Paired sample t-test found no significant mean differences between day 1 and day 2. Measurements shown in Table 20 were averaged and the data added to that for subjects with only one visit for subsequent analyses.
[bookmark: _Toc449998918]Table 21. Reliability of Height, Weight, Blood Pressure, Thigh Circumferences and 
	     Total Occlusion Pressures for pQCT Subjects for Day 1 and Day 2 on
     Right Leg (N=10)
	Variable
	
1 ± SD
	
2 ± SD
	pooled SD
	ICC
	SEM
	MD
	Pearson r
	t-value
	P-value

	Height (cm)
	166.1 ± 4.8
	165.9 ± 4.6
	4.70
	0.99**
	0.26
	0.71
	0.99**
	1.406
	.19

	Weight (kg)
	61.4 ± 10.5
	61.1 ± 9.9
	10.23
	0.99**
	0.79
	2.20
	0.99**
	.728
	.49

	SBP (mmHg)
	107.6 ± 6.5
	106.3 ± 6.5
	6.5
	0.70**
	3.57
	9.89
	0.70**
	.783
	.45

	DBP (mmHg)
	64.4 ± 5.1
	64.3 ± 3.7
	4.47
	0.82**
	1.89
	5.24
	0.87**
	.118
	.91



Systolic blood pressure (SBP); Diastolic blood pressure (DBP); Thigh circumference at 50% of thigh length (TC 50); Occlusion (OCC); Right (R); Mean (); Standard Deviation (SD); Intraclass Correlation Coefficient (ICC); Standard Error of  Measurement (SEM); Minimal Difference (MD); ** (p=0.01)

Table 21 represents day 1 and day 2 data for the anthropometric measures of height and weight, as well as the systolic and diastolic blood pressure for the 10 subjects who were tested to establish the reliability for each of our outcome variables for the right leg. Out of 50 subjects, 40 subject’s measurements were excluded from the analysis due to inconsistent limb positioning or involuntary muscle activity, so a total of 10 subjects’ measurements were used for reliability. Results are expressed as means () ± standard deviations (SD). Reliability between days was established by calculating intraclass correlation coefficients (ICC), Standard Error of Measure (SEM), minimal difference (MD), Pearson correlation coefficients (r), and paired t test (t values). All variables had a highly significant (p<0.01) ICC’s ranging from 0.60 for occlusion pressure for the right leg to 0.99 for height and weight. The SEMs were quite small, ranging from 0.26 for height (cm) to 6.02 (mm Hg) for occlusion pressure for the right leg as were the minimal differences (ranging from 0.7cm for height to 16.69mm Hg for occlusion pressure for the right leg). The Pearson r’s (indicating rank order) were all highly significant (p<0.01) and strong, and ranged from r=0.99 (height and weight) to r=0.61 (OCC R). Paired sample t-test found no significant mean differences between day 1 and day 2. Measurements summarized in Table 21 were averaged and then added to those of subjects with only one visit for subsequent analyses. 
[bookmark: _Toc449998919]Table 22. Reliability Measurements from pQCT for Day 1 and Day 2 Testing for 
	     Muscle and Fat Area
	Variable
	N
	
1 ± SD
	
2 ± SD
	pooled SD
	ICC
	SEM
	MD
	Pearson r
	T-value
	P-value

	MuA L (cm2) 
	38
	112.21 ± 18.55
	112.74 ± 18.32
	18.44
	0.99**
	2.10
	5.83
	0.99**
	-1.108
	.275

	MuA R (cm2) 
	10
	114.16 ± 27.74
	114.24 ± 25.07 
	26.44
	0.99**
	2.51
	6.95
	0.99**
	-.068
	.948

	FatA L (cm2) 
	38
	75.98 ± 19.46
	76.01 ± 19.03
	19.25
	0.99**
	2.19
	6.08
	0.99**
	-.061
	.952

	FatA R (cm2) 
	10
	75.6 ± 17.16
	75.13 ± 16.58
	16.87
	0.99**
	1.51
	4.16
	0.99**
	.730
	.484



Muscle Area (MuA); Fat Area (FatA); Right (R); Left (L); Mean (); Standard Deviation (SD); Intraclass Correlation Coefficient (ICC); Standard Error of Measurement (SEM); Minimal Difference (MD); ** (p=0.01) 
Table 22 presents day 1 and day 2 data for each measurement site for both muscle area and fat area of each thigh from pQCT. Femur length was measured from the greater trochanter to the distal tip of the femur on both legs distal from the most distal portion of the femur. A mark at 50% of thigh length was made where the pQCT gantry was positioned during the testing scan. Muscle and fat cross sectional area had high ICC was 0.99, SEM ranged from 1.5-2.5, and MD ranged from 4.1 – 6.9. Paired sample t-tests and Pearson correlation coefficients (r) were used to compare mean differences and rank order for each variable between day 1 and day 2. Pearson r values were statistically significant (r=0.99) and considered strong for all variables and for both legs within both day 1 and day 2. There were no significant differences between the means for day 1 and day 2 (p>0.05). Measurements shown in Table 22 for both day 1 and day 2 were averaged and added to those subjects with only one visit and used for subsequent analyses. 
[bookmark: _Toc449998920]Table 23. Subject 03 Raw Data for Muscle and Fat from pQCT Right and Left Leg
	Variable
	Day 1 (cm2)
	Day 2 (cm2)
	Mean (cm2) 

	MuA L 
	128.6
	126.76
	127.65

	Fat A L
	59.19
	57.92
	58.55

	MuA R
	120.24
	104.52
	120.24

	Fat A R
	117.67
	75.21
	96.44


Muscle Area (MuA); Fat area (FatA); Left (L); Right (R)
To explain the method used to exclude subjects from the reliability analysis, Table 23 represents the raw data for subject 03 for both left and right leg for muscle and fat area using pQCT. The values for the left leg were as follows: 1) day 1 muscle area left leg = 128.55cm2, day 2 muscle area left leg = 126.76cm2 and average = 127.65cm2; 2) day 1 fat area left leg = 59.19cm2, day 2 fat area left leg = 57.92cm2 and average = 58.55 cm2. Therefore, analysis for the left leg was kept for further analyses. However, in regards to the right leg, the values were as follows: 1) day 1 muscle area right leg = 120.24cm2, day 2 muscle area right leg = 104.52cm2, since on the right leg on day 1 (120.24cm2) the values were close to the values for the left leg (127.65cm2), the day 1 value was used to represent the muscle area for the right leg because the day 2 value apparently was in error; 3) day 1 fat area right leg = 117.67cm2, day 2 fat area right leg = 75.21cm2, and mean = 96.44cm2 of fat area for the right leg. After careful visual judgement of the image and apparent errors within the analysis (incorrect placement of the limb on holder and movement), subject 03 data was removed from the analysis for the right leg only. This explains the sample size differences between the right and left leg pQCT regression analyses in Tables 20-22. 



[bookmark: _Toc449998921]Table 24. Participant Characteristics and Right Leg Measurements from 
     pQCT (N=59)
	Variable
	
± SD
	Skewness
	Kurtosis
	K-S test

	Height (cm)
	165.1 ± 5.9
	-.418
	-.527
	

	Weight (kg)
	63.7 ± 9.3
	.717
	.610
	

	Systolic blood pressure (mmHg)
	109.6 ± 7.1
	.250
	-.200
	

	Diastolic blood pressure (mmHg)
	66.3 ± 5.3
	.380
	-.675
	

	Muscle Area R (cm2)
	117.9 ±19.2
	.354
	.359
	

	Fat Area R (cm2)
	89 ± 26.6
	1.152
	1.659
	

	TC R 50 (cm2)
	52.4 ± 4.4
	.444
	.287
	

	OCC R (mmHg)
	147.9 ± 19.5
	1.001
	1.473
	



Thigh circumference at 50% of thigh length (TC 50); Occlusion pressure (OCC); Right (R); Mean (); Standard Deviation (SD)

Table 24 represents the 59 subjects (10 subjects with 2 days of testing from the reliability analysis , 19 subjects that came in twice but only 1 day of data was ultimately used and 20 subjects that only came for 1 visit) that were included in the pQCT analysis for the right leg. Many of the right leg scans were not used due to inconsistent limb positioning or involuntary muscle activity.  Results are expressed as means () ± standard deviations (SD) for all variables. Skewness and kurtosis values demonstrated normal distributions. The Kolmogorov-Smirnov test confirmed a normal distribution for all variables (p > 0.05).




[bookmark: _Toc449998922]Table 25. Participant Characteristics and Left Leg Measurements from pQCT
    (N=73)
	Variable
	
± SD
	Skewness
	Kurtosis
	K-S test

	Height (cm)
	165.9 ± 6.1
	.109
	.126
	

	Weight (kg)
	63.1 ± 9.34
	.685
	.570
	

	Systolic blood pressure (mmHg)
	109.4 ± 7.3
	.577
	.260
	

	Diastolic blood pressure (mmHg)
	 66.1 ± 5.6
	1.365
	4.058
	**

	Muscle area L (cm2) 
	117.2 ± 17.4
	.211
	-.043
	

	Fat area L (cm2)
	84.4 ± 25.9
	1.109
	2.233
	**

	TC L 50 (cm2)
	51.1 ± 4.5
	.371
	.175
	

	OCC L (mmHg)
	135 ± 13.8
	1.334
	3.519
	



Thigh circumference at 50% of thigh length (TC 50); Occlusion (OCC); Left (L); Mean (); Standard Deviation (SD); Kolmogorov-Smirnov Test (KS-Test); ** (p = 0.01) 

Table 25 represents the 73 subjects (38 subjects with 2 days from the reliability analyses and 35 from only one day of testing) that were included of the pQCT analysis on left leg. Some of the scans for the left leg were not used due to inconsistent limb positioning or involuntary muscle activity. Results are expressed as means () ± standard deviations (SD) for all variables. The skewness and kurtosis values demonstrated normal distributions. The Kolmogorov-Smirnov test confirmed a normal distribution for all variables expect for DBP and fat cross sectional area.







[bookmark: _Toc449998923]Table 26. Correlation Matrix for pQCT Measurements for Limb 
	     Composition and Thigh Circumference for Right (N=59) and Left
     (N=73) Leg
	Right Leg
	
	
	         Left Leg

	Variable
	Fat
	Thigh Circumference 
	
	
	Fat
	Thigh Circumference

	Muscle
	0.33*
	0.68**
	
	
	0.31**
	0.74**

	Fat
	
	0.74**
	
	
	
	0.84**


Thigh Circumference at 50% of thigh length (Thigh Circumference);** (p = 0.01)

Table 26 presents the correlation matrix between limb composition (mCSA and fCSA) and thigh circumference at 50% of thigh length of the right and left leg when using pQCT. This analysis was done to check for multicollinearity among the outcome variables that were used for the regression analysis. Pearson r values ranged from 0.33 – 0.74 when comparing mCSA, fCSA and thigh circumference at 50% of thigh length for the right leg and 0.31-0.84 when comparing mCSA, fCSA and thigh circumference at 50% of thigh length for the left leg. Both muscle and thigh circumference at 50% of thigh length for both right and left legs, and fat and thigh circumference at 50% of thigh length for both right and left legs demonstrated a low to high correlations. Based on these correlations, all three variables were chosen as independent prediction variables for the remainder of the regression analyses. 







[bookmark: _Toc449998924]
Table 27. Regression Analysis for pQCT Model on the Right Leg – 
	    ENTER Method
Variables		            Standardized ß       p value        Partial correlation
Systolic blood pressure		.391		.002		.324	
Diastolic blood pressure		.138		.235		.117	
Muscle Area Right			-.104		.479		-.069	
Fat Area Right				-.010		.950		-.006	
Thigh Circumference 50 		.524		.011		.255	
		R		R2		SEE		Sig. F change
		.706		.499		14.45		< 0.000
Thigh circumference at 50% of thigh length (Thigh Circumference 50)
Arterial Occlusion (mm Hg): 1.076 (SBP) + .508 (DBP) - .106 (MuA R) - .007 (FatA R) + 2.339 (TC 50 R) – 113.046 
Table 27 presents the linear regression model for pQCT measurements when using the ENTER method (N=59) on the right leg. None of the variables met the criteria for multi-collinearity. Standardized beta weights and partial correlation coefficients indicated that when adding all five variables into the equation, SBP (ß=0.391) (p=0.002) and thigh circumference 50% (ß=0.524) (p=0.011) explain the most variance. R2 changes explain 50% (0.499) of the variance of the outcome variable (arterial occlusion pressure) by the prediction equation with a Standard Error of Estimate (SEE) of 14.45mm Hg. This means that even though five prediction variables were analyzed at the same time, only three prediction variables significantly predicted arterial occlusion pressure and two variables did not add any additional changes in the to the explained variance of R2. The formula for the pQCT regression model of the right leg was developed from the unstandardized beta weights and the constant of -113.046 from the ENTER regression analysis.
To demonstrate the effectiveness of the prediction equation based on the ENTER method, subject 01 was randomly chosen to compare predicted occlusion pressures to actual occlusion pressures for the right leg because subject 03 was excluded from the right leg analysis due to inconsistencies in her measurements. The raw data for the five variables were as follows: 1) SBP = 118mm Hg; 2) DBP = 66mm Hg; 3) right lean muscle area = 124.09cm2; 4) right fat area = 89.89cm2; 5) thigh circumference = 53cm; and occlusion value = 158mm Hg. When all variables were entered into the prediction equation, the predicted occlusion pressure was 157.6mm Hg.  













[bookmark: _Toc449998925]Table 28. Regression Model for pQCT Model of Right Leg – STEPWISE
    Method
Variables		      Standardized ß	        p value        Partial correlation	
block 1
Thigh Circumference 50 	.538			.000		.538	
		R		R2		SEE		Sig. F change
		.538		.289		16.60		< 0.000
block 2
       Standardized ß 	         p value	      Partial correlation
Thigh Circumference 50	.467		             .000		.461	
Systolic blood pressure	.443		             .000		.437
		R		R2		SEE		Sig. F change
		.693		.480		14.32		< 0.000
Thigh circumference at 50% of thigh length (Thigh Circumference 50)

Arterial Occlusion (mm Hg) = 2.083 (TC 50 R) + 1.218 (SBP) – 94.599 
Table 28 presents the pQCT linear regression model when using the STEPWISE method (N=59) on the right leg. None of the variables met the criteria for multi-collinearity. Standardized beta weights and partial correlation coefficients indicated that when adding all five variables into the equation, block 1 demonstrates a single variable that significantly predicted arterial occlusion pressures seen in the explained variance of R2, and block 2 determined a second variable that significantly predicted arterial occlusion pressure and increased the variance explained as seen in R2.  Block 2 demonstrates the most significance variables: SBP (ß=0.443) (p=0.000) and thigh circumference 50% (ß=0.467) (p=0.000) explain the most variance. R2 changes explain 48% (0.480) of the variance of the outcome variable (arterial occlusion pressure) by the prediction equation with a Standard Error of Estimate (SEE) of 14.32mm Hg. The formula for the pQCT regression model of the right leg was developed from the unstandardized beta weights and the constant of -94.599 from the STEPWISE regression analysis.
To demonstrate the effectiveness of the prediction equation, subject 01 raw data for the five variables were as follows: 1) SBP = 118mm Hg; 2) thigh circumference = 53cm; and occlusion value = 158mm Hg. When all variables were entered into the prediction equation, the predicted occlusion pressure was 159.5mm Hg.  
[bookmark: _Toc449998926]Table 29. Regression Analysis for pQCT Model for the Left Leg – ENTER
    Method
Variables		          Standardized ß	          p value	        Partial correlation
Systolic blood pressure		.350		.001		.261	
Diastolic blood pressure		.356		.001		.270	
Muscle Area Left			.517		.014		.196	
Fat Area Left				.646		.013		.198	
Thigh Circumference 50 		-.534		.139		-.117	
		R		R2		SEE		Sig. F change
		.770		.593		9.11		< 0.000
Thigh circumference at 50% of thigh length (Thigh Circumference 50) 
Arterial Occlusion (mm Hg): .665 (SBP) + .871 (DBP) + .410 (MuA L) + .344 (FatA L) – 1.639 (TC 50 L) + 11.332 
Table 29 presents the linear regression model for pQCT measurements when using the ENTER method (N=73) on the left leg. None of the variables met the criteria for multi-collinearity. Standardized beta weights and partial correlation coefficients indicated that when adding all five variables into the equation, SBP (ß=0.350) (p=0.001), DBP (ß=0.524) (p=0.011), muscle area (ß=0.517) (p=0.014), and fat area (ß=0.646) (p=0.013) explain the most variance. R2 changes explain 59% (0.593) of the variance of the outcome variable (arterial occlusion pressure) by the prediction equation with a Standard Error of Estimate (SEE) of 9.11mm Hg. This means that even though five prediction variables were analyzed at the same time, only three prediction variables significantly predicted arterial occlusion pressure and two variables did not add any additional changes in the to the explained variance of R2. The formula for the pQCT regression model of the left leg was developed from the unstandardized beta weights and the constant of +11.332 from the ENTER regression analysis.
To compare predicted occlusion pressure to actual occlusion pressure for the left leg for subject 03, the raw data for the five variables were as follows: 1) SBP = 112mm Hg; 2) DBP = 66mm Hg; 3) left lean muscle area = 127.66cm2; 4) left fat area = 58.56cm2; 5) thigh circumference = 49cm; and occlusion value = 135mm Hg. When all variables were entered into the prediction equation, the predicted occlusion pressure was 135.5mm Hg.  







[bookmark: _Toc449998927]Table 30. Regression Analysis for pQCT Model for the Left Leg – 
	    STEPWISE Method
Variables		      Standardized ß	          p value	       Partial correlation
block 1
Systolic blood pressure 	.596			.000		.596	
		R		R2		SEE		Sig. F change
		.596		.355		11.15		< 0.000
block 2
			      Standardized ß 	           p value	        Partial correlation
Systolic blood pressure 	.561			.000		.559	
Thigh Circumference 50	.369			.000		.367
		R		R2		SEE		Sig. F change
		.700		.490		9.98		< 0.000
block 3
      Standardized ß 	           p value	         Partial correlation
Systolic blood pressure	.356			.001		.272	
Thigh Circumference 50	.388			.000		.385
Diastolic blood pressure	.320			.003		.246
		R		R2		SEE		Sig. F change
		.742		.551		9.44		< 0.003
Thigh circumference at 50% of thigh length (Thigh Circumference 50)

Arterial Occlusion (mm Hg): .676 (SBP) + .783 (DBP) + 1.190 (TC 50 L) – 51.459
Table 30 presents the pQCT linear regression model when using the STEPWISE method (N=59) on the left leg. None of the variables met the criteria for multi-collinearity. Standardized beta weights and partial correlation coefficients indicated that when adding all five variables into the equation, block 1 demonstrates a single variable that significantly predicted arterial occlusion pressures seen in the explained variance of R2. Block 2 demonstrates a second variable that significantly predicted arterial occlusion pressure and increased the variance explained as seen in R2.  Finally, block 3 demonstrates the most significant variables: SBP (ß=0.356) (p=0.001), thigh circumference 50% (ß=0.388) (p=0.000) and DBP (ß=0.320) (p=0.003) explain the most variance. R2 changes explain 55% (0.551) of the variance of the outcome variable (arterial occlusion pressure) by the prediction equation with a Standard Error of Estimate (SEE) of 9.44mm Hg. The formula for the pQCT regression model of the left leg was developed from the unstandardized beta weights and the constant of -51.459 from the STEPWISE regression analysis.
To compare predicted occlusion pressure to actual occlusion pressure for the left leg for subject 03, the raw data for the five variables were as follows: 1) SBP = 112mm Hg; 2) DBP = 66mm Hg; 3) thigh circumference = 49cm; and occlusion value = 135mm Hg. When all variables were entered into the prediction equation, the predicted occlusion pressure was 134.2mm Hg.  






[bookmark: _Toc449998928]Table 31. Summary of Variables Included in STEPWISE Prediction Equations
     across Methods
	      Ultrasound
	           DXA
	          PQCT

	Right
	Left
	Right
	Left
	Right
	Left

	TC 50 
	SBP
	TC 50
	SBP
	TC 50
	SBP

	SBP
	TC 50
	SBP
	TC 50
	SBP
	TC 50

	Ant R 50 F
	-
	-
	-
	-
	-

	-
	DBP
	-
	DBP
	-
	DBP


Thigh circumference at 50% of thigh length (TC 50); Systolic Blood Pressure(SBP); Diastolic Blood Pressure(DBP); Anterior(Ant); Fat(F) 
Table 31 summarizes the STEPWISE results for each method of testing and the variables that explained the most variance in occlusion pressure for each leg. The right leg results consistently included thigh circumference and systolic blood pressure with only the ultrasound method including the anterior fat thickness measurement in the prediction equation. The left leg results included systolic blood pressure, thigh circumference and diastolic blood pressure in the prediction equations across all methods of testing. 
In an effort to present an even simpler regression equation for each model (US, DXA, pQCT) an equation was developed using only SBP or Thigh Circumference  for each model and both techniques (ENTER and STEPWISE) based on the finding for previous studies. These new equations and the R2 are presented in the Table 32.


[bookmark: _Toc449998929]Table 32. Simplified Regression Equation using only SBP and Thigh 
	    Circumference to Predict Occlusion Pressure
	Prediction Variable
	Model
	Equation
	R2

	Systolic Blood Pressure

	
	US/DXA- Right Leg
	1.337 (SBP) + 1.282
	0.31

	
	US/DXA- Left Leg
	1.319 (SBP) – 7.790
	0.47

	
	pQCT – Right Leg
	1.423 (SBP) – 7.989
	0.27

	
	pQCT – Left Leg
	1.283 (SBP) – 5.471
	0.39

	Thigh Circumference
	
	
	

	
	US/DXA- Right Leg
	2.369 (TC) + 24.674
	0.34

	
	US/DXA- Left Leg
	1.597 (TC) + 55.180
	0.24

	
	pQCT – Right Leg
	2.399 (TC) + 22.228
	0.29

	
	pQCT – Left Leg
	1.294 (TC) + 68.944
	0.18


Thigh Circumference at 50% of thigh length (Thigh Circumference); Ultrasound (US); Dual energy X-ray absorptiometry (DXA); Peripheral Quantitative Computed Tomography (pQCT); Systolic Blood Pressure (SBP); Thigh Circumference at 50% of thigh length (TC)

Table 32 presents the simplified regression equations when only using SBP and Thigh Circumference to predict arterial occlusion pressures. The R2 values ranged from 0.18 - 0.49 which are considerably lower than the R2 from the previous regression tables; indicating less of the variance accounted for by the equation of the dependent variable, occlusion pressure.
Then, in an attempt to compare regression equations, the Akaike Information Criterion (AIC) scores for each model were computed and the models with the lowest scores were considered more accurate. The AIC score is calculated as follows: AICc = N x ln (RSS/N) + 2 K + [(2K (K+1))/(N-K-1)] where N is the number of subjects used in the analysis, RSS is the residual sum of squares from the regression analysis and K is the number of prediction variables used in the regression analysis. The criterion scores are described in Table 33 and are arranged in ascending order for each leg (right and left), model (US, DXA, pQCT) and regression technique (ENTER and STEPWISE). 
[bookmark: _Toc449998930]Table 33. Comparing Regression Equations based on the Akaike Information 
     Criterion Scores [69-71] 
	Model
	Technique
	Right Leg
	Model
	Technique
	Left Leg

	pQCT
	ENTER
	319.63
	pQCT
	ENTER
	324.80

	pQCT
	STEPWISE
	322.06
	pQCT
	STEPWISE
	329.74

	pQCT
	TC only
	331.53
	pQCT
	SBP only
	348.59

	pQCT
	SBP only
	333.25
	pQCT
	TC only
	369.80

	US
	STEPWISE
	469.69
	DXA
	STEPWISE
	423.63

	US
	ENTER
	471.10
	US
	STEPWISE
	427.10

	DXA
	STEPWISE
	483.79
	US
	ENTER
	427.10

	DXA
	ENTER
	485.38
	DXA
	ENTER
	427.10

	US/DXA
	TC only
	517.43
	US/DXA
	TC only
	454.34

	US/DXA
	SBP only
	521.11
	US/DXA
	SBP only
	454.34


Ultrasound (US); Dual energy X-ray absorptiometry (DXA); Peripheral Quantitative Computed Tomography (pQCT); Systolic Blood Pressure (SBP); Thigh Circumference at 50% of thigh length (TC)


Based on the lowest AIC scores it appears that the ENTER technique for the pQCT model provided the lowest scores in both the right and left legs compared to all other regression equations however many of the differences between models or techniques were quite small indicating that several regression equations could be used as effectively as others. 
Finally, to compare the mean occlusion pressures from each model (US, DXA, pQCT) and both legs (right and left) using the two regression techniques (ENTER and STEPWISE) the mean values for each parameter were calculated (Table 34) and Pearson Correlation (r) and paired t-test were used to compare regression to the actual occlusion pressures for all subjects (Table 34-37). 


[bookmark: _Toc449998931]Table 34. Mean and Standard Deviations for Actual and Predicted Occlusion 
	    Pressures (mm Hg) from All Methods in the Right and Left Leg
	Technique
	Leg
	      Actual Occ    
        Pressure

             ± SD 
	       Predicted    
        ENTER

 ± SD 
	         Predicted  
      STEPWISE

 ± SD 

	US 

	
	R
	150.00 ± 19.98
	149.04 ± 15.13
	149.17 ± 15.12

	
	L
	137.96 ± 15.34
	137.88 ± 12.26
	137.95 ± 12.25

	DXA

	
	R
	149.12 ± 19.16
	149.39 ± 14.44
	149.09 ± 14.31

	
	L
	137.96 ± 15.34
	138.75 ± 12.30
	137.95 ± 12.25

	pQCT 

	
	R
	147.88 ± 19.51
	147.81 ± 13.71
	147.81 ± 13.55

	
	L
	135.01 ± 13.78
	135.21 ± 9.99
	135.17 ± 9.56



Ultrasound (US); Dual energy X-ray absorptiometry (DXA); Peripheral Quantitative Computed Tomography (pQCT); Right (R); Left (L); Occlusion (Occ); Mean (); Standard Deviation (SD)


Table 34 presents mean () and standard deviations (SD) for each model (US, DXA, and pQCT) for the actual occlusion pressures, and the predicted ENTER and STEPWISE occlusion pressures for both the right and left legs. When comparing the actual occlusion pressures to both ENTER and STEPWISE predicted occlusion pressures within all three models, the means and standard deviations were very close to the actual occlusion pressure. 





[bookmark: _Toc449998932]Table 35. Correlation Matrix (Pearson r) and t values for Ultrasound from Actual
     and Predicted Arterial Occlusion Pressures for the Right and Left
     Leg (N=94)
	Right Leg

	
	ENTER
	STEPWISE
	t value
	p value

	Actual Occlusion Pressure 
	.790
	
	.755
	.452

	
	
	.790
	.659
	.512

	
	
	
	
	

	ENTER
	
	.998
	-1.357
	.178

	
	
	
	
	

	Left Leg

	
	ENTER
	STEPWISE
	t value
	p value

	Actual Occlusion Pressure
	.800
	
	.069
	.945

	
	
	.799
	.018
	.986

	
	
	
	
	

	ENTER
	
	1.000
	-2.127
	.036*

	** (p<0.01); *(p < 0.05)
	
	
	
	


Table 35 presents that correlation matrix between the ultrasound predicted equations to the actual occlusion pressures for the 94 subjects in both the right and left leg. The results indicate high correlations ranging from 0.79 - 0.99 and 0.79 – 1.00 when comparing the actual occlusion pressure to both ENTER and STEPWISE techniques, as well as comparing ENTER and STEPWISE for both the right and left leg respectively.  Paired sample t-tests found no significant mean differences between actual occlusion pressures and predicted occlusion pressures for the right and left leg except when comparing ENTER and STEPWISE prediction equations for the left leg (p<0.05).



[bookmark: _Toc449998933]Table 36. Correlation Matrix (Pearson r) and t values for DXA Measurements 
     for Actual and Predicted Arterial Occlusion Pressures for the Right 
     and Left Leg (N=94)
	Right Leg

	
	ENTER
	STEPWISE
	t value
	p value

	Actual Occlusion Pressure 
	.754
	
	-.208
	.835

	
	
	.747
	.023
	.982

	
	
	
	
	

	ENTER
	
	.991
	1.500
	.137

	
	
	
	
	

	Left Leg

	
	ENTER
	STEPWISE
	t value
	p value

	Actual Occlusion Pressure
	.800
	
	-.828
	.410

	
	
	.799
	.018
	.986

	
	
	
	
	

	ENTER
	
	.999
	11.971
	.000**

	*(p<0.01); *(p < 0.05)
	
	
	
	



Table 36 presents that correlation matrix between the DXA predicted equations to the actual occlusion pressures for the 94 subjects in both the right and left leg. The results indicate high correlations ranging from 0.75 - 0.99 and 0.79 – 0.99 when comparing the actual occlusion pressure to both ENTER and STEPWISE techniques, as well as comparing ENTER and STEPWISE for both the right and left leg respectively.  Paired sample t-tests found no significant mean differences between actual occlusion pressures and predicted occlusion pressures for the right and left leg except when comparing ENTER and STEPWISE prediction equations for the left leg (p<0.01).



[bookmark: _Toc449998934]Table 37. Correlation Matrix (Pearson r) and t values for pQCT Measurements
     from Actual and Predicted Arterial Occlusion Pressures for the Right 
     (N=59) and Left (N=73) Leg 
	Right Leg

	
	ENTER
	STEPWISE
	t value
	p value

	Actual Occlusion Pressure 
	.717
	
	.038
	.969

	
	
	.702
	.039
	.969

	
	
	
	
	

	ENTER
	
	.981
	.005
	.996

	
	
	
	
	

	Left Leg

	
	ENTER
	STEPWISE
	t value
	p value

	Actual Occlusion Pressure
	.782
	
	-.197
	.844

	
	
	.758
	-.152
	.880

	
	
	
	
	

	ENTER
	
	.958
	.114
	.909

	*(p<0.01); *(p < 0.05)
	
	
	
	



Table 37 presents that correlation matrix between the pQCT predicted equations to the actual occlusion pressures for the 59 subjects in right leg and 73 subjects in left leg. The results indicate high correlations ranging from 0.71 - 0.98 and 0.78 – 0.95 when comparing the actual occlusion pressure to both ENTER and STEPWISE techniques, as well as comparing ENTER and STEPWISE for both the right and left leg respectively.  Paired sample t-tests found no significant mean differences between actual occlusion pressures and predicted occlusion pressures for the right and left leg except when comparing ENTER and STEPWISE prediction equations for the left leg with a significant value set at p<0.05.
[bookmark: _Toc448418147]Discussion
This study demonstrated that independent of the model chosen (ultrasound, DXA, pQCT) the variables that best accounted for the variance in occlusion pressure included measurements of SBP, DBP, and thigh circumference and these variable were fairly consistent between right and left legs. Also, by comparing the R2 from the ENTER and STEPWISE regression methods, it was determined that the STEPWISE equation for predicting arterial occlusion was the most practical since it explained more of the variance in the dependent variable and included only the variables that were significant predictors of occlusion pressures. However, when using the Akaiki scores, the ENTER method generally had a slightly lower scores from the STEPWISE equation but were so close that either equations could be used. These variables for the right leg were: 1) SBP (all three models); 2) thigh circumference at 50% of thigh length (all three models); and 3) fat thickness (ultrasound model only). However, the variables that explained the most variance for the left leg were: 1) SBP; 2) thigh circumference at 50% of thigh length; and 3) DBP in all three regression models.  
[bookmark: _Toc448418148]Main Findings
1. All subjects occluded at pressures under 300 mmHg unlike studies that utilized men and women.
2. Anterior and lateral measures of muscle and fat thickness at 33% and 50% marks were significantly correlated in both right and left legs. 
3. Thigh circumference at 50% of thigh length and SBP were the significant variables for predicting arterial occlusion for the right leg using DXA and pQCT.
4. SBP, thigh circumference at 50% of thigh length, and anterior fat thickness at 50% of thigh length were the significant variables for predicting arterial occlusion for the right leg using ultrasound.
5. SBP, thigh circumference at 50% of thigh length, and DBP were the significant variables for predicting arterial occlusion for the left leg for all three regression models (ultrasound, DXA, and pQCT).
6. The STEPWISE regression model seemed the most practical and just as predictive as the ENTER model when assessing five variables (SBP, DBP, thigh circumference at50% of thigh length, and muscle and fat tissue) for all three methods (ultrasound, DXA, pQCT).
[bookmark: _Toc448418149]Arterial Occlusion
The pressures for lower body resistance training exercise in combination with BFR are commonly set to arbitrary or standardized pressures for individuals without any attempt to individualize the pressure relative to SBP, DBP, thigh circumference, or thigh composition (mCSA and fCSA). A few previous studies have suggested that thigh circumference [27, 72] and limb composition [21] are the overall determinants of arterial occlusion. The results from this study confirm that thigh circumference and not limb composition should be taken into consideration when this type of training is used. 
Findings from this study indicate that women between the ages of 20 and 30 years with an average thigh circumference of 53cm (21 inches) on the right leg and 52cm (20 inches) on the left leg occlude at less than 300mm Hg. These findings are consistent with Loenneke et al. [30] who suggested that when estimating arterial occlusion pressure, thigh circumference is the main determinant for both men and women between the ages of 18 to 35 years, although they reported that several subjects did not occlude unless the restrictive pressure was above 300mm Hg. Loenneke et al. [17] suggested that a bigger thigh would require greater pressure, and a smaller thigh would require less pressure; however that study had a few limitations. For the regression analysis in that study, both men and women were included in the same testing pool which might have resulted in two very different groups of mean values (men having larger legs compared to women) that might have affected the regression results. The study also used two different sets of analyses; one with a group that occluded < 300mm Hg and one with a group that occluded > 300mm Hg. The findings established a method of estimating occlusion pressures for each group. However, there was no mention of the number of subjects that were women and who occluded > 300mm Hg or < 300mm Hg within each group analysis. Therefore the goal of this study was to not only replicate his methodologies, but also to try and standardize a method of individualizing BFR restriction pressures for college-aged women. The fact that all subjects in the current study occluded at < 300mm Hg indicates that women do require as high an occlusion pressure to occlude thigh arterial flow as do men. Men generally have larger legs, and therefore would require greater restrictive forces to elicit complete arterial occlusion. As mentioned earlier, a few previous studies suggested that when trying to predict arterial occlusion pressures, thigh circumference was the main determining factor for both legs [30]. However, the findings from this study suggest that these variables are somewhat dependent on the leg dominance in women, as three variables (SBP, DBP, and TC 50) predicted arterial occlusion pressures for the left leg and only two variables (SBP and TC 50) predicted arterial occlusion pressures for the right leg. An interesting finding from the current study was that although there were no significant differences in mean occlusion pressures between right (149mm Hg) and left (138mm Hg) legs, the dominant leg (90/94 women were right leg dominant) would occlude at slightly higher pressures compared to the non-dominant leg. Although not statistically significant, some women did have a larger muscle mass on the dominant leg (Ultrasound = 0.8%, DXA = 1.13% and pQCT = 0.47%) compared to the non-dominant leg but this was not a consistent finding. Another reason for the slight right to left leg differences in occlusion pressures may be due to the cuff design and the location of the inner bladder exerting pressure more directly on the femoral artery of the left leg versus the bladder being located on the outside of the thigh for the right leg. 
In the STEPWISE analysis for the right leg in the ultrasound model, thigh circumference at 50% of thigh length was the most important variable, followed by SBP, and then anterior fat thickness at 50% of the right leg. This model explained 62% of the variance in occlusion pressure, the highest for all three models for the right leg. However, when looking at the standardized beta weights, SBP (ß = 0.510), anterior fat thickness at 50% (ß = 0.328), and thigh circumference (ß = 0.266) had the greatest impact on arterial occlusion pressures. This is especially interesting since both SBP and thigh circumferences at 50% of thigh length have been reported in previous literature. However, inclusion of fat thickness has not been previously addressed. Therefore, further research is needed to assess the importance of limb composition on arterial occlusion pressures and the possibility that differences may exist between the right and left leg arterial occlusion pressures. 
[bookmark: _Toc448418150]Anterior and Lateral Ultrasound Measures 
The location of the cuffs when training with BFR is 33% distal from the inguinal crease to the top of the patella. This location is strategically placed to ensure that applied pressures result in restricted blood flow to the exercising limbs. The importance of reporting cuff size and type is critical because the arterial occlusion pressures can be influenced by the material of the cuff, the width of the cuff, and the amount of tissue surrounding the blood vessels which thereby influences the pressures exerted on the vasculature and consequently, the degree of blood flow restriction [17, 21, 73]. Although it seems logical to measure the factors that are affecting the different levels of occlusion pressures on the limbs at the site of the cuff placement (33% of femur length), some limitations interfere with this practice. Cuff placement precludes measurements of limb composition (mCSA and fCSA) directly under the cuffs, therefore distal sites need to be measured to determine whether leg size or leg composition independently affect arterial blood flow restriction pressures. 
Previous research compared the anterior and lateral 33% sites (where the BFR cuffs would be located to occlude the right and left leg) to the 50% site where a pQCT scan would occur, and found that thigh circumference at 33% of thigh length is highly correlated with thigh composition at 50% (mCSA and fCSA) of thigh length [17]. Other research used the anterior and posterior sites midway between the lateral condyle of the femur and greater trochanter to assess limb composition (muscle and fat thickness) [74]. However, excess amounts of adipose tissue in the posterior region of the thigh affected the ability to obtain an accurate measurement. Therefore, in this study, anterior and lateral sites were chosen at both 33% and 50% of thigh length to represent limb composition for the right and left legs. The research findings from this current study indicate that there is a high correlation between 33% and 50% (r = .86 to .92) sites at the anterior and lateral sites for both muscle and fat thickness (p=0.00). 
[bookmark: _Toc448418151]Differences in Methods
	Previous studies indicate a strong relationship between field methods (thigh circumference and ultrasound) and more sophisticated (pQCT and DXA) methods [75-77] and that limb circumference predicts cuff pressures needed to restrict arterial blood flow equally well if not better than limb composition. When comparing limb circumference to limb composition, circumference has been shown to be a better predictor of arterial occlusion pressure than muscle and fat thickness [30]. The findings from this study suggests that when comparing all three methods of testing (ultrasound, DXA, pQCT) the ultrasound model predicted arterial occlusion pressures in both right and left legs, and explained a greater proportion of the variance (62% and 64%, respectively) compared to DXA (right leg = 56%; left leg = 64%) and pQCT (right leg = 48%; left leg = 55%). However, only the right leg in the ultrasound model included fat thickness as an important factor for predicting occlusion pressures. These results suggest that absolute limb size may be more important than limb composition; however composition of the leg is something that still might be taken into consideration. The results from this study indicate that the variables that predicted occlusion pressures for the field model (ultrasound) and laboratory models (DXA and pQCT) for both right and left legs are similar; thus there may be no need to use the more sophisticated and expensive techniques of DXA and pQCT.  
It should be mentioned that these findings are only applicable to the lower limbs and may not translate to the upper extremities. To date, this is the first study to focus on college-aged (20-30 years) women since most previous research studies tested women and men together or only men. This population was chosen because healthy college aged women would have a smaller range of thigh circumference and limb composition among the right and left legs as compared to a testing pool that included both women and men combined.
[bookmark: _Toc448418152]Practicality of Equations
When comparing two different linear regression techniques (ENTER vs STEPWISE), five variables were included in each analysis (SBP, DBP, thigh circumference at 50% of thigh length, and muscle and fat tissue). The composition of each limb was determined by three different methods (ultrasound, DXA, and pQCT) and the equations included the variables that explained the most variance to predict arterial occlusion pressures for each leg. When using the ENTER method for the Ultrasound data for the right and left legs, the equation utilized all five variables (SBP, DBP, thigh circumference at 50% of thigh length, and muscle and fat thickness at 50 % of thigh length), even if some variables did not add any additional precision to the prediction equation (DBP (p=0.603) and muscle thickness at 50% of thigh length (p=0.641) for the right leg, and (muscle (p=0.818) and fat thickness at 50% of thigh length (p=0.792) for the left leg). This analysis explained 62% and 64% of the variance in the dependent variable (occlusion pressure) for the right and left leg respectively. The STEPWISE equation included the three variables (SBP, thigh circumference at 50% of thigh length, and fat thickness at 50% of thigh length) for the right leg and three variables (SBP, thigh circumference at 50% of thigh length, and DBP) for the left leg that had the greatest impact on arterial occlusion pressures. Each STEPWISE equation explained 62% and 64% of the variance in the dependent variable on the right and left legs respectively, but the explained variances were very close. When comparing the two methods (ENTER and STEPWISE) for the right and left legs when using ultrasound, the equation with the fewest variables (STEPWISE) seemed to be the most practical and just as good as when five variables were used in the ENTER method. Previous research has suggested that muscle and fat thicknesses are important variables for the upper limbs [17], however they had no or very minimal influence for the lower extremities in the current study. These results are consistent with previous research that reported that thigh circumference at 50% of thigh length, SBP and DBP were the most important variables for arterial occlusion pressures and explained 49% of the variance [30]. Loenneke et al. [30] suggested that when assessing the aforementioned variables in the lower limbs in a group that contained both men and women, thigh circumference at 50% of thigh length was the best determinant of occlusion pressure, followed by DBP, and SBP. However, the current study’s findings suggest that occlusion pressure is best predicted by SBP, followed by thigh circumference at 50% of thigh length, and DBP, and explained 64% of the variance in occlusion pressure for the left leg. Differences in the explained variances between studies may be attributed to the sex of the participants selected. The inclusion of men in a sample can influence the relationship between limb composition (muscle and fat tissue) and arterial occlusion as men have more muscle and less fat tissue in the lower extremities when compared to women.      
     When using the ENTER method for the DXA data on the right leg and left legs, the equation included five variables (SBP, DBP, thigh circumference at 50% of thigh length, and regional muscle and fat tissue), even if some variables did not add any precision to the prediction equation (DBP (p=0.157), regional muscle tissue (p=0.572), and regional fat tissue (p=0.874) for the right leg, and (regional muscle (p=0.501) and fat tissue (p=0.895) for the left leg). This analysis explained 57% and 64% of the variance in the dependent variable (occlusion pressure) for the right and left leg respectively. The STEPWISE method included two variables (SBP and thigh circumference at 50% of thigh length) for the right leg and three variables (SBP, thigh circumference at 50% of thigh length, and DBP) for the left leg. Each STEPWISE equation explained 56% and 64% of the variance in occlusion pressure for the right and left leg respectively. When comparing the two methods (ENTER and STEPWISE) on the right and left legs when using DXA data, the equation with the fewest variables (STEPWISE) seemed to be the most practical and just as good as when five variables were used in the ENTER method.
[bookmark: _Toc380832062]When using the ENTER method for the pQCT data for the right leg and left legs, the equation included five variables (SBP, DBP, thigh circumference at 50% of thigh length, mCSA, and fCSA), even if some variables did not add any precision to the prediction equation (DBP (p=0.235), mCSA (p=0.479), and fCSA (p=0.950) for the right leg and (thigh circumference at 50% of thigh length (p=0.139) for the left leg). This analysis explained 50% and 59% of the variance in occlusion pressure for the right and left leg respectively. The STEPWISE method included two variables (SBP and thigh circumference at 50% of thigh length) for the right leg and three variables (SBP, thigh circumference at 50% of thigh length, and DBP) for the left leg that had the greatest effect on arterial occlusion pressures. Each STEPWISE equation explained 48% and 55% of the variance in occlusion pressure in the right and left leg respectively. When comparing the two methods (ENTER and STEPWISE) on the right and left legs when using pQCT data, the equation with the fewest variables (STEPWISE) seemed to be the most practical and just as good as when five variables were used in the ENTER method. These findings are consistent with the literature as SBP, DBP and thigh circumference at 50% of thigh length are critical determinants of arterial occlusion pressures for both the right and left legs [30], however in this equation, DBP is not significant variable for the right leg. Since this is the first study to find differences in both right and left leg significant variables on arterial occlusion pressures, further research is needed to understand the role DBP has on the right and left legs. The results are inconsistent with Loenneke et al. [17] who found that limb composition (mCSA and fCSA) were important variables to explain arterial occlusion for the right and left leg. However, the findings from the current study suggest that pQCT measurements of mCSA and fCSA are not needed to determine right and left arterial occlusion pressures. These differences may be due to differences in pQCT analyses software and filtering systems. Loenneke et al. [17] utilized the Stratec threshold driven software and smoothing filter F01F06U01 separating fat and marrow from muscle and bone within a total cross-sectional slice and thus providing mCSA and fCSA. Due to problems with movement and placement of the legs, a stronger filtering system was needed for the current study, thus the reduction in subject numbers for the pQCT analysis. All images were analyzed using ImageJ and BoneJ soft tissue distribution analysis. Therefore, differences between these findings and the previous study may be due to analytical techniques. It is important to note, that this is the first research study that has utilized ImageJ and BoneJ analysis for pQCT measurements of the thigh, and therefore is an improvement in analytical software compared to the threshold driven software.	

[bookmark: _Toc448418153]Chapter V: Conclusions
The purpose of this study was to cross-validate the effects of leg size, limb composition and blood pressure on arterial occlusion in women aged between 20 to 30 years. The main research question was to assess the effect of blood pressure, body composition, thigh circumference, and limb composition (mCSA and fCSA) on arterial occlusion in both lower limbs when utilizing a wide cuff (Hokanson).
[bookmark: _Toc448418154]Research Question
1. What effects do resting blood pressure, thigh circumference, and thigh composition (mCSA and fCSA) have on arterial occlusion pressure in both lower limbs when assessed utilizing a wide cuff (Hokanson)?
[bookmark: _Toc448418155]Hypotheses
1. It was hypothesized that DBP would have a significant effect on arterial occlusion pressures and that SBP would only have a minimal impact on arterial occlusion pressures. 
This hypothesis was partially supported since DBP was an important determinant for predicting arterial occlusion pressures for the left leg in each model whereas SBP was a significant predictor of arterial occlusion pressures for both legs in each model.
2. It was also hypothesized that limb circumference is a determining factor of arterial occlusion pressure as there is a consistent decrease in the mean maximal tissue-fluid pressure when thigh circumference increases.
This hypothesis was accepted, as each model used thigh circumference as a determinant for arterial occlusion pressures in both right and left legs. However the hypothesis that mCSA and fCSA would have a significant effect on arterial occlusion pressures was not supported.
[bookmark: _Toc448418156]Subquestion
Would the factors (SBP, DBP, mCSA, fCSA and thigh circumference) that affect arterial occlusion pressure be similar for both the right and left legs independent of limb dominance?
[bookmark: _Toc448418157]Subhypotheses
Previous research suggests that differences exists in muscle mass and strength between right and left limbs; however it was hypothesized that the factors that contribute the most to arterial occlusion pressure may differ depending on leg dominance from the right and left lower limbs. 
This hypothesis was partially supported as both the right and left leg’s prediction variables included SBP and TC and for each method. However, the ultrasound method also included fat thickness as a determining variable for predicting occlusion pressure for the right leg only. Additionally, DBP was only an important variable for the left leg across all models. 
[bookmark: _Toc448418158]Limitations
The results from this present study are limited to women between the ages of 20 to 30 years; therefore the prediction formulas may only be applicable to this population. Also, measurements were taken in a supine position and may not translate directly to seated/standing postural changes in blood flow. In a supine position, blood is able to flow more easily to the upper and lower extremities due to the even distribution of gravity throughout the body. However in a seated or standing position, the blood pools in the lower extremities due to momentary drop of blood pressure, causing blood vessels to contract and increase pressure to pump the blood upwards [78] . Therefore, these physiological changes may have an effect on arterial occlusion pressures. It is important to note that if postural changes in blood flow are assessed, it is hypothesized that greater pressures would be needed to completely occlude the lower extremities well above 300mm Hg. However, the Hokanson device will only reach pressures up to 300mm Hg and therefore may not be a feasible tool for assessment. Another limitation was the pQCT gantry size, since some subjects were involuntarily excluded due the size of their limb which decreased statistical power. Also, regarding pQCT, there was an increased measurement error of muscle and fat area due to movement of the participant while testing, or the uncentered placement of the leg on the holder. Lastly, another limitation is the size of the Hokanson cuffs, as the larger the thigh circumference, the less secure the cuff would be on the thigh. 
[bookmark: _Toc448418159]Significance of Study
Previous research has prescribed BFR training using arbitrary pressures or uniform standardized pressures that may not be the optimal pressure for arterial occlusion in a particular individual. The results from this proposed research provides an easily obtainable arterial occlusion formula specific for a 20 to 30 year old female population and therefore provides an opportunity to individualize the restrictive pressures and possibly maximize the potential for adaptation from BFR training especially in college aged women. The effect of the different variables on arterial occlusion pressure indicates that thigh circumference should not be the sole determining factor to predict occlusion pressures since SBP and DBP are still key variables for the left leg. This study may help future investigations reach their goal of developing a prediction model producing similar levels of BFR across all participants. 
[bookmark: _Toc448418160]Future Research
All subjects who participated in this study were 20 to 30 years old; therefore future research should investigate different age groups to determine if the prediction variables would remain the same regardless of age. Additionally, future research should investigate the effect of seated and standing body positioning on occlusion pressures and the ability to predict these values. Finally, due to the inconsistency of the reliability measurements for pQCT, future studies should focus on a more precise method of centering the thigh placement on the holder, other than simply a subjective visual judgement from in front of the gantry. 
[bookmark: _Toc448418161]
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Data Collection Sheet					ID #CCDISS
Screening
	Blood Pressure
	Trial #1
	Trial #2
	Average

	  
	/
	/
	/



	AB Index
	Right Arm
	
	

	  
	Right Leg
	
	

	
	Left Leg
	
	

	
	Left Arm
	
	


*Right leg: get the highest of the two right ankle pressures / highest of the two arm pressures
*Left leg: get the highest of the two left ankle pressures / highest of the two arm pressures
*Ankle brachial index of <0.9

Visit 2
Step 1:
	Urine Test
	

	Pregnancy
	

	Hydration Status
	


Step 2:
	Height (cm)
	

	Weight (kg)
	



Step 3: DXA  
Ethnicity Origin (Circle)
White 
Hispanic or Latino	
Black or African American	
Native American or American Indian	
Asian/ Pacific Islander	
Other
Step 4: pQCT
Right femur length: _____________ mm
Left femur length: ______________mm
Step 5: Ultrasound
a) – Right Femur Length: ________cm		 Left Femur Length: ________cm 
b) – Right Femur 33%: ______cm and 50%: ______cm
c) – Left Femur 33% :  ______ cm and 50%: ______cm


Anterior
	MT
	Right (33%)
M            F
	Left (33%)
M          F
	Right (50%)
M          F
	Left (50%)
M          F

	Trial # 1
	/
	/
	/
	/

	Trial # 2
	/
	/
	/
	/

	Trial # 3
	/
	/
	/
	/

	Average
	/
	/
	/
	/



Lateral
	MT
	Right (33%)
M            F
	Left (33%)
M            F
	Right (50%)
M            F
	Left (50%)
M            F

	Trial # 1
	/
	/
	/
	/

	Trial # 2
	/
	/
	/
	/

	Trial # 3
	/
	/
	/
	/

	Average
	/
	/
	/
	/



Step 6: 

	Thigh Circumference
	Right
	Left

	33%
	
	

	50%
	
	


Step 7:
	
	Trial #1
	Trial #2
	Average

	Blood Pressure
	/
	/
	/

	HR
	
	
	


Step 8:
	Arterial Occlusion
	Right
	Left

	mmHg
	
	







Visit 3
Step 1:
	Urine Test
	

	Pregnancy
	

	Hydration Status
	



Step 2:
	Height (cm)
	

	Weight (kg)
	



Step 3: DXA  
Step 4: pQCT
Right femur length: _____________ mm
Left femur length: ______________mm
Step 5: Ultrasound
d) – Right Femur Length: ________cm		 Left Femur Length: ________cm 
e) – Right Femur 33%: ______cm and 50%: ______cm
f) – Left Femur 33% :  ______ cm and 50%: ______cm

Anterior
	MT
	Right (33%)
M            F
	Left (33%)
M          F
	Right (50%)
M          F
	Left (50%)
M          F

	Trial # 1
	/
	/
	/
	/

	Trial # 2
	/
	/
	/
	/

	Trial # 3
	/
	/
	/
	/

	Average
	/
	/
	/
	/



Lateral
	MT
	Right (33%)
M            F
	Left (33%)
M            F
	Right (50%)
M            F
	Left (50%)
M            F

	Trial # 1
	/
	/
	/
	/

	Trial # 2
	/
	/
	/
	/

	Trial # 3
	/
	/
	/
	/

	Average
	/
	/
	/
	/








Step 6: 
	Thigh Circumference
	Right
	Left

	33%
	
	

	50%
	
	


Step 7:
	
	Trial #1
	Trial #2
	Average

	Blood Pressure
	/
	/
	/

	HR
	
	
	


Step 8:
	Arterial Occlusion
	Right
	Left

	mmHg
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% e UNIVERSITY o OKLAHOMA

Institutional Review Board for the Protection of Human Subjects

Initial Submission — Board Approval

Date: July 24,2015 IRB#: 5482
Meeting Date: 07/20/2015
To: Michael G Bemben, PHD Approval Date: 07/24/2015

Expiration Date: 06/30/2016

‘Study Title: A Cross Validation of the Effects of Leg Size, Limb Composition, and Blood Pressure on
Arterial Occlusion in Women Aged 20 to 30 Years.

Reference Number: 639068
Study Status: Active - Open
Collection/Use of PHI: Yes

Atits regularly scheduled meeting the IRB reviewed the above-referenced research study. Study
documents (e.g. protocol, consent, survey, etc ) associated with this submission are listed on page 2 of
this letter. To review and/or access the submission forms (e.g. application) as well as the study
documents approved for this submission, open this study from the My Studies option, click to open this
study, look under Protocol Items to click pn the current Application, Informed Consent and Other Study
Documents.

If this study required routing through the Office of Research Administration (ORA), you may not
begin your study yet, as per OUHSC Institutional policy, until the contract through ORA is
finalized and signed.

As principalinvesiigaor o this escarch study,t s your resporsibiy o
Conduct the research study in a manner consistent with the requirements of the IRB and federal
regulations at 45 CFR 46 and/or 21 CFR 50 and 56.

Request approval from the IRB prior to implementing any/all modifications.
Promptly report to the IRB any harm experienced by a participant that is both unanticipated and
related per IRB Policy.

+ Maintain accurate and complete study records for evaluation by the HRPP quality improvement
program and f applicable, inspection by regulatory agencies and/or the study sponsor

« Promptly submit continuing review documents to the IRB upon notification approximately 60 days
prior fo the expiration date indicated above.

In addition, it is your responsibility to obtain informed consent and research privacy authorization using
the currently approved, stamped forms and retain all original, signed forms, if appiicable.

If you have questions about this noltification or using iRIS, contact the IRB @ 405-271-2045 or
ib@ouhsc.edu

Sincerely,

St bt

Eliot Schechter, MD
Vice Chairperson, Institutional Review Board

1000 Stanton L Young Biva. LIB 176, Okla City, OK 73117 (FWAD0007881)
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Consent Form
University of Oklahoma Health Sciences Center (OUHSC)
‘University of Oklahoma — Norman Campus

A Cross Validation of the Effects of Leg Size, Limb Composition, And Blood
Pressure on Arterial Occlusion in Women Aged 20 to 30 Years

Sponsor: Department of Health & Exercise Science

University of Oklahoma
Norman, OK 73019
Principal Investigator: Michael Bemben, PhD
Phone Number: 405-325-2717

This is a rescarch study. Research studies involve only individuals who choose fo
‘participate. Please take your time to make your decision. Discuss this with your family
and friends.

‘Why Have I Been Asked To Participate In This Study?
You are being asked to take part in this study because you are a female between the ages
of 20 and 30 years.

‘Why Is This Study Being Done?
The purpose of this study is to evaluate the effects of leg size, limb composition and
blood pressure on external arterial blockage (ocelusion) in women aged 20 to 30 years.

How Many Peaple Will Take Part In The Study?
About 100 young women will take part in this, all at this location.

‘What Is Involved In The Study?

If you take part in this study, you will have the following tests and procedures:
Subjects will mect for a total of fwo visits (one screening visit and one testing visif). In
order to assess reliability for cach of our predictor variables, a subsample of 50
‘participants (approximately every second person) will return for a third testing visit.
Visit 1: Screening and informed consent: (approximately 45 minutes) 1) Arm Blood
Pressure Measurement

2) Ankle Brachial Index (ABI) Blood pressure, using a blood pressure cuff, will be taken.
from the arms and legs. (approximately 10 min).

‘Visit 2 (and possibly 3): Testing visit(s) (Approximately 1 hour and 35 minutes (cach
day))

Al subjects will be instructed to refrain from caffeine, medication, and exercise on the
day of the testing visit.
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1) Body weight and height will be measured (approximately 2 min)

2) Urine Pregnancy Test (approximately 10 min) This will be performed to ensure that
‘none of the women are pregnant prior to inifiating any radiation scans.

3) DXA Total Body (Approximately 20 min) — A type of x-ray procedure where subjects
will be asked to lic on the DXA table in a supine position. Velcro straps wil be placed
around the subject's knees and ankles to prevent any movement. (approximately 20 min).

4) pQCT (peripheral Quantitative Computed Tomography) (approximately 30 minutes) —
A type of x-ray procedure. . The pQCT scan is a simple, non-invasive procedure where
the participant will st as still as possible in a chair with their leg in a positioning brace
for approximately 15 minutes per leg.

5) Muscle Thickness (MTH) (Approximately 5 minutes)

Al muscle thickness measurements will be taken with the participant standing with their
amms and legs relaxed and fully extended. Transmission gel will be placed on the probe
and this probe will be located on the marked skin surfaces, perpendicular to the long axis
of the muscle, and 3 scans will be taken at each marked site. Both legs will be assessed.

6) Thigh Circumference (Approximately 5 min) - Participant’s right and left thigh
circumference will be measured with a tape measure.

7) Blood flow sestriction cuffs (Approximately 20 min) - With the participants in a supine
‘position, a cuff (13.5 cm x 85 cm) will be applied to the most proximal portion of each
leg. The pulse at the ankle (arterial blood flow) will be detected by using a hand-held
‘bidirectional Doppler probe that will be placed on the skin near the ankle to detect the
‘posterior tibial artery.

How Long Will I Be In The Study?

‘We think that you will be in the study for 2 (or possibly 3 visits) lasting for a total time of
3 hours and 55 minutes.

There may be circumstances under which your participation may be terminated by the
investigator without regard to your consent. For reasons such as not adhering to all study
guidelines, for health concerns observed by the investigators, or if the sudy is terminated
by the investigators.

You can stop participating in this study at any time. However, if you decide to stop.
‘participating in the study, we encourage you to talk to the rescarcher.

‘What Are The Risks of The Study?
‘While in the study. you are at risk for these side effects. There may also be risks that are

currently unforesceable. You should discuss these with the researcher and/or your
regular doctor prior to providing your consent to participate.

Risks and side effects related to having a pQCT and DXA scan:

Page2of 5 ()
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‘Whom Do I Call If I have Questions or Problems?
If you have questions, concens, or complaints about the sfudy or have a research-related
injury, contact Michael Bemben, PhD at 405-325-2717 or Charity Cavazos at 956-545-
5661

If you cannot reach the Investigator or wish to speak to someone other than the
investigator, contact the OUHSC Disector, Office of Human Research Participant
Protection at 405-271-2045.

For questions about your rights as a rescarch participant, contact the OUHSC Director,
Office of Human Research Participant Protection at 405-271-2045.

Signature:

By signing this form, you are agrecing fo participate in this rescarch study under the
conditions described. You have not given up any of your legal rights or released any
individual or entity from liability for negligence. You have been given an opportunity fo
ask questions. You will be given a copy of this consent document.

Tagree to participate in this study:
PARTICIPANT SIGNATURE (age 218)  Printed Name Date
SIGNATURE OF PERSON Printed Name Date
OBTAINING CONSENT

Page5of 5 0} R NUMBER:Sk52
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‘This rescarch study involves exposure to radiation from 1 DXA scans and 2 pQCT scans
(2 DXA scans and 4 pQCT scans for 50 participants for reliability), which are types of x-
ray procedures. These procedures are for research only and not needed for your medical
care. The amount of additional adiation to which you will be exposed is approximately
1% of the amount of radiation to which we are exposed annually from background
sources such as the Earth and Sun. The risk from radiation exposure increases over your
lifetime as you receive additional exposure fo radiation.

Risks and side effects related to blood flow restriction (cuffs):

- Numbness (slight tingling that typically goes away upon release of the
cuff)[possible]

- Fecling faint, fatigued, lightheaded and possibility of passing out (rare).

- Bruising and discomfort caused by the cuff sirap (rarc).

- There is a theoretical risk that restricting blood flow in the leg could increase the
sisk of developing a blood clot in one of the veins but this has not been obscrved
to date.

Risks for females:

I you are a female, you must not be and should not become pregnant while on this study.
Taking part in this study while pregnant or breastfeeding may involve risks to an embryo,
or fetus, including birth defects which are currently unforesceable. In order to reduce
‘your risk of pregnancy, you or your partner should use one or more of the acceptable
‘methods of birth control listed below, regularly and consistently while you are in this
study.

Acceptable methods of birth control (continuing throughout the study includes):

An approved oral contraceptive (birth control pill)
Intra-uterine device (TUD)

‘Hormone implants

Contraceptive injection (Depo-Provera)

Barrier methods (diaphragm with spermicidal gel or condoms)
Transdermal contraceptives (birth control patch)

Vaginal contraception ring (bisth control ring)

Sterilization (tubal ligation, hysterectomy or vasectomy)

00000000

If you are already using a method of birth control, you should check with the study
researcher to make sure it is considered acceptable for this study. Certain drugs may
interact with contraceptive agents and reduce their effectiveness, therefore, you should
inform the study rescarcher of all medications (prescription and over-the-counter) that
‘you are currently taking or begin taking during the study.

If you become pregnant or suspect that you are pregnant during this study, you should
immediately inform the study personnel. If pregnancy is confirmed, you may be
withdrawn from the study.
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Are There Benefits to Taking Part in The Study?
There are no direct benefits to taking part in this study, other than providing information.
to the researchers to help design exercise programs for fufure studies.

‘What Other Options Are There?
You may choose not to participate in this study.

‘What about Confidentiality?
‘Efforts will be made to keep your personal information confidential. You will not be
identifiable by name or description in any reports or publications about this study. We
cannot guarantee absolute confidentiality. Your personal information may be disclosed if
required by law. You will be asked to sign a separate authorization form for use or
sharing of your protected health information.

There are organizations that may inspect and/or copy your research records for quality
assurance and data analysis. These organizations include the faculty members and
‘graduate students appointed to this protocol from the Department of Health & Exercise
Science at the University of Oklahoma, and the OUHSC Institutional Review Board

‘What Are the Costs?
There are no costs to you for participating in this study.

‘Will I Be Paid For Participating in This Study?
There will be a $10 (or $15 if randomly selected to retum for a 3" visit) compensation for
‘participation in this study.

‘What if T am Injured or Become Ill While Participating in this Study?

In the case of injury o illness resulting from this study, emergency medical freatment
will be available. If injury occurs as a result of participation, you should consult with
‘your personal physician to obtain freatment. No funds have been set aside by The
University of Oklahoma Health Sciences Center or the Department of Health & Exercise
Science to compensate you or pay for the costs associated with treatment in the event of
myury.

‘What Are My Rights As a Participant?
Taking part in this study is voluntary. You may choose not to participate. Refusal fo
‘participate will involve no penalty or loss of benefits to which you are otherwise enfitled.
If you agree to participate and then decide against it, you can withdraw for any reason
and leave the study at any time. However, please be sure to discuss leaving the study with
the principal investigator. You may discontinue your participation at any time without
‘penalty or loss of benefits, to which you are otherwise entitled.

You have the right to access the medical information that has been collected about you as
a part of this research study. However, you may not have access to this medical
information until the entire research study has completely finished and you consent to
this temporary restriction.
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University of Oklahoma Health Sciences Center Research Privacy Form 1
PHI Research Authorization

IRB No.: 5482

AUTHORIZATION TO USE or DISCLOSE
PROTECTED HEALTH INFORMATION FOR RESEARCH

n Informed Consent Document for Research Participation may also be required.
Form 2 must be used for research involving psychotherapy notes.

Title of Research Project: A Cross Validation of the Effects of Leg Size, Limb Composition, and
Blood Pressure on Arterial Occlusion in Women Aged 20 to 30 Years

Leader of Research Team: Michael Bemben Ph.D.
Address: 1401 Asp Avenue, Norman, OK, 73019

Phone Number: 405-325-2717

If you decide to join this research project, University of Oklahoma Health Sciences Center (OUHSC)
researchers may use or share (disclose) information about you that is considered to be protected
health information for their research. Protected health information is information about past, present,
and future medical treatment or condition that is identifiable to you. It will be called PHI in this
Authorization.

PHI To Be Used or Shared, Federal law requires that rescarchers get your permission.
(authorization) to use or share your PHL If you give permission, the researchers may use or share
with the people identified in this Authorization any PHI related to this research from your medical
records and from any test resuls. Information used or shared may include all information relating to
any tests, procedures, surveys, or interviews as outlined in the consent form; medical records and
charts; name, address, telephone number, date of birth, race, and govemment-issued identification
numbers.

‘Purposes for Using or Sharing PHI. If you give permission, the researchers may use your PHI fo
to cross-validate the cffects of leg size. limb composition and blood pressure on arterial ocelusion in
‘women aged 20 to 30 years.

Other Use and Sharing of PHI. If you give permission, the rescarchers may also use your PHI to

‘develop new procedures o commercial producs. They may share your PHI with other researchers,
the research sponsor, and its agents, the OUHSC Institutional Review Board, auditors and inspectors
who check the research, and govemment agencies such as the Food and Drug Administration (FDA)
and the Department of Health and Human Services (HHS). The researchers may also share your
"PHI with al researchers working on this project or listed as a co-investigator.

Confidentiality. Although the rescarchers may report their findings in scientific journals or mectings,
‘they will not identify you in their reports. The researchers will fry to keep your information
confidential, but confidentiality is not guaranteed. The law does not require everyone receiving the
information based on this authorization to keep it confidential, so they could release it to ofhers, and
federal law may no longer protect it.

TRB Offes Use Orly
Version 010412
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PHI Research Authorization

'YOU UNDERSTAND THAT YOUR PROTECTED HEALTH INFORMATION MAY
INCLUDE INFORMATION REGARDING A COMMUNICABLE OR NONCOMMUNICABLE
DISEASE.

Voluntarv Choice. The choice to give OUHSC researchers permission to use or share your PHI for
their research is voluntary. It is completely up to you. No one can force you to give permission.
However, you must give permission for OUHSC rescarchers to use or share your PHI if you want to
‘participate in the research and, if you cancel your authorization, you can no longer participate in this
study.

Refusing to give permission will not affect your ability to get routine freatment or health care from
OUHSC.

Cancelling Permission. If you give the OUHSC researchers permission to use or share your PHI,
You have a right to cancel your permission whenever you want. However, cancelling your
‘permission will not apply fo information that the researchers have already used, relied on, or shared.

‘End of Permission, Unless you cancel it, permission for OUHSC researchers to use or share your
"PHI for their research will never end. You may cancel your permission at any time by writing fo:

Privacy Official or Privacy Board
University of Oklahoma Health Sciences Center  University of Oklahoma Health Sciences Center
PO Box 26901 PO Box 26901

Oklahoma City, OK 73190 Oklahoma City, OK 73190

If you have questions, call: (405) 2712511 or (405) 271-2045.

Access to Information. You have the right to access the medical information that has been collected
‘about you as a part of this rescarch study. However, you may not have access to this medical
information until the entire research study is completely finished. You consent to this temporary
restriction.

Giving Permission. By signing this form, you give OUHSC and OUHSC's researchers led by

Michacl Bemben, permission to share your PHI for the research project called A Cross Validation of
the Effects of Leg Size, Limb Composition, and Blood Pressure on Asterial Occlusion in Women
Aged 20 10 30 Years

Patient/Participant Name:

Signature of Patient-Participant Date
or Parent if Participant is a minor

or

TRB Offes Use Orly
Version 010412
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University of Oklahoma Health Sciences Center Research Privacy Form 1
PHI Research Authorization

Signature of Legal Representative™* Date

**1f signed by a Legal Representative of the Patient-Participant, provide a description of the
relationship to the Patient-Participant and the Authority to Act as Legal Representative:

OUHSC may ask you fo produce evidence of your relationship.

A signed copy of this form must be given o the Patient-Participant or the Legal Representative at
the time s signed form is provided fo the researcher or his representative.

IRB No.: 5482

TRB Offes Use Orly
Version 010412
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=== PAR-Q & YOU

(A Questionnaire for People Aged 15 to 69)

Regular physical activty isfun and heakihy and increasingly more people ar starting t become more acive every day. Being more acive is very see for most
peape. However some peaple shoukdcheck it theirdocor o thy sart becoming much more physicaly acve.

1 you are planring to become much more physicaly active than you are now, tart by answering the seven questions inthe box below: 1 you are between the
agesof 15 and 69, the PAR-Q il tllyou i you shoukdcheck with your docor beforeyou sart. fyou are over 69 years o age, and you are ot used fo being
very active,check ithyour docor

Common sense is your best guide when you answer these quesSons. Pease read the questons careul and answer each one honestly: check YES or NO.

2. Do you feel pain in your chest when you do physical activity?
3. In the past month, have you had chest pain when you were not doing physical activity?
Do you lose your balance because of dizzinez: or do you ever loze consciousness?

5. Do you have  bone or joint problem (for example, back, knee or
<hange in your phyzical activity?

6.1 your doftr curenlyprscriingdrugs (1 sxampl,wate pil)for yourblod prssars or bt con-

that could be made worze by 3

0O O oood dg
0 O 0oood Os
»

7. Do you know of any other reazon why you zhould not do physical activity?

If YES to one or more questions

Tl th your docor by g or o BEFORE a5t becaming mch ore physcly acive o BEORE o e s aprasal el
you Jourdocoraout e PAR-Q an wich questionsyou ansvered TE5.

= Yo maybe ale .o any ity you wnt — s og s you st vy b up gradaly. O, you e 0 ST Yot B
amSWered | oS e e oryou Tl o docoraou ekinds of acivies o wh o prscpte 1 ard low e e

= Find out which communicy pogramsare s nd hlgh o you.

DELAY BECOMING MUCH MORE ACTIVE:

NO to all questions oo el b of oy s suchas

1 you ansvered HO onesty ol PHR-Q Quesins, youcan e resonaby s ity can: acoid or atevr vt rlyou e berer or

+ St becoming muchmorephysical acive— begn sowy a0 b up racualy. Thsis e = you areormay b pregnant — a0 you docorbeore you
st and et way o go. st becoming e acte.

ke prtnaiess aprfs— s  n excelen vy o deterrine o basic s <0
it you anpln e bt vy or you e acey s oy reconmencd tat o | PLERSE WOTE: T your e ranges 50 ot you o arer YES 0
e yurbod ressre evalited, f yur reading s vr 144/94, kvt yur docor o the aove cestons, e your s o het professn
bereyou st beconing mich more hyscalyace. Aok whether you shu chang wr phyca iy pan.

s o th AP The Conadan Sty o Exrcss Pysilog, HoskhCaade,ad the sgns sms by o orsons ah udorislpyscal iy and 1 ndt o complsng
195 asiomae comulyu docrpe o sl sty

No changes permitted. You are encouraged to photocopy the PAR-Q but only if you uze the entire form.

NOTE: 1 AR eing 10 asonbfrs h o s prtiates 1  hyscal ity rogram or e s i 5achon iy b od el o st puroses.
I have read, understood and completed tis questonnair. Any questons | had were answered to my ful safisfacion.”

G o o

ote: Thiz physical activity dearance & valid for 3 maximum of 12 months from the date 1l i completed and
becomes invalid f your condition changes zo that you would answer YES fo any o the seven questions,
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Bone Density Research Laboratory
OU Department of Health and Exercise Science

Health Status Questionnaire

Instructions Complete each question accurately. Al information provided is confidential.
(NOTE: The following codes are for office use only: RF; MC; SLA; SEP)

Part 1. Information about the individual

2
3,

4.Gender (circle one):  Female Male (F)

5. Year of bih: Age

6. Number of hours worked per week:  Less than 20 20-40 41-60 Over 60

('SLA] More than 25 of fime spent on job (circle ail that apply)

Sitng at desk Uing o camyig foads Stancing Waking Drving

Part 2. Medical history

7. () Circle any who died of heart attack before age 50:

Fatner Moner  Boter Sior Grande

8.Date of: Last medical physical exam: Last physical fitness test:

e uvaR: stz
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9. Circle operations you have hadk

Back (sLa)
Ears (1)

Heart ()

Hermia (s14]

Kidney (sLA)  Eyes (SUA)

Lung (SLA)  Other

Joint (SLA)  Neck (SLA)

10. Please circle any of the following for which you have been diagnosed or treated by a physician o health

professional:

Alconalism (SEP)
Anemia, sckle cell (SEP)
Avemia, cther (SEP)
Asthma (sep)

Back strin (s14)
Blecding vait (5E)
Bronchits, chronic (SEP)
Gancer (seP)

Cirtosis, ver (4C)
Concussion (C)
Congental defect (2P}

Diabetes (SEP)
Emphysema (sE7)
Epiepsy (SEP)

Eye problems (sLA)
Gout (sLA)

Hearing loss (SLA)
Heart problems (SLA)
High blood pressure (FF)
Hypoglycemia (sEP)
Hyperlipidemia (RF)

Infectous moncnucieosis (MC)

1. Circle all mecicine taken n last 6 months:

Blood thinner (MC)
Diabetic pil (SEP)
Oigials O
Diureti (vC)

Asthma

12. Any of these health symptoms that occurs frequently is the basis for medical attention,

Epllepsy medication (SEP)
Hear-thythm medication (4C)

Kidney prodlem (M)

Menial iiness (SE)

Neck srain (SL)
Obesiy (F)
Osteoporosis

Phisbits (M)
Rheumatoid artbris (SLa)
Stoke (HC)

Thyroid problem (SEP)
Ulcer (sep)

Other __

Nitwoglycerin (vc)
Estrogen

High-blood-pressure medication (MC)Thyroid

nsulin (HC)
Other

indicating how often you have each of the following:

1 ¢ Practcally never

2. Cough up blood (Mc)
1z 3 o4 s
b, Avdominal pain (MC)

T2 o34 s
. Low back pain (SLA)
V23 o4

i Breatless with slight exerton (MC)
[T T

Infroquently

4. Leg pain (M)

t2o3 o4 s

€. Am or shoulder pain (C)
v2o3 4

i, Chst pain (F) (MC)
23 e s

3 = Sometimes 4 = Faiy ofen 5

Corcosteroids

Circle the number

Very often

5. Swollen jints (MC)

tzo3 s s
h. Feel aint (MC)
T2 o3 4 s

I Dizziness (uc)
123 o4s

0} RENUBER: 5462
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Part 3. Health-related behavior

13. (FF) Do you now smoke?  Yes  No

14. 1f you are @ smoker, indicate number smoked per day:

Cigareties: d0ormore  20-39 10-19 9
Cigars or pipes only: 5 or more or any inhaled Less than 5, none inhaled
15. Welght now: b, Ore year ago: b. Age 2t b.

16. Thinking about the things you do at work, how would you rate yourself as to the amount of physical

acivity you get compared with others of your age and sex?

1 Mueh more acive
Somewhat more active
About the same
Somewhat less active
Much less acive

Not applcable.

17. Now, thinking about the things you do outside of work, how would you rate yourselt as to the amount of
physical activity you get compared with others of your age and sex?

l Much more active
Somewhat more active
About the same

Somewhat less active

Much less active

Not applicable
18. Do you regularly engage in strenuous exercise or hard physical labor?

1. Yes (answer question # 19) 2. No (stop)

19. Do you exercise or labor at least three times a week?

1. Yes 2 No

e uvaR: stz
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. Bone Density Research Laboratory
Department of Health and Exercise Science

University of Oklahoma

MENSTRUAL HISTORY QUESTIONNAIRE

Subject ID: Date:

We are asking you to give us as complete a menstrual history as possible. Allinformation you provide
willbe strictly confidential,

Are you pregnant? (circle your response below)
YES Do not complete the rest of this form.

NO - Complete the rest of this form.

1. Approximately how many menstrual periods have you had during the past 12 months?

ReuvaER: stz
9 "B APPROVAL DATE: 07247115
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Circle the manths in which your period occurred. This rmeans from this time last year until the
present month.

JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC

1s this your follicular phase? (Applies only to Hormonal Contraceptive non-users)

What is the usual length of your menstrual cycle (first day menses to first day next menses)

days. Today is day of your present menstrual cycle.

What was the date of your last period?

‘When do you expect your next menstrual period?

What i the length (number of days) of your menstrual flow on the average?

How many of these days would you term "heavy"

o ueer: sz
9 B APPROVAL DATE. 0
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9. Doyou experience cramps during menstruation (dysmenorrhea)? If yes, how many days does
this last?

10. Do you experience symptoms of premenstrual syndrome (ie., weight gain, increased eating,
depression, headaches, anxiety, breast tenderness)? If yes; lst the symptoms,

1L Doyou take hormonal contraceptives or any other medication that includes estrogen and/or
progesterone?

f yes, how long have you been taking the hormonal contraceptives?

‘What is the brand name and dosage of the hormonal contraceptive you are taking?

Has the hormonal contraceptive affected your menstrual cycle (regularity, length and amount of
flow, length of cycle)? If yes, indicate changes.

ReuvaER: stz
9 "B APPROVAL DATE: 0724
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4.

Have you taken hormonal contraceptives in the past?

Ifyes, what was the brand name and dosage?

When did you start taking the hormonal contraceptive; for how long; and when did you stop.
taking it?

1Fyou answered yes to 9 or 10, did you experience a weight gain and/or a change in appetite as
aresult of oral contraceptive use? f 50, please Indicate amount of weight gain.

If you are premenopausal, are you experiencing menopausal symptoms? Please lst your
‘symptoms (i.e., hot flushes, mood swings, headaches etc.)

) RENUVBER: 5462

RE APPROV

L OATE: 07242015




image26.png
Screening Checklist
The Cross Validation of the Effects of Leg Size, Limb Composition, and Blood
Pressure on Arterial Occlusion in Women Aged 20 to 30 Years

Name: Date:

Does subject meet the inclusion criteria for the study?
Yes No

Age 1835 years
Any disabilities or hemodynamic disorders

Does subject have any exclusion criteria for the study?

Weight over 300 Ibs.
Toint seplacement / metal implants
‘Women: Are you pregnant or think you may be pregnant N N
Current smoker

Diabetes

Uncontrolled hypertension

Recent fractures (during the preceding 12 months)

Myocardial infarction/congestive heart failure/
strokes/back surgery within the past 6 months

Degenerative neuromuscular conditions, e.g. Parkinson’s discase
Ankle Brachial Index > 0.9

Qualify for the Study?





image27.png
ot 0868 o6vsET ocots ez o 0T9 oot 003 0T 0¥ oot TES oot s T %
080T 0Lve oteczt o Ty 1343 S99 0TOT 09 080T 9% o801 ToL o801 et v6
oseTyl  0'%66 ovogeT o zoe rer 003 0 09 0701  viS ot eLs ot sz T 3
oserzt 0008 osgott oTeo 08T e 89 080T SE9  SLOT S0 s8T o018 s8T T 06
oenT  0TeTT 090501 o6t TOE 3 0g  Sr  0T9 02T v sut ror sut g0 T 88
oToer 0768 0600¢T 0oga 69T vie 9 our 079 ST LLS s8T 3 s8T g T o
owouT  oostt o'cg6ST osseTl v 53 0% UL 09 oIt 06 o601 s o601 €0 T =)
oTsvSt  0TSTT oogerT ootsor  eEe rve 0oL eIl 0EL  OCIT 6L ot 89 ot et v
06T 0986 0980T oswzt  8TS vis 89 00T T ST UL s101 17 o1t vie T o8
ootest 06 ooyt oass T 4 s 06T g9 0T 079 ozot 809 ozot vie T s
oTssrt 0w osocet oozss  vwT 61 ST9  gEerr <09 0T TES osoT 8 osoT oor T o
oosozt 0oz 00081t otTs  sEC o os 066 009 S% <o ogst voy ogst we T v
ovEeYT  0'E90T 0TzsET oosort By 3 v SeIT 0% SO 608 st sz8 st ot T o
owst 09w 0T00vT oues 6T o8z <09 070T 08 00T ves ovet o9 ovet o T £
o 0916 ocsset ovees  ee 53 09 e8Il 079 STIT  TOL v'soT oL o801 o T %
oot 0'060T ooz oSt 06w 3 AN S VTR A A osoT o osoT o T v
osozt 0oL ozt oss oEr it 006 S0zT 06 STEL vy SeoT rev SeoT o T )
oozert 06 ovtozt ovEl  0Tw o 06 066 95 CEOT  8T9 ozot Tz ozot ver T )
osotzt 0TI8 o6zt otsL  woe 3 0% ST 0¥ ST vES oost vss oost ot T 09
00ssOT  0'%88 096001 ostss vIC e e ¢80T SE9 080T 6ES ceo1 866 ceo1 o T 6
ofer o'es ossze o0 00E o6 ov oSt 8L ST 0% o001 vis o001 o T 8
ogoe  0T9TT ozsest ot Tve B3 o6  O0ET  BL 0T L8 oot 5E8 oot o6t T s
oglso  0'90TT oot 000 8w vee oOve ¢80T 0T ST TS A 919 A oor T ve
oozost  0'8LL osvzet ovee Tz 69 0g  0r 003 S00T  S0S o009t zos £6sT o T &
0TesEl 0S8 oovtet 006y E6T et oOv9  cr 0% ¢80T 8TS srot 678 srot ot T s
ooseet  0'ELL oSt ooss 6L 3 0g 080T gE9 86 €8S SeoT e8 SeoT oor T 1
oTesrt 0698 ozover o000 9T 4 0ss 0T ST9 SET v osoT 695 osoT oor T o5
066SST  0ZEOT oot ogetol  07S o018 oL GEIT el ST £ so9t 6t6 so9t et o
oesell  07EL [Yarad omE  Tow o8 ov  00eT  osL 08T 09 szt <09 szt oor T £
ol 0vseT 08001 ozeol  S8E ToE 068 O0WIT  Sv9 ST Tes o8t 978 o8t o T w
o6zET  0v90T oszst ososL  g0E s0e 0oL 00zT v S80T €9 oot £y oot o T o
oL 0wve o6z6ET oo 99z e Sv9 oI 0% 0T ST9 ot o019 ot et 3
oTeElL  0veL 089501 oste  Tow 3 v ¢80T SEL  SEOT S o8t Tss o8t o T %
oBLLEL 0968 ozssz oests T oz 0 gr 79 SEOT  LES o601 TS oot oo T ve
o008 0766 ogtoct osmes sz e 088 corT 08 STOT 89 ot 819 ot o T 3
ovzesr  o'ceL o605zt ofol 07w o v corT  0f9  SEOT 7Y st 689 st o T 3
ovievt  0'e68 oTece oels 69T osz 099 ST 069 SOIT g9 oot g9 oot o T 3
oos0oT  0°ET6 ogvist oose s v 0L O8I 09 O0CIT 9%S o601 886 o601 o T £
oTotSt 0726 ot o6Esa  TEC 4 v ST 0T9 00T 86 ovet €09 ceo1 oor T 9
OTEOLT 0666 o0ze09T ovees  L0E voe oS 0T /9 06T TS oot 989 oot o6t T v
OESOVT  0'pEOT 06g6zT el TTw ew 99 ¢80T 08 SUT LU oot v oot ot T €
oot 0829 o000t oo ee 3 089 080T 0 06T  6TS szt 678 szt ot T oc
o6EZEL 0986 ogsze ot zTe roe e 06  S8S  S66 09 o001 g9 o001 ot T st
oozt o0z8 0'96STT ores  6TE r1e 0g ST 089 06T LSS oot Tss oot e T ot
O6EvET  0LpOT o0z6ELT o e €6 o9 oEIT  Se oT  Ew ozot [an ozot e T s
0Tl 0789 oETET oosss 09z oz ST <6 09 06 T st rw st 61 T ot
oooszt  0'8OL ozes o6lle  86E oo e 0T g9 o8Il €79 st <79 st e T 9

ogsosT  0zeOT 0Tzt oo vio T80 0T9  0EIT ST SuIT 9L osoT €89 o801 e T v

oot 08%6 065051 oTies  om o8z Sy ozT 08 SuT 98 o009t v6S o009t vee €

00ESOT  0'BKTT ozsest ocess  96E oy oz o80T gL OCIT el st 018 st g T T

TA W44 821 TA DG 831 TA W48 831 TA 4 891 ZA D8% [B10L TA D8% [e10L ZA seld ZA sAs TA seld TA sAs zA (8y)wuBiam zA (uohyBiaH TA (84)yBram TA (udhyBien 28y dnoio a




image28.png
vy 80 ro ov 12 60 o1 ov v 4 oogsyT 0'g68 ogveeT otss s

ov 61 x4 (2 (2 0z 81 TS v e osEL osze oozszt oe0ll  Tew
T o1 o1 ov (2 Tt o1 32 TS rze oyt 00001 ogvLer oot zee
ve Tt Tt ov vy Tt Tt (2 v Toe 0961 0008 ogott oo g%
TS 81 o1 09 8c 1 1 09 8c ot o6veLT ot o089t osTEOT G
ov Tt Tt 8c rs Tt Tt €c TS ez 09g0sT 0688 ot oI 00
€c o1 <1 rs 8c <1 <1 £ rs T ozt ot o6L8sT oust oew
re 81 0z o5 v 61 0z 32 vy g6E oocest oottt ot ozgOl  vov
of 67 ot 2 v Te ve 2 ov 6T oeLTT oove 0sssot o ETe
12 €1 €1 32 €c €1 v v 32 Toe oosssT octe 0°96vT o009 woE
re v Tt ov vy v €1 2 2 €1e ot o6r8 ovzoeT osse ETE
2 v v 32 o5 v <1 v v roe o6L0zT ooz 0ggETT orses g0
ov x4 1 ve 8c vz 0z rs €c sy 0ot 0TS0t ostrE oOTvEL vy
v v €1 €c €c €1 €1 8c Ts vee ogeLet 0198 ozost ozss  E%
T o1 <1 32 (2 o1 1 o5 o5 vee ogg0sT oses 0'g60vT ogsEe wEE
8E rz 54 T 32 rz 9T T 152 vis oocert o080t 006zET ot vTe
et ro ro ov 32 60 80 5t re vet oosvz o oTETT oase  est
8E 0z 0z vy vy 0z x4 152 2 43 o6sszT 0968 0°g60TT osETOl  vww
61 v v €c ve o1 1 o5 32 Tee ostze oozs 0'g6ETT ocssL TeE
TS Tt Tt ve ve Tt 60 €c £ st osszot 0006 o0'gssST oswe L8t
2 €1 v v v Tt v (2 v oce osyte ovzs oTzEnt oosL oL
12 o1 o1 53 53 <1 <1 53 53 oce octset oge ozsst 00901 ¥
vy Tt Tt Ts Ts Tt Tt ov o5 4 ozsuT osott o009t oS00 wse
oE €1 <1 T v Tt €1 v ov Tee 099671 o0o8L ooste oot Twe
vy 80 60 Ts Ts ro ro (2 32 g ooLert o o6zsE ooy 0
TS €1 <1 TS Ts €1 o1 TS Ts 6oe ozeet ovsL osL6TT oe  0se
152 o1 Tt vy o5 €1 €1 vy (2 Tze 0'c66ET 0508 oveTe 0S99 8TE
61 Te Te o5 €c ve Te ov o5 o018 o6tsT ostot oToseT oorrst 808
6t x4 0z v v 81 61 v v Ty 06ELTT o 026601 oossE vy
vy o1 1 £ rs 1 81 Ts (2 ree oovsct oovzt 000g0T 08601 8L
€c o1 Tt rs rs o1 Tt ve Ts T1E ocevor 00t ozest ovive LT
8E €1 <1 ov o5 <1 o1 vy T rze ocssst oTe6 0ogsrT oTeL  TvE
v 81 61 T ov 0z 0z ov v o 06Tt o8 oTE0T ossEe  Sww
ve Tt Tt 5t 6t Tt €1 ot et o8z oot 0106 ootter oters  vse
v Tt Tt 09 z9 €1 Tt T z9 ver o60LLT 0686 ooscot oL 6L
12 61 61 Ts €c 81 0z ve €c wE 0'g66zT ovsL oseze oIl Tew
T o1 o1 €c Ts Tt Tt o5 v oz 0osorT 0968 oo9LeT og0s  Tor
12 o1 o1 Ts ve 80 o1 (2 32 s6 o8t 0206 oTssyT 0000 s8C
re 60 60 v 2 o1 60 T 152 34 oovsyT 0106 oveeT oozes  ToE
v Tt €1 T 32 €1 v TS TS 54 0°sso0T 0966 06895T oTses 68T
TS 61 81 o5 o5 0z x4 ve TS T 0°g66ET 0T60T ozoszT sl Tww
12 o1 1 ve Ts 81 1 (2 Ts sov ozsvot o0zE9 00586 oveeL  Tow
2 Tt v ov v Tt Tt v 32 vee oogszt 0'sse oTssT oveoL e
Te €1 Tt 5t 5t €1 €1 5t of voe oosg oozs o0ogsTt oS0 s
T9 o1 o1 99 vo v v €9 z9 €6 oogssT oggor og08LT 00sLL  SET
2 v €1 v ov v €1 TS (2 Tee oz 0g89 o'ggETT oeslo  ETE
v 0z 0z o5 €c 0z 0z 53 53 1573 oTeszt oL ot oovze 97w
€c 60 Tt 53 €9 o1 o1 €9 z9 €8st osszt oggor oo ovss oz
vy Tt €1 o5 €c Tt €1 ve vy Erd 0ze0vT o6 oTece ooges  Eor
€c 61 <1 TS 3 53 o1 €c s gLe ozest ozt 009501 osoe0r  Ere

W TA0S ¥ WUV 4 ZA €€ 1 IUV 4 TA €€ T UV N ZA €€ T UV I TA €€ 1 UV 4 ZA €€ ¥ JUV 4 TA €€ ¥ JUV IN ZA €€ ¥ JUV IN TA €€ ¥ JUV ZA 48% 891 ZA W44 D31 ZA DINE 891 ZA W48 891 ZA W4 891 TA 48% 891




image29.png
vi €1 Te ve Tt Tt ve Te ro ro T 2 ro ro T

vz 9T 54 54 8T rz vz 54 €1 v 152 T Tt Tt ov
€1 Tt et ve v v ve et 80 80 ov 152 60 80 ov
61 0z Te ot 1 81 et et Tt Tt ot ot Tt Tt of
x4 x4 67 ve vz 54 et Te Tt €1 TS €c Tt Tt TS
91 1 ot 67 61 o1 et Te o1 60 €c 32 o1 o1 32
rt 8T et ve 9T 54 of 5t €1 Tt €c Ts Tt Tt ve
x4 &4 67 ot x4 1 ve ve 1 1 re 5t <1 v ov
oE 5t 9T 9T 152 152 &4 9T 1 1 6t 152 x4 0z 152
91 1 re re 1 61 et ot 60 60 32 32 o1 60 (2
1 81 rz 67 1 1 ot ot Tt Tt of ot Tt Tt 5t
1 1 54 vz o1 o1 9T 8T Tt Tt ov v Tt Tt 2
8T ot T ov Te ot vy T o1 1 v TS 81 <1 Ts
0z 0z rz 67 x4 0z ve 67 €1 Tt ov v Tt Tt Ts
vz vz et ve 1 &4 re ot Tt €1 T 2 <1 v vy
ve Te 8T Te ve of 67 rz x4 1 T T 0z 0z of
60 60 vz vz 60 60 rz vz 90 90 ov 6t ro ro Te
8T 8T rz rz 1 vz ve ve o1 o1 re 6t <1 o1 re
14 vz ve ot x4 x4 6t 6t 60 80 v (2 Tt Tt v
Tt Tt ot ot Tt Tt ov vy o1 60 v o5 60 60 v
14 61 8T Te 61 1 ve Te Tt v 2 ov Tt Tt T
x4 0z ot re &4 x4 ov 5t Tt €1 o5 ve €1 €1 Ts
Tt v ve et <1 ro et ov 80 60 v vy ro ro ov
91 o1 ot ve <1 o1 ve ot 60 60 ve ve o1 Tt ve
o1 Tt ve ve 60 60 ve ot ro ro ov ov 90 90 T
vz 54 rz 54 vz 9T 54 vz Tt Tt vy 2 60 60 32
91 <1 67 Te <1 €1 67 Te o1 o1 ve of o1 o1 2
v 32 67 rz v ov 67 8T 67 ot o5 TS 9T 9T v
vz x4 rz et 61 x4 et ve €1 €1 2 T v 1 6t
<1 1 ve ve o1 61 et et €1 Tt o5 TS Tt Tt ov
1 1 ot ot o1 61 ot Te 80 80 ve €c 90 ro Ts
91 1 et et o1 61 et ot Tt €1 ot 6t 60 Tt 5t
54 vz Te ve ot ot 8T rz <1 <1 ov v v <1 ov
1 Tt et ve v v 8T ot 60 60 Te Te 80 60 et
91 o1 ot ot 1 1 ot ot o1 Tt 53 (2 o1 Tt T
ve Te 67 Te ve et 67 ve <1 <1 o5 Ts v <1 (2
€1 Tt 67 67 Tt Tt ot ot ro 60 ov 2 ro 90 vy
1 o1 of of 1 o1 6t re 60 80 32 (2 90 ro (2
1 €1 et ve Tt v ve ve ro ro ve et ro 90 6t
Tt v ve ve o1 Tt of ve 60 o1 152 152 60 Tt v
6T 67 ot Te ot 67 ot ve 1 o1 v v 61 81 v
54 8T vz 1 vz 9T 9T vz Tt Tt (2 v <1 €1 152
1 81 8T 8T <1 81 67 ot Tt Tt 6t ov o1 o1 ov
81 0z rz 54 1 81 54 &4 Tt Tt ot ve Tt o1 ve
0z 1 re et 1 61 re et €1 Tt z9 €9 €1 v 09
1 €1 67 67 <1 1 ot ot Tt Tt 152 ov Tt Tt v
54 rz ve ot ot ot ve ot 1 1 v 2 o1 <1 o5
91 0z ve Te 81 0z ve ve o1 60 €c TS 60 80 53
Tt v ot Te Tt Tt Te ve o1 o1 2 v 60 80 v
81 vz 3 re vz €T of 8t Tt 1 TS ve €1 o1 €c

STTAEE TIE1 4 TAEE 1381 W ZA €6 1181 W TA £ T3] 4 ZA €6 ¥ 181 4 TA £ ¥ 381 W ZA €6 ¥ 181 W TA €€ % 181 4 ZA 05 13UV 4 TA 05 73UV W ZA 05 13UV W TA 05 13UV 4 ZA 05 ¥ UV 4 TA 05 ¥ UV I ZA 05 ¥ Juy




image30.png
e oLy Sty Sty oLy k4 ovs 0es ovs ovs 90 o Le SE o 90 SE SE

878 o8 sz o8 o8 o8 009 o019 009 o019 Tt v 67 e Tt Tt rz 9T
e o s s o o8y o8 o8 o078 o8 <0 90 ot 3 ro ro 3 3
oo oo oo oo oo oo o8 o078 o078 o078 o1 60 ve ve Tt Tt €t ve
g oss svs 3 o095 oss og 079 ov9 og 80 ro ve 3 Tt Tt 3 ve
523 00 o6t <18 o078 o018 o095 oss oS oS 60 60 oe ve 60 60 ot 3
095 o095 o095 oS oS oS 19 19 o9 o9 Tt Tt 3 ot v <1 8E 3
878 sz o8 eg o8 5E3 068 o019 068 o019 Tt Tt €t ve Tt Tt 3 €t
895 3 o8 3 o095 oss o089 si9 si9 o9 o1 1 oe oe 0z 61 67 oe
ovs ovs ovs g svs oss 3 068 3 009 60 80 3 3 60 o1 3 re
3 o6t 523 00 00 00 o095 o095 3 o095 Tt o1 oe e Tt Tt ve €t
s s s s oo o o018 o018 53 o018 60 60 €t e 60 60 ve ve
€19 <19 o019 <19 o019 079 <69 oo <69 oo v o1 152 3 0z 81 v 2
sz o8 o078 5E3 ovs o8 g9 068 oS 068 v v e oe v €1 oe oe
01 o018 o018 5E3 ovs o8 068 oS 079 o019 Tt Tt 3 re Tt Tt ov 3
095 g9 3 €9 oS 3 sg9 19 ov9 ov9 <1 €1 €t 3 0z 1 67 8T
sor oo o o o o o o o oo <0 <0 8T 8T <0 90 8T e
00 00 00 o018 53 <18 oS oS oS 3 €1 v ve ve €1 €1 ve ve
EE3 o6t 53 <18 o078 o018 3 3 068 068 o1 60 €t €t Tt Tt ov T
S0 00 o018 o078 o078 o078 svs ovs oS g9 80 60 3 3 ro 80 ov vy
3 523 o6t 523 00 o6t oss ovs oss svs 60 60 e e Tt o1 ot ot
53 068 009 009 009 009 099 069 o9 069 Tt 80 3 8E <1 €1 T 152
523 523 523 00 00 00 ovs oss g9 o095 ro 80 3 3 80 ro ot 3
g o s o o oo o078 <18 o8 <18 ro ro e ve ro ro ve 3
oo oo oo o oo o 00 o018 00 00 <0 <0 €t ve <0 <0 €t €t
o o8y oo 53 o8y o6t svs o078 3 ovs Tt o1 67 67 Tt v 67 9T
s o o8y EX3 53 o6t o018 sz ovs sz 80 80 ve 3 80 80 ve 3
ov9 ov9 ov9 sg9 og ov9 069 069 o089 o089 ve 3 3 €t €t ve ot ve
01 o018 o018 o018 o018 o018 oS 3 g9 o095 Tt Tt €t 3 Tt €1 ot ot
g svs oss oss svs 3 3 ov9 o9 ov9 ro ro 3 ve 60 60 8E re
s18 o078 o018 o078 o078 o078 oS o8 068 068 ro ro ve ve ro 60 ot re
o oo o gy o s o8 5E3 sz svs ro 80 €t €t 60 o1 €t ve
3 523 o6t 53 53 53 ovs oS o095 oS €1 v ot ot <1 81 ve e
wE 53 o g s o o6t o6t o8y o8y 90 90 ve 3 80 ro 3 ve
€05 53 00 <18 o018 o078 o095 g9 o095 g9 60 ro €t e Tt Tt re ot
g5 o095 3 g9 o095 oS 079 sg9 og sg9 61 o1 ve ve 61 x4 €t ve
e o s e o s o078 o078 <18 <18 ro 90 ve e <0 90 €t ve
S0 o018 00 805 o018 53 o095 3 oss 3 60 60 8E re ro ro 8E 3
gLy o 53 gLy s o8y o8 svs ovs ovs <0 90 3 ve 90 90 8E ot
o078 sz <18 €78 o078 sz oS o8 o095 068 90 ro ot 3 90 90 3 3
095 o095 o095 g9 o095 oS sg9 sg9 og ov9 <1 <1 3 ot 61 81 3 ot
esy s o6t s s s 5E3 oss o8 o8 Tt 1 67 8T <1 <1 ve e
o s o s s s 00 o078 523 523 60 Tt 67 8T Tt Tt e €t
oo oo oo o oo o o018 00 o018 o6t Tt €1 67 54 Tt Tt 1 1
895 oS g9 3 o8 ris og <19 ov9 €79 €1 Tt ov re €1 Tt 152 8E
s o oo gLy 53 o sz o078 sz o018 Tt 80 oe ve o1 o1 8E 8E
878 o8 sz g8 ovs 5E3 079 079 o019 079 €1 <1 T T 1 o1 ov 152
oss g9 5E3 o095 o095 o095 009 <19 079 079 Tt o1 ot 8E Tt €1 re 8E
o6t o6t o6t 523 o6t 00 oss ovs svs ovs 90 ro 3 ot ro 80 3 3
695 rss o8 g9 oss o8 079 19 <79 19 1 ro 3 vy 1 1 3 3

051JL DAV ZA0S T DL TAOS T DL 05 4L DAV ZA0S ¥ JL TAOS ¥ DL ZAEE T DL TAEE 1 DL ZAEE ¥ DL TAEE ¥ DL 4 ZA 05 1381 4 TA 05 7181 W ZA 05 1381 W TA 05 1381 4 ZA 05 ¥ 381 4 TA 05 % 181 W ZA 05 ¥ 381 W TA 05 ¥ 1€l




image31.png
s 0'9zT 0TET 0021  OPET  OGET  OEET

B 0°TET oozt 09eT  osTl  0BIT  0'8El
By szeT Ol 07ET  06El 0T 09El
By 08T o0t oozt gt owr oot
B szt o osr sl 0Tl 06el
B 06zt OvEL  owI  0SEl  owl o9t
By ST o1 00ST ST 0BT 00T
By ST oWl 0BT Swl 06T 00ST
By SvsT 0091 O0GYT  00ST  009T  000Z
B 01T oot o8I STl 0wl 0Ed

31 0vET OVEL  O%ET ST OwT  00ST
By 00Tt OSIL  0WIT 7T 0UTT 080T
B 0'vST o0t 08T owI  OUT 0T
By S'8TT osIL 06T sl 06T oseT
B 0°EvT ol 0BT gEST 07T 0T
By STOT 009 0BT cEET  0%8T  0'EsT
By s'8T o8l 06T 0TI 09vT  0'8ST
By szeT ozel  oeer  gwl 0T oyl
By s'6ET OSEL oW oEl OwT  0EST
B 0zeT oozt o'ser Ol 08ET  09ST
yB1y 0°09T 0BT 0uT 09l 07T 0'89T
By s08T OvEL  ouT L6l 00z 08sT
B 0vet o6zl 06IT el 0T 09Tl
B 00zt ofl  0uTT el 06T 00EL
B 0vet ozl ozt oSl 08er  0Tel
By STt 06l 080T 0fCl  OTEL  0CIT
By 00Tt oz oo st owr o
B 0T ol 06T SUT 09T oSt
By 0°60T ovr  owmT 0Tz 0Tz 0T0T
By 0°geT ol oEeT  oEl  00ST 0wl
By SvsT 0BT 09T 0%ST 06T 0°E0T
B 05zt 00zT  00eT  STEl 00T O0SEl
By svET OSEL  ovEr oWl 0w 0
B 7Tt ot owr el o0t o
By szt o6zl 00ET  OLEL  0CET  06El
By seeT OTEL 09T o'l 07T 09T
B 0vvT ol owT ol 0T ol
By s'8ET OvEL 0BT gTSl 07T 0EST
By T o0zt oeT  0TEl 06T OSEl
B s6rT O6rT  00ST  0'SST  00ST 0091
B szt o o8t 00T 04T 0EST
B 0°TET 0TEL  00eT  00EL 00T 00ET
By st oot our STl 0w ot
By 08T ozl over ol 0|l 00EL
By s'6ET 08l oI 0L ovT ozl
By s ST 00Tt SEIT O06IT 08T
B 0TvT 0TEL  00ST  gEST 06T 0791
B 00zt oozt o0zt ovel  oer ol
By 0°ceT Ol oer 0Tl 06T oSyl
By ST 06l oW ol 08T 0Tl

wo@ 831 1220 DAV ZA T 220 TA T 20 4220 DAY ZA ¥ 20 TA ¥ 220




image32.png
vey
o8z
808
rw
TES
eve
81
rw
3
€6
€8st
roz
v
vse
o
ove
oo
o
878
Tor
T
Erd
eve
3
et
oge
vee
rw
3
rev
s0e
3
3
e
1573
6vE
e
rov
voe
vey
sie
o6E
rw
govr

ZA W4 831 TA 48% 891 TA W44 891 TA DS 891 TA W48 891 TA W4 891 ZA 28% [€10L TA J8% [B10L ZA seld ZA sAs  TA seld  TA sAs zA (%) ySiam zA (wo)ySian 1A (8%) Biam TA (wo)ysian

ocs6sT
08601
080801
o'g6eeT
ocscet
oswt
0T6z6T
osvsst
otz
oot
o6t
ootort
08901
oot90T
09s0sT
oot60T
099051
oz6zoT
oozzet
00g0¢T
0Tog6T
oTET0T
o'g8ssT
o6t
oTsvst
0'606ET
oozt
ozo8st
0°060¢T
06895T
0605t
ocogst
o068yl
060281
00ovET
oovce
ocstor
006LST
0sosst
oocot
08601
o6zsE
ossest
o6ovzt

oeTt
oves
0°g66.
0r98
o'ggor
o06EL
00601
0206
ozsot
ot
0198
oTve
o6zt
oot
ogott
oot
oszot
0806
060L
oszs
06STT
oozt
0'sse
osstt
0866
o8
oottt
oTE0T
0898
0186
0906
o8t
o09z6
o0soet
0Tz6
oovs
0596,
ovsot
oos
ovott
oozot
ovss
o601
oste

ozeLYT
06v00T
ossst
otesz
oevzt
osTrEL
oTozst
oTrort
o6oTST
oLeso
o'gsgET
oszogt
oLsvst
ovwsst
0°gg6ET
o6e8ST
o'ggovT
ovseST
ottt
ozoze
ozocst
0TTesT
oggovT
0Te8ST
ot
ovstEr
0°T600T
ot
ozzea
osovt
oTeLtT
o6szrT
0'c96ET
09601
oeLvt
000621
ozetST
ooELvT
oseort
oztesT
0°g965T
oozt
ozt
oveyTT

0TesyT
0'6L9
oserL
o6z6E
00g95T
osone
oLLes
0001t
0T6t6
oogeL
02695
ozt
oTogeT
ogcgot
oot
00g68
oS00t
08209
0868
o008
03999
0808
00eT8.
osue
0980
o090
o8
oot
06ET8
ozt
o889
090001
oLvo6
ooset
ov8se
oEL
osy
0'gs80T
0989
008t
ocstot
ocgs
029601
0gsss

v
rw
roz
rot
e
oze
e
53
o0oe
s
£xd
wor
3
vee
3
g6
£8E
s
908
rie
61
£xd
34
T
e
608
s
3
gLE
3
e
oze
oge
o8E
Tie
53
4
e
vie
o
eze
ree
gLE
Tse

009
sg9
o9
oz
o089
cE
ov9
o008
o
oz
oz
sg9
<09
og
19
s
sg9
069
<09
3
g9
068
19
069
A
o019
19
o6L
o089
o089
oo
068
oe
o089
3
3
<89
o9
079
oz
009
099
o089
oo

o601
o086

o8t
S
oot
oEt
ot
o8t
o8t
o
ot
ozt
otot
<86

s
oszt
o601
oEt
S0t
066

S
B
STt
get
o8t
otot
oszt
I
szt
oot
e
s
ot
sozt
sgot
o601
osot
o086

S0t
06Tt
ogot
o8t
ogot
oot

T8
€79
€5
rw
1
T
vee
ou
€0
o9
vis
<18
e
s
v
v
999
sg9
o078
rog
ToL
o8
TEg
cE
o8
o8
v19
88
L6
o8
rog
v
vs9
oes
L9
98
Tss
€89
r18
Te6
ru
r19
619
vis

ot
osoT
o601
oot
s101
o009t
osoT
Test
o801
sort
ovet
rsst
sot
ozot
oot
SeoT
osoT
oEt
st
o1t
sost
st
ozot
oot
oot
o009t
ozt
osoT
ceo1
sot
ot
SeoT
o1t
oEt
SeoT
oSt
SeoT
ot
o6sT
o601
oot
o6sT
osoT
oSt

g
S0z
o0z
vor
o0z
g
o
oz
osz
o0z
g0z
g
oz
g
e
o0z
e
g0z
4
Tz
o0z
e
e
ree
4
4
s
vee
g
e
e
T
g9z
s
roe
e
s
o
e
ver
ver
e
g
T
afy

dnoin

3
%
&

§33985RR2BEBRRRESEB A

6
e

i3

ARANARA

v
€
w
B

i

<

T
oot
3

al




image33.png
9T 95 6T s (x4 09

60 Ts o1 09 v £
1 ov <1 ve Tt £
90 Te 60 6t ro ot
9T €c 67 Ts ot 53
1 €c <1 53 €1 09
Tt €9 81 €9 €1 vo
vt Ts x4 53 x4 rs
1 Ts €1 53 Tt rs
60 152 Tt TS Tt v
ro re 60 vy Tt vy
o1 vy Tt v Tt v
€1 (2 1 €c o1 TS
€1 TS 81 8c 1 €c
<1 of 1 v 1 v
1 (2 v ve €1 32
vt 6t Tt (2 o1 ov
ro v o1 €c Tt TS
1 vy v ov Tt 32
<1 (2 <1 Ts <1 €c
ro rs Tt €9 60 09
1 53 Tt 8c Tt rs
o1 32 o1 £ Tt TS
<1 v €1 £ €1 rs
60 vy Tt 32 €1 2
1 v o1 £ v TS
60 (2 o1 53 60 €c
14 T 8T ve &4 o5
Tt 32 €1 ve 1 €c
54 v 67 32 67 o5
o1 (2 €1 €c Tt ve
vt ov <1 ve vz T
1 Ts 0z T9 61 8c
<1 T9 vz 8c 1 €9
61 TS 0z rs 1 rs
1 o5 o1 €c 1 rs
ro vy 80 o5 80 v
€1 vy x4 TS x4 ov
Tt ve o1 8c <1 T9
91 53 0z z9 81 €9
81 ve x4 TS x4 £
o1 (2 Tt €c €1 o5
vt vy 1 o5 1 o5
o1 T vt vy Tt vy

4 TA0S ¥ UV W ZA0S ¥ JUV I TA 0S ¥ JUV 4 ZA €€ 13UV 4 TA €€ 13UV I ZA €€ T IUV I TA €€ 13UV 4 A €€ ¥ JUV 4 TA €€ ¥ JUV I ZA €€ ¥ UV W TA €€ ¥ JUV ZA 48% 821 ZA W44 D31 ZA DINE 821 ZA W48 821




image34.png
vy £ re €T vy <1 2

ve <1 5t v et Tt €c
ve o1 ve o1 et Tt 32
0z ro 0z ro 1 80 ve
5t 6t ve of ve vz ov
ov 1 et 0z ve Tt o5
v x4 5t o1 vy <1 T9
re of ot 67 ot v ve
of 1 &4 54 ve 60 32
et Tt ot Tt Te 60 vy
ve Tt Te Tt ve 90 5t
ve 81 rz o1 ot o1 ov
6t 8T ve &4 re €1 Ts
5t ot Te 8T ve v £
6t 0z Te o1 6t <1 5t
152 81 ve 61 ot €1 152
of o1 of 61 ot Tt 6t
5t €1 ve <1 ve v 152
ot o1 ot 1 Te o1 T
152 1 6t 9T re v (2
(2 o1 5t o1 ov ro £
vy €1 6t v ov Tt rs
152 1 ov 1 ov Tt v
2 1 6t 1 5t Tt v
ot o1 Te 0z Te o1 ov
ot 61 ve 1 ve Tt v
re o1 re Tt ve 80 Ts
of ot ve Te ve 9T vy
re 54 ve rz Te o1 v
ot Te 67 Te 67 9T 6t
6t o1 et €1 of o1 vy
5t 9T Te vz ot <1 152
ve ve Te 9T ve o1 ve
6t 9T ot &4 et 61 8c
ve 67 et vz ot 81 32
T 0z ot vz et Tt v
et Tt ot o1 ot ro 2
ot 8T ot ot Te v vy
ov 61 of x4 5t Tt ve
T 9T vy 5t 5t <1 8c
Te 8T 67 ot rz 81 53
ov vz et ot ve Tt v
Te vz 67 54 Te 1 ov
et 81 et 81 ve 1 6t

INZA0S W 1E1 IWTAT0S W 181 4 A €€ TIe1 4 TA €€ 1181 W ZA €€ 1381 W TA €€ 1181 4 A €6 ¥ 181 4 TA €€ 4 181 I A €€ ¥ 181 I TA €€ ¥ 181 4 2A 05 11UV 4 TA 05 TIUV I ZA 05 11UV IV TA 08 11UV 4 A 05 ¥ Uy




image35.png
oS o'eg o0'se (373 (372 €T oy €T

oozt 523 00 o095 o095 90 2 ro
ocet o8 o8 53 068 ro 3 ro
oget oer oer oo oo <0 1 90
osst <09 079 oo oo 61 8E x4
osst ovs oss 068 009 o1 8E Tt
ovst o8 o8 og og Tt 2 60
ozot 068 53 s o9 61 ve 1
out sz o8 068 009 Tt ve Tt
ogrt 53 o018 o095 oss 90 €t ro
ot o s o078 sz 90 €t ro
ocet o8y 53 sz sz 60 e 80
ozet oss o8 sg9 19 o1 3 v
ogst 3 oS 099 099 o1 8E <1
ogrt o8 svs 53 3 Tt 3 Tt
oEt o078 ovs 53 068 60 ve Tt
ozst o018 o8 53 o019 80 8E Tt
o6ET 53 o6t o8 o8 90 €t ro
oost o s 00 o018 ro 9T Tt
o6sT 5E3 ovs 009 009 v 2 1
oot svs oss 068 009 ro 152 90
ot g9 oS 009 o019 90 T 80
o8t o6t ovs 3 o8 60 T Tt
ozot ovs o095 <19 og 60 T Tt
ot o6t 00 oss oss 80 3 Tt
o6ET o6t o6t oss o095 80 €t Tt
ozot 00 523 svs ovs <0 ov 90
000z 068 o8 099 19 61 3 0z
ot o8y o6t ovs ovs Tt 8E v
oSt 3 oS 19 ov9 o1 ve 0z
ot 00 o078 oss 3 ro 3 80
ogrt o078 ovs 3 3 Tt 3 €1
oSt svs ovs ov9 o9 1 €t o1
ootz <19 079 069 o089 o1 re <1
osst o8 o8 og og €1 ve <1
oTer o018 sz o8 068 Tt 152 <1
ot o8y 00 o078 o8 <0 3 90
o8t ovs ovs og 079 v €t o1
ot o8 ovs o8 3 o1 152 €1
o009t o019 068 o oz <1 v 0z
ot oS oS o9 19 €1 ve €1
o8t sz o8 o019 53 Tt re €1
ot ovs o095 009 <19 v e Tt
ocet 00 o078 svs oss 1 3 Tt

ZAW D00 TA W 220 0STDLOAV ZA0S 7L TAOS 1L 0SHOLDAV ZAOS ¥ DL TAOS ¥ DL ZAEE 701 TAEE 1L ZAEE ¥ DL TAEE ¥ L 4 ZA 0S5 1181 4 TA 0S 1181 W ZA 05 1381 W TA 05 13181 4 ZA 05 ¥ 381 4 TA 05 ¥ 31




image36.png
By ozer

By o8TL
0By oger
0By o8eT

w31 ozst
By o6ET
0By ot
By o079t
0By o079t
0By ot
By ot
0By oeet
0By oozt
By oezr
0By ovEr
0By o6rT
By ot

w31 oTen
By ozt
By oTen
0By oget
0By ot
By oTen
0By oErT
0By o9eT
By o9eT

w31 0991
By over
By o0eT
0By oost
0By oovt
By oozt
0By oget
0By ov6T
By oovt
0By oTen
0By oozt
By ozt
0By oger
0By 009t
By osen
0By o'8sT
0By o9eT
By oozt

woq 821 120 DAV ZA T 220 TA T 220 ¥ 220 DAV




image37.png
oozt ovE e s 09 0PIl STeoe soe vee 805 T %
oTer osz 878 o8 I 6Ty oseT st T v6
szet o6ET e s oss  gEor vy svBe setor 9901 T 3
osz el oo oo 0% sor  oov szeor <696 LveT T 06
s = g 3 079 sEOr  Tese sTise sz 4 T 88
o6zt oset 523 <18 8¥9  £80T 686 6028 oty ST6zy T o
B s101 o095 oS o9 oorT  Teov sty use s T =)
B e 878 eg S 0wl sssvs S6r05 Sresy 1s T v
st oost 895 3 oL Eoor  eevy sogsy sty S008r T o8
ot st ovs g o9 oLoT  sT80E sse sves cegs T s
ovE st e6r 00 ot suT  ouv very v10E T0e T o
oot st s s €8 €16 SLOEY seey vz ovse T v
ovst ozt €19 <19 A S covee 1T ared T o
i I sz 5E3 € ST s sLsy sorss ros T £
osrt cet o018 5E3 v oot ey 69 909 s T %
s101 cest o095 €9 gEL ECIT eswr sy Lose 6801 T v
s8t ozt sor o 06 09T 6vsE Teoe veet S T )
szet g 00 o018 gL €00 Svsoe we ezor seoty T )
B S EX3 <18 0ss  o0rT  gseoe seue S181E <s0ve T 09
ozet ot 53 o078 Sl e80T ey svELs L6t s20e T 6
o009t oot e6r 523 €oL  gOIT  gozoe srsee e srote T 8
sost sret 53 009 g8 0Tl SL0T9 919 sy 6061 T s
ove e 523 00 I S resy =4 ssse T ve
oozt Bzl g o 19 70T souE e 686 STI6T T &
ove oset oo o 0ss oot sTEOY as wr sozst T s
S Lad o 53 €80 EEOT  e6vE 6% STrte e T 1
oot el s EX3 €80 £T  9%6€ 6Ty 714 st T o5
ogst sut ov9 sg9 S 0T egsr 22 ze99 59969 T o
o601 oT0z o018 o018 ev 06T SSevE Sve Tsse Svsoe T £
oget S g oss 899 PIT  §6S95 8898 sorwy Svesy T w
st o6sT <18 o078 €7 £Vl SETES Levs s0ey STsEr T o
ozt szer o gy €59 0vor  sotsy S8y Lote cotze T 3
Sa ot e6r 53 ov  o60r  seer Toer 2608 rzee T %
el B wE g 880 SLOT  S96le e6ze T8se 7 T ve
Iz ocet €05 <18 0g8  090T  evEe vese voce s0sr T €
e ot g5 g9 889 00T STE0S S0z ove seer T 3
ot ot e e 9 gt g8y ww sty sresy T 0e
B szt 53 805 06a  gorT  gov SevEy e ozt T £
5 ozet gLy gLy 879 ®EOT  SvELY ovy 08T sest T 9
Sert osst o078 €78 €99 080T SOty G stz 959t T v
s oost o095 g9 €9 SOl STseY sT6r Te0e 96T T €
oTer o0st esy s S SBOT  S66OV sty o5y ey T oc
gout e o s 06 €86  sovle csote 24 ozoe T st
osz ad oo o s Eor  sue cgoLe TesT 8108 T ot
B ot 895 3 €9 060T  S0SEE ssze s szest T s
2 o8t s gLy st 6 oses TIvs seze e8ze T ot
ot s8T 878 g8 ST T seoe sz908 sviLe cese T 9

oozt ovE oss o095 819 £CIT  S70C soves = 980e T v

oer ozt o6t 523 €00 £l oIy ster ste ceter T €

e ot 695 g9 8L ST vees 018 sev sovy T T

700 DAV ¥ 200 DAV 0§ T IL DAV 05 ¥ DI DAV Seld DAV d8S DAV 1 (8) uea1 DAV ¥ (8)uea1 DAV 1 (8)1e4 DAV ¥ (8)1es DAV dnoio. al




image38.png
OLET osrT 0E9 09 009  0'60T  SPEY otoy 08Ty ki z 66
o8t oozt 523 00 e 086 sy 86y 8819 s0v9 T 3
oget ocet o8 o8 o9 o8Il o8y se6t 68T 68T T %
oger oget oer oer 0Tt SEIT esor sy otte Tete T &
oSt osst <09 079 o8 oorr  zose vese 69T vooT T i3
o6ET osst ovs oss cEL 0ErT ISy cosy veso €299 T 68
ot ovst o8 o8 ove  oTIT uw ssov ogze i T =
ozot ozot 068 53 008 0BT o0 = r1se osse T @
ozot out sz o8 ov o8Il ovsy o8 ouy 1967 T =
ot ogrt 53 o018 oz @ wesy 8197 168 e T o
ot ot o s oz oSt ey sesy sTIe so0e T uw
ozt ocet o8y 53 g0 0T vy ey cere o5t T s
oozt ozet oss o8 09 0TOr  €lov zo0r evTT e9eT T 6
Lad ogst 3 oS 0g ¢85 8% ss1s sees = T )
ovE ogrt o8 svs Sv9 ST oy €18y soev veey T =)
o6rT oEt o078 ovs SU 0w eser o8y e soey T 1
ot ozst o018 o8 e 060T  sSTy oy os LS T S
oTer o6ET 53 o6t 06a  OEIT  vuy vesy 6e9e o6 T <
o oost o s 09 SoT 66y sty Tise ety T w
oTer o6sT 5E3 ovs s 066 oy (773 69T 965t T o
ogst oot svs oss o5 SwIT 6w s0se sseT ssst T 52
ot ot g9 oS 06 ezl TSIy e1ey oose 6L T w
oTer o8t o6t ovs v STOT s €009 zie TesT T &
osrt ozot ovs o095 L ) 009 e8ee 6Lee T w
ooEt ot o6t 00 Sv SRl 6vov wy 6eze = T 6
ooEt o6ET o6t o6t 0Te  oTor %6ty oesy Te9T et T e
001 ozot 00 523 v owr s 8Ty vesT 5208 T =3
ovet 000z 068 o8 o6 SEIT  esLy g6t svee voe T i3
o0st ot o8y o6t o8 7ot eav ey Trs ooss T 6
oost oSt 3 oS 089 00T ovee ve%E ssze oeve T Vid
oort ot 00 o078 oo swr iy ey sy 89v T =4
oozt ogrt o078 ovs 06 STIT oSy oLy 98T 66T T @
ogst oSt svs ovs osL oSt sew osy 801y 6601 T 6t
ovet ootz <19 079 089 ozt e sy 6oy 89ty T o
oort osst o8 o8 g9 ceor  Lsss zess oovs eovs T ot
oTer oTer o018 sz s o60r s s68e orzy uw T v
oozt ot o8y 00 89 080T seov 81Ty 6v0E oze T €
ozt o8t ovs ovs o9 086 sesy oy 50T otte T w
oget ot o8 ovs 079 oot oov 685y sevy oovy T B

o009t o009t o019 068 oz oeTT  see Love et vt T i

oer ot oS oS 003 0T vovy sy T st T <

o8t o8t sz o8 0% o8Il vees 68vs sess = T T

ooEt ot ovs o095 089 00T 9008 €608 vy oser T oot
oozt ocet 00 0z oo ootr  sesy oty vese e1e T 3

7220 DAV ¥ 200 DAV 0S 1 DL DAV 0§ ¥ JL DAV SeId DAV d8S DAV 1 (5) ueal oAy ¥ (8)uea1 oAv 1 (8)1e DAV ¥ (8)1es oAy  dnoio ar




image39.png
2uz9'99r
veorve
s91L'E0
vo0T'SL
veos Ty
s
wigTs
800°6.
v0£0°89
61979
sverTet
a6zt
9ee9'T0T
v0E'08.
8955°6.
9619°65
sTs9'L9
oS
9505°86.
ToL
wssL
Eyag
el
wreo
e
g0z
8965°60T
svrEEs
voTe0s
8820201
wovzi
seeroL
otesset
9srT's0T
w06

1 (un) vies DAV

1 (uo) vaes za

2999t
veorve
s91L'E0
vo0T'SL
veos Ty
(7
wigTs
800°6.
v0£0°89
61979
sverze
a6zt
9eeo'T0T
v0E'08.
8955°6.
9619°65
sTs9'L9
oSt
9505°86.
ToL
wssL
Eya
wLELo
wreTor
et
sz
8965°60T
srrEEs
voTe0s
8820201
wovzi
seeroL
otesee
9srTs0T
w06
1 (ud) vies TA

ogTL'8eT
960701
swvTEet
T6102ET
Tsss T
svze'sT
880°EET
st
969°6TT
896611
svsTse
vessLel
veseTt
Trost
TseT
aceToz
89586
soes'ECT
vBEQ'0ET
$066°60T
8822001
9180°8TT
895€°0ET
96vT°0TT
wstsTe
worior
gtoTSTt
9sg'Tt
9e65'6TT
9SpT I
sesE's0T
vosTTEL
wsrsv
Tse0ovt
[y

1 (ud) ynW DAY

1 (ud) ynwzA

ogTL'8eT
960701
swvTEet
T6102ET
Tsss T
svze'sT
880°EET
st
969°6TT
896611
svsTse
vessLel
veseTt
Trost
TseT
aceToz
89586
soes'ECT
vBEQ'0ET
$066°60T
8822001
9180°8TT
895€°0ET
96vT°0TT
wstsTe
worior
gtoTSTt
9sg'Tt
9e65'6TT
9SpT I
sesE's0T
vosTTEL
wsrsv
Tse0ovt
[y
1 (ud) ynwTA

0,
ave

dnou

T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
o




image40.png
ozet
oozt
o8t
oget
oger
oSt
o6ET
ozot
ot
ozt
oozt
Lad
ovE
o6rT
ot
oTer
o
oTer
osrt
ooEt
o0st
oost
oort
oozt
ogst
ovet
oort
oTer
oozt
ozt
ooEt
oget
o009t
oer
o8t

1220 9AV

FRRBIARISIBRRRS

1
o

o

ERAAIARSBIRIRLET

s

105210 9AY

A d8a

009
oo
sg9
o9
oz
o089
cE
o
oz
sg9
<09
og
19
s
sg9
069
<09
19
069
o019
o089
o089
oo
068
oe
o089
3
3
<89
o9
o089
079
oz
009
099

TA d8a

A dss

0'60T
oot
o086
o8t
S
oot
oEt
o8t
o
ozt
otot
<86
s
oszt
o601
oEt
S0t
STt
get
otot
szt
oot
e
s
ot
sozt
sgot
o601
osot
o086
ogot
S0t
06Tt
ogot
o8t
TA d8s

T8
vis
€79
€5
rw
1
T
€0
o9
<18
e
s
v
v
999
sg9
o078
TEg
cE
o8
L6
o8
rog
v
vs9
oes
L9
98
Tss
€89
619
r18
Te6
ru
r19

IHDIEM DAY

AWM

T8
vis
€79
€5
rw
1
T
€0
o9
<18
e
s
v
v
999
sg9
o078
TEg
cE
o8
L6
o8
rog
v
vs9
oes
L9
98
Tss
€89
619
r18
Te6
ru
r19
TN WBPM

o9t
oSt
osoT
o601
oot
s101
o009t
o801
sort
rsst
sot
ozot
oot
SeoT
osoT
oEt
st
ozot
oot
o009t
ceo1
sot
ot
SeoT
o1t
oEt
SeoT
oSt
SeoT
ot
osoT
o6sT
o601
oot
o6sT

1HDIEH DAV

A WBeH

o9t
oSt
osoT
o601
oot
s101
o009t
o801
sort
rsst
sot
ozot
oot
SeoT
osoT
oEt
st
ozot
oot
o009t
ceo1
sot
ot
SeoT
o1t
oEt
SeoT
oSt
SeoT
ot
osoT
o6sT
o601
oot
o6sT
TAWBeH

auvd




image41.png
BOVT'6S
Tree's0T
756569
vB6O'EL
otseve
vo10°8L
STl
vB6E'LS
wosze
90018
w689
[
ots9'E0
Tss'se
swo'sy
TesTsL
ouveL
Tie0'se
8968°30
we
v09°66
961765
v0E8'99
9596°6TT
888S°TS
v0E6°L9.
voLS8S
oLe0TL
weront
AVt
voLOTL
Tuos
TieE T8
voTT e
Te6v°oTT
80V9°EL
65588
oLesze

1 (un) vies DAV

STILS
vo8y°80T
95050
VoL
950T'Y6
s88SLL
vorzeL
Tusss
888ETE
826018
809
89E0°LL
osrEr9
voTT'99
vovE'sy
seTE0L
sros L
TsLove
v8L9'89
sorT's9
89Er°66
6588
Teveog
vBEQ'6TT
56T
vove'sg
osvL'8S
wwn
Teze'sT
8897'88
ossT'8L
8769°50
voTSER
ots9°'s9
9s86 TTT
o0
sHTELS
9806

1(ud) vies za

8890'T9
oe0T
sv89'80
B9STL
oss'se
Terse
wTTSL
9sz0°98
osve'Ee
608
votLEL
9599°8L.
At
vo's9
g6vT Y
seseL
vOBE VL
wseTe
TsTT6e
outie
TuLes
20668
Ay
seeT 0Tt
oste s
gL
zeor'ss
sr9°0L
TreEETT
968008
Tsse'E0
%6v1°99
wrs
(7747
sero e
orteEL
9616
ot08'v6

1 (ud) vies TA

TsLTLot
898201
¥99°00T
Ts6918
voe'EeT
ssvrIe
veg's0T
geeott
Tss6'68.
wrevt
8806°LET
PPET O
osze'set
Y06€°06.
vees-oot
o108°s6.
voLL80T
seLrszt
Tses e
vevee
8009°8
96806
T650°2ET
soLTt
9190°4TT
96z8'6TT
vege I
vaLzser
96Tt
vovL'e
vr69°L6
6T
8899°05T
verte
vBLTB0T
0T
=y
959z°05T

1 (ud) ynW DAY

8768'L0T
[T
8006201
veISER
8965°E€T
Teor Tt
v99°80T
896€°0TT
%€T'68
voTETT
vBLO'LET
svvrEoT
sossECT
v9TS06
Teve Lot
8807°6.
seLsot
80c0°L2T
9600°vET
s
oS8
%88
9s9TTET
veeo't
9600°YTT
a5
seeL T
9607°E€T
ey
vrESes
969201
oLse'ss
vBIL 05T
90096
poSTI
st
svoL-ozt
veezost

1 (ud) ynwzA

9£59°90T
SUvE 00T
werse
wus's
TreTeet
L
YOT'60T
Tsrzont
01106
pO6E"STT
e 8T
ves ot
vre0°ECT
oSz 06
910z°90T
vrET'96
8028°80T
voes vzt
800v°ET
suUTYe
svres
wste
sess el
seLsLTT
SeTLETT
osvL'8TT
6601
el
svzesT
vBSE'SE
61976
svesis
z619°08T
vaLTe
sesE oL
swv0ovT
sese'set
880€°05T

1 (ud) ynwTA

MBS EHAARRARRRAERIERINRARIIABBBBRBERNS R

aiLvd

% [P PR R [ U O S I ) ) A [ ) I ) (O O [ ) I ) [ (A (O R [ Y [ (Y (Y [ P

dnoi




image42.png
2
et
szet

s

veT
i
s8t
B
et
o9t
ver

ver
S
ott
€T
st

Sa
el
Iz
e
wr

B
5
Sert
s
et

gout

B
2
wo

=3
g

1200 9V

w
&

2RBYE

&
w
o
1

SRRISISARITSLRS

1

5893882

w
&

o
s

10520 9AY

o019
s
009
<89
og
si9
<19
<09
006
099
53
o
ov9
og
ov9
og
o9
069
oo
19
A
o9
o089
19
099
o
19
o9
s
o089
53
og
o9
<79
53
o019
19
oz

A dsa

009
o9
o095
sg9
o019
079
<09
o089
016
ov9
sg9
o8
o019
009
099
sg9
<19
19
A
099
cE
<79
o8
og
069
o9
o019
si9
o089
og
3
o089
si9
<09
3
<79
o089
s

A dsa

oot
otot
oot
osot
st
ozt
S
ozot
sozt
get
<801
ot
<801
oot
st
osot
oot
ovit
oozt
oot
<801
st
sout
sout
S
o8t
szt
oot
<801
osot
o6

st
oEt
3

oot
oEt
ozt
osot

A dgs

oz
osot
ozot
st
ozot
ot
ozt
oot
s1eL
ot
osot
s
ot
soot
<801
<86
sgot
get
<801
oot
S601
S601
STt
sgot
gott
ot
oot
o601
st
o601
53
o601
oot
o6
o8t
s
st
ot
TAd8s

o8
669
vis
805
7
gL
vss
866
oo
vss
v6S
Trs
619
vos
678
e8
ros
ves
o9
€19
6vs
5E3
819
989
g9
T6s
T09
vs9
o
678
€9
3
£
3
<79
o089
068
Lo

1HOIIM DAY

ovs
969
vis
53
v
ris
Tss
v6S
vy
vss
688
ovs
T
53
878
e8
3
T8
e
<19
svs
res
819
=3
g9
968
866
T80
ru
678
o095
rss
ez
Ty
<79
919
98
€8

A WBam

TES
ToL
eLs
o018
ror
3
8
o9
rev
vss
866
vis
919
zos
678
e8
695
978
£y
o019
Tss
TS
819
689
g9
886
€09
989
v
678
g9
Tss
[an
rw
<79
€89
v6S
018
TABPM

oot
o801
ot
s8T
sut
s8T
osoT
ovet
SeoT
oost
ceo1
o001
A
rest
srot
SeoT
osoT
o8t
oot
ot
o8t
SeoT
ot
st
g1
o601
g1
oot
oot
szt
o001
oot
ozot
st
st
e80T
o009t
sut

1HOIH DAY

oot
o801
ot
s8T
sut
s8T
osoT
ovet
SeoT
oost
ceo1
o001
A
o009t
srot
SeoT
osoT
o8t
oot
ot
o8t
o601
ot
st
oot
o601
ovet
oot
oot
szt
o001
oot
ozot
st
st
osoT
o009t
szt

A WBRH

oot
o801
ot
s8T
sut
s8T
osoT
ovet
SeoT
oost
ceo1
o001
A
£6sT
srot
SeoT
osoT
o8t
oot
ot
o8t
oot
ot
st
oot
o601
ceo1
oot
oot
szt
o001
oot
ozot
st
st
o801
o009t
sut
TATBIRH

FTRABIBREIIINIR

lAlNl®

w3388 NLRRIANLIINRIT BRI R

aivd




image43.png
vEL

e
e
5
ad
wo
i
veT
vt
6T
=
0e
szt
s8t
e
=3
e

st
2
I
cet
wt

ot

e
2

st

wt

st

ost

oeT

ot
ocet
osst
ot
ot
ogst
cest
ozst
oost
o8t
ot
ozot
ot
oSt
ot
osrt
oSt
ootz
ot
oTer
ot
o8t
ot
ot
o009t
oSt
o8t

4220 OAV

Sty
&
sy
s
s
o
s8'Ls
st

g9
s
3
1
seos
g

<18
st
3

s
5E3
5E3
s

523

53
s
sty
stz
g9
s

s

s
s
stos
&
s

523
o
s

1 REREA

0§01

009
o9
<19
<79
3
o089
si9
<09
<79
s
o095
o019
o
o9
3
sg9
079
oe
57
<09
009
o089
079
sg9
o8
o019
sg9
A
069
si9
o089
og
009
oo
o089
cE
oz
og
oo
sg9
<09
19
A
19
o089
o089
oo
068
oe
o089
3
3
<89
o9
o089
079
oz
009
099

ozt
osot
sgot
S601
53

o601
oot
o6

s
ot
ozot
ozot
osz
ot
o8t
st
ot
ot
S0t
ozt
53

oot
s
osot
s
ot
<86

<801
gott
o601
st
o601
o601
oot
oot
oEt
ot
<86

oot
o601
S0t
STt
o8t
oszt
szt
oot
e
s
ot
sozt
sgot
o601
osot
o086

ogot
S0t
06Tt
ogot
o8t

80Z8°T9
T610°0TT
vesTo
889T°S9
06979
os0's9
v2or'es
%6L'59
s006°SL.
sTIrve
ouTse
YPET 00T
88YS°00T
TeTreL
8EYSETT
SeLLTL
89TT'08
Tuseot
9s88'E
wie
osrT'89
919506
vos9°E0
voTe8
veS L
ze08'8S
wseoL
6609
9695°ETT
voes'89
oTvo'STt
worss
8250°901
969T°L0T
wrs
ortres
soLLL
s8vEoTT
o8
8086°6.
9109°95
960709
s0v6°L9.
¥290°s6
wie
oszo'seT
919615
voov'L6
TeoT I
9505°6TT
950€°00T
oIS T8
vB6S TS
vBE'E0T
oLe6 T
osT'sL
8006°6ET
oLeTET
vre8°68

TSL809
veogott
vBL9To
808659
89E9
Tege'se
v0ss'88.
s00°L9
oTronL
v20T'z6

v99L°T9
oe0T
96969
89SEP9
sT10°59
s
oSz 06
L
BOTLL
Teesoe
ouTse
YPET 00T
88YS°00T
TeTreL
8EYSETT
SeLLTL
89TT'08
Tuseot
9s88'E
wie
osrT'89
919506
vos9°E0
voTe8
veS L
ze08'8S
wseoL
6609
9695°ETT
voes'89
oTvo'STt
worss
8250°901
969T°L0T
wrs
ortres
soLLL
s8vEoTT
o8
8086°6.
9109°95
960709
s0v6°L9.
¥290°s6
wie
oszo'seT
919615
voov'L6
TeoT I
9505°6TT
950€°00T
oIS T8
vB6S TS
vBE'E0T
oLe6 T
osT'sL
8006°6ET
oLeTET
vre8°68

TEBY'90T
TrerTon
[a7ia7ad
worve
9ssET6
s89T'E8.
Treg'sst
Teseve
960T°LYT
vooL et
vr60°86.
geTSSET
artoszt
seeeset
T6E6°0TT
vooTY8
Tege'st
Teve e
vesLos
875066
osg'(8
80v6°LTT
YRITYIT
TrI90st
96°E0T
sovT°0zT
96v0°S0T
veoo'set
969€°00T
vBE0'EET
voesgey
120668
88vE0ET
voE8"SOT
gese T
TeveLel
vRTE 0T
ssevet
veITOT
voL°0t
vorres
s9sTYCT
veoTt
voeL g0
Tsront
Tevrett
TosET
zeos'STt
sT60°vT
orot
eore0t
et
Tsteve
g0t
TeTeeTt
oeTET
8008°05T
otzeot
9680°2T

8oTLot
orTrToT
8009°ET
vBEr'o6
%S T6
o
st
L6
YRITTYT
oeesovT

Y8SL7S0T
SUvE 00T
otssvT
ourte
o10T6
voreTs
voLysst
LT
800T°0ST
Te69°0vT
vr60°86.
geTSSET
artoszt
seeeset
T6E6°0TT
vooTY8
Tege'st
Teve e
vesLos
875066
osg'(8
80v6°LTT
YRITYIT
TrI90st
96°E0T
sovT°0zT
96v0°S0T
veoo'set
969€°00T
vBE0'EET
voesgey
120668
88vE0ET
voE8"SOT
gese T
TeveLel
vRTE 0T
ssevet
veITOT
voL°0t
vorres
s9sTYCT
veoTt
voeL g0
Tsront
Tevrett
TosET
zeos'STt
sT60°vT
orot
eore0t
et
Tsteve
g0t
TeTeeTt
oeTET
8008°05T
otzeot
9680°2T

AE2HARARAISRILRBFAIRAIRISIBBBIENLIBIBRSRIZN I NARIRT R

8rnas

2858

d8s ¥ (o) vied DAY ¥ (ud) vied ZA ¥ (wo) vied TA ¥(un) vnIAT DAY ¥ (un) vnIATZA ¥ (wo) vnIATTA aiLvd dnoa

z
[
[
[
[
[
[
[
[
[
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
=)




image44.png
<09
599
€50
559
068
3
€r9
<19
819
gEL
095
o019
o
or9
3
=)
079
oE
57
<09
009
o089
079
=)
o8
o019
=)
A
069
si9
o089
og9
009
oo
o089
53
oz
og9
oo
=)
<09
5
A
5
o089
o089
oo
068
oE
o089
3
3
<89
or9
o089
079
oz
009
099

o019
s
o9
o9
53
og
o9
<79
o019
oz

009
o9
<19
<79
3
o089
si9
<09
<79
s
o095
o019
o
o9
3
sg9
079
oe
57
<09
009
o089
079
sg9
o8
o019
sg9
A
069
si9
o089
og
009
oo
o089
cE
oz
og
oo
sg9
<09
19
A
19
o089
o089
oo
068
oe
o089
3
3
<89
o9
o089
079
oz
009
099

ovit
ot
et
st
€86

et
o601
€6

et
s
ozot
ozot
osz
ot
o8t
st
ot
ot
S0t
ozt
53

oot
s
osot
s
ot
<86

<801
gott
o601
st
o601
o601
oot
oot
oEt
ot
<86

oot
o601
S0t
STt
o8t
oszt
szt
oot
e
s
ot
sozt
sgot
o601
osot
o086

ogot
S0t
06Tt
ogot
o8t

oot
otot
oot
st
o6

st
oEt
3

oEt
osot

oz
osot
sgot
S601
53

o601
oot
o6

s
ot
ozot
ozot
osz
ot
o8t
st
ot
ot
S0t
ozt
53

oot
s
osot
s
ot
<86

<801
gott
o601
st
o601
o601
oot
oot
oEt
ot
<86

oot
o601
S0t
STt
o8t
oszt
szt
oot
e
s
ot
sozt
sgot
o601
osot
o086

ogot
S0t
06Tt
ogot
ost

o8
669
ros
5E3
€9
3
£
3
o089
Lo
eLs
ror
<09
886
<79
o018
3
89
17
8
voy
o9
oL
866
vis
919
e8
£y
g9
989
v
678
T8
vis
1
T
vis
s
o
999
o078
TEg
o8
v19
L6
o8
rog
v
vs9
oes
L9
98
Tss
€89
619
r18
Te6
ru
r19

ovs
969
3
res
o095
rss
ez
Ty
919
€8

TES
ToL
695
TS
g9
Tss
[an
rw
€89
018
eLs
ror
<09
886
<79
o018
3
89
17
8
voy
o9
oL
866
vis
919
e8
£y
g9
989
v
678
T8
vis
1
T
vis
s
o
999
o078
TEg
o8
v19
L6
o8
rog
v
vs9
oes
L9
98
Tss
€89
619
r18
Te6
ru
r19

oot
o801
osoT
SeoT
o001
oot
ozot
st
e80T
sut
ot
sut
szt
o601
st
s8T
s8T
ot
o1t
osoT
ogst
ovet
o801
ceo1
o001
A
SeoT
oot
oot
oot
oot
szt
ot
oSt
s101
o009t
ovet
ozot
osoT
osoT
st
ozot
oot
ozt
ceo1
sot
ot
SeoT
o1t
oEt
SeoT
oSt
SeoT
ot
osoT
o6sT
o601
oot
o6sT

oot
o801
osoT
o601
o001
oot
ozot
st
osoT
sut

oot
o801
osoT
oot
o001
oot
ozot
st
o801
sut
ot
sut
szt
o601
st
s8T
s8T
ot
o1t
osoT
ogst
ovet
o801
ceo1
o001
A
SeoT
oot
oot
oot
oot
szt
ot
oSt
s101
o009t
ovet
ozot
osoT
osoT
st
ozot
oot
ozt
ceo1
sot
ot
SeoT
o1t
oEt
SeoT
oSt
SeoT
ot
osoT
o6sT
o601
oot
o6sT

I T I I - i

B

LIRATIRI8Y

as

ANMRNINAIIERIBREFRIS

P

480 DAY ZA d8a TA d8a d8S DAY ZA d8S TA d8S SIaM DAY ZA WSIom TA SIaM WSISH DAY ZA WSI9H TA WSIeH alLvd




