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ABSTRACT
Introduction: Whole body vibration has been shown to be osteogenic in animal
models; however its application in humans is not clear.
Purpose: The purpose of this study was to examine the effects of an eight month
program involving vibration plus resistance training on bone mineral density (BMD)
and bone metabolism of older postmenopausal women.
Methods: Fifty-five women were assigned to a resistance training group (R, n=22), a
vibration plus resistance training group (VR, n=21), or a control group (C, n=12). R
and VR trained 3 days/week for 8 months on 8§ exercises. VR received vibration (30-
40Hz, 2-2.8g) in three different positions preceding resistance exercise. Training
loads were adjusted every 5 weeks. Daily calcium intake; biochemical markers of
bone turnover, bone-specific alkaline phosphatase (BAP) and C-telopeptide of Type I
collagen (CTX); and BMD and bone mineral content (BMC) of the spine, dual femur,
forearm, and total body (DXA) were measured at baseline and month 8.
Results: At baseline, there were no group differences in age, height, weight, calcium
intake, strength, BMD, or BMC. Two-way repeated measures ANOVA (group x
time) did not detect significant group or time effects for BAP, CTX, or BMD of the
total body, spine, left hip (total hip, trochanter, femoral neck), or right trochanter. A
significant (p<0.05) time effect revealed a decrease in right total hip and right femoral
neck BMD. A group x time interaction (p<0.05) was detected at the forearm, with C
slightly increasing, VR slightly decreasing, and R remaining the same. Repeated
measures ANOVA (group X time) revealed a significant (p<0.01) main effect and

interaction effect for IRM of the 8 tested exercises. R and VR significantly (p<0.05)



increased 1RM strength in 5 exercises, compared with C. ANOVA determined
significant (p<<0.01) group differences in pre-post percent (%) change in strength. VR
had significantly (p<0.05) higher relative strength increases in 5 of the eight
exercises, compared with R. Ranges in %change were 42-138% among VR and 23-
88% among R.

Conclusions: No significant alterations in bone biomarkers, BMD, or BMC were
detected. Although there were significant increases muscle strength, no benefits for

skeletal health were evident.



CHAPTER1
INTRODUCTION

One of the most common characteristics of the aging adult is the loss of bone
mass, which if left unchecked could lead to osteoporosis. Osteoporosis is a disease in
which the progressive loss of bone mass leaves the bone more susceptible to fracture.
In the United States, osteoporosis is an large problem with about 10 million
individuals over the age of 50 having osteoporosis of the hip, eight million of which
are women’’. The estimated number of individuals over the age of 50 with
osteopenia, consequently placing them at risk for developing osteoporosis, is over 33
million®”. Approximately 1.3 to 1.5 million osteoporotic hip fractures occur every
year ©°7. The impact of osteoporosis places a significant burden on the individual’s
well being and on the society as a whole. Fracture can result in a severely reduced
quality of life causing significant morbidity and mortality'*. In fact, women over the
age of 50, who have suffered a hip fracture, have a 5%- 20% increased risk of dying
within one year ¢.  About half of the population of hip fracture survivors require
nursing home care or daily living assistance®. Total costs of incident fracture in 2005
is an estimated $17 billion, with hip fractures accounting for 72% of the total cost, yet
only 14% of total fractures '>. Yearly fractures and costs, by the year 2025, are
expected to increase by almost 50%'%. A prediction for future population growth is
highest for people 65 -74 years, increasing over 87% by 2025,

A large proportion (75 to 85%) of bone strength comes from bone mineral
density (BMD)™®. This is the basis for the use of BMD as a surrogate measure of

bone strength. Therefore, a loss of BMD is related to a loss in bone strength which



subsequently places an individual at an increased risk of fracture®. Measurements of
BMD (g/ cm?) are made by Dual Energy X-ray Absorptiometry (DXA), a technique
that quantifies bone mineral content (BMC, grams) per area of bone (sz) for the
total body or at specific sites such as the femur and lumbar spine °. The World Health
Organization (WHO)' has set the criteria for diagnosis of osteoporosis and osteopenia
in postmenopausal Caucasian women based on a T-score, or the number of standard
deviations a BMD value falls in relation to the average BMD of a young adult
reference population . Osteoporosis is diagnosed as a T-score of less than -2.5, which
will identify about 30% of postmenopausal Caucasian women as osteoporotic™®.

Bone is a dynamic tissue constantly being metabolized by processes of resorption and
formation. Bone resorption breaks down the mineralized bone matrix and bone
formation deposits new bone at the resorption site. Bone remodeling is the coupled
process of resorption and formation, so that in healthy adult bone, formation will
match resorption resulting in a maintenance of bone tissue™° . The entire process of
remodeling is slow and can take to three to six months to complete’. Remodeling has
two main functions, to replace old weak bone with new stronger bone tissue and aid
in the regulation of serum calcium homeostasis. Serum calcium is tightly regulated to
remain within 8.5 — 10.5 mg/dL. The skeleton is a vast resource of calcium for the
body, which can be liberated through the process of resorption. Two types of bone
cells are involved in bone remodeling, osteoclasts and osteoblasts. The osteoclast is
the resorbing cell of bone, while the osteoblast is responsible for formation.
Hormones associated with serum calcium homeostasis influence osteoclastic and

osteoblastic activity. Parathyroid hormone (PTH) and Vitamin D3 are secreted in



response to decreases in serum calcium levels which activate osteoclastgenesis and
increase osteoclast activity. Calcitonin is released in response to increasing serum
calcium levels, which act by inhibiting osteoclastic resorption and activating
osteoblastic activity.

Bone turnover can be assessed by measuring the biochemical markers of bone

metabolism in the blood or urine®> ** ¢

. These markers are by-products, enzymes, or
proteins secreted or released during the processes of resorption and formation.
Markers of bone resorption include the N-telopeptide crosslink of type I collagen
(NTX) and the C-telopeptide crosslink of type I collagen (CTX), which are released
during bone matrix degradation. Bone formation markers include osteocalcin (OC), a
protein secreted by the osteoblasts, and bone specific alkaline phosphatase (BAP), an
enzyme produced by osteoblasts during formation >°,

Exercise has been linked to increases in bone mass. Wolff’s law states that
that bone function increases with increased demand and that with decreased demand,
bone function decreases>®. Frost'’ expands on this idea to include a stress threshold
property of bone cells that must be surpassed to in order to achieve bone maintenance
and an even higher stress threshold that must be surpassed to achieve increased bone
formation. Frost '’ theorized that bones will adapt to be strong enough to handle the
usual loads placed upon them and that muscle mass is needed to generate the required
mechanical loading. Therefore, exercise will promote muscle strength and place
increasing mechanical stress on the skeleton keeping the stress level above thresholds

required to maintain and even increase bone tissue. Three additional concepts for

bone adaptation to mechanical loading were proposed by Turner *°: 1) loading must



be dynamic, not static, 2) a short duration of loading is sufficient for adaptation and
with increased duration comes diminishing returns, and 3) bone cells accommodate to
routine loading, lessening their response to the routine loads.

According to the American College of Sports Medicine’s position stand on
physical activity and bone health **, weight bearing endurance activities, activities
that involve jumping, and resistance exercise may help to preserve bone health during
adulthood. The intensity should be moderate to high and performed three to five days
per week (weight bearing endurance activities) and two to three times per week
(resistance exercise) *2. Exercise interventions have been shown to be beneficial for
the bone health of older women. The influence of the mode of exercise has been
examined by several studies. Effects of ground reaction forces, such as walking and
jogging; and joint reaction forces, such as weight lifting and rowing; show similar
increases in BMD of the whole body, lumbar spine, Ward's area, and proximal femur
(1.5 to 6.1%), with added benefits of joint reaction forces of increased lean body mass
and muscular strength, which are important for the prevention of osteoporotic
fractures by reducing the risk for falls”>. Walking exercise performed over one year
by postmenopausal women with low bone mass increased spine BMD compared to
non-exercising controls, decreased resorption markers and increased formation
markers®. Repetitive jumping, 50 times, about 3 inches high, 6 days per week has
increased BMD in premenopausal women®. Low impact acrobic exercise performed
by elderly women has been associated with increased bone mass, trabecular density,
and bone area at the tibia indicating that the bone response to exercise may be site

specific **. Evidence of site specificity of resistance training has been found by



studies that employ unilateral training, with the non-exercising side serving as the
control*’, and the use of peripheral quantitative computed tomography (pQCT) to
detect structural changes in bone archetecture® *° .

The magnitude of loading is an important issue in achieving an osteogenic
response as suggested by the theories of Frost '’ and Turner’® and the findings of
Kerr™. Nelson et al. >, observed increases in BMD at the lumbar spine and femoral
neck as well as increases in OC in postmenopausal women with a high intensity (80%
1RM) training intervention performed for one year. Other studies have also observed

24,60 and in the

increases in BMD using high intensity resistance training protocols
markers of bone turnover®. In addition, the weight lifted by postmenopausal women
in one year has been shown to predict the change in trochanter BMD .

A possible source of the conflicting results in the postmenopausal bone
research is estrogen status. It is estimated that within the first three years after the
start of menopause a women can lose as much as 4% of her bone mass®’. Within six
years after the start of menopause a women may lose approximately 15% BMD .
Resorption rates are accelerated during the first two years since menopause, while
formation rates slowly begin to increase during years three to five since onset of
menopause””. HRT has been used as an intervention to prevent this accelerated bone
loss. As previously mentioned, jumping exercise by premenopausal women
effectively increased femoral BMD by five months while postmenopausal women did
not, even after 18 months *. Unfortunately HRT did not affect this outcome. This

finding helps to reinforce the importance of the magnitude of load for an osteogenic

response in postmenopausal women. Some studies controlled for estrogen status by



determining years since menopause and HRT history, including years on HRT and
years off HRT. Promising results have come from studies on postmenopausal,
estrogen deplete women ****** % Other studies' results should be interpreted with
caution as exercise groups may have had uneven numbers HRT users and non-users *
2460 Another limitation of many postmenopausal bone studies is the length of the
intervention. Studies that have been conducted for over six months have shown

A 30334264 Tt appears that postmenopausal

increases in BMD as measured by DX
women require an intervention longer than six months to achieve increases in BMD
as studies six months or shorter have not achieved results”**. Studies that have

24,60 and

achieved results within 6 months may have been confounded by HRT status
the inclusion of men .

Vibration training consisting of high frequency (25-40 Hz) low amplitude (2-5
mm) stimuli, may be an effective mode for inducing an osteogenic response. Animal
studies have provided convincing evidence that vibration stimuli can be dramatically
anabolic and stimulate expression of bone formation mRNA*?”. The phenomenon
of stochastic resonance, enhancing the response of a nonlinear system to a weak
signal by the addition of a noise vibration, has been demonstrated by bone cells. The
addition of a vibration stimulus to a dynamically loaded bone resulted in a 3.9 fold
increase in bone formation™*. The mechanism by which bone cells sense mechanical
loading is not known, however there are two main theories in place to help explain
the mechanosensation of bone cells. The osteocyte is a type bone cell located

throughout the entire mineralized matrix of bone with unique properties that qualify it

as the sensory cell of bone. Osteocytes are situated within fluid filled spaces, called



the canaliculi, throughout the bone matrix. Mechanically loaded bone causes a fluid
flow originating at the most stressed area of the bone and radiates away throughout
the canaliculi. This interstitial fluid flow excites the osteocytes causing a release of
chemical messengers. These chemical signals propagate and make contact with other
osteocytes, osteoblasts, and bone lining cells *°. Another possible mechanism lies in
the way the osteocyte is attached, or anchored, to the mineralized matrix. The
cytoskeletal adhesion proteins may play a role in mechanotransduction by amplifying
the mechanical strain signal to the osteocyte for release of the chemical signal®.
Human studies have yet to provide sufficient evidence on the efficacy of
vibration on bone adaptation as few studies have been conducted which are very
inconsistent. Some attractive results have been obtained by Verschueren et al. .
This six month intervention involved postmenopausal women who were randomly
assigned to a vibration training group, a resistance training group, or a control group.
The vibration training increased BMD at the hip (0.93%) while the resistance training
did not. No changes in biochemical markers of bone turnover were observed in either
group. In another study carried out over one year, Rubin ef al. °° asked
postmenopausal women to stand on a vibration platform twice a day for 10 minutes
each bout, seven days per week. Compliance to the protocols as well as body size
determined whether there was a change in BMD. Those that were at least 80%
compliant indicated relative benefits at the femoral neck and spine compared with

control subjects. The most compliant women who were lighter than 65 kg exhibited

the greatest relative benefit at the spine. Other studies have not achieved such results;



however the conservative approach in application of the vibration subject gender and
age may have been the reason for the lack of results "

Osteoporosis is a serious public health issue that could be expected to escalate
as the population of older individuals continues to grow. HRT and other drug
therapies have been used to treat and prevent osteoporosis; however these drugs are
expensive and can have negative side effects. Increasing exercise in a safe and
effective manner can be beneficial to the bone health of a postmenopausal woman.
Ground reaction forces and joint reaction forces applied to the skeleton can produce
an osteogenic effect; however it appears dependent on load magnitude and duration of
the intervention. The addition of a vibration stimulus may be an easy and safe mode
of enhancing the osteogenic response to exercise. Few studies have examined the
bone response to vibration training in older women, and thus far these studies have
set the groundwork for new research. It appears that the vibration stimulus may be
time dependent, with longer durations providing more of a response, and also need an

additional loading that is dynamic in nature as the theory of stochastic resonance

suggests.

Purpose

The purpose of this study was to examine and compare the effects of an eight
month program involving two high intensity training protocols, combined vibration
plus resistance training and resistance training alone, on BMD and bone metabolism
of older postmenopausal women. Subjects were healthy women, between the ages of

55 and 75 years, and not taking HRT. Measurement variables included the



biochemical markers of bone turnover (BAP and CTX); BMD and BMC of the total
body, dual femur, lumbar spine, and radius 33%; and muscle strength (1RM) of eight
resistance exercises. The vibration group received a vibration stimulus in three
different positions which preceded resistance training exercises. A secondary
purpose was to examine muscular strength changes between the two resistance
training protocols.

Research Questions

1. Will eight months of a vibration plus resistance training intervention increase
BMD in older women beyond that of resistance training alone?

2. Will eight months of resistance training, alter bone metabolism as indicated by
changes in bone resorption (CTX) and bone formation (BAP) markers?

3. Will eight months of vibration plus resistance training alter bone metabolism
as indicated by changes in bone resorption (CTX) and bone formation (BAP)
markers?

Hypotheses

1. Eight months of vibration combined with resistance training will increase
BMD beyond that seen with resistance training alone.

2. The bone resorption marker (CTX) will respond quickly to the resistance
training, by decreasing at month four, and the bone formation marker (BAP)

will lag behind CTX, elevating at month eight.



3. Vibration training plus resistance training will result in decreased CTX levels
at month four, similar to resistance training alone. BAP levels will lag behind
CTX, however respond quicker than resistance training alone, elevating at
month four.
Subquestions
1. Will resistance training influence muscle strength in older women?
2. Does the addition of vibration to a resistance training program influence

muscle strength in older women?

Subhypotheses

1. Yes, resistance training will increase muscular strength in older women.
2. Yes, the addition of the vibration stimulus will increase muscle strength

beyond that seen by resistance training alone.

Significance Of The Study

The significance of the study is to provide a safe and effective way to enhance
the osteogenic response of bone cells in older women. The use of vibration training
has been shown to induce an osteogenic response in animal bone tissue; however this
mode of stimulus lacks conclusive evidence in humans. The efficacy and safety of
vibration training has been shown in older women, however the conservative
approach taken by researchers may account for the inconsistent findings. This study
will employ the theories on bone adaptation put forth by Frost '” and Turner*® and

further explore the use of vibration training in enhancing the osteogenic response.
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Information from this study will provide insight on how bone cell
mechanotransduction could be influenced by the addition of stochastic resonance.
Vibration training could provide a safe and easy intervention that may improve
compliance to a resistance training program. This study will provide information on
the periodicity of changes in bone metabolism in response to resistance training and
vibration plus resistance training interventions. Knowledge of the timing of changes
in the biochemical markers of bone turnover during the course of an intervention will

aid in the establishment of the clinical use of these markers during therapy.

Assumptions

1. All subjects gave maximum effort during 1RM testing.

2. All subjects completed the recorded sets and repetitions during the training
program.

3. All subjects were in a fasted state at the time of the blood draws.

4. Subjects were not taking HRT, and those that have taken HRT, were off HRT
for at least one year.

5. Subjects were not in the accelerated phase of bone loss that is accompanied by
the first five years of menopause. Women accurately reported that they are at
least five years since the onset of menopause.

6. Subjects accurately recorded calcium intake.

11



Delimitations

1. The BMD response to vibration plus resistance training and resistance training
alone can only be applied to healthy postmenopausal women not taking HRT
between the ages of 55 and 75 years.

2. The bone metabolism response to vibration plus resistance training and
resistance training alone can only be applied to healthy postmenopausal

women not taking HRT between the ages of 55 and 75 years.

Limitations

1. Daily physical activities performed outside of the training program were not
controlled. However, subjects were asked to maintain their normal daily
activities that did not include resistance training.

2. Sunlight exposure was not controlled or monitored.

Operational Definitions

Biochemical Markers of Bone Turnover — Proteins, enzymes, or breakdown products

of bone released into the blood stream during the process of bone turnover *%.
Bone Mass — The amount of bone in a cross-section, which is related to the strength
of the whole bone'”.

Bone Mineral Content (BMC) — Amount of bone measured in grams.

Bone Mineral Density (BMD) — Bone mineral content divided by area (g/cm?).

Bone Remodeling - The process of activating the osteoclasts that resorb bone leaving

cavities on the bone’s surface. This is followed by osteoblastic activity that fills in

the cavities by forming new bone*.
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Bone-Specific Alkaline Phosphatase (BAP) — A biochemical marker of bone

formation. BAP is an osteoblastic membrane bound tetramer found circulating freely
in serum and is a bone-specific isoform of Alkaline Phosphatase >*.

Cortical Bone — The compact shell surrounding trabecular tissue, offering most of
bone’s structural integrity .

Cross-linked C-telopeptide of Type I Collagen (CTX) - The generation of the CTX

molecule is mediated by osteoclasts on bone and is formed in the serum as a stable
end product of degeneration of Type I collagen .

Dual Energy X-Ray Absorptiometry (DXA) - A process of measuring the attenuation

of two levels of energy passing through human tissue. DXA is used to assess bone
mineral density and bone mineral content, expressed as mass per unit of area (g/cm®).

Hormone Replacement Therapy (HRT) - Low levels of estrogen, often due to

menopause, increase osteoclastic resorption efficiency leading to greater bone loss.
HRT replaces the estrogen hormone aiming to reduce such bone loss.

Mechanical Loading — The use of skeletal muscle to overcome a set force, thereby

stressing the bone at a specific bone site !’

Mechanotransduction — Detection and response of bone tissue to mechanical loading

56

Osteoblast — Type of bone cell responsible for bone formation’.

Osteoclast — Type of bone cell responsible for bone resorption’.

Osteocyte — Type of bone cell believed to be responsible for mechanotransduction®,
Osteopenia — Normal loss of bone mass due to aging determined by a BMD T-score 1

to 2.5 standard deviations below the young adult means'.
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Osteoporosis - The increased decline in bone mass, leading to bone fragility and
increased risk of fracture as determined by a BMD T-score greater than 2.5 standard
deviations below the young adult means'.

Stochastic Resonance — Enhancement of the response of a nonlinear system to a weak

signal by the addition of a noise vibration **.

Trabecular Bone — Bone tissue that is loosely organized with a porous matrix, very

metabolic, and is found at the ends of long bones and in high amounts at the lumbar
spine and intertrochanteric area of the femur ’.

Whole Body Vibration — High frequency, low amplitude mechanical accelerations

delivered to the body in a standing position by a vibration platform.
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CHAPTER II

REVIEW OF LITERATURE

Introduction

The human body is very adaptable, making the necessary adjustments in order
to meet the imposed demands placed upon it. This is especially important for the
development of bone strength. Wolff first proposed this idea in 1892, suggesting that
bone architecture is determined by the stresses placed on bone®. Later, Frost
expanded on this concept stating that there is a threshold, above which bone must be
stressed in order to induce bone adaptation '’. With the experimental evidence
collected over the past 40 years, Turner ° developed three fundamental rules for bone
adaptation: 1) bone is driven by dynamic loading, 2) an adaptive response can be
initiated by a short duration of mechanical loading, and 3) bone cells become less
responsive to routine loading by accommodating to a customary mechanical loading
environment.

The influence of mechanical loading on bone adaptation has been researched
to a great extent, leading to the consensus that physical activity is beneficial for the
skeleton. The exact biological mechanism by which bone cells adapt is poorly
understood. In order to determine the processes involved, one must have an
understanding of bone physiology and the biochemical events involved at the level of
the bone cell. A crucial concept for understanding bone adaptation is bone turnover.
Bone is a dynamic living tissue that undergoes a process of resorption, or breakdown,
followed by formation. This is a coupled process and bone mass can be maintained

when formation rates equal resorption rates. Involved in bone turnover are two
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separate types of bone cells, the osteoclast and osteoblast. These two cells have a
morphology and biochemical characteristics unique to each type. Resorption is
carried out by the osteoclast, while formation is carried out by the osteoblast. In vivo,
bone cell action cannot be definitively determined; however animal studies and in
vitro cell cultures provides insight on the functioning of bone cells. By-products of
bone resorption and formation can be detected in serum and urine of human subjects,
thereby allowing researchers to get an idea of the actions of the osteoblasts and
osteoclasts.

Another important issue for bone adaptation is the process by which the stress
signal is carried out through bone and the initiation of bone formation. This is called
mechanotransduction. A third type of bone cell, the osteocyte, is cited as the cell
responsible for transmission of stress signals through bone. Two hypotheses which
are postulated to explain the role of the osteocyte in mechanotransduction include:
fluid flow over the osteocyte *°; and strain amplification by adhesion proteins of the
cytoskeleton **.

How can one optimize the mechanotransduction mechanism of bone? It is
well documented that mechanical stress applied through muscular contraction, i.e.
resistance training, is very beneficial for increasing bone mass. Compliance and
safety issues can be a draw back to performing a resistance training routine,
especially among the older adult population. Whole body vibration could be an easy
low risk intervention for improving bone strength. Animal studies have shown that a
26,54

vibration stimulus can effectively increase the osteogenic response of bone cells

In humans, few studies involving vibration with bone as the main outcome have been
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50, 55, 59
performed™ °>

and the results show some beneficial aspects for vibration training,
but lack the definitive answer to the benefits of vibration training on bone mass.

This review of literature will cover the structure and function of bone tissue.
In addition, the process of bone turnover will be reviewed including the cells
responsible for bone metabolism and the major hormones that govern bone
metabolism. This will lay the foundation for the use of the biochemical markers of
bone turnover as an assessment of bone metabolism. The idea of
mechanotransduction will be discussed, presenting the theories on how bone cells
"sense" strain and transmit signals to initiate bone metabolism. Evidence of
mechanical loading’s influence on bone adaptation will be covered followed by a
review of the bone responses to exercise interventions in postmenopausal women. A
major component in postmenopausal bone research is HRT status. The influence of
HRT status and menopausal age on BMD will be reviewed. Finally, the idea that
vibration training could possibly produce an osteogenic response in postmenopausal
women will be discussed.
Structure, Function, and Metabolism of Bone

The skeleton provides support for the body, protection of internal organs, site
of muscle attachment, and a reservoir for minerals ”*>°. Daily activities induce
skeletal micro-fractures and fatigue damage that could result in skeletal collapse if not
repaired. Bone turnover is the process by which old bone is resorbed then replaced
with new bone. This is an ongoing process that is essential for bone health, by
maintaining or building bone strength.

Bone is made up of 95% Type I collagen and 5% proteoglycans and
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noncollagenous proteins '. Within calcified bone, crystalline salts called
hydroxyapatite are found on and within the collagen fibers. Hydroxyapatite is
primarily made up of calcium and phosphate. This provides strength and rigidity of
bone allowing for bodily support, muscle attachment for mechanical work, and

7-35 There are two forms of bone, made of the same cells

protection of vital organs
and matrix elements; however these differ in structure and function. Cortical, or
compact bone, is found mainly in the shafts of long bones, its function is mechanical
and supportive, and its volume is 80-90% calcified ’. Cancellous, or trabecullar, bone
is more loosely organized with a porous matrix, with a structure that is 15 —25%
calcified . The function of cancellous bone is metabolic and is found at the ends of
long bones and in high amounts at the lumbar spine and intertrochanteric area of the
femur.

As previously stated, the skeleton is a very large reservoir for minerals such as
calcium and phosphate. Through bone resorption, minerals are liberated from the
bone matrix and delivered into the blood stream *'. Therefore, bone functions as an
aid to maintaining calcium homeostasis. Serum calcium is tightly regulated between
8.5 — 10.5 mg/dL and when serum calcium levels approach the low end, bone
resorption is increased, releasing more calcium into the blood’ .

Bone turnover, or remodeling, is a process that requires 3 — 6 months to
complete in a distinct sequence of activation, resorption, and formation (ARF) *'.

The time course of each phase is: activation, 8 days; resorption, 34 days; and

formation, 130 or more days. Remodeling does take place over the entire skeleton;

however, remodeling occurs in small sections called remodeling packets*'. These
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packets are geographically and chronologically separated, so that an entire bone is not

in a state of resorption ' *!

. Neighboring remodeling packets will be in different
stages of the ARF sequence. Most remodeling occurs on the bone surfaces, mainly at
the endosteal surface. Bone remodeling is a coupled process of resorption and
formation, so in healthy adult bone, the amount resorbed is equally replaced during
formation *'. This process can become uncoupled leading to bone loss. This could
occur in one of two ways, the resorption rate is greater than the formation rate, or the
formation rate is less than the resorption rate. Bone mass could be gained by
decreasing resorption or increasing formation rates.

There are two main bone cells responsible for remodeling; osteoclasts and
osteoblasts. Within the ARF sequence, osteoclasts are activated and resorb bone then
osteoblasts are responsible for the formation of new bone*'. Morphological and
biochemical characteristics of osteoclasts and osteoblasts are quite different.
Osteoclasts are very large, multinucleated cells with the distinct properties of a
ruffled border, a sealing zone, and a basolateral membrane. The ruffled border is the
actual “resorbing organ” of the osteoclast, and is characterized by deep folds of the
plasma membrane that increase contact area with the bone. Hydrogen and chloride
ions are released by the ruffled border, creating an acidic environment needed to
break down hydroxyapatite. Lysosomal enzymes and metaloproteinases are also
released which further break down the hydroxyapatite and degrade matrix proteins.
The sealing zone acts as the site of attachment to the bone surface and provides a tight

seal around the ruffled border that minimizes leakage of any products released during

resorption. The basolateral membrane is the outer area of the osteoclast, not in
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contact with the bone surface, through which minerals that were liberated during
resorption are transported and released. Osteoblasts are mononuclear and much
smaller in size than osteoclasts. The osteoblast secretes Type I collagen and other
bone matrix proteins and is rich in alkaline phosphatase®. Following resorption,
osteoblasts populate the resorbed area of bone and leave behind an osteoid tissue, or
an uncalcified matrix. Calcification of the osteoid lags behind formation, becoming
mature in about 10 days™.

Bone turnover is influenced by many hormones. The main hormones
influencing bone turnover are those responsible for serum calcium regulation.
Parathyroid hormone (PTH), secreted from the parathyroid gland, responds to a
change in serum calcium concentration. When calcium levels fall, PTH secretion
increases and when calcium levels increase, PTH secretion decreases. PTH has
several actions on different tissues which functions to increase serum calcium levels.
In bone, PTH increases bone resorption, at the kidney, PTH increases calcium
reabsorption, and in the intestines, PTH increases calcium absorption *'. Also
functioning to increase serum calcium levels is vitamin D. Originating from
cholesterol, there are photochemical, thermal, and metabolic pathways for vitamin D,
with the active metabolite being 1,25-Dihydroxyvitamin D (1,25(OH),D). Vitamin D
further increases bone resorption and increases calcium absorption by the intestines
*1Calcitonin, secreted by the thyroid, is stimulated by an increase in serum calcium.
The function of calcitonin is to decrease resorption by reducing osteoclast size,

reducing the osteoclast into a mononuclear cell, and inhibit osteoclast formation®'.
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Biochemical Markers of Bone Turnover

In humans, bone metabolism can be assessed by measuring the biochemical
markers of bone turnover found in serum or urine®" **. These markers can be
enzymes, proteins, or degradation products produced by the osteoblasts or osteoclasts
3132 Bone formation can be assessed by measuring osteocalcin (OC), a protein
secreted by the osteoblast, or by bone-specific alkaline phosphatase (BAP), and
enzyme produced by the osteoblast. Resorption markers include N-telopeptide of
Type I collagen cross-links (NTX) and C-telopeptide of Type I collagen cross-links
(CTX). NTX and CTX are the amino- and carboxy-terminal fragments of Type I
collagen that still have the cross-linkages attached®'-**.

The usefulness of the biochemical markers of bone turnover is still debatable.
Some studies have found that they can be clinically useful for the early determination
of the effectiveness of interventions '* 16344348 62, however some do not endorse the
use of biomarkers as a predictor of postmenopausal bone loss. Rogers et al. ¥/,
studied 60 postmenopausal women between 49 and 62 years of age. Spine (L1-L4)
BMD measurements and the biochemical markers of bone turnover (OC, BAP, NTX,
and others) were taken at two time-points between two and four years apart. A
percent change in BMD per year was calculated for comparison to the turnover
markers. Significant negative correlations were found between markers and rate of
change in BMD, (r=-0.35 to -0.53). However, when each marker was categorically
divided into low, medium, and high tertiles and compared with low, medium, and
high rates of change in BMD, the strength of agreement was poor. Therefore, it was

concluded that the markers may not be useful for prediction of individual rates of
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bone loss. A limitation to this study is that the markers were obtained between two
and four years apart, the same time as the BMD measurements. Any changes in bone
metabolism may have been missed during this time frame. Additionally, only the
spine was used as the BMD site, the hip sites were not taken into account. The
samples were not taken in the morning with subjects in a fasted state; they were
obtained in the afternoon in non-fasting subjects. In contrast, Delmas et al. 16,
determined that bone turnover markers can be useful for monitoring individual BMD
responses to HRT. The bone markers BAP, OC, and CTX were measured in 569
women treated for two years with HRT. The resorption marker at three and six
months predicted the BMD response in two years and the formation markers at 6
months were predictive of BMD in two years. In recent years the use of biochemical
markers of bone turnover has made its way into HRT research as a descriptor of the
effectiveness of a number of different HRT interventions '+ 4> 44!,
Mechanotransduction

A third type of cell exists in bone, the osteocyte, which may be the “nerve
cells” of bone. Characteristics of the osteocyte are different from those of the
osteoclast and osteoblast; however, the osteocyte may be the final differentiation
stage of a mature osteoblast. During formation, some osteoblasts are incorporated
into the newly formed matrix, and begin to lose osteoblast characteristics and form
osteocyte characteristics. Osteocytes exist regularly spaced throughout the entire
mineralized matrix of bone within caves called lacunae, and exist in amounts about

ten times greater than the osteoblast, thereby making up about 90 — 95% of all bone

cells. Osteocytes are stellate shaped with large cell body and long thin processes
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extending away in all directions from the cell body, mainly perpendicular to the bone
surface. These processes pass through the mineralized matrix in small tunnels called
the canaliculi, thereby creating an extracellular space around the osteocyte. Contact
between osteocytes is kept via gap junctions between the tips of the cell processes,
forming a syncytium of gap junction coupled cells. Given the shape of the osteocyte;
the abundance of cells throughout the matrix; and the extensive communication with
other osteocytes, osteoblasts, lining cells, and marrow; the osteocyte could be the
mechanosensory cell for bone. How these cells sense has not been fully explained,
however several mechanisms have been proposed. Possibilities include changes in
hydrostatic pressure, direct cell strain, fluid-flow-induced shear stress, and electric
fields resulting from electrokinetic effects with fluid flow. Research is growing to
support the interstitial fluid flow and the direct cell strain hypotheses.

Hydrostatic stress arises from dynamic loading causing dilatational strains, or

'1-36 " The diameter of the canaliculi is perfect to allow

volume changes in the tissue
fluid flow produced by stress to reach the furthest osteocyte from the most stress
point. Osteocytes are three times more sensitive to fluid flow stimulation than
endothelial cells. Therefore, the osteocyte appears to detect mechanical loading by
the canalicular fluid flow generated by axial bending, a sensor indirect of bone
deformation. As a result of mechanical stress on bone there is a deformation of the
tissue (a strain) causing interstitial fluid flow through the lacunae and canaliculi. A
shear stress is placed on the cells due to fluid flow that deforms the osteocytes and

dendritic processes ''. It has not been established however, if the mechanosensors are

the dendritic processes, the osteocytes cell body, and/or the cilia''. Fluid flow
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induces a chemical signaling pathway that is not fully understood. Signaling between
osteocytes may occur by movement of extracellular calcium into the osteocyte
through voltage or mechanosensitive channels *°. Osteocytes have the capability to
generate ATP, nitric oxide (NO), and prostaglandins which are very important for the

11,56

anabolic response . In a matter of seconds following mechanical strain,

osteoblasts and osteocytes release NO, which inhibits resorption and promotes

. 11,56
formation >

. Primary osteocytes subjected to a fluid flow treatment release
prostaglandins, which may act in several ways to promote bone formation''.
Prostaglandin released by osteocytes can activate the Wnt/B-catenin pathway, the
proposed initiator of load-induced bone formation''. Sclerostin is a protein within
bone capable of inhibiting the Wnt pathway, however it has also been suggested that
prostaglandin can bypass the inhibitory effects of sclerostin in bone ',

Osteocytes exist within the canaliculi surrounded by extracellular fluid;
however these cells are not free floating through the extracellular space rather they
are anchored to the bone matrix by an integrin-cytoskeletal complex ****°. Fluid flow
induced by mechanical loading will deform the shape of the attachment elements,
creating a drag force at the point of attachment to the cell process, thereby inducing
cytoskeletal rearrangement *°. These matrix connections may be mechanotransducers

23,56 Han et al. > created a model of the

or act as amplifiers of the mechanical signals
osteocyte process and proposed a strain amplification model that may account for the
mechanosensory process of the osteocyte. Han” proposes that the point of

attachment at the osteocyte process is a hexagonally organized 19-element actin

filament bundle. The drag force induces a hoop strain on the central actin bundles
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amplifying the cellular-level strain resulting in the excitation of osteocytes. Rather
than fluid flow across the cell body of the osteocyte or the cell process, it is the strain-
amplification resulting from the interaction of the cell process cytoskeleton with the
bone matrix.
Mechanical Loading

In 1892, Wolff proposed the idea that the skeleton possesses the property of
functional adaptation, in that bone architecture, structure, and bone mass is adaptable
to the demands of the mechanical stress placed upon the skeleton *°. With increased
demand, bone will increase in function and with decreased demand, bone decreases in
function. Frost '/, expanded upon this idea by stating that bone adaptation is
dependent on mechanical strain thresholds that govern whether bone mass is gained,
maintained, or lost. The term “modeling” is used to signify that bone mass is
increased. For modeling to be “ON”, a strain threshold must be surpassed. Modeling
is “OFF” when the strains remain below this threshold. Bone remodeling is the term
used for strains below the modeling threshold, when modeling is OFF. Bone
remodeling contains several threshold ranges. Strains just below the modeling
threshold result in “conservation mode,” when formation equals resorption and bone
mass is maintained. Strains below the conservation mode result in “disuse mode,”
when resorption exceeds formation and bone is begins to loose mass. With continued
reduced strain in disuse mode, a pattern arises called “disuse-pattern osteopenia”.
This occurs at a very slow rate and may take years to detect and is characterized by a
normal bone length, however with larger marrow cavities.

In order to turn modeling ON, strains must be above the modeling threshold
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which requires an increased voluntary load placed on the skeleton. The greatest
voluntary loads on the skeleton come from the contractions of muscle. Therefore, an
important aspect to bone health is muscle strength. The typical pattern of muscle
strength as a person ages is that it increases through young adulthood, then plateaus,
and after the age of 30 — 40 years, a gradual loss of muscle strength occurs, which
continues with increasing age. Bone mass changes with age usually follow those
changes is muscle strength. Changes in muscle strength occur much more rapidly
than the very slow bone modeling and remodeling process, therefore it takes time for
the bone to adapt to the usual strains placed upon them. This could explain the usual
age-related bone loss. Frost '’ proposes that muscle strength peaks at about 30,
therefore bone mass increases, adapting to the largest voluntary loads applied by the
increasing muscle strength, or modeling is ON. The plateau in muscle strength
results in modeling turned OFF, however conservation mode remains ON,
maintaining bone mass. As an adult ages, muscle strength decreases resulting in bone
shifting into disuse mode, and a slow progression into disuse-pattern osteopenia.
Turner *° proposed three critical rules for bone adaptation. 1) For adaptation
to occur, the loading must be dynamic, rather than static, 2) the mechanical loading
period need only to be short in duration and extended durations result in diminishing
returns, and 3) bone cells become less responsive to routine loading by
accommodating to a customary mechanical loading environment. Animal models
have shown that the strain stimulus inducing bone adaptation is dependent on strain
magnitude and frequency (cycles per second). This implies that a static load has a

frequency of zero resulting in no affect on bone adaptation. Likewise, a similar bone
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adaptation affect could be achieved by, a) increased strain magnitude with a
decreased frequency, and b) decreased strain magnitude with and increased
frequency. The concept of diminishing returns again comes from animal models that
have shown that increasing loading cycles, or duration, beyond a certain point shows
no added benefit to the bone adaptation response. Finally, bone cells appear to
“error-driven”. Abnormal loads generate structural changes to the cells’ cytoskeleton,
which once adapted to the new load; the cells become steady state and will require a
new abnormal load for further adaptation.

Although the exact strain threshold of an individual’s bone cannot be
determined, it is important to keep in mind that it may exist as Frost describes. In
order to do this, the strain must be introduced through mechanical loading of the
skeleton my muscular contraction. Therefore, muscle mass and strength must be
preserved or increased to keep strains on skeletal tissue above or remodeling
threshold, even better the modeling threshold. Next, one must apply Turner’s rules of
bone adaptation. Mechanical strains must follow a progression of overload as the

bone cells will accommodate and no longer respond loads that become customary.

Resistance Exercise and Bone

Many human studies have supported the ideas proposed by Frost and Turner
concerning bone adaptation and the influence of muscle contraction, or resistance
training. Karlsson et al. 2% found that the BMD, OC, and serum calcium of weight
lifters was higher than their age matched sedentary counterparts. Fujimura ef al. '®
found that resistance training increased formation markers OC and alkaline

phosphatase without increases in resorption markers in young adult subjects.
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Numerous exercise interventions have been conducted in postmenopausal
women that have led to the development of a position stand on physical activity and
bone health put out by the American College of Sports Medicine **. The position
stand indicates that adult bone may be preserved by weight bearing endurance
activities, activities that involve jumping, and resistance exercise. These activities
should be performed at a moderate to high intensity and performed three to five days
per week (weight bearing endurance activities) and two to three times per week
(resistance exercise) >2.  The influence of the weight bearing activities and resistance
exercise on the bone health of postmenopausal women was examined by Kohrt et al.
33 Kohrt™ studied 39 postmenopausal women between the ages of 60 and 74 years
for 11 months of training. Two exercise interventions were applied to stress the
skeleton via different actions, ground reaction forces (GRF) and joint reaction forces
(JRF). The GRF group worked up to walking, stair climbing, and/or jogging for 45
minutes per day at 80-85% heart rate max. The JRF group performed two to three
sets of eight resistance exercises at an intensity of eight to 12-RM, followed by two or
three 10 minute bouts of rowing at 80-85% heart rate max. BMD of the proximal
femur, lumbar spine, wrist, and total body were assessed at three month intervals. OC
was used as a measure of bone turnover at baseline and post intervention. Both
groups achieved similar increases in BMD. GREF increased BMD of the whole body
(2.0%), lumbar spine (1.8%), Ward's area (6.1%), and femoral neck (3.5%). JRF
increased BMD of the whole body (1.6%), lumbar spine (1.5%), and Ward's area

(5.1%). OC decreased with JRF, however at the JRF at baseline had higher OC levels

than GRF and controls and at the end of the study OC levels were not different from
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the other two groups. The authors suggest that this was simply a regression toward
the mean. Chubak e al. ' aerobically trained 173 sedentary overweight
postmenopausal women, 5 days per week for 12 months. Training consisted of 45
minutes or more of 60 — 75% max heart rate of walking or cycling. No differences
between control group stretchers and exercisers were detected in BMD or BMC of the
total body. The major conclusion was that activities recommended to improve
general health would not be counterproductive to other aspects of health such as
BMD. While general aerobic exercise is not detrimental to bone health, this study
helps to illustrate the importance of intensity on the osteogenic response. Yamazaki
et al. **, examined the ground reaction forces of walking in 50 postmenopausal
women, aged 49-75 years, with low bone mass. 32 women performed the walking
exercise for one year, while 18 served as control subjects. Four days per week, the
exercise group walked for one hour at 50% VO,max. Lumbar spine BMD increased
if compared to non-exercising controls, however remained unchanged from baseline.
Urinary NTX levels were measured at months 1, 3, 6, 9, and 12 in the exercise group.
NTX quickly decreased at month three and remained low at month 12. BAP was
slower to respond by decreasing at month 12. These results indicate that walking
exercise in these postmenopausal women with low bone mass effectively suppressed
bone turnover and that the early change in NTX may be useful for the prediction of
long-term lumbar spine responses to exercise. Bassy et al. © designed an easy and
non-athletic exercise regimen that consisted of the mechanical loading of the legs by
ground reaction forces, specifically repetitive jumping. The jumping included 50

jumps, about 3 inches high, 6 days per week. Increases in BMD among the
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premenopausal women were found, however no increases in postmenopausal women
were detected, even among those on hormone replacement.

Uusi-Rasi ef al. °® examined elderly women and found that low impact aerobic
exercise was associated with increased bone mass, trabecullar density, and bone area
at the tibia. In this research, site specificity becomes apparent as the tibia showed an
increase in area which was the most mechanically loaded bone during the exercise.
Also estrogen’s bone-conserving effects may be enhanced with exercise. The women
who also took estrogen had increased formation.

To examine the site-specific effects of resistance training, Kerr ez al. *°
designed a resistance exercise intervention applied to only one side of the body,
thereby allowing the non-exercise side of the same individual to serve as a control.
The target bone site of the exercise was the wrist and hip regions. Subjects, 56
postmenopausal women between the ages of 40 and 70 years, were assigned to one of
two exercise groups that differed by intensity and repetitions. The strength trained
group performed three sets of 8-RM and the endurance trained group performed 3
sets of 20-RM. Both groups trained three days per week for 12 months. Only the
strength trained group achieved significant increases in BMD on the exercising side
compared with the non-exercise side. Increases were observed at the intertrochanteric
hip site (exercise 1.5%, control -0.1%), the trochanter (exercise 1.7%, control -0.6%),
the Ward's area (exercise 2.3%, control 0.8%), and the ultradistal radial site (exercise
2.4%, control -1.4%). The results support the idea that the bone response is site-
specific and that the magnitude of the loading is more important than the number of

loading cycles. Other studies have examined the site-specific influence of exercise on
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bone by utilizing peripheral quantitative computer tomography (pQCT) **°. The
technique of pQCT allows for the measurement of bone area, BMC, and volumetric
density for cortical and trabecullar bone. In a study conducted by Adami et al. *, 250
postmenopausal women, aged 52-72 years, performed resistance exercises designed
to stress the wrist for a period of six months. While DXA was not able to detect any
changes in BMD, pQCT did detect increases in the area and BMC with increased
density of the cortical bone. It was suggested by the authors that the bone underwent
structural changes that could increase the bending strength of the bone.

Several studies have been conducted to determine the intensity at which
resistance training should be performed to cause an osteogenic response in
postmenopausal bone. Nelson et al. *?, studied the effects of a 12 month exercise
intervention in 39 postmenopausal women, aged 50 to 70 years. Exercisers
performed three sets of eight repetitions at 80% 1-RM, two days per week. Five
exercises were chosen to target the spine and hip regions. Upon completion of the
study, femoral neck BMD increased 0.9%, lumbar spine increased 1.0%, while
controls lost femoral neck and spine BMD by -2.5% and -1.8%, respectively. OC in
the resistance trained women had increased by 14%, while the OC levels of the
controls decreased by 5%. That authors speculated that bone turnover and
particularly bone formation may be higher in strength trained women.

Bemben et al. ° designed a six month resistance training study involving high
and low intensity training in postmenopausal women. Variables examined were
BMD, OC, and CTX responses. The high intensity group trained at 80% 1-RM, 8

repetitions per set, and the low group trained at 40% 1-RM, 16 repetitions per set.
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Participants performed 3 sets of 12 resistance exercises, three times per week. After
six months of training, no change in BMD or CTX levels were seen, however there
was a trend for increasing OC levels. The percent change in OC positively correlated
to the percent change in the total hip and trochanter BMD. A possible limitation of
this study was the short duration of the study suggesting that postmenopausal women
may require a longer period of training in order to achieve a detectable change in
bone mass. The fact that the women did maintain bone mass may be of clinical
significance due to the fact that early postmenopausal women are expected to lose as
much as 4% of their bone mass *°.

Vincent and Braith ® investigated the BMD, OC, BAP, and pyridinoline
cross-links (PYD) responses to six months of resistance training in men and women
60 to 83 years of age. Subjects were assigned to either a high intensity group (HEX)
training at 80% 1-RM, 8 reps, or a low intensity group (LEX) training at 50% 1-RM,
13 reps. Both groups performed only one set of each exercise, three times per week.
Only HEX significantly increased BMD at the femoral neck. Both groups showed
increases in OC and BAP. A unique approach applied by the authors was to examine
the bone formation to bone resorption ratio. Increasing the formation/resorption ratio
could indicate that the formation rate of bone is dominating which could result in
increased BMD over time. A ratio equal to or greater than one would indicate a
steady-state of remodeling or a state of bone formation. The results found an increase
in the ratio of OC/PYD, with LEX greater than control and HEX greater than LEX

and control. Only HEX increased in the BAP/PYD ratio.
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Hawkins ef al. ** examined the BMD response of postmenopausal women
training at 70 — 90% 1-RM for four months. Training was performed three days per
week on alternating days with intensities equal to 90%, 80%, and 70% 1-RM.
Subjects performed 3 sets of 9 resistance exercises incorporating the total body. The
relationships between the BMD and reproductive hormone levels also were
examined. Significant increases in BMD at the total hip and trochanter were
observed, however there were no changes in OC or urinary cross-laps.

Cussler et al. °, investigated 140 postmenopausal women, aged 44 to 66
years, who strength trained for 12 months. Subjects completed two sets of six to
eight repetitions, three times per week at 70 -80% 1-RM. The results indicated that
increases in BMD at the trochanter were positively related to the total weight lifted.
These findings support the usefulness of strength training for the maintenance or
improvement of BMD in postmenopausal women. The authors found that certain
exercises are more influential than others, such as the squat; however they stress that
the performance of one exercise may depend on the success of others. Therefore, a
well balanced strength training program would be the best approach for an
osteoporosis prevention program.

Much of the research on resistance exercise and bone health has been
performed using a traditional strength training strategy, which focuses primarily on
strain magnitude. Stengel ef al. »*, took a unique approach to resistance training and
examined the effect of 1 year of power training (PT) versus strength training (ST) in
postmenopausal women. Power training involves high-velocity resistance training,

rather than slow-velocity resistance training (strength training), which would focus
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more on strain rate. Subjects included 53 osteopenic postmenopausal pretrained
women. The exercise intervention included 12 week intervals of periodized high-
intensity (70 — 90% 1-RM) training, followed by four to five weeks of low intensity
(50%) training. The strength group (n=28) moved through the range of motion
slowly at four seconds concentric and four seconds eccentric, while the power
training group (n=25) performed the concentric phase in a fast/explosive manner and
the eccentric phase at four seconds. Weight lifting sessions were performed two
times per week. Both groups also performed one session per week of coordination,
strength, endurance, and flexibility training (a “gymnastics” session) and one session
per week of home training consisting of 25 minutes of rope skipping, stretching,
isometric exercises, and exercise with rubber bands. Compared with ST, PT achieved
significantly (p<0.001) higher relative loading magnitude (15.9%), relative loading
amplitude (82.3%), loading rate (262%), and unloading rate (611%). After 12 months
of training, no differences in with, lean body mass, %body fat, or isometric strength
or endurance were detected. PT appeared to have a higher antiresorptive effect than
ST. Significant (p<0.05) between group differences were detected at the lumbar
spine, total hip, and intertrochanter with PT having greater BMD after one year of
training. These results owe mainly to relative losses of BMD at each site with ST.
ST resulted in significant losses at the total hip, -1.2% (p<0.01); femoral neck, -1.6%
(p<0.01); trochanter, -0.9% (p<0.05); intertrochanter, -1.4% (p<0.01). PT resulted in
no significant (p<0.05) relative changes in BMD except at the total forearm, -1.0%

(p<0.01). The authors suspect that the large loading/unloading rates and loading
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amplitudes were very important for the PT approach. Also, loading frequencies
reached 2.5 Hz with PT as opposed to 1.0 Hz with ST.

For an exercise intervention to be successful, the program must be site
specific, of sufficient intensity, and try to maximize total weight lifted during the
program. Exercises should be chosen according to muscle groups that exert forces on
the bone sites of concern for osteoporosis, the spine and hip. It appears that two to
three sets of few repetitions (six to 12) at a high intensity, 70-80% 1-RM is tolerable
by postmenopausal women and of a sufficient intensity for an osteogenic response.

In order to maximize weight lifted during an intervention period, the frequency of
training per week and the number of sets could be manipulated to some extent. Many
studies include at least one day of rest between training days to avoid neuromuscular
fatigue and injury. So, three days per week might be best coupled with three sets of
each exercise. The biochemical markers of bone turnover should be assessed at
earlier time points than six or 12 months, as changes in resorption have been shown to
occur within three months.

Estrogen Status and Bone Response to Exercise

Within the first three years after the onset of menopause, it is estimated that a
women could lose up to 4% BMD and by year six after the onset of menopause a
woman could lose 15% BMD *°. During the first two years of menopause, resorption
rates are accelerated followed by a gradual increase in formation rates through the
years three to five since menopause *°. Estrogen may lower the remodeling threshold
needed to conserve or improve bone mass '’. Therefore, with the loss of estrogen at

menopause, bone thresholds increase requiring a larger loading magnitude for an
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osteogenic response in postmenopausal women than premenopausal women. This
may have been part of the explanation in the jumping exercise conducted by Bassey
in which premenopausal women responded while postmenopausal women did not.
The minimal jumping protocol may not have been a sufficient loading magnitude.
Unfortunately, in this study, analyses on HRT status did not influence the lack of
results in the postmenopausal women. Some studies did control for HRT status ****
42:6% while others did not **** . It also appears that with the increased threshold of
estrogen deplete bone; the length of intervention must be increased in order to
achieve an osteogenic response. Studies that were conducted for greater than six

30, 33, 42, 64

months have had success in increasing BMD . Exercise studies six months

or shorter have failed to find increases in BMD in postmenopausal women ** 3
Exercise interventions that have found results within six months should be interpreted
with caution as some did not control for women on HRT ® or the inclusion of men in
the sample .

Going et al. *', examined 320 postmenopausal women, aged 40 to 65 years.
159 women were on HRT for at least one year and not more than six years. 161
women had not used HRT (NHRT) for the previous one year period. These women
were then randomized to an exercise (EX) or non exercise (NEX) groups, giving four
groups: HRT, EX (n=86); HRT, NEX (n=73); NHRT, EX (n=91), and NHRT, NEX
(n=70). Calcium intake was controlled by the authors, as 800mg/day calcium
supplements were given to all subjects. The exercise intervention included both

ground reaction forces and joint reaction forces. Ground reaction forces were

performed three times weekly and incorporated weight bearing aerobic exercises,
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such as walking, jogging, skipping, hopping, and stair climbing or box stepping. The
stair climbing or box stepping gradually increased in intensity by wearing weighted
vests (weight increased by one to three pounds per month) and by increasing the
number of steps per day. Joint reaction forces were performed on seven resistance
exercises using free weights and machines. Two sets of six to eight reps of each
exercise were performed either one day per week at an intensity of 80% 1-RM or two
days per week at an intensity of 70% 1-RM. NHRT, EX increased BMD at the
trochanter by 1.2%, the femoral neck by 1.5%, the lumbar spine by 0.8%, and the
total body by 0.4%. HRT, NEX increased BMD at the lumbar spine by 0.7% and
total body by 0.4%. NHRT, NEX decreased total body BMD by 0.3% and femoral
neck BMD by 0.4%. The authors could not confirm an additive effect on bone by
combining HRT with exercise; however these data suggest that HRT may be a
confounding variable in women without exercise. Gallagher et al. '*, studied the
effects of discontinuation of HRT on BMD in 489 elderly women. These women
were divided into three different treatment groups of estrogen replacement/hormone
replacement therapy (ERT/HRT), calcitriol, and ERT/HRT plus calcitrol and a
placebo group. Treatment continued for three years then subjects were removed from
treatment and studied for another two years following discontinuation. At year three,
all three treatment groups showed increases in spine, femoral neck, and total body
BMD with ERT/HRT and the combination groups increasing by 2 — 7%, while the
calcitrol group changes in BMD ranged from -0.4 — 1.8%. Decreases in BMD were
observed in all three treatment groups at year one and two following discontinuation.

By the end of the first year after discontinuation, ERT/HRT and the combination
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groups decreased by 1.4 —4.3%, while the calcitrol group decreased by 0.2 — 1.8%.
Placebo total body and total femur BMD decreased by the third year and continued to
decrease slightly through years four and five, whereas spine BMD did not change
from baseline. Urinary NTx and serum OC decreased by year three in the hormone
treated groups and returned to baseline values after discontinuation of treatment.
NTx continued to increase by the second year following discontinuation. These data
reveal the impact discontinuation of HRT can have on bone health. It appears that
any benefits gained by HRT will be largely lost within the first year after stopping
treatment. Therefore, years since stopping HRT should be a concern for researchers
with subjects who have had a history of HRT.

Estrogen status of postmenopausal women is clearly a confounding factor in
exercise intervention research. Careful consideration should be given to recording
menopausal age of the subject, whether the subject is on HRT and for how long,
whether the subject has discontinued HRT and how long, or has never been on HRT.
Measures should be taken to control for this through research design or statistically to
ensure sound results from an exercise intervention. In addition to HRT, the length of
the exercise intervention must be greater than six months and of a high intensity in
order to achieve positive results on bone mass.

Vibration and Bone

The use of a vibration stimulus has been shown to have an effect on the
neuromuscular system, enhancing performance and improving strength. Vibration
imposed on skeletal muscle has been reported to stimulate the primary endings of the

. .. 25 . T
muscle spindle exciting a-motoneurons . This excitation causes homonymous
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motor units to contract, resulting in a tonic contraction called the tonic vibration
reflex *°. Even in a decerebrate cat, vibration can elicit a tonic vibration reflex BOA
vibration paradox appears to exist so that even though a tonic vibration reflex is
elicited, the stretch reflex and the Hoffman-reflex (H-reflex) are inhibited *°. The
period following vibration results in a potentiated stretch reflex, while the H-reflex
requires a gradual return to normal values *°. In a fatigued state, it is hypothesized
that vibration can compensate for reduced y-motoneuron drive by excitation of the Ia
afferents causing greater force output due to the reflexive excitation of the a-
motoneurons >,

Much of the physiological risk associated with vibration come from research
done in the workplace. These vibration exposures include long durations of exposure
or short exposures of large magnitudes of vibration **. Examples of this type of
vibration are chainsaw operators and jack-leg-type drills used by miners . These
types of workers can experience neurological dysfunction in the hands and even
vascular dysfunction **. Depending on the total number of hours of exposure,
chainsaw operators may experience symptoms from tingling, numbness, and mild
pain to vertigo, irritability, and sleeplessness 2>. Whole body vibration produced by
motor vehicles, airplanes, and construction work, experienced over a long period of
time, have been linked with low-back pain 3, Therefore, vibration researchers
should exercise caution when prescribing a vibration treatment. While exposure time
during vibration training is much lower than that seen in the workplace, many

vibration platforms are capable of producing frequencies and amplitudes that could be
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harmful *°. Careful prescreening of subjects and conscientious consideration of
frequency and amplitude should be done when using vibration as a training tool >,
While studies have been successful in improving power output in athletes,
researchers have begun to examine the feasibility of employing a vibration treatment
to preserve muscle mass, structure, and function during long durations of bed rest '
. This type of research is clinically important for conditions requiring bed rest as
well as in spaceflight, when muscle atrophy and weakness often occurs. Blottner et
al. '° and Mulder et al. *°, imposed eight weeks (56 days) of bed rest on 18-20 healthy
men. Resistive vibration exercise (RVE) was compared with control who received no
exercise or vibration. RVE consisted of twice daily (5 days) and once daily (1 day)
six minute exposures of vibration exercise each week. RVE, while in a supine
position, included dynamic movements of the knee and ankle joints with feet place on
vibration platforms (19-26 Hz) and straps attached to shoulders, hands, and hips of
the subjects anchoring them to the platform. It appears that RVE preserves the size of
myofiber types I and II in the vastus lateralis while the soleus increased in myofiber
size '°. Bed rest resulted in a shift of muscle phenotype of slow to fast myofiber in
the soleus, whereas the REV training conserved the myofiber pattern '°. RVE
increased the expression of nitric oxide synthase (NOS-1) of the soleus when
compared with controls '°. Controls decreased cross-sectional area of the quadriceps
femoris muscle linearly during the eight weeks (-14%) *’. This response was
significantly (p<0.001) blunted by RVE who decreased -3.5% (p<0.05) *°. Maximum
voluntary torque (MVT) decreased by -16% (p<0.01) while RVE maintained MVT

after eight weeks of bed rest **. During this protocol the right leg was tested for MVT
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at 2 week intervals, therefore a subset of control subjects were MVT tested on the left
leg at the end of the study which resulted in a 20.5% reduction in MVT as opposed to
an 11% reduction in the right leg **. These studies demonstrate the profound effect
that vibration can have on muscle alone. Given the dependence of muscle mass and
strength on the mechanical loading to the skeleton, vibration could be a potential
benefit to bone health.

Vibration training has been receiving some attention in recent years in the area
of bone research. The allure of the vibration stimulus is that it could have an
osteogenic effect while avoiding the safety and compliance issues associated with
progressive resistance training programs. The concept is simple, by standing on a
vibration platform that is moving at a high frequency (30 — 40 cycles per second) and
displacing at a low amplitude (2 - 5 mm), the subject experiences a number of ground
reaction forces in a very short period of time. One could experience 2 — 5 times body
weight via vibration training, loading the skeleton to an extent similar to high impact
activities such as basketball and sprinting.

Animal models have provides some evidence that a vibration stimulus can
have an osteogenic effect. Tanaka et al. ** investigated the phenomenon called
stochastic resonance, which is the response of a nonlinear system to a weak signal is
enhanced by the presence of noise vibration. Three types of loading were applied to
the ulnae of mice; simulated exercise, in which a 3 N amplitude at a 2 Hz frequency
sinusoidal loading was applied; vibration alone at 0.3 N and 0 — 50 Hz; and simulated
exercise plus vibration. New bone formation occurred with the simulated exercise,

however the addition of vibration to the simulated exercise enhanced bone formation
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as much as 3.9 fold more than the simulated exercise alone. The vibration alone had
no osteogenic effect. Judex et al. 26 subjected adult female mice to catabolic (disuse)
and anabolic (45 Hz vibration, ten minutes per day) situations. Disuse resulted in
significant decreases in mRNA levels for several genes, including collagen type I,
osteonectin, osterix, and MMP-2 by as much as 55%. These decreases occurred by 4
days and normalized by day 21. Vibration induced expression of inducible nitric
oxide synthase, MMP-2, and receptor activator of the nuclear factor kB ligand
(RANKL) at day 21 by as much as 54%. In another study by Judex et al. *’, the hind
limbs of sheep were place on either a vibrating plate (30 Hz, 0.3g) or on an inactive
plate. The intervention consisted of 20 minutes per day, five days per week, for one
year. The results demonstrated an increase in trabecullar stiffness. Xie et al. ©
examined whole body vibration administered at 45 Hz (0.3g) for 15 minutes per day,
5 days per week in young female mice. Vibration resulted in 33% and 31% lower
(p<0.05) osteoclastic activity in the trabecular components at the epiphysis and
metaphysis compared with controls. There was also 30% greater (p<0.05) bone
formation rates on the endocortical surface of the metaphysis when compared with
controls. The authors conclude that the use of this low level vibration in young
developing bone may help improve bone quality without influencing longitudinal
growth of the bone, thereby decreasing the incidence of osteoporotic or stress
fractures later in life.

The insertion of rest periods however, has been demonstrated to be beneficial
in restoring the mechanosensitivity of bone cells*®. Robling ez al. ** examined the

restoration of mechanosensitivity to bone cells by inserting a wide range of rest
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periods to mechanically loaded rat tibiae (four point bending). When loading cycles
(90 cycles) were administered consecutively without rest, eight hours of recovery
time resulted in 100% higher bone formation rates as opposed to 0 and 0.5 hours
recovery. When short rest periods were given between loading cycles (36 cycles), 14
seconds recovery resulted in 66-190% higher bone formation rates than .5, 2.5, and 7
seconds. Xie er al. ® examined the effects of adding rest periods during vibration in
young mice. One group received the vibration continuously, while the other group
received the vibration with 10 seconds of rest every second. There was no
potentiation observed with the insertion of rest periods. Results from the Xie et al. ©
and Robling er al. *° research are difficult to compare as one used vibration ®* and the
other used * four point bending. Also the magnitude of loading was quite different as
the vibration elicited about 10 p-strain ® and the bending protocol elicited over 2,000
p-strain *° at the level of the bone. Xie et al.” suggest that mechanical stimuli of
about 1000 p-strain may increase bone fluid flow when rest is inserted between
cycles and since their protocol was much lower, no recovery period was required.

Human studies have been few and have had conflicting results due to
differences in research design; i.e. stimulus intensity, time receiving the stimulus, and
duration of the studies. One issue that is of concern when vibration is applied to
standing humans is the transmissibility of the vibration to the skeletal sites of most
importance, the hip and lumbar spine. In contrast to the animal studies, the actual
vibration stimulus cannot be directly applied to the bone itself as with the studies
using mice, nor are the anatomical features of the hind legs of sheep similar to

humans as sheep have hard stiff hooves, thereby allowing for increased
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transmissibility of vibration to the leg. Rubin et al. ** investigated the transmissibility
of vibration to the hip and lumbar spine in standing humans. Transcutaneous pins
were inserted in the spinous process of L4 and on the greater trochanter of the femur.
Accelerometers were attached to the pins while subjects stood on a vibration platform
at frequencies of 15 to 35 Hz, with accelerations reaching up to 1 g. Results indicate
that 100% transmissibility to the hip is achieved at frequencies less than 25 Hz and it
is reduced to 80% at frequencies higher than 25 Hz. Also affecting transmissibility
was the way the person stood, with a more dampening effect observed as knee flexion
was increased.

Torvinen et al. > studied the effects of vibration training for eight months in
56 men and women between the ages of 19 and 38 years. Subjects were randomly
assigned to a vibration group or a control group. The control group was asked to not
change their habitual physical activity. The vibration group stood on a vibration
platform which displaced at 2 mm amplitude for four minutes per day, three to five
days per week. The exercise program consisted of the following exercises: light
squatting, standing erect, standing relaxed, light jumping, shifting body weight from
one leg to the other, and standing on heels. Each exercise was performed
consecutively for 10 seconds each, equaling 60 seconds per set. The first four months
consisted of a gradual progression of increasing time on the platform and increasing
frequency of vibration. The final four months consisted of four minutes on the
platform with increasing frequency by 5 Hz each minute, from 30 — 45 Hz. DXA was
used for bone BMC at the lumbar spine, right proximal femur, calcaneus and

nondominant distal radius. Peripheral quantitative computed tomography (pQCT)
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measurements were made at the midshaft and distal site of the right tibia.
Biochemical markers of bone turnover evaluated were OC, aminoterminal propeptide
of type I procollagen (PINP), CTX, and osteoclast-derived TRACP isoform 5b
(TRACP-5b). Bone measurements were taken at baseline and post training and
biochemical markers of bone turnover were taken at baseline, 3, 6, and 8 months.
Some muscle performance tests were obtained at baseline and post training. The
authors reported no vibration-related side effects. Vibration training resulted in no
changes in bone measurements and no changes in the biochemical markers of bone
turnover. The vertical jump performance test did increase after vibration training.
The authors stated that the lack of results could have been due to the good health of
the young subjects and that the vibration stimulus was not sufficient to produce an
osteogenic response for these individuals.

Russo et al. °' examined the effects vibration in 14 postmenopausal women.
The subjects stood on a vibration platform at a frequency of 28 Hz for three 2-minute
sessions equaling six minutes per day, two days per week. The intervention duration
was six months. Muscle power, cortical bone density, and biomarker of bone
turnover were assessed. No changes in bone or in the biomarkers of bone turnover
were found, although there was an improvement in muscle power.

Rubin ez al. *° found some promising results in a one-year prospective,
randomized, double-blind, and placebo-controlled trial in 70 postmenopausal women.
Subjects stood on a vibration platform providing a magnitude of 0.2 g and frequency
set at 30 Hz for two 10-minute treatments per day. BMD at the spine, hip, and distal

radius was measured using DXA at baseline, 3, 6, and 12 months. 56 of the 70
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women completed the study. Using an intention-to-treat analysis, no changes in
BMD were detected. However, the authors did determine a significant effect of
compliance concerning the efficacy of the vibration stimulus at the spine. In order to
evaluate the possible clinical significance of the intervention, the treatment group was
divided into quartiles of compliance then compared to the control subjects obtaining a
relative benefit of the treatment. The women in the highest quartile of compliance
(86% compliant) resulted in a 2.17% relative benefit of treatment at the femoral neck
and a 1.5% relative benefit at the spine. The BMD changes for the treatment group
showed a gain of 0.04% at the femoral neck a 0.10% loss at the spine, which were
used in calculating the relative benefit. It is important to note that these small
changes are within machine error and should not be considered biological changes,
however these changes are essentially zero, which can be clinically significant since
postmenopausal women are expected to lose as much as 4% bone mass per year .
The placebo group did exhibit some of the expected losses in BMD with a loss of
2.13% at the femoral neck and 1.6% at the spine. These values are outside the error
of detection, especially at the hip, and could be considered an actual biological
change in BMD. The authors inspected the data further and found that the lighter
women, weighing less than 65 kg, who were most compliant, resulted in a significant
3.35% relative benefit at the spine. Even the mean compliance group of the lighter
women resulted in a significant 2.73% relative benefit at the spine. These results do
provide some evidence the potential benefit of vibration training, especially in lighter

women.
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In another study by Gilsanz ez al. *° a similar protocol was used only the
magnitude of vibration was 0.3g and the study population included young women
with low BMD and a history of fracture. The women were between the ages of 15
and 20 years of age (N=48). Twenty-four of the women were asked to stand on a
vibration platform (30Hz, 0.3g), at home, for 10 minutes a day five days per week.
Using an intention-to-treat analysis, quantitative computer tomography (QCT)
revealed that vibration induced an increase of 2% (p=0.06) in cancellous bone of the
spine compared with controls. Vibration also resulted in a 2.3% greater (p<0.05)
increase in the cortical area of the femur compared with controls. Muscle cross-
sectional area was computed and vibration revealed significantly (p<0.05) greater
gains than controls in the total paraspinous musculature (5.4%), the psoas (6%), and
the erector spinae (4.4%). In order to examine a dose-response to the vibration,
compliance was taken into account by dividing subjects into quartiles of compliance
(minutes per month). The lowest quartile included those that were 1 — 13% compliant
(n=6), the next three were 21 —39%, 41 — 71%, and 77 — 100%. The lowest quartile
did not respond to the vibration as the first dose effect appeared at 20% compliance (2
minutes per day). Subjects of the top three quartiles (n=18) were compared with the
pooled controls with the lowest quartile subjects (n=30). Vibration resulted in a 3.9%
greater (p<0.01) spine cancellous bone and 2.9% greater (p<<0.01) femoral cortical
area. Psoas, erector spinae and total paraspinous muscular increased 6.8 — 8%
(p<0.01). DXA revealed significant (p<0.05) increases in BMD and BMC by both
groups, however there were no significant differences between groups. These results

suggest that vibration can stimulate musculoskeletal enhancement even at magnitudes
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much lower than those typically produced by vigorous exercise. Given the two
factors of age and BMD status (young and low BMD), one would immediately point
out that this population should improve musculoskeletal parameters over a years time
with little intervention, which was backed by the fact that DXA BMD and BMC did
increase in both groups (up to 4%) yet were not different from each other.
Differences in bone quality were revealed with QCT scans showing the benefit of the
vibration exposure. Vibration of this nature may be a safe and effective modality of
enhancing bone health in the young developing skeleton. It is very likely that these
women’s bones were very sensitive, with a very low threshold for mechanical stimuli
and therefore required very little stimulation, an idea supported by the 2 minute/day
compliance. The authors suggest that the biological response was “triggered” rather
than accumulated, as the >2 minutes/day compliers received no additional benefits.
So, the question of whether this type of low magnitude vibration would be a large
enough stimulus for older women or for those with more dense bones remains to be
answered.

Verschueren ef al. *° performed a randomized controlled trial in 70
postmenopausal women between the ages of 60 and 70 years. The women were
randomly assigned to a vibration group (WBYV), a resistance training group (RES),
and a control group (CON) and trained three days per week, for 24 weeks. Exercises
performed by the WBV group were static and dynamic knee-extensors: squat, deep
squat, wide stance squat, one-legged squat, and lunge. The vibration platform was set
at a frequency of 35 to 40 Hz, 2.28 to 5.09 g. Training volume and intensity was

progressively increased over the six month period. Volume was increased by the
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vibration duration, the number of series of an exercise, or by the number of different
exercises performed. Intensity increased by shortening the rest period or by
increasing the amplitude from 1.7 mm to 2.5 mm and/or by increasing the frequency
from 35 Hz to 40 Hz. Training load was also manipulated by changing from
predominantly two-legged exercises to one-legged exercises. The RES group
warmed up for a period of 20 minutes by stepping, running, or cycling at an intensity
increasing from 60% to 80% of heart rate reserve. Actual resistance training
consisted of leg extensions and leg presses. The first 14 weeks of training was
designed to progressively increase intensity from two sets of 20-RM to two sets of
15-RM, two sets of 12-RM, two sets of 10-RM, to two sets of 8-RM. The last 10
weeks consisted of varying volume and intensity by ranging from three sets of 12-RM
to one set of 8-RM. Training session duration was 30 minutes or less for WBV and
about one hour for RES. The CON group was told to maintain their current level of
activity and completed a questionnaire each month concerning their physical activity.
Right proximal femur and total body BMD was assessed by DXA at baseline and post
intervention. The biochemical markers of bone turnover, CTX and OC were assessed
at baseline and post intervention. Isometric and dynamic muscle strength and
postural control were evaluated. Increases in isometric and dynamic strength
occurred in both WBV and RES groups, while the CON group did not change. Total
hip BMD increased 0.93% in the WBYV group, while no changes were observed in the
RES and CON groups. The relative benefit for vibration training over RES was a
significant 1.51%. The gain in hip BMD was not related to the change increase in

strength. No changes were observed in total body or lumbar spine BMD. Nor were
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any changes detected in the biochemical markers of bone turnover OC and CTX. The
authors reported no vibration-related side effects. The results of this research design
concerning vibration are promising for an osteogenic response.

Summary

Animal models have shown a dramatic osteogenic effect of vibration training
which has yet to be seen consistently in humans. The research in animals is easily
applied and can be manipulated to extreme extents. Research in humans has taken a
very conservative approach to ensure safety and avoid any vibration-related side
effects. This aspect may account for the lack of results in several studies ** " *.
Verschueren ef al.” demonstrated that postmenopausal women can safely handle up
to 30 minutes of high amplitude, high frequency vibration training three days per
week.

Many differences in protocol between the human studies exist: duration of the
vibration bout, rest periods between vibration bouts each day, total accumulated
vibration time per day, number of vibration sessions per week, vibration intensity,
activities performed while receiving vibration, study length, and age of the subjects.
Each study manipulated each of these aspects, which makes it difficult to discern
wherein the problem lies. It is imperative that future research applies some of the
knowledge gained from the animal studies. It seems impossible to subject a person to
20 continuous minutes of vibration per day, five days per week, as was done in sheep
2% yet the human studies accumulated 20 to 30 discontinuous minutes per day. These
were the vibration durations in human research that produced results **>°. The

studies with a lack of results consisted of 4 and 6 minutes of vibration >"**°. Rest

50



periods between vibration bouts were not clearly defined in discontinuous protocols
20-31.39 "however it appears that accumulation per day may be more important than the
rest period between bouts. To restore bone cell mechanosensitivity to dynamically
loaded bone in mice, Robling et al. *°, determined that eight hours must separate
loading bouts and at least 14 seconds should separate loading cycles. Rubin
applied the rule of 10 minimum hours should separate day to day vibration. Time
between the two daily 10 minute bouts, however was not regulated. Verschueren >
indicated that training intensity was increased by shortening the rest period but no
indication was given as to how long the rest period was or how long the individual
vibration bouts lasted. Weekly accumulated vibration time could be an issue. The
dramatic osteogenic response observed in sheep occurred by 20 minutes of vibration
per day, five days per week. Rubin’® requested 20 minutes of vibration per day,
seven days per week. He achieved results in those that were at least 80% compliant,
which is about 5.6 days per week. Verschueren™ achieved results with vibration
occurring three days per week. Research lacking results applied vibration fewer than
three times per week in addition to accumulating less vibration time per day. Russo’'
applied vibration in three two-minute daily bouts, two days per week, and Torvinen
applied vibration in 4 minute daily bouts, with a mean of 2.8 & 0.8 days per week
(three days per week was requested).

Activities performed while receiving vibration could be an extremely
important element to vibration training. Animal studies demonstrate that the
phenomenon of stochastic resonance exists in bone cell mechanosensation. Two

human studies included a dynamic load to the skeleton during the vibration stimulus.
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Verschueren ** achieved results, while Torvinen > did not. Again, differences in
accumulation of vibration per week is present between these two studies, with
Verschueren® accumulating up to 1.5 hours per week and Torvinen® accumulating
about 12 minutes. Verschueren™ also included a larger number of exercises which
were much more dynamic than those of Torvinen™. Verschueren® avoided simply
standing and all exercises involved dynamic movements, i.e. lunges and squats.
Torvinen™ included the dynamic movements of light squatting and light jumping,
however the majority of the training consisted of standing erect, standing relaxed, and
standing on heels.

Vibration intensity was variable between human studies, ranging from 25 to
45 Hz. Studies with a bone response applied 30 Hz and 35 — 40 Hz””. Russo’' used
28 Hz and Torvinen® ranged from 25 — 45 Hz. Both Rubin >’ and Torvinen ** daily
exposures were short, six and 4 minutes respectively. Frequencies in the Torvinen™
protocol were applied in a progressive manner by 5 Hz intervals each minute of the
four minute bout, with the final four months resulting in 30, 35, 40, and 45 Hz each
minute. Therefore, intensity was kept constant for a full four months with no
progressive overload during this time. Russo’' and Rubin *also failed to apply a
progressive overload of vibration intensity. Russo”' and Rubin® applied essentially
the same frequency of vibration, 28 and 30 Hz respectively. Rubin® achieved results
which may have resulted from the increased daily and weekly exposure.

Study length and subject age are the final two areas of concern for the human
studies on vibration training and bone response. The training periods were six

20, 50

months 59, 8 months >, and 12 months . Postmenopausal women were the focus
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of Verschueren®, Rubin’, and Russo’'; while young adult men and women was the
focus of Torvinen®. Russo’' found no bone response in postmenopausal women with
six months of training, whereas Verschueren® did. Differences between these two
protocols lie in Verschueren® applying progressive overload, increased accumulation
of daily and weekly vibration, and including dynamic exercises performed during
vibration. Rubin® induced a bone response in postmenopausal women with one year
of training, provided the vibration was applied in high daily and weekly amounts.

The major issue with the lack of results by Torvinen> could be the young adult men
and women subjects combined with the lack of overload. The very short and
conservative vibration stimulus was probably not inducing a strain to which the

subject’s healthy bone needed to adapt.
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CHAPTER III
METHODOLOGY

The purpose of this study was to examine and compare the effects of an eight
month program involving two high intensity training protocols, combined vibration
plus resistance training and resistance training alone, on BMD and bone metabolism
of older postmenopausal women. Subjects were healthy women, between the ages of
55 and 75 years, and who were not taking HRT. Measurement variables included the
biochemical markers of bone turnover (BAP and CTX); BMD and BMC of the total
body, dual femur, lumbar spine, and radius 33%; and muscle strength (1RM) of eight
resistance exercises. The vibration group received a vibration stimulus in three
different positions which preceded resistance training exercises. A secondary
purpose was to examine muscular strength changes between the two resistance
training protocols.
Subjects

Subjects for this study were postmenopausal women between 55 and 75 years
of age (N=55). Volunteers were recruited from the Oklahoma City Metropolitan area
via advertisements that were placed in area newspapers, on the University’s local
cable access channel, on the University radio station, flyers posted in public areas,
and letters via the postal service (Appendix A). Subjects read and signed a written
informed consent form, Authorization to Use or Disclose Protected Health
Information and obtained medical clearance from their personal physician (Appendix
B). All methods and procedures were approved by the University of Oklahoma

Institutional Review Board (IRB No. 10918/Protocol No. FY2005-374) (Appendix
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D). Based on data from our laboratory of the biomarker response to one year of

resistance training, to achieve a power > 0.80, alpha < 0.05, 23 subjects were needed

within each group. Vibration and BMD and vibration and biomarker effect sizes

could not be calculated due to lack of means and standard deviations reported by

Verschueren et a

159

Inclusion Factors

1.

2.

The subjects were normal healthy women volunteers, 55—75 years of age.
Subjects provided information on menopausal status, menstrual history, and
hormone replacement therapy (HRT) status obtained by a menstrual history
questionnaire.

Subjects were at least five years postmenopausal.

Subjects were not taking HRT.

Subjects who had a history of HRT had not taken HRT for at least one year.
The subjects had not participated in a weight training program for at least one
year prior to the study.

Recruited subjects were medically stable, ambulatory, and capable of
undergoing physical strength testing and training.

Subjects were of a mental capacity to give written informed consent and

comply with the protocols.

Exclusion Factors

1.

Women with diagnosed osteoporosis or a BMD site with a T-score less than -

2.5 were not allowed to participate.
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. Any persons with physical disabilities preventing them from being strength
tested and trained, including orthopedic or arthritic problems were not allowed
to participate.

Those with heart problems such as congestive heart failure and arrhythmias,
chronic high blood pressure, or those on Beta Blockers were not allowed to
participate.

Subjects who were current smokers or past smokers within the previous 15
years were not allowed to participate.

Women with current diagnosis or a history of renal disease, chronic digestive
or eating disorders, rheumatoid arthritis, or uncontrolled thyroid disease were
not allowed to participate.

Those who were taking medications that affected bone density, such as steroid

hormones, calcitonin, or corticosteroids were not allowed to participate.

Research Design

Subjects obtained medical clearance from their personal physician and signed

an informed consent. Once cleared, the subjects were assigned to a resistance

training group (R, n=22), a vibration plus resistance training group (VR, n=21), or a

control group (C, n=12). Subjects were assigned to groups based on their availability

to attend specified training sessions, which were 6:30 am (VR), 8 am (R), 11:30 am

(R), and 5 pm (VR) held on Mondays, Wednesdays, and Fridays. The first visit to the

Bone Density Laboratory, located at the Department of Health and Exercise Science

on the University of Oklahoma-Norman Campus, consisted of completing

questionnaires about physical activity (PASE), menstrual history, calcium intake, and
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health status (Appendix C); a baseline bone scan and blood draw. Subjects began a
supervised eight month training program held three days per week at the
Neuromuscular Laboratory at the Department of Health and Exercise Science.
Strength was assessed at baseline and every four weeks during training, so that the
principle of progressive overload could be applied. Blood draws were obtained at
baseline and at months four and eight. BMD was assessed at baseline and at the end
of months four and eight of training.
Resistance and Vibration Training
The resistance training that both the R and VR groups performed consisted of

resistance exercises that targeted the bone sites of the hip and spine, including both
upper and lower body muscle groups. The exercises included the following:

e Supine leg press

e Hip flexion (standing position on a multi-hip machine)

e Hip extension (standing position on a multi-hip machine)

e Hip abduction (standing position on a multi-hip machine)

e Hip adduction (standing position on a multi-hip machine)

e Secated military press

e Latissimus pull down

e Seated row

e Dumbell wrist curls

e Seated abdominal flexion

The resistance exercises were performed on isotonic weight training

equipment. Cybex (Cybex Inc.) which eliminated and reduced issues of balance and
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safety often encountered by free weights. A two-week acclimation period was given
to the subjects to ensure participant comfort and familiarity with the equipment.
Proper techniques for lifting were taught to the subjects during this period by trained
personnel. The third week was considered the first week of the training program.
During this third week, the IRM for eight exercises was determined. The wrist curl
and abdominal flexion exercises were not tested for IRM. A proper warm up,
consisting of a 5 minute walking or cycling warm up and a warm up at each exercise
machine, was administered to subjects before the onset of strength testing. The 1RM
was obtained by finding the maximum weight lifted through an entire range of motion
in a single repetition. The 1RM was found within 5 attempts, giving 1 minute of rest
between attempts. 1RM testing was monitored and recorded by project staff
(Appendix E).

Each training group performed three sets of 10 repetitions for each exercise
during a single session. Intensity was set at 80% 1RM for all exercises except the
wrist curl and abdominal flexion, which were performed and a self-selected light to
moderate intensity. Each session was completed in less than one hour. The overload
principle was applied to the program, thus loads were adjusted following 1RM testing
as strength increased. Daily, each subject personally recorded the number of
repetitions they completed for each set of exercises on an individualized computer
generated log that specified the correct load for each exercise (Appendix E)

Vibration training consisted of a high frequency, low magnitude vibration
stimulus (30-45 Hz, 3-5 mm) on a Powerplate (Northbrooke, IL) vibration platform.

Subjects received the vibration in three different positions, each of which preceded

58



specific resistance exercises. Exposure to the vibration occurred in one or more 15 -
60 second intervals with at least 15 seconds of rest between vibration bouts. The
subjects performed dynamic movements during vibration in order to induce a
stochastic resonance effect on the bone cells which was then followed by a high
intensity dynamic loading stress. The vibration position (V) and specific resistance

exercises (R) that followed were:

Vibration Position Resistance Exercise
Seated, while performing a shoulder Shoulder Press, Hip Abduction, Hip
press using rigid straps fixed to the Adduction, Abdominal Flexion
platform

Wrist Curls, using rigid straps fixed to Wrist Curls, Lat Pull Down, Low Row
platform

Squat, standing performing a dynamic Leg Press, Hip Flexion, Hip Extension
squat movement

The order in which subjects received vibration was not controlled nor was the order in
which they completed the resistance exercise following vibration controlled.

The vibration stimulus began on week two following the baseline 1RM testing
to eliminate a vibration effect on initial strength. The principle of progressive
overload was applied to the vibration stimulus and intensities were gradually
increased. Increases in intensity were made by manipulating frequency, duration, and
number of bouts. Vibration amplitude was held constant at the low (3 mm) setting.

Vibration training proceeded as follows:
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. Frequency Magnitude
Week Sets Duration (sec) (Hz) ()
2,3 1 15 30 2.16
4-8 2 15 30 2.16
9 3 15 30 2.16
10-12 2 30 30 2.16
13 2 30 30/35 2.16/2.49
14-16 2 30 35 2.49
Pre17 M 1 30 30 2.16
W 2 30 30 2.16
F 2 30 35 2.49
17 3 30 30 2.16
18, 19 2 45 30 2.16
20 3 30 35 2.49
21-25 2 45 35 2.49
26-28 2 60 35 2.49
29 2 60 35/40 2.49/2.80
30-32 2 60 40 2.80

Bone Mineral Density Measurements

Dual Energy X-Ray Absorptiometry (GE Medical Systems, Lunar Prodigy,

Encore software version 8.80) was used to assess the BMD and BMC of total body;

AP lumbar spine (L1-L4, L2-L4); dual proximal femur (femoral neck, trochanter,

total hip); and the forearm (33% radius) sites assessed at baseline and at months four
and eight during the training period.

The DXA scan technique is based on the attenuation of two energy levels
(high and low) of an X-ray passing through tissue. There is an exposure to radiation
during a DXA scan, however the range of this exposure is 0.05 - 1.5 mrem which is
about a tenth of a dental X-ray. The x-ray tube is equipped with a filter to convert the
polychromatic X-ray beam into low and high-energy peaks. The low energy beam
(38 keV) is capable of passing through soft tissue but not through denser material

such as bone. The high-energy beam (70 keV) is capable of passing through bone.
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Subjects lay supine on the DXA table, below which the X-ray source is located. The
scanning arm, equipped with the energy-discriminating detector, passes over the
subject and detects the x-ray energy that passes through the body in a posterior to
anterior direction. The attenuation of the x-ray has a direct relationship with the mass
of the tissue through which it passes® .

One qualified technician performed all scan analyses using the encore 2002
software (GE Medical Systems, version 8.80). Quality Assurance and spine phantom
calibration procedures were performed daily prior to each scanning session to ensure
no machine drift during the intervention period. Because body mass and tissue type
affect energy attenuation, the scan mode was selected based on the subject’s trunkal
thickness as follows: Thick, >25 c¢cm; Standard, 13 — 25 cm; and Thin, <13 cm.
Skeletal regions of interest (ROI) were manually adjusted so that the lumbar spine
vertebrae were correctly identified and bone tissue was separated from the soft tissue,
allowing for the correct separation of body regions. The scans provide an analysis of
the subject’s BMD (g/cm?) and bone mineral content (g). (Example scans are given
in Appendix F) Radius BMD and BMC data was reported using the Prodigy BMD
Forearm Calibration. At baseline, a subset of 15 subjects volunteered for three repeat
forearm scans so that the precision of forearm BMD could be evaluated. The in vivo
precision for the investigator on this DXA for the BMD of total body, spine,
trochanter, total hip, and forearm are 0.5%, 0.8%, 1.7%, 1.2%, and 1.5% respectively.
Blood Sampling

Venipuncture blood collection occured in the morning with the subjects in an

eight hour fasting state. The site of venipuncture was the antecubital vein and was
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performed by a qualified nurse or phlebotomist. A 6 ml sample of blood was taken
and within two hours of collection, the samples were centrifuged and serum samples
will then be aliquoted into 0.5 ml vials and frozen at —70° C until the time of the
assays. To reduce protein degradation, the vials were thawed only one time prior to
each bone marker assay.
Biochemical Assays
The resorption marker measured was the cross-linked C-telopeptide of Type-I
collagen (CTX) in human serum. CTX was measured in duplicate by enzyme-linked
immunosorbent assay (ELISA) (Nordic Bioscience Diagnostics, Denmark)’. The
enzyme absorbance was determined spectrophotometrically and the CTX
concentration was then calculated using a standard calibration curve. CTX units are
reported in ng/ml. The intra-assay coefficient of variation ranged from 0.1 — 4.7%
and the inter-assay coefficient of variation range was 0.4 —4.7%.
The CTX assay protocol was conducted according to the following
instructions’ (Appendix G):
1. Allow specimens and kit to come to room temperature.
2. Wash Solution: (1 + 50) Wash + deionized Water
3. Antibody Solution: (1 + 1+ 100) Biotinylated Antibody + Peroxidase
conjugated Antibody + Incubation Buffer. This Solution must be used within
30 minutes of preparation, so a lab aid mixed this solution 15 minutes before
finishing step 4.
4. Pipette S0uL of the Standards (A-F), Controls (high and low), and Unknowns

Followed by 150 pL of the Antibody Solution.
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5. Cover with sealing tape and incubate at room temperature for 120+5 minutes
on the Innova 2000 platform shaker (New Brunswick Scientific, Edison, NJ)
(300 rpm).

6. The microwells are washed 5 times with 400uL of the wash solution using the
MultiWash Microplate Washer (Tri Continent, Grass Valley, CA). The
second wash cycle included a one minute soak. After the last wash, the wells
are blotted dry.

7. Add 100 pL of the Substrate Solution to each well and incubate at room
temperature 15 + 2 minutes in the dark on the mixing plate (300 rpm).

8. Add 100 pL of Stopping Solution to each well.

9. Measure absorbance at 450 nm with 650nm as reference in the Spectracount
Plate Reader (Packard, Downers Grove, IL).

The marker of formation measured was bone-specific alkaline phosphatase
(BAP). BAP was measured in duplicate with the Metra BAP EIA kit (Quidel
Corporation, Mountain View, CA)>. Metra BAP is an enzyme immunoassay utilizing
a monoclonal anti-BAP antibody. The catalytic activity of the captured enzyme is
used to measure BAP activity in serum. Enzyme activity is determined
spectrophotometrically and the BAP levels are then calculated from a calibration
curve fit with a quadratic equation. Values are expressed as Units per Liter (U/L),
with each unit representing one mole of p-nitrophenyl phosphate (pNPP) hydrolyzed
per minute at 25° C. The intra-assay coefficient of variation ranged from 0.3 — 12%

and the inter-assay coefficient of variation range was 0.1 — 12.5%.
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The BAP assay protocol was conducted according to the following

instructions*(Appendix G):

1. Allow kit and specimens to come to room temperature, about one hour.

2. Add 125pL Assay Buffer to each well.

3. Add 20pL Standards, Controls, and samples to the appropriate well then swirl.

4. Incubate for 3 hrs + 10 min at room temperature.

5. Wash 4 times with 1x Wash Buffer and blot dry after the last wash.

6. Add 150pL Working Substrate Solution.

7. Incubate for 30 + 5 minutes at room temperature.

8. Add 100uL Stop Solution and Read at 405 nm with the Spectracount Plate
Reader (Packard, Downers Grove, IL).

Data Analyses

All descriptive analyses were reported in means * standard error for the

dependent variables. The effects of the intervention on BMD, BMC, biomarkers, and

strength were analyzed by a two-way repeated measures ANOVA (Time x Group).

When a significant interaction had been determined, the file was split by group and

paired t-tests (pre vs. post) were used to determine significant time differences.

Percent changes from baseline in BMD, BMC, biomarkers, and strength were

calculated and one-way ANOVA, with the Bonferroni post hoc procedure, was used

to determine group differences. The significance level was set at p < 0.05 and

statistical analysis was performed by SPSS (version 14).
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CHAPTER 1V
RESULTS AND DISCUSSION

The purpose of this study was to examine and compare the effects of an eight
month program involving two high intensity training protocols, combined vibration
plus resistance training and a resistance training alone, on BMD and bone metabolism
of older postmenopausal women. Subjects were healthy women, between the ages of
55 and 75 years, and who were not taking HRT. Measurement variables included the
biochemical markers of bone turnover (BAP and CTX); BMD and BMC of the total
body, dual femur, lumbar spine, and radius 33%; and muscle strength (1RM) of eight
resistance exercises. The vibration group received a vibration stimulus in three
different positions which preceded resistance training exercises. A secondary
purpose was to examine muscular strength changes between the two resistance
training protocols.
Subject Characteristics

A total of 82 subjects were recruited, however, 20 subjects did not start the
study for a variety of reasons ranging from not showing up to cancer. Exclusion of
the 20 that did not start were due to: three subjects with a BMD T-score <-2.5, eight
subjects cited medical problems/illness or their physician did not grant medical
clearance, one subject was recently diagnosed with cancer, one could not make the
commitment due to the commute, one cited ulcerative colitis and was taking steroid
medication, one could not afford parking fees, and five were “no shows” and could
not be contacted. 62 subjects started the study, one of which was excluded due to

poor attendance. 61 subjects completed the first four months of the study; however
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six subjects were unable to continue. Three were advised by their physician to stop,
two did not come back and could not be contacted, and one cited personal reasons.
55 subjects completed the entire 32 weeks of the study.

All subjects were healthy postmenopausal women between the ages of 55 and
75 years. Subjects were assigned to groups based on their availability for training
session times. Table 1 displays the baseline physical characteristics, calcium intake,
and physical activity (PASE) data for each group. There were no significant
differences between groups at baseline. Subjects with a calcium intake of less than
1500 mg/day were instructed to increase their intake to at least 1500 mg/day. All
subjects received their estimated daily intake on an informational sheet about dietary
and supplemental calcium (Appendix H). Two-way repeated measures ANOVA
detected a significant (p<0.05) time effect for increasing calcium intake at month
eight from baseline.

Table 1. Physical Characteristics at Baseline for each Group.

Group

Variable VR (n=21) R (n=22) C (n=12)
Age (years) 62.8+ 1.1 64 +0.9 63.1+14
Height (cm) 1640+ 1.5 160.6 + 1.7 1629+ 1.5
Weight (kg) 73.56 +£2.82 76.6 £3.16 77.92 +£4.53
BMI 27+ 1 30+ 1 29+ 1
PASE 183+ 16 158+ 16 150+ 18
Ca”" Intake

1597 + 132 1373 £ 173 1376 + 138
(mg/day) Pre
Ca”" Intake
(me/day) Post* 1987 + 98 1844 + 57 1746 + 63

* p<0.05 Time effect. Ca2+, Calcium; VR, vibration plus resistance; R, resistance; C,
control. Values are means + SE.

66



Biochemical Markers of Bone Turnover Response to Training

All data for VR and R were obtained in the following months: August
(baseline), December (mid), and May (post). Three control subjects, however, missed
their December (mid) appointment and were tested in February/March. Therefore, in
order to avoid the possible influence of a seasonal effect on the biomarker data that
midpoint data was not included in the biomarker analyses. One subject in group R
was removed from BAP and ratio analyses due to an unusually high BAP measure.
This subject’s medical history revealed a history of alcoholism which may have
compromised her liver in a way such that there was an elevated level of the liver
alkaline phosphatase in her system, which could cause elevated results in the Metra
BAP assay”. In Table 2, the data for bone-specific alkaline phosphatase (BAP), c-
telopeptide of Type I collagen (CTX), and the ratio of BAP to CTX are shown for
each group at baseline and post-training. There was no significant group, time, or
group x time interaction detected. The biomarker data was normalized using z-score
transformations and analyses were repeated. No significant group, time, or group x
time interaction was detected (Appendix I). The BAP reference range for
postmenopausal women >45 years of age is 14.2 —42.7 U/L®. The 95% range of

CTX values for postmenopausal women is 0.142 — 1.351ng/ml’,
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Table 2. Biochemical Markers of Bone Turner Before and After Training.

Group

Variable VR n R n C n
BAP  Baseline 39.54+2.56 21 4238+327 21 3747+248 12
(UL)  Ppost 40.96+2.66 21 4320+341 21 3728+277 12
CTX  Baseline 0.559+0.043 21 0.703+0.073 22 0.605+0.081 12
(ng/ml) Post 0.594+0.055 21 0.729+0.059 22 0.603+0.062 12
Ratio | Baseline  79.00£826 21 76.82£10.08 21 77.60%1447 12

Post 7796 +7.76 21  6498+649 21 66.12+559 12

BAP, bone-specific alkaline phosphatase; CTX, C- telopeptide of Type I collagen;
Ratio of BAP to CTX. Values are Mean + SE.

Figure 1 shows the percent change in the biochemical markers of bone

turnover. There were no significant group differences in absolute or percent change

variables. There was a considerable amount of variability in %change CTX for the
control group (1sd=180%) and R (1sd=125%), whereas VR was much more
homogeneous (1sd=27%).

Figure 1. Biochemical Marker Percent Change After 8§ Months of Training.
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Data reported as Means * SE.
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Bone Mineral Density Response to Training

Mid data was omitted from BMD analyses due to the three control subjects
who were not tested at the true midpoint, December. For all total body BMD
analyses one subject in group R was omitted due to her refusal for her head to be
scanned, which resulted in a falsely low total body BMD value. For all right and left
hip (total hip, femoral neck, and trochanter) BMD analyses, one subject in group VR
was removed due to a double hip replacement. For all analyses of spine (L1-L4 and
L2-L4) BMD, one subject in group VR was omitted due to a severe curvature of the
spine which resulted in the inability to locate the correct regions of interest.

At baseline, no differences in BMD at each bone site existed between groups.
Table 3 displays the baseline values of BMD for each site by group.

Table 3. Baseline BMD Values for each Group.

Group

Variable VR n R n C n
Total Body 1.135+£0.017 21 1.150+0.021 21 1.132+0.020 12
Right TotalHip  0.954+0.024 20 0.955+0.025 22 0.940+0.020 12
;emffal 0.908 £0.027 20 0.902+0.021 22 0.907+0.025 12

cC
Trochanter 0.758 £0.023 20 0.768+0.022 22 0.770+0.016 12
Left  TotalHip  0.956+0.025 20 0.965+0.028 22 0.953+0.017 12
;eml?ral 0.901+0.027 20 0900+0.023 22 0915+0.024 12

cC
Trochanter 0.768 £0.022 20 0.781+£0.027 22 0.777+0.013 12
Spine [.1-L4 1.130+£0.035 20 1.163+0.028 22 1.131+0.036 12
L2-L4 1.153+£0.036 20 1.195+0.028 22 1.159+0.037 12
Radius 33% 0.825+0.017 21 0.825+0.023 22 0.809+0.028 12

All values expressed in g/cm”. Values reported as Mean + SE.
Table 4 shows the baseline and post-training values for each group at the total
body. No significant main effects were detected by the two-way repeated measures

ANOVA.
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Table 4. Total Body BMD Before and After 8§ Months of Training.

Total Body
Group Baseline Post
VR (n=21) 1.135+0.017 1.135+0.017
R (n=21) 1.150 + 0.021 1.149 +£0.022
C (n=12) 1.132 +0.020 1.133 £0.018

All values expressed in g/cm”. Values reported as Mean + SE.

Table 5 shows mean values of the right hip BMD for the total hip and femoral
neck sites at baseline and post-intervention. Although no significant group
differences were detected, repeated measures ANOVA revealed a significant main
effect for Time at the right total hip (p=0.022) and at the right femoral neck
(p=0.013). In Figures 2 and 3, baseline and post BMD values are plotted for each
group at the right total hip and right femoral neck, respectively. The right total hip
grand mean + SE showed a decrease from 0.952 + 0.014 to 0.947 + 0.014 g/cm®. The
right femoral neck grand mean + SE showed a decrease from 0.905 + 0.014 to 0.899
+0.014 g/em’.

Table 5. Right Hip BMD Before and After 8 Months of Training.

Right Hip
Total Hip* Femoral Neck*
Group Baseline Post Baseline Post
XlliZO) 0.954 + 0.024 0.947 +0.023 0.908 +0.027 0.896 + 0.026
§1=22) 0.955+0.025 0.952 +0.024 0.902 +0.021 0.898 +0.021
51=12) 0.940 + 0.020 0.938 £0.021 0.907 £ 0.025 0.905 + 0.026

*p<0.05 Time effect. All values expressed in g/cm’. Values reported as Mean + SE.
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Figure 2. Right Total Hip BMD Before and After Training for each Group.

—4— VR —-R 4 (C

0.990
0.980
0.970

0.960

0.950
0.940

ﬂrﬁ
Ll

0.930 +

0.920 T

Right Total Hip BMD (g/cr%l)

0.910
Pre Post

Time

*p<0.05 Time effect. Values reported as Mean + SE.

Figure 3. Right Femoral Neck BMD Before and After Training for each Group.
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Left hip total hip and femoral neck at baseline and post-training are shown in

Table 6. No significant group, time, or group x time effects were detected.

Table 6. Left Hip BMD Before and After 8§ Months of Training.

Left Hip
Total Hip Femoral Neck
Group Baseline Post Baseline Post
XlEZO) 0.956 +0.025 0.954 +0.024 0.901 +0.027 0.901 +0.024
51:22) 0.965 £+ 0.028 0.959 +0.028 0.900 = 0.023 0.892 +0.024
81:12) 0.953+0.017 0.953+0.019 0.915+0.024 0.910+0.027

All values expressed in g/cm”. Values reported as Mean + SE.

Left and right hip trochanter BMD at baseline and post-training are shown in

Table 7. No significant group, time, or group x time interaction was detected.

Table 7. Left and Right Trochanter BMD Before and After 8 Months of Training.

Right Hip Left Hip

Trochanter Trochanter
Group Baseline Post Baseline Post
Xllizo) 075840023  0.750+0.022 076840022  0.764=0.023
&222) 0.768 £ 0.022 0.764 £ 0.022 0.781 +0.027 0.774 £ 0.026
51=12) 0.770 £0.016 0.770 £0.016 0.777 £0.013 0.780 £ 0.015

All values expressed in g/cm®. Values reported as Mean + SE.

In Table 8, the lumbar spine BMD data at baseline and post-training are

shown. No significant main effects were detected by the two-way repeated measures

ANOVA.
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Table 8. Lumbar Spine BMD Before and After 8 Months of Training.

Spine
L1-L4 L2-L4
Group Baseline Post Baseline Post
X1520) 1.130+0.035 1.121 +£0.034 1.153+0.036 1.143 £ 0.034
51:22) 1.163 +0.028 1.156 £ 0.030 1.195+0.028 1.190 +£0.030
81212) 1.131 £0.036 1.129 +£0.038 1.159 +£0.037 1.165+0.039

All values expressed in g/cm”. Values reported as Mean + SE.

In Table 9, BMD of the radius 33% site is displayed at baseline and post-
training. Repeated measures ANOVA detected a significant (p=0.011) Group X
Time interaction. Figure 4 plots the radius 33% BMD responses for each group. The
group VR showed a decrease in BMD while group C showed an increase in BMD at
the radius 33% site.

Table 9. Forearm Radius 33% BMD Before and After 8 Months of Training.

Radius 33%7
Group Baseline Post
VR (n=21) 0.825+0.017 0.814 +0.020
R (n=22) 0.825 +0.023 0.827 +0.023
C (n=12) 0.809 + 0.028 0.826 +0.029

+, p<0.05 group x time interaction. All values expressed in g/cm2. Values reported
as Mean * SE.
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Figure 4. Radius 33% BMD Response to 8 Months of Training.
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The total body, lumbar spine, and radius 33% BMD percent changes from
baseline to the end of the study are shown in Figure 5. One-Way ANOVA detected a
significant group difference (p=.009) in %change from pre to post at the radius 33%
site. Bonferroni post hoc analyses revealed a significant difference (p=0.008)
between VR and C. C increased radius 33% BMD by 2.0 + 0.8%, while VR
decreased radius 33% BMD by 1.5 + 0.8%. No significant differences in %change

for the total body, L1-L4, or L2-L4 were detected.
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Figure 5. Total Body, Spine, and Radius 33% BMD Percent Change From Baseline
for each Group.

EBVRORB®EC

10.00 -
8.00
6.00
4.00 ~

2.00
000 | &= T — -TV%

-2.00 =
-4.00
-6.00
-8.00
-10.00 -

BMD Change (%)

Total Body L1-14 L2-14 33%

Spine Radius
Bone Site

* p<0.05 significant difference from VR. Values reported as Mean + SE.
No significant group differences were detected in total hip, femoral neck, or

trochanter of the right and left hip, which are shown in Figure 6.
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Figure 6. Right and Left Hip BMD Percent Change From Baseline for each Group.
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Values reported as Mean + SE.
Bone Mineral Content Response to Training

Mid data was omitted from BMC analyses due to the three control subjects
who were not tested at the true midpoint, December. For all total body BMC
analyses one subject in group R was omitted due to her refusal for her head to be
scanned, which resulted in a falsely low total body BMC value. For all right and left
hip (total hip, femoral neck, and trochanter) BMC analyses, one subject in group VR
was removed due to a double hip replacement. For all analyses of spine (L1-L4 and
L2-L4) BMC, one subject in group VR was omitted due to a severe curvature of the
spine which resulted in the inability to locate the correct regions of interest.

At baseline, no differences in BMC at each bone site existed between groups.

Table 10 displays the baseline values of BMC for each site by group.
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Table 10. Baseline BMC Values for each Group.

Group

Variable VR n R n C n
Total Body 2439+ 67 21  2504+93 21 2418+73 12
Right  Total Hip 30.1+09 20  302+1.1 22 295+07 12

Femoral 44402 20 43+0.1 22 44401 12

Neck

Trochanter 97405 20  10.1+05 22 98+04 12
Left  Total Hip 302+1.0 20 305+1.1 22 30.0+07 12

Femoral 43+02 20 43+0.1 22 44+0.1 12

Neck

Trochanter 10.0£04 20 104+05 22 103+04 12
Spine L1-L4 63.5+25 20  625+22 22 592+25 12

L2-L4 505+2.1 20 504+17 22 474+19 12
Radius 33% 20+0.1 21 2.1+0.1 22 20+0.1 12

All values expressed in g. Values reported as Mean + SE.

Two-way repeated measures ANOVA (group x time) revealed a significant

(p=0.005) main effect of time (pre to post) on total body BMC. Table 11 shows the

baseline and post values for BMC of the total body. Figure 7 shows the total body
BMC response to the eight month intervention for each group. The grand mean
decreased from 2460 + 47g at baseline to 2415 + 46 at eight months. There was a
trend for an interaction of Group X Time (p=0.08).

Table 11. Total Body BMC Values Before and After Training.

Total Body**
Group Baseline Post
VR (n=21) 2439 £ 67 2377 + 69
R (n=21) 2504 £ 93 2448 £ 91
C (n=12) 2418 + 73 2426 + 72

**p<0.01 Time effect. All values expressed in g. Values reported as Mean + SE.
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Figure 7. Total Body BMC Response to 8 Months of Training.
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**p<0.01 Time effect. Values reported as Mean + SE.

Right hip total hip and femoral neck BMC values at baseline and post-training
are shown in Table 12. No significant group, time, or group x time interaction was
detected, although there was a trend (p=0.098) for a Group X Time interaction at the
right hip femoral neck. Figure 8 plots the right femoral neck BMC response to the
intervention for each group.

Table 12. Right Total Hip and Femoral Neck BMC Before and After Training.

Right Hip

Total Hip Femoral Neck
Group Baseline Post Baseline Post
VR
(n=20) 30.1+0.9 29.8+0.9 44402 43+0.1
R
(n=22) 302+1.1 30.1+1.1 43+0.1 43+0.2
C
(n=12) 29.5+0.7 29.6 +0.7 44+0.1 44+0.1

All values expressed in g. Values reported as Mean + SE.
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Figure 8. Right Femoral Neck BMC Response to Training.
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Values reported as Mean * SE.

Left hip total hip and femoral neck BMC values at baseline and post-training
are shown in Table 13. No significant group, time, or group x time interaction was
detected, although there was a trend (p=0.056) for a group x time interaction at the
left femoral neck.

Table 13. Left Total Hip and Femoral Neck BMC Before and After Training.

Left Hip

Total Hip Femoral Neck
Group Baseline Post Baseline Post
VR
(n=20) 302+ 1.0 302+1.0 43+0.2 43+0.1
R
(n=22) 305+ 1.1 304+1.2 43+0.1 43+0.1
C
(n=12) 30.0+0.7 30.2+0.8 44+0.1 44+0.1

All values expressed in g. Values reported as Mean + SE.
Right and left hip trochanter BMC at baseline and post-intervention are given

in Table 14. No significant group, time, or group x time interaction was detected.
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Table 14. Right and Left Trochanter BMC Before and After Training.

Right Hip Left Hip
Trochanter Trochanter
Group Baseline Post Baseline Post
VR
(n=20) 9.7+0.5 94+04 100+ 04 10.0£0.5
R
(n=22) 10.1 £0.5 10.0£0.5 10.4 +0.5 10.2 £0.6
C
(n=12) 98+04 99+0.3 10.3+0.4 10.3+0.4

All values expressed in g. Values reported as Mean + SE.

Lumbar spine L1-L4 and L2-L.4 BMC at baseline and post-intervention are
shown in Table 15. No significant group, time, or group x time interaction was
detected.

Table 15. Lumbar Spine BMC Before and After Training.

Spine

L1-L4 L2-14
Group Baseline Post Baseline Post
VR
(n=20) 63.5+2.5 62.8+2.7 50.5+2.1 502+22
R
(n=22) 62.5+2.2 62.2+23 504+1.7 503+ 1.8
C
(n=12) 59.2+2.5 59.1+3.5 474+19 489+22

All values expressed in g. Values reported as Mean + SE.
Radius 33% BMC at baseline and post-intervention are given in Table 16. No
significant group, time, or group x time interaction was detected in Radius 33%

BMC.

80



Table 16. Radius 33% BMC Before and After Training.

Radius 33%
Group Baseline Post
VR (n=21) 2.0+0.1 2.0+0.1
R (n=22) 2.1+0.1 2.1+0.1
C (n=12) 2.0+0.1 2.0+0.1

All values expressed in g. Values reported as Mean + SE.

Percent change from baseline BMC values for the total body, lumbar spine,
and radius 33% are shown in Figure 9. One-way ANOVA did not detect significant
differences in %change in total body, spine, or radius 33% BMC, however there was
a trend (p=0.059) for a difference in total body BMC %change.

Figure 9. Total Body, Lumbar Spine, and Radius 33% BMC Percent Change from
Baseline.
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Values reported as Mean + SE.
Percent change from baseline BMC values for the right and left hip (total hip,

femoral neck, and trochanter) are shown in Figure 10. One-way ANOVA detected a
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significant (p=0.046) difference in right femoral neck BMC %change. The
Bonferroni post hoc procedure was unable to detect group differences. There was a
trend (p=0.053) for right trochanter BMC %change (C greater than VR).

Figure 10. Right and Left Hip BMC Percent Change from Baseline.
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® Significant (p<0.05) ANOVA. Values reported as Mean + SE.
Muscle Strength Response to Training.

Muscle strength 1RM (kg) for the eight tested exercises (low row, lat
pulldown, shoulder press, leg press, hip abduction, hip adduction, hip extension, and
hip flexion) are shown in Table 17. No significant differences between groups

existed at baseline.
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Table 17. Baseline Muscle Strength for Each Group.

Group
Variable VR (n=21) R (n=22) C (n=12)
Low Row 340+1.7 36.0+1.5 33.8+1.9
Lat Pulldown 300+1.3 336+ 1.6 33.8+2.7
Shoulder Press 295+ 1.6 285+14 284+23
Leg Press 83.2+5.6 72.1+4.4 85.0+7.4
Hip  Abduction 29.7+2.1 33.7+1.7 31.5+3.1
Adduction 37.3+2.1 41.0+£2.2 37.5+2.6
Extension 524+39 54.5+3.6 54.6+3.9
Flexion 35.6+1.7 355+23 36.9+4.5

All values expressed in kg. Values reported as Mean + SE.

Two-way ANOVA with repeated measures detected significant (p<0.01) time,
group, and group x time interaction effects for low row strength. The Bonferroni
multiple comparison procedure determined that VR and R were significantly
(p=<0.05) greater in strength than C. Table 18 shows mean + SE values of low row
strength at each time point. In Figure 11, the mean values of low row strength are
plotted by time for each group. VR and R significantly increased low row strength at
the mid and post time points, compared with baseline (p<0.01), while C did not
change. VR and R also had significantly increased (p<0.05) low row strength at the
mid and post time points compared with C.

Table 18. Low Row 1RM at Baseline, Mid, and Post Training

Low Row (kg)
Group Pre Mid Post
VR (n=21) 34.04 + 1.74 42.58 +1.75% 47.89 + 1.88%
R (n=22) 36.03 + 1.46 40.68 + 1.61%° 43.91 +2.03®
C (n=12) 33.81+1.91 31.53+2.14 33.81 + 1.87

2 p<0.05 vs. baseline; °, p<0.05 vs. C; ¢, p<0.05 vs. R. Values are means + SE.
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Figure 11. Low Row Strength Response to 8§ Months of Training.
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? p<0.05 vs. baseline; b, p<0.05 vs. C; ¢, p<0.05 vs. R. Values reported as Mean + SE.
For lat pulldown strength, a significant (p<<0.01) time effect and group x time
interaction were found. Table 19 shows mean + SE values of lat pulldown strength at
each time point. In Figure 12, lat pulldown strength is plotted by time for each group.
Compared to baseline; both VR and R increased (p<0.01) at months four and eight,
while C did not change. VR had significantly increased lat pulldown strength at
months four (p=0.042) and eight (p=0.002), compared with C. R had significantly

(p=0.041) increased strength at month eight, compared with C.
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Table 19. Lat Pulldown 1RM at Baseline, Mid, and Post Training

Lat Pulldown (kg)
Group Pre Mid Post
VR (n=21) 30.03 £1.31 40.50 + 1.79* 45.59 + 1.59%
R (n=22) 33.57 £ 1.60 38.00 + 1.84° 42.01 +2.13%
C (n=12) 33.81 £2.66 32.39+2.40 35.51+1.76

2 p<0.05 vs. baseline; °, p<0.05 vs. C; ¢, p<0.05 vs. R. Values are means + SE.

Figure 12. Lat Pulldown Strength Response to 8 Months of Training.
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? p<0.05 vs. baseline; b, p<0.05 vs. C; ©, p<0.05 vs. R. Values reported as Mean + SE.

A significant (p<0.01) time effect and group x time interaction was detected
for shoulder press strength. Table 20 shows mean + SE values of shoulder press
strength at each time point. In Figure 13, shoulder press strength is plotted by time
for each group. Compared to baseline; both VR and R significantly increased
shoulder press strength at four months (p<0.01), and eight months (p<0.01), while C
did not change. VR had significantly increased shoulder press strength at months

four (p=0.047) and eight (p=0.028), compared with C.
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Table 20. Shoulder Press 1RM at Baseline, Mid, and Post Training

Shoulder Press (kg)
Group Pre Mid Post
VR (n=21) 29.45 £ 1.62 34.01 +1.78% 39.10 + 1.49%
R (n=22) 28.54 +1.37 32.41 + 1.64° 35.64 + 1.95°
C (n=12) 28.41+2.32 26.71+1.86 31.25+ 1.64

2 p<0.05 vs. baseline; °, p<0.05 vs. C; ¢, p<0.05 vs. R. Values are means + SE.

Figure 13. Shoulder Press Strength Response to 8 Months of Training.
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? p<0.05 vs. baseline; b, p<0.05 vs. C; ©, p<0.05 vs. R. Values reported as Mean + SE.
For leg press strength, a significant (p<0.01) time effect and group x time
interaction were detected. Table 21 shows mean =+ SE values of leg press strength at
each time point. In Figure 14, leg press strength is plotted by time for each group.
Compared to baseline; both VR and R increased at months four and eight (p=0.001),
while C did not change. VR had significantly increased leg press strength at the

month eight (p=0.04), compared with C.
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Table 21. Leg Press 1RM at Baseline, Mid, and Post Training

Leg Press (kg)
Group Pre Mid Post
VR (n=21) 83.21 £5.58 101.73 + 6.24° 111.91 + 5.29%
R (n=22) 72.11+£4.42 89.88 + 3.66" 102.48 +4.52%
C (n=12) 85.00 +7.36 84.55 £ 6.65 87.27 +£5.28

2 p<0.05 vs. baseline; °, p<0.05 vs. C; ¢, p<0.05 vs. R. Values are means + SE.

Figure 14. Leg Press Strength Response to 8 Months of Training.
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? p<0.05 vs. baseline; b, p<0.05 vs. C; ©, p<0.05 vs. R. Values reported as Mean + SE.

For hip abduction strength, a significant (p<0.01) time effect, group x time
interaction, and group effect were detected. Table 22 shows mean + SE values of hip
abduction strength at each time point. In Figure 15, hip abduction strength is plotted
by time for each group. Compared to baseline; both VR and R significantly (p<0.01),
increased hip abduction strength at months four and eight months while C did not
change. VR had significantly (p<0.01) increased hip abduction strength at months
four and eight, compared with C. R had significantly increased hip abduction

strength at month four (p=0.016) and eight (p<0.01) when compared with C.
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Table 22. Hip Abduction 1RM at Baseline, Mid, and Post Training

Hip Abduction (kg)
Group Pre Mid Post
VR (n=21) 29.71 +£2.06 47.66 + 2.81%° 59.79 + 2.83%
R (n=22) 33.69 + 1.69 44.78 +2.06™ 53.30 +2.26®
C (n=12) 31.53£3.10 32.67 +2.55 30.97 £2.26

2 p<0.05 vs. baseline; °, p<0.05 vs. C; ¢, p<0.05 vs. R. Values are means + SE.

Figure 15. Hip Abduction Strength Response to 8 Months of Training.
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Hip adduction strength showed a significant (p<0.01) time effect, group x
time interaction, and group effect. Table 23 shows mean + SE values of hip
adduction strength at each time point. In Figure 16, hip adduction strength is plotted
by time for each group. Compared to baseline; VR and R significantly (p<0.01)
increased hip adduction strength at months four and eight, while C did not change.
Compared with C, VR and R had significantly (p<0.01) increased hip adduction

strength at the mid and post time points.
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Table 23. Hip Adduction 1RM at Baseline, Mid, and Post Training

Hip Adduction (kg)
Group Pre Mid Post
VR (n=21) 37.26+2.11 57.35+2.27%° 69.80 + 2.22%
R (n=22) 40.99 +2.22 55.06 + 2.82% 65.47 + 2.68%
C (n=12) 37.50 + 2.60 36.93 £3.20 39.20 +3.19

2 p<0.05 vs. baseline; °, p<0.05 vs. C; ¢, p<0.05 vs. R. Values are means + SE.

Figure 16. Hip Adduction Strength Response to 8 Months of Training.
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? p<0.05 vs. baseline; b, p<0.05 vs. C; ¢, p<0.05 vs. R. Values reported as Mean + SE.

For hip extension strength, a significant (p<0.01) time effect, group x time
interaction, and group effect were detected. Table 24 shows mean + SE values of hip
extension strength at each time point. In Figure 17, hip extension strength is plotted
by time for each group. Compared to baseline; VR and R significantly (p<0.01)

increased hip extension strength at months four and eight, while C significantly
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(p<0.01) decreased at month eight. Both VR and R had significantly (p<0.01)
increased hip extension strength at the mid and post time points compared with C.

Table 24. Hip Extension 1RM at Baseline, Mid, and Post Training

Hip Extension (kg)
Group Pre Mid Post
VR (n=21) 52.37 +3.89 79.44 + 357 103.15 + 5.21%
R (n=22) 54.49 +3.58 78.51 +2.98% 91.73 + 4.37%
C (n=12) 54.55+3.85 51.42+5.23 34.66 + 3.19°

2 p<0.05 vs. baseline; °, p<0.05 vs. C; ¢, p<0.05 vs. R. Values are means + SE.

Figure 17. Hip Extension Strength Response to 8 Months of Training.
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Hip flexion strength showed a significant (p<0.01) time effect, group x time
interaction, and group effect. Table 25 shows mean + SE values of hip flexion
strength at each time point. In Figure 18, hip flexion strength is plotted by time for
each group. Compared to baseline; VR and R significantly (p<0.01) increased hip

flexion strength at months four and eight, while C did not change. Compared with C,
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both VR and R had significantly (p<0.01) increased hip flexion strength at the mid
and post time points.

Table 25. Hip Flexion 1RM at Baseline, Mid, and Post Training

Hip Flexion (kg)
Group Pre Mid Post
VR (n=21) 35.60 + 1.70 54.19 +2.15% 69.40 + 2.48%
R (n=22) 35.51 +2.31 51.91 +2.34% 63.92 +2.71%
C (n=12) 36.93 +4.48 38.35+4.18 40.63 + 4.26

2 p<0.05 vs. baseline; °, p<0.05 vs. C; ¢, p<0.05 vs. R. Values are means + SE.

Figure 18. Hip Flexion Strength Response to 8 Months of Training.
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? p<0.05 vs. baseline; b p<0.05 vs. C; ¢, p<0.05 vs. R. Values reported as Mean + SE.
Relative changes in strength from baseline at the midpoint and post-training
were calculated for each exercise. Percent change in strength at months four and
eight for upper body and leg press exercises are shown in Figure 19 and the %change
in strength at months four and eight for the hip exercises are shown in Figure 20.
One-way ANOVA determined significant (p<0.01) between group differences in

%change at moth four for all exercises. At month eight significant (p<0.01) group

91



differences were detected in the low row, lat pulldown, and hip exercises, while no
significant (p>0.05) group differences were seen in the strength %change of the
shoulder press or leg press. There was a trend (p=0.06) for group differences in leg
press strength %change at month eight. Significant (p<0.05) group differences in low
row %change were detected at month four with VR being significantly greater than R
and C, and R being significantly greater than C. At month eight, only VR was
significantly (p<0.01) greater than C. Significant (p<0.01) group differences in lat
pulldown %change were detected at month four with VR being significantly greater
than R and C, and R being significantly greater than C. At month eight VR was
significantly greater than R and C (p<0.05). Significant (p<0.05) group differences in
shoulder press %change were detected with VR and R being significantly greater than
C (p<0.05) at month 4. At month eight, no significant group differences for this
exercise existed due to the greater variability in %change and by the fairly high
increase exhibited by C (13 + 8%). Differences in leg press %change at the midpoint
were VR being significantly greater than R and C (p<0.05), and R being significantly
greater than C (p<0.05). No group differences were detected in post %change,

however, there was a trend for R to be greater than C (p=0.089).
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Figure 19. Upper Body and Leg Press Percent Change in Relative Strength at 4 and
8 Months of Training for Each Group.
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Hip abduction relative change group differences were VR being greater than
R and C (p<0.01) and R being greater than C (p<0.05) at the midpoint. At post, VR
was greater than R and C (p<0.01) and R was greater than C (p<0.05). Group
differences in hip adduction at month four were VR greater than R and C (p<0.05),
and R greater than C (p<0.05). At month eight VR was greater than R and C
(p<0.05), and R was greater than C (p<0.05). Hip extension group differences in
relative strength change were VR and R greater than C (p<0.01) at mid, and VR and
R greater than C (p<0.05) at post. Hip flexion relative change at mid were VR and R

greater than C (p<0.01) at mid and post-training.
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Figure 20. Hip Exercise Percent Change in Relative Strength at 4 and 8 Months of
Training for Each Group.
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DISCUSSION

The current study was designed to determine the effectiveness of a novel
approach to increasing bone health in healthy post menopausal women, low
frequency vibration. This study incorporated well known and agreed upon methods
of enhancing bone health through resistance training, such as Frost’s theory of Global
Bone Remodeling'’, Turner’s three rules for bone adaptation®, and the ACSM
Position Stand for Bone Health®. The uniqueness of the current study lies in the
addition of a low frequency vibration stimulus preceding resistance exercise. In
previous animal model research, the osteogenic effect of vibration has been well
documented; however human research is limited and has had conflicting results. The
results of this study provide some interesting data about the role low frequency
vibration may play in enhancing the bone health of postmenopausal women.

The exact mechanism by which vibration may be osteogenic is not known,
however it may act at the cellular level on the bone cells (osteocytes, osteoblasts,
and/or osteoclasts), imposing unique disruptions of intracellular fluid flow,
cytoskeletal deformation, or upregulated osteogenic cellular signaling. During low
frequency vibration, a person can receive very high gravitational forces. In this way,
bones are being loaded in a similar manner to the ground reaction forces experienced
during jumping or running, in a very short period of time with little physical exertion.
In theory, one could simulate 900 small jumps within 30 second while standing on a
vibration platform set at 30 Hz. Vibration training has been used to enhance muscle
strength and power output and can preserve muscle mass and strength during bed rest.

An important aspect of an older individual’s bone health is preserving muscle mass
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and strength as they age. Therefore, vibration training could be useful for
maintaining or improving muscle mass and strength needed to properly load the
skeleton thereby minimizing the bone loss of an aging individual.
Biochemical Markers of Bone Turnover

The biochemical markers of bone turnover could provide information on the
metabolic state of bone and could be a useful tool for monitoring an intervention.
One would expect that the alterations in bone turnover markers will precede changes
in BMD. Increases in the formation marker and/or decreases in the resorption marker
would suggest that increases in BMD will follow, while decreases in the formation
and/or increases in the resorption marker would suggest that decreases in BMD will
follow. Normative reference data is limited for the biochemical markers of bone
turnover but assay manuals do provide expected values or reference ranges for
various populations. These manuals advise that each laboratory establish its own
range of normal values®>. Therefore, it is difficult to interpret baseline values but
with serial measurements of the markers, the effectiveness of therapy can be
monitored. The marker of bone formation chosen for this study was BAP, for which
there was no change after eight months of training by any of the groups. The
resorption marker, CTX, also did not change after eight months of training in any of
the groups. Although there were no significant findings, it is interesting to note that
there was a considerable amount of variation in the relative change in CTX at post in
R (30.6 £ 26.7%) and C (49.2 + 60.0%), while VR (8.8 £ 5.9%) remained fairly
homogenous. It remains to be seen whether vibration training can protect bone cells

from increasing bone resorption. Calculating a ratio of formation to resorption
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provides insight on the direction of bone turnover, such as in a state of formation or a
state of resorption. There were no differences between groups at baseline and no
change after eight months of training.

Similar to the results of the current study are those of Torvinen et al.”’and
Verschueren ef al.”’ who used vibration training that resulted in no changes in the
biochemical markers of bone turnover. Differences of these studies to the current
study lie in the population studied, duration of the vibration bout, and the intensity of
the exercises performed. The population studied by Torvinen et al.” was young (19-
38 years) and subjects stood on a vibration platform four minutes per day, three to
five days per week, while performing light exercises on the platform. The bone
markers of interest were OC, aminoterminal propeptide of type I procollagen (PINP),
CTx, and osteoclast-derived TRACP isoform 5b (TRACP-5b). The population
studied by Verschueren et al.”’ was older (60 and 70 years) postmenopausal women
who performed more intense exercises while receiving vibration, lasting about 30
minutes per day. The bone markers of interest were CTx and OC. The
postmenopausal women in the current study received a total of about six minutes or
less of vibration per day, three days a week; however the total vibration was divided
into 30 to 60 second intervals over a course of about an hour. Light exercises were
performed while receiving vibration but very high intensity resistance training was
performed following vibration. The design of the current study was to use a vibration
stimulus similar to Torvinen ez al.””, short in duration, and couple it with high
intensity resistance training similar to the resistance training used by Nelson et al.*,

Vincent and Braith® who had positive biomarker results. Nelson ez al.*’ found an
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increase of 14% in OC in postmenopausal women who resistance trained at 80%1RM
for 12 months, while controls decreased by 5%. Vincent and Braith® similarly used
80% 1RM for six months, which resulted in increases in OC, BAP, and an increase in
the ratio of OC/PYD and BAP/PYD ratios. The population studied by Vincent and
Braith® however, included men. Similar to the findings of the current study, other
studies have not had results with high intensity training. Bemben’ also examined the
high intensity resistance training in postmenopausal women for six months and no
changes in OC or CTX were detected, although there was a trend for increasing OC.
Hawkins ez al.”’ studied postmenopausal women who trained at 70-90% 1RM with no
changes in OC or urinary CTX.
Bone Mineral Density

At baseline, VR, R, and C were similar in the BMD of the total body, right
and left total hip, femoral neck, and trochanter, lumbar spine L1-L4 and L2-L4, and
radius 33%. No group differences in BMD were detected at any site. Interestingly, in
the current study, the population as a whole significantly (p<0.05) decreased right
femoral neck and right total hip BMD. At the radius 33%, an interaction (p<0.05)
was detected with VR slightly decreasing, R remaining the same, and C slightly
increasing BMD. The relative percent change from baseline by group C (2 + 0.8%)
was significantly (p<0.05) higher than VR (-1.5 + 0.7%). The coefficient of variation
for the radius 33% for the DXA technician who performed and analyzed all the scans
is 1.2%, so it appears that the decrease by VR as well as the increase by C are real
changes. The reason for an increase by C is not known, however the small sample

size should be noted. The no change by R is not unexpected as the design of the
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study did not place high loads on the forearms. The lat pulldown, low row, shoulder
press and wrist curl were the exercises that placed stress on the forearm; however the
type and intensity of the stresses the forearm receives is variable. Although VR did
receive vibration at the wrist, the vibration was carried out through cloth straps fixed
to the platform. The amount of vibration that was actually transmitted to the subject’s
forearm was probably quite variable due to the dependency of how taught the strap
was held by the subject. The looser the strap was held, the less vibration that actually
was received.

In contrast to the current study, Verschueren et al.’’ did find a significant
increase of hip BMD, +0.93%. The magnitude and frequency of vibration used by
Verschueren ef al.”’ was quite similar to the current study, however the duration was
much longer (about 20 minutes as opposed to <six minutes). Verschueren ef al.”’
administered vibration continuously whereas the current study broke the vibration
stimulus up into three separate bouts throughout the hour spent exercising. It is
important to note that in the current study, while subjects received up to six minutes
of vibration, these were received in three different positions. Therefore, two of the
six minutes were only received by the forearms with the wrist curl application.
However, one would suspect that the two minute seated vibration exposure would
translate much better at the hip and spine than while standing, resulting in a better
response at the hip and spine. Even still this would accumulate only four minutes of
exposure to the hip and spine skeletal sites, not 20 minutes.

The study conducted by Rubin et al.”’ examined a very low magnitude high

frequency vibration stimulus in 70 postmenopausal women. Subjects stood on a
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vibration platform providing a magnitude of 0.2 g and a frequency of 30 Hz for two
10-minute treatments per day. Similar to the current study, no changes in spine, hip,
or distal radius BMD were detected when using intention-to-treat analyses. However,
a significant effect of compliance was found with the vibration stimulus. Women
who were at least 86% compliant showed a 2.17% benefit at the femoral neck and a
1.5% benefit at the spine, relative to controls. Two major differences in the vibration
between Rubin ef al.”’ and the current study are the magnitude and duration of the
vibration. The current study used a much larger magnitude, 2-4g, and a much shorter
exposure, at most 6 minutes per day, 3 days per week.

Another study in which a low magnitude, 0.3g, of vibration was used was by

Gilsanz et al.”’

. The interpretation of these data in comparison to the current study is
difficult as the study population was young women with low BMD. However the
data suggest that, in these young women, a minimum threshold of vibration exposure
was two minutes per day. The BMD increased in both the vibration and control
groups; however bone quality, as assessed by pQCT, was enhanced in the vibration
group. Greater amounts of exposure time were not additive beyond the results seen at
the two minute per day threshold. Young bone, and especially bone with low BMD,
is more responsive to mechanical stimuli. Therefore, if a minimum threshold of two
minutes truly exists for young low BMD bone, then the threshold for healthy, denser,
older bone must be much greater. The gradual increase in exposure duration used by
the current study may not have triggered the desired response.

Torvinen et al.” and Russo et al.’’ used vibration magnitudes (>1g) and study

durations (eight and six months, respectively) most similar to the current study. Both
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of which found no changes in bone parameters. The Torvinen ef al.” study
population was young but of normal bone density and vibration exposure reached
four minutes per day three to five days per week. This may suggest that the time limit
threshold for young healthy bone is beyond four minutes and again, would probably
place older bone at an even greater duration. Russo et al.”’ examined
postmenopausal women, who received vibration for six minutes per day, two days per
week. This may further suggest that older normal bone requires more than six
minutes of vibration exposure. As said before, the duration of the current research
protocol reached six minutes per day, three days per week.

The research design of the current study approached the vibration stimulus in
the same manner that one approaches resistance training with respect to bone

adaptation, which is that it should be of a high magnitude' '">°

. This may not be the
case when bone is the main outcome of vibration training. Rubin et al.’’ may be on
the correct pathway for incorporating vibration into enhancing bone health,
suggesting that the magnitude must be low, possibly on the order 0.2 to 0.3 g. He
likens the larger magnitudes of vibration as being similar to a light that is so bright or
a noise that is so loud that it cannot be processed physiologically®’. The current
research thus may have used a magnitude too large for bone cells to respond.
Torvinen et al.”” used a similar magnitude of vibration as the current study and
detected no change in bone parameters. The authors suggested that the stimulus may
not have been great enough due to the young and healthy population. On the other

hand Torvinen et al.” did not discount the possibility that the magnitude was too

great and made note that in theory, an undisturbed pure sinusoidal waveform can only
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be achieved with <lg. If >1g, the subject will not stand steadily and loading becomes
intermittent™. The findings of Verschueren ez al.”’, however do suggest that the
larger magnitude vibration could cause an osteogenic response. While the optimal
magnitude and frequency of vibration to stimulate bone formation is not yet clear,
there does seem to be an important component of the duration of vibration exposure.
Bone Mineral Content

At baseline; VR, R, and C had similar quantities of bone mineral content (g)
for the total body; right and left total hip, femoral neck, and trochanter; lumbar spine
L1-L4 and L2-L4; and radius 33%. No significant group differences were detected at
any of the bone sites measured. A significant main effect for Time (p<0.05) was
detected by Two-way ANOVA and the study population as a whole decreased BMC
of the total body by 44 + 12 g, or -1.7 + 0.5%, although each group did not
significantly change from pre to post. For the total body, there was a significant
group X time interaction (p<0.05) with both VR and R decreasing BMC and C
remaining stable over the eight month intervention. Relative changes in BMC at each
site were not significantly (p>0.05) between groups. Upon inspection of the BMC
values, there appears to be a considerable amount of variability in the BMC
measurement.

Torvinen et al.”” used BMC as an outcome variable and did not detect any
significant changes at the lumbar spine, right proximal femur, calcaneus and
nondominant distal radius. ROI heights and lengths were adjusted, or “normalized”
in their measurements of BMC so that the ROI could be anatomically comparable

between subjects. The current study did not incorporate this technique as each scan
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was analyzed by the Prodigy software and adjusted by the visual inspection of the
technician on an individual basis.
Muscle Strength

Muscle strength was tested by 1RM (kg) for eight exercises targeting the large
muscle groups of the entire body. The research design of the current study
emphasized the skeletal regions most susceptible to osteoporotic fracture, the hip and
lumbar spine. The eight tested exercises included the low row, lat pulldown, shoulder
press, leg press, hip abduction, hip adduction, hip extension, and hip flexion. At
baseline, no significant (p>0.05) differences existed between groups. From baseline,
VR and R significantly (p<0.05) increased 1RM strength for all exercises at months
four and eight. From baseline, C remained unchanged at months four and eight with
the exception of a significant (p<0.01) decrease in hip extension 1RM strength at
post. VR and R had significantly (p<0.05) higher IRM strength at mid and post
compared with C. For lat pulldown 1RM strength, VR was significantly (p<0.05)
higher than C at mid and post, while R was significantly (p<0.05) than C only at post.
Group differences in shoulder press 1RM occurred at mid and post with only VR
significantly (p<0.05) higher than C. VR leg press 1RM strength was significantly
(p<0.05) higher than C only at post. VR and R were significantly (p<0.05) higher
than C at both mid and post for all hip exercises.

Relative changes in strength (%change) at mid and post compared with
baseline revealed some dramatic increases by both treatment groups, especially VR.
At month four, VR low row %change was significantly (p<0.05) greater than R,

which was significantly (p<0.05) greater than C. However at month eight, only VR
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was significantly (p<0.05) greater than C. By the end of the study VR had a 50%
increase in low row strength. Lat pulldown %change at mid also showed that VR was
significantly (p<0.05) greater than R, and R was significantly (p<0.05) greater than C.
Owing to greater variability at post, only VR was significantly (p<0.05) greater than
R and C. Post %change in lat pulldown strength reached 58%. Shoulder press
%change at mid resulted in VR and R significantly (p<0.05) greater than C. At post,
due to a 12% increase in shoulder press there were no group differences, however VR
had increased 42%. Leg press %changes were VR and R significantly (p<0.05)
greater than C, only at mid. At post, both VR and R has similar increases of about
48%. Hip abduction and adduction %change in strengths at both mid and post
resulted in VR significantly (p<0.05) greater than R, and R significantly (p<0.05)
greater than C. At post VR had increased 118% in hip abduction and 99% in hip
adduction strengths. Hip extension and hip flexion %change in strengths at both mid
and post resulted in VR and R significantly (p<0.05) greater than C. By the end of
the study VR had increased by 130% hip extension strength and 100% hip flexion
strength.

Exercises performed by the WBV group of Verschueren et al.”’, were static
and dynamic knee-extensors: squat, deep squat, wide stance squat, one-legged squat,
and lunge. Similar to the current study, the vibration platform was set at a frequency
of 35 to 40 Hz, 2.28 to 5.09 g. Training load was manipulated by changing from
predominantly two-legged exercises to one-legged exercises. The RES group training
consisted of leg extensions and leg presses. The first 14 weeks of training

progressively increased intensity from two sets of 20-RM to two sets of 8-RM. The
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last 10 weeks consisted of three sets of 12-RM to one set of 8-RM. Training session
duration was 30 minutes or less for WBV and about one hour for RES. Strength
parameters included isometric knee extension (130°), and 100°/sec isokinetic knee
extension. Increases in isometric strength of 15% and 16% were observed by the
WBYV and RES groups respectively. Dynamic strength increases occurred in both
WBYV and RES groups of 17% and 11%, respectively. The CON group did not
change in strength parameters.

The exercises used by Torvinen et al.” consisted of the following: light
squatting, standing erect, standing relaxed, light jumping, shifting body weight from
one leg to the other, and standing on heels. These were done for four minutes on the
vibration platform. Muscle performance tests included counter movement jump,
maximal 90° isometric leg extension, shuttle run, and postural sway, and grip
strength; for which only vertical jump performance test increased after vibration
training. Russo et al.’’ examined the effects vibration in 14 postmenopausal women.
The subjects stood on a vibration platform at a frequency of 28 Hz for three 2-minute
sessions equaling six minutes per day, two days per week. After six months there
was an improvement in muscle power.

Rubin ez al.”’ did not investigate any muscular parameters. However in a
similar study by Gilsanz et al.”’ some muscle QCT data was obtained. Although
Gilsanz et al.”’ studied young women with low BMD the vibration was similar to

Rubin et al.”’

(30Hz, 0.3g) for 10 minutes a day five days per week. Muscle cross-
sectional area was computed and vibration revealed significantly (p<0.05) greater

gains than controls in the total paraspinous musculature (5.4%), the psoas (6%), and
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the erector spinae (4.4%). The dose-response to the vibration of at least two minutes
per day was also seen in the psoas, erector spinae and total paraspinous musculature,
which increased 6.8 — 8% (p<0.01).

The current study combined much less vibration exposure with a much more
intense resistance program, which achieved very large changes in strength. The
current study also varied the application of vibration by including sitting on the
platform and holding straps connected to the platform so that the stimulus would be
distributed to a greater proportion of the body, not limited to the lower body as is the
case with standing on the platform. In theory, the benefits of vibration training
performed while standing would not translate to the upper body musculature. As
much as 30% of a 25Hz signal is lost at the hip and spine®. Transmission of this
signal is also effected by how the person stands on the platform, with greater amounts
of flexion causing a greater loss of the signal to the hip and spine®. Therefore,
bypassing the lower body musculature, sitting on the platform and holding straps
connected to the platform would the upper body to larger amounts of the vibration
stimulus. Although no electromyography data were collected, it appears as though
this method of applying vibration had a beneficial neuromuscular effect in regards to
muscle strength. As seen with the low row and lat pulldown, there appears to have
been an effective muscular enhancement realized by month four as VR %change
increased by 28% and 35%, respectively; while R increased by 15% and 18%,
respectively. VR further increased in lat pulldown relative strength at post by 59% as
opposed to 28% by R. Even more dramatic increases were observed in hip exercises,

specifically abduction and adduction. VR had greater (p<0.05) increases in hip
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abduction and adduction of 72% (R, 30%) and 60% (R, 31%), respectively, at month
four. By the end of the study VR also showed greater (p<0.05) increases in hip
abduction and adduction of 112% (R, 60%) and 99% (R, 60%), respectively.
Although not statistically significant (p>0.05) from R due the variability in the VR

group, VR showed 130% increase in hip extension (R, 75%) at month eight.
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CHAPTER V
CONCLUSIONS

The purpose of this study was to examine and compare the effects of an eight
month program involving two high intensity training protocols, combined vibration
plus resistance training and resistance training alone, on BMD and bone metabolism
of older postmenopausal women. The following research questions were
investigated: 1) Will eight months of a vibration plus resistance training intervention
increase BMD in older women beyond that of resistance training alone? 2) Will
eight months of resistance training, alter bone metabolism as indicated by changes in
bone resorption (CTX) and bone formation (BAP) markers? 3) Will eight months of
vibration plus resistance training alter bone metabolism as indicated by changes in
bone resorption (CTX) and bone formation (BAP) markers?

Research Hypothesis 1. Eight months of vibration combined with resistance
training will increase BMD beyond that seen with resistance training alone.

No, the findings of the current study do not support this hypothesis, as there
were no significant increases in BMD in response to either the combined vibration
stimulus with a high intensity resistance training protocol or to resistance training
alone over the eight month programs. The study population as a whole significantly
(p<0.05) decreased right total hip and right femoral neck BMD. A group x time
interaction (p<0.05) was detected at the radius 33% site, with controls slightly
increasing, the vibration group slightly decreasing, and the resistance alone group

remaining the same.
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Research Hypothesis 2. The bone resorption marker (CTX) will respond quickly
to the resistance training, by decreasing at month four, and the bone formation
marker (BAP) will lag behind CTX, elevating at month eight.

No, the current study does not support this hypothesis. No change in CTX or
BAP occurred as a result of combining vibration with a high resistance training
program, nor with the resistance only training program. Evaluation of relative change
in BAP resulted in non-significant (p>0.05) increases of only 6% in the vibration
group, 4% in the resistance only group, and 0% in the control group. Relative change
in CTX was quite variable in the resistance only and control groups, whereas the
vibration group showed much more consistency after the eight months of training.
Non-significant (p>0.05) increases were 9% in the vibration group, 31% in the
resistance only group, and 49% in the control group.

Research Hypothesis 3. Vibration training plus resistance training will result in
decreased CTX levels at month four, similar to resistance training alone. BAP
levels will lag behind CTX, however respond quicker than resistance training
alone, elevating at month four.

No, the results of this study do not this hypothesis. There were no changes in
CTX or BAP during the eight month protocol.

The following subquestions were investigated: 1) Will resistance training
influence muscle strength in older women? 2) Does the addition of vibration to a
resistance training program influence muscle strength in older women?
Subhypothesis 1. Resistance training will increase muscular strength in older

women.
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Yes, the data obtained in this research retain this hypothesis. Muscular
strength, measured by 1RM, increased from baseline at months four and eight in each
tested exercise by resistance training alone. Resistance training resulted in greater
strength compared with controls at months four and eight in all hip exercises, and
only at month eight in lat pulldown. At month four, moderate increases in relative
strength by resistance training alone were achieved in all exercises (15-18% in upper
body exercises and 30-50% in lower body exercises). At month four, these %changes
were significantly (p<0.05) greater than controls. However, at month eight, due to
greater variability in the control group, the upper body exercises and leg press
exercise %changes were not significantly (p<0.05) greater than controls. All hip
exercise increases in %change (60-80%) were significantly (p<0.05) greater than
controls.

Subhypothesis 2. The addition of the vibration stimulus will increase muscle
strength beyond that seen by resistance training alone.

Yes, the results of this study support this hypothesis. While strength means
were statistically similar (p>0.05) for the two protocols, there were dramatic increases
in relative strength of two upper body and two lower body exercises for the vibration
plus resistance training group. At month four, the addition of short bouts of vibration
during resistance training showed significantly (p<<0.05) greater increases in the
relative strength of the low row (28%), lat pulldown (35%), hip abduction (70%), and
hip adduction (60%) exercises, compared to resistance training alone. At month

eight, the vibration group remained significantly (p<0.05) greater than the resistance
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training alone group in %change of the lat pulldown (59%), hip abduction (115%),
and hip adduction (99%).
CLINICAL SIGNIFICANCE

Three very important aspects for the bone health of postmenopausal women
are hormone status, calcium and vitamin D intake, and exercise. The current study
incorporated the mode and intensity of exercise that should facilitate an osteogenic
response. Calcium intake was estimated by a questionnaire and subjects were
informed and recommended to get 1500 mg of calcium daily. Subjects however,
were left to their own resources to actually consume the recommended amounts..
Hormone status and vitamin D intakes were not evaluated in the current study, which
implies that one or both of these components are key aspects of bone health in healthy
non-HRT postmenopausal women and should not be overlooked. Exercise alone
cannot overcome a loss of bone due to the estrogen deficiency associated with
menopause. Owing to menopause, these subjects were estrogen deplete and exercise
alone did not adequately stimulate an osteogenic response, in fact the population as a
whole showed decreases in right hip BMD and total body BMC.

It appears that whole body vibration (30-40 Hz, 2.2-2.8 g) appears to be a safe
and effective mode of enhancing muscular strength in older healthy postmenopausal
women. Aging is associated with osteopenia and sarcopenia, often with sarcopenia
preceding the loss of bone. For this reason, low muscle strength is a risk factor for
hip fracture. Bone is a dynamic tissue that responds and adapts to the loads placed
upon them with mechanical loading being the optimal mode for bone adaptation. The

amount of stress that can be placed upon the skeleton is dependent on the muscle
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strength of the individual. Muscular strength therefore, is a modifiable risk factor for
hip fracture. The study may have been too short to detect any positive effects on
bone. There is the possibility that more time is required for the observed increases in
muscle strength to impose stresses on the skeleton that are large enough to elicit an
osteogenic response.
FUTURE RESEARCH DIRECTIONS

Research on the use of high frequency, low magnitude vibration as a bone
health intervention is limited in humans and deserves further exploration. Future
research should focus on two major areas: 1) the optimal magnitude of vibration, and
2) the duration of vibration exposure. Bone research has evolved to accept moderate
to high intensity resistance training, in terms of bone loading, and this approach has
been employed with vibration training with spurious results. Magnitude of vibration
may not need to be as intense as the magnitude of resistance training for a
physiological response in bone to occur. It could be possible that higher magnitudes
of vibration produce a signal that is too intense for bone cells to process, such as a
light that is too bright or a sound that is too loud. Future research should further
explore this idea and assess the effects of various magnitudes of a smaller scale, such
as less than 1g. In addition to studying the effects of reduced vibration magnitude,
employing various resistance training protocols should be examined. Manipulations
should include a low magnitude (<1g) of vibration in conjunction with low, moderate,
and high intensity training applied either during the resistance training session or as a
separate session allowing for a rest period for bone cells to recover and process the

two types of signals (low magnitude vibration and high magnitude loading).

112



The second important aspect of vibration training deals with the duration of
the exposure. Researchers should not be too quick to accept the notion that high
magnitude vibration is too intense. It appears as though there may be a threshold in
terms of duration of exposure that must be exceeded for bone cells to respond. This
duration threshold may be different for different populations with older
postmenopausal women of normal bone density requiring greater durations of
exposure, such as 10 minutes or more per day. Another aspect of vibration training
for bone health that should possibly be viewed as separate from resistance training is
that vibration training may need to be done more frequently, such as five to seven
days per week. Future research should continue to explore higher magnitude (>1g)
vibration for longer durations applied more frequently and used in conjunction with
various resistance training protocols. Separating vibration training from resistance
training in the realm of higher magnitude vibration deserves exploration as well.

The use of the biochemical markers of bone turnover as a method of
monitoring intervention deserves further research. Given the time course of the bone
turnover process, activation — resorption — formation, the markers of bone turnover
should be altered at differing time points. Therefore, more frequent assessment of the
biomarkers should be employed. This is quite difficult and somewhat unreasonable
to expect due to the expense of these measurements. The measurement of the
biochemical markers of bone turnover is still fairly new to bone research and the
technology continues to advance. Research should continue so that standardized
procedures can be employed and a reliable reference range can be established. This is

not to suggest that the biochemical markers of bone turnover should not take the place
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of a bone scan for the diagnosis of osteoporosis, however if used in conjunction with
a bone scan, the biomarkers could advance the prevention of osteoporosis.

Future research should also incorporate the use of peripheral quantitative
computer tomography (pQCT) so that changes in bone quality can be examined.
Cortical and trabecular bone can be differentiated with pQCT as well as the
calculation of several indices of bone strength. A rearrangement in the architecture of
the cortical and trabecular components of bone may occur, causing increases in bone
strength that could not be detected by DXA. Study durations of less than a year are
often too short to detect significant BMD changes in healthy postmenopausal women.
Even when significant increases in BMD do occur, the change is only one to two
percent. Small changes in BMD greatly increase the strength of bone and therefore it
would be beneficial to use a technique such as pQCT to examine the changes in the

architecture of bone.
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Recruitment Flyer

Effects of 8-Month Vibration Plus Resistance Training on Bone Density and
Bone Metabolism in Postmenopausal Women

lan Palmer, M.S., and Debra Bemben, Ph.D., are conducting a study
examining the effects of resistance training and vibration plus resistance
training on bone metabolism and bone mineral density. This study will be
conducted at the Bone Density Research Laboratory on the University of
Oklahoma Norman campus. The researchers are seeking postmenopausal
women, age 60 to 75, who are healthy, not taking hormone replacement
therapy, and not currently resistance trained to participate. Individuals who
are taking medications that effect bone density, have physical limitations
preventing them from participation, diagnosed osteoporosis, or untreated
cardiovascular disease will not be allowed to participate. Total participation
time is eight months, during which, the subjects will be required to give blood
samples and receive bone scans at baseline, 4 months, and post-
intervention. Participants will be required to complete an eight-month
exercise intervention that will meet for one hour, three times per week.

If interested, contact lan Palmer at 802-2209, ipalmer@ou.edu, or 325-5211
for more information. Please include your name, telephone number and the
best time to reach you in your message.
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Department of Health and Exercise Science

August 16, 2005
Subject: Bone Density Study in Postmenopausal Women (a non-profit newsletter)
Dear

A study on the effects of weight training on bone mineral density in postmenopausal
women is being conducted by Ian Palmer and Debra Bemben at the University of
Oklahoma.

Osteoporosis is a bone disease that results from a decrease in bone mass and bone
strength with a consequent increase in bone fragility and susceptibility to fracture.
One beneficial treatment for reducing age-related bone loss is weight training.
Another novel intervention that may have additional bone building effects is low
frequency vibration which involves minimal effort by the subject. This study will
examine weight training and weight training in combination with low frequency
vibration.

The participants will receive information about their bone status and osteoporosis risk
at no cost. Free supervised weight training will be provided by qualified personnel at
the Neuromuscular Laboratory in the Department of Health and Exercise Science
OU-Norman Campus. The time commitment for the training is about one hour a day,
three days a week for eight months.

The researchers are seeking postmenopausal women between 55 and 75 years of age,
who have not participated in resistance training for the previous year, to participate.
Women who are taking hormone replacement therapy or other medications which
affect bone are not eligible for the study. Interested women are asked to contact lan
Palmer at 802-2209, ipalmer@ou.edu, or 325-5211 for more information.

Thank you,
Ian Palmer, M.S., Doctoral Candidate

Dr. Debra Bemben
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NEWS RELEASE
For Immediate Release
Contact Ian Palmer: 802-2209

Effects of 8-Month Vibration Plus Resistance Training on Bone
Density and Bone Metabolism in Postmenopausal Women

The role of resistance training and vibration plus resistance training on bone
mineral density and bone metabolism in postmenopausal women will be examined in
a study being conducted by lan Palmer and Debra Bemben at the University of
Oklahoma. Osteoporosis is a bone disease that results from a decrease in bone mass
and bone strength with a consequent increase in bone fragility and susceptibility to
fracture. One beneficial treatment for reducing age-related bone loss is resistance
training. Another intervention that has been shown to have a profound bone building
effect in animals is vibration training, which is comparable to downhill snow or water
skiing at a moderate to fast pace, yet considerably lower than the vibration
experienced while riding a motor cycle or riding on public transportation. Research
on the bone building effects of vibration training in humans is lacking and requires
additional investigation.

The researchers are seeking postmenopausal women between 60 and 75, who
have not participated in resistance training for the previous year, to participate.
Participants will be required to complete surveys to provide information about health
status, menstrual history, hormone replacement therapy status, and calcium intake.
Participants will be required to have blood samples drawn and to perform bone scans
to obtain information about bone mineral density status. Participants will be
randomized into a control group, a resistance training group, or a vibration plus
resistance training group. Resistance training and vibration plus resistance training
programs will be conducted for 8 months at the Department of Health and Exercise
Science. The time commitment during training is about one hour a day, three days a
week. Women taking medications that affect bone density, such as hormone
replacement therapy; who have medical conditions that affect bone density (e.g.,
osteoporosis, thyroid disease, epilepsy, diabetes, kidney stones); and who are current
smokers will not be eligible for participation in the study. Interested women who
meet these qualifications are asked to contact Palmer or Bemben, at 802-2209,
ipalmer@ou.edu, or 325-5211 for more information.
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INFORMED CONSENT

TO PARTICIPATE IN A RESEARCH STUDY

Informed Consent Form for research being conducted under the
auspices of the University of Oklahoma-Norman Campus

FROJECT TITLE:

FRINCIFAL INVESTIGATOR:
CONTACT INFORMATION:

Cao-Principle Invesligotor;
Caontael Informalion:

Co-Investigator
Contact Infesmation:

Effecis of 8-Monih Vibralion Flus Resistance Training on Bone
Density and Bone Metabolism in Postimenopausal Women
lan L. Palmer, Ph.D. Candidaoie

Dept. of Health and Exercise Science

1401 Asp Ave., Husbon-Hubiman Cenfer, R, 111

Normman DK, 73017

Phone; (405)325-2720

Emall: lpaimerSou.edy

br. Debra A. Bemben, Associate Prolessor

DOept. of Health and Exerclse Sclence

1401 Asp Ave.. Heston-Hufiman Center, Rm. 118

Horman OF, 7301%

Phone: (405)325-2709

Email: dbembenéou.edy

Dr. Michael G. Bemben, Professor

Dept, of Health ond Exerciie Science

1401 Asp Ave.. Huslon- Hultman Cender, Rm, 120

Nosman QK. 7301%

Phone; (405)325-2717

Ermail: mgbembeniou edu

Tou are bedng asked 1o valunteer far a reseorch study.  This study s being conducted af the

Universify of Cldohorma Huston Huffman Cender, You were selecied as a posible participant
because of yaur inguiny into the study. Pleases read This ferm and ask any questions that you
micry have belare agresing be fake part in this shudy.

The= sponsor cf the shudy is: Dr. Debra A. Bemben.

Purpose of the Research Sludy

The puipose of this study is; fo examine the bone mineral density, bicchemical morkers of
cone turnower, and hommonal regeanses during 8 months of resistonce and vibrotion phus
fesislanca Iraining in postmenopausal women.

Pariciponts must be between the oges 40 and 75 years and of least S yeons
pastmenopauwal and not toking hormone replocement thanapy.

Procedures

IIvou agree fo be in fhis study, you will be asked 1o do the following things:

OUMCIRE-CF
AEZENKIS
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a. | wil ke reguired to reod and sign an informed consent fom before the festing fakes
palace.

k. Dwil fill cut and submit o medical history guestionnaire providing informeation aboul
previcus injuries ard diseases.

. Dwill fill out o calcium inlake cueshionnaing ol pravides infomafion regording
chetory calcivm intake,

d. Dl fill cut o physical activity quashonmoire.

&, Dwill fill 20l & menstieal history questionnaire providing informotion abcut mers troal

status and hormane replocement tharapy stofus.

I A sedies of bone scors will be performaad by Deal Ensegy X-Ray Abcarpticmetny (DA}
af fhe Bone Density Laboratory In the Depariment of Health and Exercise Scienca.
This best wall includs ive scons performed of boseSine |1he initial sesson|, at month 4,
and ot month & |the end of the training pragramn), tolaling 15 soans. This test is non-
invasive and only redquiras thest | ie still For the test 1o be completad. My right and ket
hipy. lrwer bock, keft foreorm. and total body will be meosured tar bans minsnal
content. This research study invelves expasara to radialion fram five DA soons,
which s a fype of xray procedure. This rodialion exposure [s not necessary for
medical core, and i for research purposes enly, | will receive rodicfion exposwe
from each DA scan that s equivalent to the rodiolion exposure Amercans recsive
in severdl days from natural background radiafion [~300 mremyyear] from sources
such as rodioaciivily in the 1ol Any fitk from this amount of rodiation s oo wmal o
e meaired drechly, ond is smal when companad to other every doy risks.
Althaugh the amount of radiation exposure received in The study & minimol, it i
impertant e me 1o Be oware that the sk fromn rodiabion exposure is cumulofve over
alifatima. | parficipate inthe research, | will receive 15 DEA scons (o type of xray)
that I would not receive il | chase net 1o paricipate. The amaount of radiafion
anpagurg cisocioled with 5 DA scans s lss than 5% of tha amount of rediation fo
which an overage Amarican |s exposed from background rodiofion sources In one

] WEr.

0. Mozimum shangtn tasting will be conductad by gualified personnsl at the
Meurcmusculor Laboratory in the Department of Health and Exercise Science. This
tast will e performed al mantinly intereals. This fast requires that | 1o give mazirmem
effcel for each exencise.

h. A resting blood sarmgle of about 10mil {2 teaspoons) will be takan by venipunciune by
qualified pasonnel at baseling [the inificl sesson], monih 4, and ot manth & (e end
al the: fraining program). These samples wil be wsed bo measuwre the levels of growth
homares and markers of bone metabolism inmy blood. The salely of the subject is
of utmeost imporiance duing the blioesd drows, herefore stondard precoutions will e
wsed including the cleaning of the vanipuncture sile with alcohol, the use of new
sterile disposable neadies/syinges ond changing of dispedabile gloves in betweasn
subjecis by the phlebotamist.

i. 1 ogree fo maintain o increase my calcium intake 10 aof least | 500 mg/day; for
example, obout 5 cups of milk or 5 regular Tums; during the entire 8 rmonth training
period,

|- Subjects will be randomized info a conirol group, a resstance Irgining group. ora
wibration pius resistanc e training growp. | wnderstand fhat | will not be able 1o choose
e group bo which | wil be assigned.

k. If | am assigned to the: control group, | will mointain my neernal daily acfivifies that do
niot invalve restance raining.

I N o assigned to the resslance irciming group. | will reper te the Neurcmusculor
Laboratony in 1he Department of Health and Exercise Science for resistance trkaining
seasions lor | houwr o day, 3 days o week. The froining consists of 3 sets of 10
repelifions at a high intensity (805 1-RM| parformad on B resistance exercisa
rrachings targeding the malor muscle groups of the upper and kowear Body. Twa

DUCIRB-ICF Poge2ara
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additional exercisas for the abdomen and wrists will ba perfermed at a light to
maderate ntensity 3 sets of 10 repetitions,

m. IFlam asigned to the vibration plus resistance fraining group, | will report to the
Meromuscular Laboratory in the Department of Heaolih ond Exercise Science for
vibrafion phus resistance training sessions for | hour a doy, 3 days a week. The
vibwation troining corsisls of 3 sefs of 1 1o 4, 15 to 30 second vibration bouts. The
training consists of 3 sets of 10 repetifions af a high intensity [B0% 1-RM| performed on
& resistance exencise machines targeting the major muscle groups of the upper and
lower body, Two odditional exercises for the abdomen ond wrists will be peromed
at a light fo moderate intensity 3 sets of 10 repetifions.

Risks and Benefils of Being in the Study

The shedy has the following risks
| understand there are minimal risks fo healthy individuok when performing any of the
recquirernenits for this preject. However, even though these standard protocols have
been aopproved at numerous other institutions and will be performed by qualified and
frained personnal, | should be aware of the following:

a) There is a passibility of brssing from venipunchure. It should be noted that ol
blood colaction pracedures will be done in a cleoan environment by gualified personneal
fi.2., nurse of phlebotomist]. The safety of the subject is of uimost importance dwing the
blood drows, therelare standard precautions will be used including the cleaning of the
venipunciure ste with alcohol, the use of new sterile disposable neaedles/syringes and
changing of dsposobie gloves in betwesen subjects by the phlebotomist.

) | will be exposed to minimal radiaticn during the DEA scans. This research
studly involves exposure to radiation from five DXA scans, which is o type of xroy
procedure, This rodinfion exposure is not recessary for medica care, ond i for research
purposes only. | willl receive radiolion exposure from sach DA scan that is equivalent fo
the radiation exposure Amenicans receive in several days rorm natueal bockgrouvnd
racliafion [-300 mremfyear] from scarces such as radicachivity in e sail. Ay risk from
this amount of rmadiafion & too small fo be measured directly, ond is small when
compared 1o other every day risks.  Although the amount of radiation exposure received
irs the: shudy is minimal, it is important for me to be aware that the risk from radiation
exprdure i cumuldaiive over a ifefime. IF | porticipate in the resaarch | will racaive 15 DXA
scans |a iype of x-ray] that | weuld not receive if | chose not to parficipaie. The amount
of radiation exposure assochated with 5 DXA scans is les than 5% of the amount of
radiation to which an average Amercan i exposed from bockground rodiation sources
in one year.

c] I may experence termporary muscular soreness thot is nomally experenced
whien begirning o new exercse program. Physiedl sk in thic project will be minlmized by
the having eoch fraining session supervised by frainad personnal or the Fhincipal
Irwestigator
d| IF I am in the vibrotion plus resistance training group, | may expenance temporany
visual distoriion during the vibrafion. | will be allowed to close my eyes fo minimize this
distartion. | may experience mild symploms of nauvsea. which will pass quickly afler the
removal of the vibrafion stimulus, Such symptoms are minor, and have enly been
reported in a smoll number of subjects in previous research studies, The low regquency
vibration | will be exposed fo during this study will feel comparable 1o thal of waler skiing
at a moderate fo fost poce. yet considerably lower thon that exposed to while riding a
motor cycle or iding on public franspariation. Dwill fesl a graduol relaation within the
musculature targeted when the vibrafion exposure is removed which miay be similor fo
that achieved with 10-15 minutes of light stretching.
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The benefits o parlicipalion are:
Informafion regarding my own bone scan results wil be mode avaiable fo me at the
conclusion of lesting vpon my request.

Compensallon

MO compensation will be availoble from the University of Oklahoma unless the subject
othersise qualifies for the University's healih insuronce or ofher employee benefits.
Emergency medical trectment in the form of first oid, CPR. and contacting medical
parsonne will be given as needed. Mo other financial oid will be provided for any long-tem
imjury that may occur from participafion in this shedy.

Confidentiality

The records of this shedy will be kept private. In publshed reports, there will be no Information
included that will maks it possible to idantity the resaarch porticipont. Research records will
be stored securaly in o locked file cabinat inthe Bore Density Research Laboratony and will
be dastrayed after five vears and only approved ressarchers will have access fo the reconds.

Voluntary Moture of the Study

Participation in this study is voluntary. Your decision whether or not to parficipate will not
result in penalty or koss of benefits fo which you are otherwise enfiled. If you decide lo
porficipate, you arg free to not onswer ony question or withdraw of any fima.

Contacis and Questions:

The resgarcher|s| conducting this study can be contocted at the Deportment of Heaolth and
Exercise Science: Dr, Debro A, Bemben, Associote Professor, University of Oklahoma,
[405)325-2707, dbemben@ou.edy; OR kon ). Palimer, Ph.D. Condidote, [405)325-2720,
ipamer@ou.edu. You are encouraged to contact the researcher|s) if you have any
queshions.

If you hawve any questions about youwr fights as a research parficipant, you may contoct the
Univessity of Cklahoma = Homan Campus Institufional Review Board (OU-NC IRE) of
4053258110 or ib@ou.edu.

You will be given a copy of this information fo keep for your records. i you are nol given o
copy of this consent form. please reques! one.

STATEMENT OF COMNSENT

| hove read the obove information, | have osked quesfions and hove received satistoctary
ongwers. | consent fo parficipate in the shudy.

Signature Date
APFROVED APPROVAL
JUN 02 2005 JUN 0 1 2006
QU-NC iHB
CUNCIRE-ICF : EXFIRES Foga Aol 4
03252005
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‘Wame of Pariscipant Diabe

Department of Health and Exercise Science — University of Oklnhoma — Morman Campus
Resistance Traiming — Medical Clearance Form

To the Attending Physician of

This individunl has indicated that he'she wishes to participate in a rescarch study Investigating the benefits of vibration
plus resistance troining on bone metabolism and bone mineral density in postmenopansal women. This project has been
approved by the Institutiona] Review Board at the University of Oklahoma. The purpose of this study is to examine the
effects of vibration plus resistance training on bone metabolism and bone mineral density in postmenopausal women aged
60-T5 years

Description af the Study
Befiore entering the study, subjects are required to obtain medical chearance from the physicians associated with
this progect. The following laboratory-based tests will be conducted:

+  Bone Scans - Each subject will complete a series of bone mineral density scans using a Dual Energy
X-Ray Absorptsometry at the Bone Density Laboratory in the Depanment of Health and Exerciss
Seience. This test roquires that the subject will lie still until the test is completed. A dual hip, lower
barck, forearm, and total body measurement of bone minersl density will be measured,

= Strength testing by One-Repetition Masimums { 1-RM) will be determined for 8 different resistance
exercises: 1, latissimus pull-down, 2. seated military press, 3. seated low-row, 4. supine leg press, 5,
hip extension, 6. hip flexion, 7. hip sdduction, and . hip abduction.

+  Questionnaires-Health Status, Menstrual History, Caleium Intake, and Phoysical Activity

*  [ileod sampling (baseline, month 4, and month &)

Training Frogram
Inclusion fctors are: 1) subjects will be nosmal healthy women voluntesrs, 60-75 vears of age; 2)

subjects will provide information on menopausal stotus, menstrual history, and HET status obtained by a
menstrual history questionnaire; 3) subjects will be ot lenst five years postmenopausal; 4) subjects who have a
history of HRT will have been off HET for at least one year; 5) subjects will have nol participated in o weight
Iraining program for at least one year prios o the study; 6) recraited subjocts will be medically stable, ambualatory,
capable of undergoing physical strength testing and training; 7) subjects will be of a mental capacity to give
written informeed consest and cemply with the propossd protocols; §) subjects will agree éo mainiain or increase
calcium intake to =1 500 mg/day. Exclusion Factors are: 1) Women with diagnosed osteoporesis or a BMID site
with a T-seore less than -2.5 will not be allowed to participate; 2) Any persons with physical disabilities
preventing them from being strength tested and trained, including orthopedic or arthritic problems will not be
allowed to participate; 3) these with heart problems such as congestive heart failure and arrhythmins, or chronic
high Food pressure, will not be allowed to participate; 4) subjects who are current smokers or past smokers
within the previous 15 years will not be allowed 1o participate; 5) women with current diagnosis or a history of
renal discase, chronic digestive or eating disorders, rieumatoid anthritis, or theyredd disease will not be allowed o
participate; 6} those who are currently taking medications that affect bone density, such as sterobd hormones,
caleitenin, or corticosternids will not be allowed to panticipate.

Subgects will be madomized into 2 control group, a resistance mining group, of a vilration plus resistance
training group. The control subjects will be agked to maintain their normal daily activities, which shoubd not
include any ressstance exercise, The resistance training group will participate in a resistance training program,
which will meet for 8 months, three days a week for about ane-hoar sessions. Subject training will be monitored
by indivicaals whe have been trained in proper lifting techniques and spotting techniques, 1o ensure safety. At the
beginnimg of all training sessions, blood pressure and heart rates will be mken. 1-RM testing will ocour at
baseline and at monthly imervals, 1o ensure progressive overboad. The resistance training protoco | will consist of
a 5-10 minute warm-up (cycling, walking, stretching) fallowed by 3 sets of 10 repetitions at a high intensity (8004
of IRM) for § exercises targeling the major muscle groups of the entire body. These exercises include:

u)  Seated Military Press

by Hip Adduction
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*E] FIp ADSUETION

dy Latissinus Dorsi Pull-Down

&) Sewted Low-Row

Iy Supine Lep Press

g Hip Extension

by Hip Flexion
Subjects will also perform a seated abdominal fexion, and dumbell wrist curls. Thess two exercises will be
executed 31 a light 10 moderate intensity.

The vibration plus resistance training group will receive several vibration bouts during the resistance
training protocol. The wibration exposure s comparable 1o downhill snow or waler skiing at 2 moderage to fast
pce, yei considerably bower that the vibration experbenced while riding a moter cycle or riding on public
transponation. Vibration exposares will occur before specific resistancs exescises are pearformed.  Each exposure
will b delivered 4 times in 30 second intervals. Specific positioning and dynamic exercises will be performed by
ihe subjects while receiving the vibration stimulus, These positions and exercises will be standing performing a
sqquat movement, seated performing a shoulder press, and madifisd push-up with bands on the vibration platform
performing a push-up. Specific resistance exercises will follow specific vibration pogitions.

Please mivise the mvestigators regarding any physical limitations andior confraindications that this patient might have for
cngaging in this exercise study

Please check one of the following conditiona:

To my knowledge, there is no reason why this patient, .
shouild wod be allowed to participate in this stady.

1 recommeend that this patent, . be allowed 1o participate in the study with the
following restrictions:

1 recomumend that this patient, . should met be allowed to participate in the study for the
Tollowing reasoms:
Physician’ Mame . Date e

(printed}

Physician's Signatuse

-

1 you have any guestion about this form, please contact: Debra A. Bemben, Ph.D., Associate Professor, Bone Density
Research Laboratory Sapervisor at 3252700,

_ APPROVAL
JUN 02 205 | JUNO T 2005
(] BB 2 EXPIRES
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UHIVERSETY OF OCELAHORA, - MORMAN CLMPLE

IMSTITUTIONAL REVIEW BOARD

AUTHORIZATION TO USE or DISCLOSE
PROTECTED HEALTH INFORMATION FOR RESEARCH

An additional informed Consent Docwment
for Reseavch Parficipoiion may also be required.

Efects of B-Month Vibralion Plus Resislance Training
Tille of Research Project.  on Bone Density and Bone Melabalism in
Postmenopauvsal Women.

Principol Investigator:  lan ). Palmer
IRE Murmber:

Depl. of Health and Exercise Science
Address: 1400 Asp Ave,, Huston-Huffman Cenler, Room 111
Merman, OK 73019

Phone Humbear,  (405)325-2720

If ywou decide ta join this research project, Universaty of Oklabama (OU) researchars
my use or share |discloss ) information about you that is considered to be
predeched heallh information for their resecrch. Prodectad haalth informotion will
be called privale infomalion in this Authodzodion.

Federal krw raquiras thot researchers
get your permission [authorizafion) o use of share your privote information. If youw
give permission, the reseorchers may usa or share with the people idendified in this
Aulhorization any private information related te this ressarch from your medicol
records and from any test results. Information, wsed or shared, may include cll
informoticn reloting to any tests, procedures, surveys, or nferviews as outiined in
the consent form, medical recorcs and chorls, nome, address, lelephone
number, date of kith, race, ond governmeni-ssued identification number.

Sharing Priv tion. if you give permissicn, the
reseQrchers may we your privale informalion to anolyze the dota from the project
and present the information i agaragala fomn,

. If wou give pemmistion, the
researchers may also use your private informafion to develop new procedures o
commercial products, They may share your private infoomation with fhe reseanch
sponson, the OU Institufionol Review Boord, auditors and inspectors who check the
research, and government agencies such os the Food and Drug Adminstration
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[FDuA) e The Deparimeant of Health and Humon Services [HHS]. Tha reseorchers
micy ciso share your privale information with all ressarchers collaboratng on this

project.

Cenfidenfiality. Allhough the resecarchens moy repar their findings in scienfific jounals
of meelings, they will ot idendify you in ther reports, The researchers will fry to keep
your information confidential, but confidenfiality is not guaronteed. Any person o
organization receiving the informaticon bosed on this outhoneation could re-releose
the informcation 1o oihers and federal kaw would no longer profect if,

YOU MUST UMDERSTAND THAT YOUR PROTECTED HEALTH IMFORMATION MAY INCLUDE
INFORMATION REGARDING AMY CONDITIONS CONSIDERED AS A COMMUNICABLE OR
VENEREAL DSEASE WHICH MAY INCLUDE, BUT ARE MOT LIMITED TO, DISEASES SUCH AS
HEFATITIS, 5¥YPHILS, GONORRHEA, AND HUMAN IMMUNODEFICIEMCY VIRUS ALSCH
EHOWH AS ACQUIRED IMMUME DEFICIENCY SYHDROME [AIDS).

Volunlapy Chaoice, The choice o give OU researchens permission to vse or share your
privale informabion for theair research s voluniory, Its completely vp o you, Ho one
con force you 1o give permission. Howover, you must give permission for O
researchers o e or share your pivvate health informaticon if yol want to porticipote
in the research and i you revoke your authorization, youw can no longer parficipate in
fhis study.

Refusing fo give pemission will not affect your abiity to get routing reaiment or
health cara fram O,

Eevoking Permission. If yvou give the OU researchars parmission fo usa of share
your private infarmation. you hove aright fo revoke your permission whenever you
wiant, However, revoking your parmission will nod apply to inforrmation that the
researchers hove aleody used, relied on, or shared.

End of Permistion, Unless you revaks if, permission for OU ressarchers o use o
share your private informaticn for their research will end when all dota from the
project has been analyzed and ol reports hove been published, You moy revoke
your permssion al ary lime by wrifing fo:

Frivacy Olficial

Umiversity of Oklahomo

1000 Stanton L. Young Bhed., STE 221, Okahoma Clly, OK 73117
i you have questions colls (405) 271-2511
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Giving Permission. By signing this fonm, you give OU and OU's researchers led by
lcan 1. Folmer, permission to shore youwr private informaltion for the research project
coled Effects of &-Month Vibration Plus Besitance Training on Bone Density and
Bone Metabokm n Postmenapawsal Wormen.

subject Name:

signalure of Subjec Date
or Parent if Subject is a child

Or

Signalure of Legal Representative™ Date

“*if signed by a Legal Repraseniafive of the Subject, provide a description of fhe
refafionship 1o he Subject and the Authonty to Acl as Legol Representalive:

OW oy ask you to produce evidence of your redafionship.

A signed copy of this form must be given fo the Subject or the Legal
Represenfofive of the fime this signed form [z provided fo the researcher or his

representaiive.
: 7 APPROVAL
JUN 0 1 2006
WY EXPIRES
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Appendix C.

Health History Questionnaire, Calcium Intake, Menstrual History, PASE
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Bone Density Laboratory

OU Department of Health and Sport Sciences
Health Status Questionnaire

Instructions Complete each question accurately. All information provided is confidential.

(NOTE: The following codes are for office use only: RF; MC; SLA; SEP)

Part 1. Information about the individual

Social Seeuri_ty no, Daic
2.
Legal same Meckname
3.
Mailing address Homc phone
Business phone

4. Gender (circle one): Female

5. Date of birth: Age

Month Day Year

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

(SLA) More than 25% of time spent on job (circle all that apply)

41-60 Over 60

138

Sitting at desk Lifting or carrying loads Standing Walking Driving
Pari 2. Medical history
7. (&F) Circle any who died of heat attack before age 50:
Father Mother Brother Sister Grandparent
8. Date of: Last medical physical exam: Last physical fitness test:
Year Year
9. Circle operations you have had:
Back (SLA) Heart (MC) Kidney (SLA) Eyes (SLA) Joint (SLA) HNeck (SLA)
Ears (SLA) Hemia (SLA) Lung (SLA) Other .
10. Please circle any of the following for which you have been diagnosed or treated by a physician or health
professional:

Alcoholism (SEP) Diabetes (SEP} Kidacy problem (MC)
Ancmia, sickle cell (SEP) Emphysema (SEP) Mentat illness (SEP)
Anemia, other (SEP) . Epilepsy (SEP) Neck strain (SLA)
Asthma {SEP) . Eye problems (SLA)} Obesity (RF)
Back strain (SLA) Gout (SLA) Osteoporosis
Blecding trait (SEP) Hearing loss (SLA) Phicbitis (MC)
Bronchitis, chronic (SEP) Heart problems (SLA) Rhcumatoid arthritis (SLA)
Cancer (SEP) High blood pressure (RF) Stroke (MC)
Cirrhosis, liver (MC) Hypoglycemia (SEP) Thyroid problem (SEP)
Concussion (MC) ) Hyperlipidemia (RF) Ulcer (SEP)
Congenital defect (SEP) Infectious mononucleosis (MC) Other



Blood thinner (MC)
Diabetic pill (SEP)
Digitalis (MC)
Diuretic (MC) Insulin (MC)
Asthma Other

Epilepsy medication (SEP)

Heari-rhythm medication (MC)
High-blood-pressure medication (MC)  Thyroid
Corticosteroids

Nitroglycerin (MC)
Estrogen

12. Any of these health symptoms that eccurs frcqueﬁ!ly is the basis for medical attention. Circle the number

indicating how ofien you have each of the following:
1 = Practically never

a.  Cough up bleod {(MC) d. Leg pain (MC)

1 2 3 45 Lt 23 & 5
b.  Abdominal pain (MC) €. Amm or shoulder pain (MC)
1 2 3 45 1 23 435
c.  Low back pain (SLA) f. Chest pain (RF) (MC)
1 2 3 45 1 23 45
Part 3. Health-related behavior
13. (RF) Do you now smoke? Yes No

14. If you are a smoker, indicate number smoked per day:

2=Infrequently  3=Sometimes 4=Faiflyoflen 5= Very ofien

_ Swollen joints (MC)

123 4 5

. Fecl faint (MC)

1 23 45

Dizziness (MC)

1 23 45

Breathless with slight excrtion (MC)
12 3 4 5

Cigarettes: 40 or more 20-39 10-19
Cigars or pipesonly: 5 or more or any inhaled Less than 3, none inhaled
15. Weight now: ib. One year ago: ib.. Age21: 1b.

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

get compared with others-of your age and sex?

1 Much more active

2 Somewhat more active
3. About the same

4. Somewhat less active
5 Much less active

6 Not applicable

17. Now, thinking about the things you do outside of work, how would you rate yourself as to the amount of

physical activity you get compared with others of your age and sex?

Much more active
Somewhat more active
About the same
Somewhat less active
Much less active

Not applicable

AN

" 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
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BONE DENSITY LABORATORY ,
DEPT. OF HEALTH AND SPORT SCIENCES UNIVERSITY OF OKLAHOMA

CALCIUM INTAKE ESTIMATION

NAME: ' TODAY'S DATE:

Complete this form (where indicated) to represent your dictafy intaki:_ip the past year.

- 1EAT THIS FOOD:
EVERY WEEK EVERY DAY

Tally ' Score Food Type ’ ) servingsize | writein# write in ¥
(affice use {office use 2 servings/week servings/day
only) only) )

300 Milk- whole, 2%, skim I cup

150 _ | Cheese food or spread oz

150 “ Cheese sauce - | Vacup

150 American cheese I-slice

150 Cottage cheese ‘ 1 cup

250 Ricotta cheese oz

150 Blue cheese Ya cup

200 Natural cheese (except cream cheese) includes Toz

cheddar, Swiss, mozzarclla, and so forth

285 Buttermilk 7 o 1 cup
300 Yogur, flavored of plain 1 cup
450 Fast Food Milkshake 12 0z
165 Cocoa from mix 1 packet
330 Eggnog - ' 1 cup
280 Chocolate milk I cup
250 Macaroni and cheese, cheese souffle, lasagna, | 1 serving
quiche, cannelloai, pizza
130 Cicam soup or chowder with milk 1 cup
s Almonds 13 cup
180 Broccoli I cup
25 Beet greens, spinach Ya cup
160 Baked beans ' 1cup
100 Figs § dried
140 Scalloped potatocs , 1 cup ]
150 Soybeans lcup

150 Tofu Y cup *
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| Tally Score Food Type serving size | writc in # writc in #

roffice use (office use . servings/week servings/day
onlyy onlyy

30 Brcad. white or whole grain ) 1 shice

120 Waflle or pancake o Ia:gﬁ

30 MufTia. biscuit. combread | medium

40 Rolls. buns Ya

225 Egg-McMullin R

130 Fast food cheeseburger or hamburger !

1o Enchilada or bean burrito ' iy

125 { Creamed fish and meats - Toup

130 Shellfish, cooked S dor -

200 Canncd salmon with boncs Y cup

200 Sardines. smelts, herring Yi eup ‘ ’

100 Fudgesicle 1

125 Custard pic : 1 slice

175 Ice cream or ice milk ' 1 cu.p

190 Pudding with milk | % cup

200 Frozen yogurt leup =

Please list any dietary supplements (single and multi-vitamins, calcium, herbal etc.} you take below, including the
brand name and amount (mg).

i
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Hame:

Bone Density Research Lalboratory
Department of Health and Exercise Seience University of Oklalisma

MENSTRUAL HISTORY QUESTIONNAIRE

Dratte:

W are asking you to give us as complete a menstrual history as possible. All information you provide will be
strictly confidential

SECTION A. CURRENT MENSTRUAL STATUS

At what ape did you expenience your final menstroal peried?

Hawve you had a hysteroctomy (=urgpical removal of the uterus)? I yes, of what ape did you bave ths surgery?
Have you had your ovaries rermoved? 1E yes, ol what age did you have this surgery?

Are you curently on estrogen andfor progesterone replacement therapy? If o, skip 1o question 5.
If yes, how long have you been on hormone replacemend therapy 7

Wt s the brand name, ﬁnﬂg:, and type (1.¢., pills, cream, paich) of bormone medicnton you ane tnkinp?

Hawe you taken estrogen and'or progesterone replacement in the pest? 1f oo, skip o SECTION B.
I yes, what was the fype (i, pallz, eream, palch) and dosage of the madication™

Al what age did you stan taking hormone replacement?

How long dad you contimos kg the oomone replacement?

Abwhat age and why did youw shop laking hormene reglacemen?
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& 1 yoia answered yes o questions 4 or &, did you cxperience any side eflfects (1e., wenglil gain, immond EWiryg
headdsches) while taking hoomone replacement? Pt

If yex, pleaze lasi the side effects

SECTION E: FAST MENSTHRUAL HISTORY
1 A1 what age did you experience your first menstroal period?
2. Were your prrcds regular (oecurming, monthly) during te first two years after menstraston began? 17 ne, at

what age did your periods evenlually become regular?

3 [rid you perfoam any form of athlenc taining prior 1o your first menstroal period? 17 yes, indicate e of
traiming (i« pymnastics, track, basketball, ete ) and the number of years you traned for cach achivity.

4, Has there been any time in the past where your periods were iregulsr or absent? 1 na, skip do questson 5.

If yes, shd these proods comcide with unosual bowts of tamng, o with a period of stress7
How long dsd this oeour'?

5 Have you ever conzulial @ doctor sboul menstreal problems (specifically, about wregular o missmg periods)?

I yes, have you ever boen diagnosed as having a shortened luteal phase?

Have you ever been tested to determime if you were ovalating nommoally?

b Havee you ever consulted a physician about any problems relating 10 your hormonal system? H so, please
cxplain.
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PASE

Participant’s Name: _
Interviewer's Inihials:
1D code:

INTERVIEWER: Flease answer every question honestly and accurately as
possible. There are no right or wrong answers. | would like to ask you about
certain types of activities that you have done during the past 7 days. So, when
you answer the queslions think only about the last 7 days. | will ask you about
how much vigorous aclivity, leisurely walking, sitting, standing, and some other
things that you did during those 7 days,

LEISURE TIME ACTIVITY
1. Over the past 7 days, how often did you participate in silting activities such
as reading, watching TV or doing handcrafts?  (circle one)

[0.] NEVER [1] SELDOM [2] SOMETIMES [3.] OFTEN
[

{1-2 DAYS) (34 DAYS) (5-7 DAYS)
GO TO 0. 62 I | |

la. What were these activities?

1b.  On average, how many hours per day did you engage in
these sitling activities?

[1] LESS THAN 1 HOUR [2] 1BUTLESS THAN 2
HOURS

[3] 2-4 HOURS [4] MORE THAM 4
HOURS

2. Over the past 7 days, how often did you take a walk out outside your home
or yard for and reason? For example, for fun or exercise, walking to work,
walking the dog, etc.? (circle one)

[0 NEVER [1] SELDOM [2] SOMETIMES ([3] OFTEN
I [1-2 DAYS) (3-4 DAYS) (5-T DAYS)
GO TOD. #3 l | |

Page 1 of 6
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Za.  On average, how many hours per day did you spend

walking?
[1]  LESS THAN 1 HOUR [2] 1BUTLESS THAN 2 HOURS
[3] 24 HOURS [4]  MORE THAN 4 HOURS

Ower the past T days, how often did you engage in light sporl or recreational
aclivities such as bowling, golf with a cart, shufileboard, fishing from a boat or
pier or other similar activiies?  (circle one)

[0] HNEVER 1] SELDOM  [2] SOMETIMES [3] OFTEM

| {1-2 DAYS]) {34 DAYS) (5-7 DAYSE)
GOTO Q. #4 l | |

3a. What were these activities?

3b. On average, how many hours per day did you engage in these
light sport or recreational activities?

[1.]  LESE THAN 1 HOUR [2] 1 BUT LESS THAN 2 HOURS
[3] 2-4 HOURS [4]  MORE THAN 4 HOURS

Over the past 7 days, how oflen did you engage in moderate sport and
recreational activilies such as doubles tennis, ballroom dancing, hunfing, ice
skating, golf without a cart, softball or other similar activities? (circle one)

[0] NEVER [1.] SELDOM [2] SOMETIMES [3] OFTEM
I {1-2 DAYS) {34 DAYS) (5-7 DAYS)
GO TO Q. §15 | l 1

da. What were these aclivities?

Page 2 of &
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4b. On average, how many hours per day did you engage in these
moderate sport and recreational activities?

[1] LESS THAN1HOUR  [2.] 1BUTLESS THAN2
HOURS

[3.] 2-4 HOURS [4] MORE THAN 4 HOURS

Ower the past 7 days, how often did you engage in strenuous sport and
recreational activilies such as jogging, swimming, cycling, singles tennis,
aerobic dance, skiing (downhill or cross-country) or other similar activities?
(circle one)

[0] NEVER [1] SELDOM [2] SOMETIMES [3] OFTEN
|

(1-2 DAYS) {34 DAYS) {5-7 DAYS)
GO TO 0. #6 I i |

5a. What were these activities?

5b.  On average, how many hours per day did you engage in these
strenuous sport and recreational activities?

[1.] LESSTHAN1HOUR  [2] 1BUT LESS THAN?2
HOURS

[3.] 2-4 HOURS [4] MORE THAN 4 HOURS
Ower the past 7 days, how often did you do any exercises spacifically to
increase muscle strength and endurance, such as lifting weights or pushups,

etc.? (circle one)

[0] NEVER [1] SELDOM [2] SOMETIMES [3.] OFTEN

Fage dof &
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i {1-2 DAYS) (3-4 DAYS) {5-7 DAYS)

G0 TO 0, 87 | l

Ga. What were these activilies?

6b. On average, how many hours per day did you engage in
exercises to increase muscle strength and endurance?

[1] LESSTHAN1HOUR  [2] 1BUTLESS THAN 2
HOURS

[3] 2-4 HOURS [4] MORE THAN 4 HOURS

HOUSEHOLD ACTIVITY

7.

During the past ¥ days, have you done any light housework, such as dusting
or washing dishas?

[1] NO [2] YES (circle one)
|
How many days?

How may hours or minutes perday? _ Hours or minutes

During the past 7 days, have you done any heavy housework or chores, such
as vacuuming, scrubbing floors, washing windows, or carrying wood?

[1.] NO [2] YES (circle one)
How many days? :
How may hours or minutes per day? Hours or minutes
Page 4 of G
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i

During the past ¥ days, did you engage in any of the following activities?
Please answer YES or NO for each item.

.

Home repairs like painting, wallpapering, electrical work, etc.
[1]NO [2.1YES (Circle one)
Hirw many days?
How many hour or minutes? _ hours or minutes
Lawn work/yard care, including snow or leaf removal, wood chopping, efc.
NG 2] YI?S (Circle one)
How many days? _

How many hour or minutes’? hours or minutes

Outdoor gardening

[ NO [ TYES (Circle one)
|
How many days?
How many hour or minutes? hours or minutes

Caring for an other person, such as children, dependent spouse, or an
other adult

[1] NOD [2.] YES {Circle one)
I

How many days?

Page 5 ol &
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How many hour or minutes? __hours or minutes
10. During the past 7 days, did you work for pay or as a voluptear?
[1JND  [2]YES
10a. H:::w many days?
How many hour or minutes? ____ hours or minutes
(Circle one)

10b. Which of the following categories best describes the amount of
physical activity required on your job and/or volunteer worlk?

[1] Mainly sitling with slight & movements. [Examples:
office worker, watchmaker, seated assembly line worker,
bus driver, etc.]

[2] Sitting or standing with some walking. [Examples: cashier,
general office worker, light tool and machinery worker. ]

[3] Walking, with some handling of maternials generally
weighing less than 50 pounds. [Examples: mailman,
waiterfwailress, conslruction worker, heavy tool and
machinery worker ]

[41 Walking and heavy manual work often requiring handling
of materials weighing over 50 pounds. [Examples:
lumberjack, stone mason, farm or general laborer. ]

End of the physical activity interview.

Interviewer Notes:

Page 6 ol 6
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OFFICE FOR HUMAN REEEARCH PARTICIPANT PROTECTION

June 21, 2005

M. lam Palmer

Health and Exercise Science
HHC 111

CAMPUS MaIL

Dear Mr. PalmeT:

The Instytuticnal Review Board-Morman camgus, has reviewsd your proposal, "Effects of 8-Moath Vibration Plus
Resistance Training on Bore Density and Bone Metsholism n Postmenopassal Women™ at the comvened meeting on
Jane 2, 200, The Board found chat this research would not constibate a risk to participants bevond those of nommal,
cveryday lfc excepl m othe arca of prvecy which 5 sdequately protected by the comfidenbality proceduses,
Therefore, the Baard has approved ihe use of human subgects in this research.

This approval is for 2 peried of 12 months from Jane 2, 200%, provided that the research procedures ars mot changed
from: those described m your approved profocal amd aflachrmenls Shoukl waou wish to devisle from the desoribed
subget procedures, you must notify this affice, in writing, moting any changes ar revisions in the prodncol andior
imforrned corsent docurmem ard obtaln prior approval from the Board for the changes. A copy of the approved
imfiormed consent documents is attsched fior your 3.

A the end of the reszarch, you mmst submit 3 short repart describing your use: of human subjects in the research and
the resalts ohinined. Should the research extend bevond 12 monsths, a propress report must be submatted with the
request for continsison, snd & fimal report mast be submilted a1 the erxd of ke research.
1§ data are still being caollected afer five years, resubmission of the protocel 6 regaired.

Shoukld you have any questions, please contact me ot 325-8110 or jthinlon edu

Institutsana] Review Board — Mosman Campus (FYWA #0003 191 )

FY2005-374

et D Michael Bemben, Health & Exercise Science
Div. Debra Bemben, Health & Exercise Scicmes

00 Faemngion Owal, Suis 316, Normen, Oklaherss 750193088 PHOME: (405) 325-81 10 X [895] S0

151



Appendix E.

Training Log, IRM Log

152



Vibration Plus Resistance Training Sheet

Name: Week: 30, 4/24 - 4/28
Monday Wednesday Friday
Record Actual Reps Record Actual Reps
Completed Record Actual Reps Completed Completed
Time: Set 1 Set 2 Set 1 Set 2 Set 1 Set 2
VIBRATION 60s 40 Hz/Low | 40 Hz/Low 40 Hz/Low | 40 Hz/Low 40 Hz/Low | 40 Hz/Low
Seated Freq/Amp:
40Hz/low
Load: Set 1 Set 2 Set 3 Set 1 Set 2 Set 3 Set 1 Set 2 Set 3
Shoulder Press 5.50
Goal Reps: 10
Load: Set 1 Set 2 Set 1 Set 2 Set 1 Set 2
Hip Abduction 7.50
(left & right)
Goal Reps: 10
Load: Set 1 Set 2 Set 1 Set 2 Set 1 Set 2
Hip Adduction 9.50
(left & right)
Goal Reps: 10
Load: Set 1 Set 2 Set 3 Set 1 Set 2 Set 3 Set 1 Set 2 Set 3
Abdominals Self Select
Goal Reps: 10
Time: Set 1 Set 2 Set 1 Set 2 Set 1 Set 2
VIBRATION wrist 60s 40 Hz/Low | 40 Hz/Low 40 Hz/Low | 40 Hz/Low 40 Hz/Low | 40 Hz/Low
Freq/Amp: 40
Hz/low
Load: Set 1 Set 2 Set 3 Set 1 Set 2 Set 3 Set 1 Set 2 Set 3
Wrist Curls Self Select
Goal Reps: 10
Load: Set 1 Set 2 Set 3 Set 1 Set 2 Set 3 Set 1 Set 2 Set 3
Lat Pull Down 6.00
Goal Reps: 10
Load: Set 1 Set 2 Set 3 Set 1 Set 2 Set 3 Set 1 Set 2 Set 3
Low Row 6.50
Goal Reps: 10
Time: Set 1 Set 2 Set 1 Set 2 Set 1 Set 2
VIBRATION 60s 40 Hz/Low | 40 Hz/Low 40 Hz/Low | 40 Hz/Low 40 Hz/Low | 40 Hz/Low
squat Freq/Amp: 40
Hz/low
Load: Set 1 Set 2 Set 3 Set 1 Set 2 Set 3 Set 1 Set 2 Set 3
10.50
Leg Press
Goal Reps: 10
Load: Set 1 Set 2 Set 1 Set 2 Set 1 Set 2
Hip Flexion (left & 9.50
right)
Goal Reps: 10
Load: Set 1 Set 2 Set 1 Set 2 Set 1 Set 2
Hip Extension 15.00
(left & right)
Goal Reps: 10
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One Repetition Max Sheet

Name: Week: 22
Warm up| Max Load |x % Max =] New Work Load
7.5 0.8 6
Shoulder Press
_ _ 8.5 0.8 6.8
Hip Abduction
(right)
, , 12.5 0.8 10
Hip Adduction
(right)
9.5 0.8 7.6
Lat Pull Down
8.5 0.8 6.8
Low Row
10 0.8 8
Leg Press
9.5 0.8 7.6
Hip Flexion
(right)
: : 16.5 0.8 13.2
Hip Extension
(right)
Heart Rate &
Blood Pressure
Comments:
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Bone Density Laboratory

Dept. of Health & Sport Sciences
University of Oklahoma, Norman, OK. 73019
Patient: Patient I0: VRO
Birth Date: 041191944 61.3 yoows Physician:
Huigivt | Wisight: 1E.0cm 704 kg Measured: DE/10/2005 9:13:30AM  (B.BO)
Sex | Ethnibe: Female  White Analyzed: 12122005 94229 AM (BB

Fadius Trend: Fadius X%
BMD (gfom’) ¥, T-Soam B0 [y ¥ T-Scome

L=t Foreamrn Bone Density

.29 —
20 30 40 50 &0 70 B0 90100
fge [years)
L¥
EMD
Region (afemi)
Reacius LD e
Lires LIE 0354
Feadius 33% [
Wira 33% 065D , 3
Bt LD 0359 . K : i
Both 33% 0548 r : . R
Radis Total 0.535 a7 0.3 107 o7
ina Total 0.482 ¢ : i i
Bath Total 0,515 g : = s

Trend: er'n:s, 13%

Change v
Meammired Hge BMD Pruvious Pruviaus
Date yearn) (gicm*) iy} (%)
121 12005 BL.6 552 149 50
COMMENTS: OO 107 2005 El.3 mEIY 0o 14
OB I02005 BL.J (815 (=] <49
Oy 00 6L.3 o.EAT .
g mei e diogacab 1 -Suaiiscaly e of rapan soans Gl mithin IS0 (£ 0008 ghan for Left Foress
. R 310
mﬁ.ﬁ_ﬁigmm T60 25 5000106 Bk 6 3 2 WHAMES (s 2030 LA [agem 20-43) P P ———
o B ) e e D ) ) ¥ -Mwtoked for Age, Ethre
Lengifc 261 em S calierabion: in usec (SR valee e BN Roawer T Carnas vk, )
Pl Fradli. s
11 -l Health Drgasiortion - Cafiaiian of Omeoporess o Oslespsn faf Cascisan
Boan Medes Buaderd 0.0 srom Warmsers Hormal o T-5ooee of o stwe -1 S, Chlapania = TS s - 1.0
w3, 5 S0y Deteapaorgsiy = T-5080E 8L of Dabow 2.5 305 (WHO definltiom oiy appdy
i b g Ry s Yaimen s o
T-Soares.}
GE Medical Systoms Pradiy
LUNAN s 14583
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Bone Density Laboratory
Dept. of Health & Sport Sciences
University of Oklahoma, Norman, OK. 73019

Patient: Patient ID: VRDOS
Birth Date: /1971944 61.3 years Physician:
Height / Weight: 164.0cm P4 kg Measured: OB/10y2005 9:13:30AM  (8,B0)
Sox [ Ethnic: Female White Analyzed: 13122005 9S42:29AM (B.B0)
Tokal Body Bone Density Trmndt: Totnl
BMD jglom| BMD (glerm] iy T-Sooen

1.28
121
1.13
1.05

ooy

0.B2
LE 3]

T £ 0T :
20 30 40 50 &} 0 B0 80100 a1l G20
Jge (years) Aga (puans)
1 2 a

BED Woung-Adult Age-Hatched

Region {g/um?) (%)  TScere ]

Head 2.3 - s 2 :

e D3 -

Legs 1357 - - . B

Tk 0575 : : . ;

REE 0647 . - - =

Pets 1.199 . S £ :

Spine 1.158 E g a 5

Total 1199 L ] 113 1.7

Trend: Total
1 ‘Change vs
Heasured Age o

Cate (ymara) gfom?) (¥elyry (%)

. 121 2005 61.6 1311 F 3] 10
el Dl 10/ 2005 BL.3 L.19% - -
Tl ol i ddavinan | -Stwtivtaly $8% ol repunl scams lall within 150 (& 0088 @' dor Total By Tobsd)

Privvimd: 07370008 b B 1R A (RB0) TR PESTELA S08- L0
EE RO REE ELE S B

0180 0. O 0. (-8B

Pllengme; Freiibal dfs

o Fode! Thick (L0E mres

T SFUANES (apes 20- S0} [ LSA (ages 2D-30) Totsl ody Refessaos Bopulation (vI03 )
¥ pamtchend for Age, Waight Temalen 25-100 kg, Ethik

GE Medical Systems
[UNAR

Penilqy
(it ot
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Bone Density Laboratory

Dept. of Health & Sport Sciences
University of Oklahoma, Norman, OK. 73019

Patient: Patiant TD: VRIS
Birth Date: D4191544 61,3 yoars Physician:
Habght | Wight= 164.06n 704 kg Measured: 08/10/7005  D:13:30 AM  (B.BO)
Sex | Ethide: Female  White Analyzed: L212/2005 $42:29AM  (B.ED)
AP Bone Density Aeference: [2.14 Trend: 1214
r BAMD (glom] WA T-Bcore  BMD (giem?) i T-Goore
% 144 2 1
i 132 132
u ' 120 120
1.08 1,08
094 n.98
L 084 064
w72 <4 072
0.60 5 060
L3 20 M0 40 50 &0 TO B0 60 100 610 G20
AQe [yaars| A {ypaars]
1 F] 1
EMD Foumg-Adult hge-Matched
L4 Reglon o] ™}  TeBeare ) IeSewre
L1 1298 130 2.5
LE 1.34% 1% 2.3
L3 1.370 158 15
& ‘. L4 136 i\ o
Li-14 1.334 7 2.4
L2-14 1L.H3 14 2.3
Trend: L2-1L4
1 Change vs
M sured Age BMD Pravioin Pruvicus
Data [praire} [piomi)y Ll Ui (]
h 12122005 614 1.274 153 53
ik 0B/ 1072005 1.3 1,343 . .
T rak Tor e 1 “Statiptically 5% of repeat scons fall vithin 150 | & D002 gieny® for AP Spine 17-L6)

P D027 7008 T30 18 AM[E B0 PRS00 S00D0- 10 B 300 107
050,05 198 Walnt =17 P
000 .00 000800

2 -WHMRES (age 2030 § LA (agen 20-90) AP Spine Rabersncrs Frpsistion [v1i7)

3 waiviusd for Age, Waight [Temaise 25100 k), Frhae

L1 -Wzrid Haalth Organiratizn - Cofinkioes of Dshespoross and Osieaperds for Covcasian
‘Woman: Rormal = T-Srare st o shavs -1.8 S0 Okliiguints = T-S200s v - 10
ancl 25 F0; Cabegoroak = T-5o0re 8060 esfves -1.5 50: (WHO defaslionm: endy apply
when & young haalthy Caucasan Womes i dulabece b sl Lo

GE Madical Systams
LUNAR

Froudany

[+ 4580
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Bone Density Laboratory

Dept. of Health & Sport Sciences
University of Oklahoma, Norman, OK. 73019
Patiant: Patient [D: WROO9
Birth Date: (4191540 613 years Physician:
Haight [ Weight: 164.0cm A4 kD Measured: 08/10,/2005 S:13:30AM (8.80)
Sex | Ethnie: Female  ‘White Analyzed: 12/13/2005  :42:25 AM (8,800

Image not for disgrods
Feafuwmnon: Tom! Trerad: Totsl Mean 1 . 3
EMD jglomty YAT-Booss  BMD jglom' YA T-Soorn EMD Young-Adult Age-Hatched
X 1 [mioe?] (] T-feare vl LS
{RE ]
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1142 113 11 127 1.9
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Q10 1 a1 1 0.1
0 30 e0 50 60 7 8d Bo
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L . = e 112008 B1.46 1.155 15 05
- 1] [} Wsan 15] . 3
{Fiighi = B85 mim) (Mean = 1061 ram] (L = 1001 mm] s i hay ¥ .

COMMENTS:
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- Plancied Tor A, Wisighe {lsmaies 25100 g ), Ethik
CusdFermisr Tordl T-50ee diforesce & 01 Acyrimeiny b Mo
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Foriedt 0772006 53408 AM (850} Flararme: Freie 4l Right Femue 7.7 Sl =30 .55 Meck Anghs [dag)= 61; Sran Made: Dotall 830 e La R
I7.7:5chat=25. 7%, Mack drghe (degl= &1 Scan Fode: Detadl 8,50 mem

GE Modical Systems Prodigy
[LNAR s 1Y
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Increasing Your Daily Calcium Intake

Your estimated calcium infake is: e mgfday and

the recommended optimal calcium intake for postmenopausal women not taking
hormones is about 1400-1500 mg'day.

You need fo increase your calcium intake by mafday to
fall within the recommendead range.

The information below gives you suggesfions on how to increase your calcium
intake by consuming foods with higher calcium contents or by taking cakcium
supplements

Food Sources (Natieonal Osteoporosis Foundation, www.nof.org)

One way to increage the amount of calcium in your diet is to eat calcium-rich
foods like low-fat milk, cheese, broccoh and others, Many foods are fortified with
calcium and are readily available and affordable. Foods like orange julce, careals
and breakfast bars have calcium added to them, so it is easier than ever before
to consume the recommended level of calcium for every age.

Anather easy and economical way to boost the calcium content of many meals is
to add nonfat powdered dry milk to puddings, homemade cookies, breads or
muffins, soups, gravy, casserakes and even a glass of milk, A single tablespoon
of nonfat powdered dry milk adds 52 mg of calcium, and 2 to 4 tablespoons can
bie added to mast recipes

You may add:

+ 3 tablespoons to each cup of milk in puddings, cocoa or custand
+ 4 tablespoons to each cup of hot cereal before cooking
+ 2 tablespoons sifted into each cup of flaur in cakes, cookies or breads

Vitamin D plays a major role in calciom absorption and bone health. Vitamin D i
manufactured in the skin following direct exposure to sunlight. The amount of
vitamin D produced in the skin varies depending on time of day, season, latitude
and skin pigmentation. Usually 10-15 minutes exposure of hands, arms and face
two to three times a week (depanding on one's skin sensitivily) is enough to
satisfy the body's vitamin D requirement. As adulls age, the ability to make
vitamin D through the skin decreases. The major food sources of vitamin D are
vitamin D-fortified dairy products, egg yolks, saltwater fish and liver, Some
caleium supplements and most multivitamins contain vitamin D, so it is important
to check the labels to determine how much each contains. Experts recommend
a dally intake of betwesn 400 and 800 international units (IL). Do not take mone
tham 800 IU per day unkess your doctor prescribes if, since massive doses of
witarnin D may be harmiul.
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The nutrition labels
Example: Macaroni and Cheese

Nutrition Facts

;Sen.'lng Size 1 cup (2289)
[Servings Per Container 2

P e N R

Amount Per Serving .
Calories 250 Calories from Fat 110
y : %% Daily Value*

[Total Fat 129 T 1E%e
,Sniuruh:d Fat 3q s 1 5-%
|Chnln5terul 30 nmg I T T
[Sodium 470mg  20% |
[Total Carbohydrate 31 g 10% |
[Dietary Fiberng 0% |
[Sugars 5g i
e oy
T S R

fWitamin A 4% * Vitamin C 2%
Calcium 20%: * Iron 4%

"“Percent Daily Values are based on a
2,000 calorie diat

To find the calcium content of foods, read the nutrition

| label or use the gn-ling data-base from the .5,
Department of Agriculture,

The nutrition labels show a “percent daily value® for
calcium. The daily valuee used for these labels is 1000
mg. This makes it very easy to calculate the calcium
content: just add a zero to the % dailly value! For the
example shown here, the label says one serving has
calcum 20%, therefore, it has 200 mg of calcium.
Remember to check the serving size on the top of the
label; sometimes it is not what you would expect.

Calcium 20% = 200mg
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Calcium Supplements

Calcium exists in nature only in combination with other substances called
compounds. Several different calcium compounds are uged in supplements,
including calcium carbonate, calcium phosphate and caleium citrate. These
compounds contain different amounis of elemental calcium, which is the actual
amount of cakcium in the supplement. It is imponant to read the label carefully to
determing how much elemental calcium is in the supplement and how maiy
dosas or pills 1o lake.

Purity - Choose calcium supplements that are known brand names
with proven reliability. Look for labels that state “purified” or have the
USSP (United States Pharmacopeia) symbol. Since applying for the
USF symbol is voluntary, however, many fine producis may not display
thiz symbol. Avoid calcium from unrefined oyster shell, bone meal or
dolomite without the USP, as these historically have contained higher
lead levels or other toxic matals,

Absorbability - Most brand name calcium products are absorbed
easily in the body. If the product information does not state that it is
absorbable, how well a tablet dissolves can be determined by placing it
in a small amount of warm water for 30 minutes, stiming it cccasionally.
If it hasn't dissolved within this time it probably will not dissolve in the
stomach. Chewable and liguid calcium supplements dissolve well
because thay are bioken down before they enter the stomach.

Calcium, whether from the diet or supplements, is absorbed best
by the body when it is taken several times a day in amounts of
500 mg or less, but taking it all at once is better than not taking it at
all. Calcium carbonate is absorbed best when taken with food. Caloium
citrate can be taken any time.

Avoid calcium supplements that contain bone meal or dolomite.
These products may also contain toxic substances, such as kead,
mercury and arsenic

It is best not to consume more than 2,600 mgfday of ealcium from
all sources.
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Calelum Interactions - It iz important to talk with a physician or
pharmacist about possible interactions between prescription or aver-
the-counter medications and calcium supplements, For example,
calcium supplements also may reduce the absorption of the antibiatic
tetracycline. Calcium also interferes with iron absorption, 5o a caleium
supplement should not be taken at the same time as an inon
supplemant. The exception to this is when the iron supplemant is taken
with vitamin C or calcium clirate. Any medication to be taken on an
emply stomach shoubkd not be taken with calcium supplemants.,

Combination Products - Calcium supplements are available in a
dazzling array of combinations with vitaming and other minarals. While
vitamin D is necessary for the absomtion of caleium, it is not nacessary
that it be in the calcium supplement. Minerals such as magnesium and
phosphorus also are imporant, but usually are obtained through food
or multivitamins. Most experts recommend thatl nutrients come from a
balanced diet, with multivitamins used to supplement dietary
deficiencies.
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Ipw 2tl Irw 2t spw2tl Igpw2tl habw2tl hadw2tl hew2tl hfw2tl Ipw 3t Irw 3 tI spw3tl Igpw3tl
76.14 1696.0 227.27 3272.73 2727.27 409.0 3409.09 5113.64 068. 45.4 4909.09
4 7 2. 943.1 7363.64 5625 47.7 4602.27 11250 5 2 .7 4909.0
7 45 .4 0 7 4363.64 3750 454. 477.27 8181.82 0 7 4 .7 4363.64
4 45.4 022.7 0 06 8 4 6 8 4 27 04 4 7
4 45 .4 5 . 5090.91 0 7 44 4 7 5 7 4 4 .0 5727.
9 . 2454.55 0 7 4 7 602.27 . . . 20 34009.
0 4 0 4500 6 4 44 8 55 . . . 2250 44
8 34. . 2727.27 4 5 2 7 2727. . . . 1 .64 4909.
7 72.7 .4 3545.45 0 0 1704. . 1 A . 4 2181.
1 73.8 5000 9 8 4500 2772. 5. 7 .0 . . 20
3 2. 4 681. 7 6136.36 56 1. 3 2.5 2 .14 8
7 1 72. 425. 200 1890. 0. 3 .27 2. 7
. . 437. 090. 1534.0 1193. 5.4 04 4 .34 72.
2 . 2 . 1068.1 136. . 6647.7 56 10227.2 534. 4.0 4.0 27.2
2 . 2 . 1508.5 4550 034.0 062. 4545 .4 6681. 2 2. A .8 59.0
5 . 511.3 1090.91 193 .1 1534.0 1363. 2045 .4 204 7 4.0 72.7
0 . 3 .64 7 45 .4
0 0 0 0 0 0 4 7 5
0 0 0 0 0 0 . 7 4
340.91 113.64 340.9 409.09 738.64 852.27 284.09 284.0 .82 8 . .
0 0 0 0 0 6 87 4454.5
0 0 0 0 0 0 1.82 .55 295.4 581.82
27.27 1909.0 1145 .45 5498.18 1227.27 63.64 3436. 3927.27 72.7 1590.9 872.73 4581.
27.27 2290.9 2290.91 6720 2454.55 45 .4 54 2945.45 72.7 1909 1745.45 56
09.0 1909.0 2100 3360 27 . 8 27 90.9 1590. 16 28
8 90.9 2100 0.91 4276.36 1963 .64 6. 294 2454. 09.0 17 745 .4 3563.
9 09.0 210 7.27 33 1963.64 454. 4172. 2454. 90.9 1750 1 .64 28
21 290.9 0. 52. 3436. 44 . . 3436. 175 9.09 745 .4 7 7.
0. 672.7 6. 03.64 2700 . 4. 54 09.0 7.27 018. & 6.
431. 7 . 0 98.1 2209.09 436. 454 . 93.1 4 745 .4 1
4. 0. 0 2454 .55 454 . 4 - 09.0 4 745 .4
4 09.0 4 270 54 454 . . 45. 45
. 7 18.1 427 718.1 2454. . 7 1309.
A 0 210 4276. 472.7 3927. 431. 0 160 4
7 3.64 2672.73 6414. 436.3 44 6136. 7. 3 2036.36 .
8 90.9 1 2100 67 436.3 4 54 9. 1 1 56
9 09.0 0 1527.27 4276.36 436.3 6381. 90.9 1 4 4
0 0 0 72.7 454 4
1 2481.82 2481.82 2290.9 5498.18 2454.5 2945 .45 3190. 2454.5 68.1 7 4 4
2 2290.91 3054.55 2290.9 7941.82 4172.7 4663.64 7118. 3927.2 09.0 7 .4 6
3 2290.91 2290.91 2100 6720 2945 .4 3190.91 54 2945.45 09.0 1600 56
4 2290.91 2290.91 2290.91 5498.18 2454.5 3436.36 4663. 3681.82 1909.0 1909.0 1745.45 4581.
5 0 0 0 0 0 0 0 0 0 0 0
habw3tl hadw3tl hew3tl hfw3tl lpw4tl Irw4tl spwétl Igpw4t habw4tl hadw4tl hew4tl hfw 4t
4090.91 113.64 5625 7670.45 9 .9 2556.8 2301.14 4909.0 4090.9 5 . 37 5113.64
5113.64 136 4602.27 11250 718.7 187 1303.9 4363.64 3409.0 4 . 3 . 750
3750 454 477.27 818 2 534.0 0 1 .0 6545.4 562 . 9 . 12272.7
3068.18 4 2 06 4 7 3 .6 .8 022.7 . . 10 7
4602.27 4602 57 7 0 045 .4 45 .4 7 5727.27 460 4 .2 3 71
4602.27 4602.27 068. 9 534.0 . .6 2454.55 9 1 A 306 40
7000 7000 56 3.1 187 4.0 30 0 2 7 37 7 4
3068.18 4090.91 4090 7.7 0.9 2.7 8. 7 7 .3 3636 0
0 2215 4.5 4 4 1. 0 3136 1
1704.55 045 .4 1363. 4. 619.3 . 255 2 1 2590. 340
46 7 13 56 0 187 1 4. 460 7 56 8181.
34 1 9 4090 2 1227 4 131 8 56 45
4 1 0 3579 3 1363 1363.64 11 2727.27 38 409
4 1 664 3 5284 1 2 1704 1704.55 13 2727.27 4 40 681
5 4 . 687.5 4943. 70 1 1977.27 1 . 27. 0 7.5 4772.7
6 7 4602.27 4090. 6 5 . . 090.91 1 1 4.09 4 2045.4
7 7 1704 272 9 1 4 204 1 318.18 6 2 7.27 0 7727.2
8 27.2 409 704. . 4 25 . 2 . 45 0 5454 .55 9. 4772.73
9 72.7 31 977. . 1534.0 16 . 1227. 3238.64 272 3125 4772.7 5681.82
13.6 6647 11 4 0 0 0 0
45.4 2045.4 045.45 2 4 1704.55 1704.55 1534.09 3272.7 4318.18 4090.91 3750 4488.64
72.7 272.7 386.36 340.9 102.27 136.36 136.36 218 .1 443.18 443.18 136.36 136.36
8
9
0
1
2
3
5 1136.36 1672.7 3181. 3636.36 1636.3 2045.4 1145.4 5890.91 1363.64 6.36 3818.18 4363.64
6 2272.73 2509.0 50 2727.27 1636.3 2454.5 2290.9 7200 2727.27 4.55 6000 3272.73
7 2500 2718 .1 409. 2500 2045.4 2045.4 210 3600 3000 .09 4090.91 3000
8 1818.18 9 . 727. 2272.73 2454.5 22 2290. 4581.82 2181.8 .64 3272.7 2727.27
9 1818.18 090.91 863.64 2272.73 2045 .4 2250 1527. 3600 2181.8 .45 4636.3 2727.27
0 3181.82 763.64 454 3181.82 225 2454.55 2290.91 163.64 3818.1 4581.82 45.4 3818.18
41 2500 5.45 272. 5000 2454.5 863.64 1336.36 8. 300 4072.7 27.2 6000
42 2045.45 90.91 181.8 2272.73 1534.0 840.91 2290.91 2454.55 2545 .4 818.1 2727.27
43 2272.73 90.91 272.7 4090.91 2454.5 272. 2290.91 2727.27 2545 .4 727.2 4909.09
4 25 3136.36 500 72.7 454 72.7 1909. 09.0 300 3818.1 6000 727.27
4 2300 2272.7 72.7 045 .4 1718.1 81.8 . 2800 2727.27 727.27
4 090.91 3636. 72.7 40 454 210 4581.8 4 4363.64 727.27
4 763.64 5681. . 2672.7 6872.7 4 2 6818.18
48 7.27 50 . 454 0 210 720 4 600 .
9 909. 181.82 4 454.5 27.2 1. 4 7090.9 18.1
. 4090. 727.27 0.9 09.0 0. 4. 4909.0 72.7
09.0 2954. 272.73 9.0 90.9 0. 4. 3545.4 27.2
63.6 72.7 590. 636.36 4 . 2.7 90.9 9. 4636.36 4 . 7909.0 363.64
27.2 18.1 50 727.27 454. 454 . 210 720 272.73 . 60 272.73
272.73 927.2 4318. 409.09 454. 454. 2290.91 5890.91 727.27 .6 5181.82 4090.91
0 0 [ . . 2625 7527.27 727.27 .73 6545.45 4636.36
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Irw 5 tl spwb5tl Igpw5tl habw5tl hadw5tl hew5tl hfw5tl Ipw 6t Irw 6t spw6tl Igpw6tl
2187.5 1789.77 18.18 3181.82 3977.27 4375 5965.91 A 2556.8
12 946.0 9 2272.73 2727.27 45.45 500 7 3 2 .0
2045 .4 1022.7 4 37 5454. 477.27 181.8 4.0 7 1 4.0
. . 340.9 27 340 511. 22.7 534.0 .6 .0 .
1 . .64 22.7 8.18 068 . 0 . 86. 772.7 45.4 2 .4 .4
2 . 0. 3.64 579. 5 . 79. 772.7 2 1 4.5
18 .0 03. 3000 772, 4772. 37 795 .4 . 7. 52

8 1392.0 .64 90. 18.1 386.3 181.8 3181. 70.4 45. .0 30
1363.6 4.0 78. 18.1 2102. 79. . 8. .3 454 .
1494.3 7. 1011, 72.7 2397.73 727.27 2318. 09. . 1. .7 [

7. 27.2 045.45 18 7. . 18 .8 454
. 8 . 1 2. 09.09 181. 7 .45 409 1.82 . 22 .7 0 .
45. 2045.45 17 7 72.73 090. 6 7 7 6.36 .6 1363.64 7 2181.
2556 82 2045 .4 27.27 0 136.36 41 7.27 2 1704 .55 63.64 818.
3000 1764. 081.8 113. 4250 4 7159.09 0
45. 1789.77 534.0 272.7 579. 4602.27 6136.36 1363. 2215.9 1 64 2181.82
4 2045.4 022.7 318.1 727. 2045. 7727.27 511. 681.8 g 1772.73

B 1 2812 045 4 450 09091]| 6136 2 5568 204 187 1 0

9 1 2531.2 917.6 4857.95 090.91 56 9090. 1534. 2812. 1 64 3409.0

0 0 0 2556.8 2556.8 1 4909.0

1 2727.27 2812.5| 22159 4500 6250 6420.45 5795.45| 7159.0 2812 2755.6 2250 450
1221.59 965.91 704.55 1977 .27 2744 32 2113.64| 2215.91 3068.1 4261 323.8 318.18 818.1
1163.64 1454.55 872.73 4189.09 1000 1600 2800 3200 91 454.55 1527.27 7854.5

0 0 0 0 0 0 0 .64 .64 2481.82 5 .0
1454 1454.55 16 2560 00 600 00 200 . 454. 2100 45 .4
8 1745 .4 1600 1745 .4 3258.18 00 800 400 000 0 4 0.91 67.
9 1454 160 1163.64 2560 00 000 400 000 4 . . 7.27 1.
16 745.4 1745 .4 6516.36 00 600 4800 800 . . . 10472,
2454 454.5 21 7200 3272.73 3309.09 00 3272.73 09.0 72
1090 309.0 1745 .4 4189.09 1800 2000 00 2000 . . 09.0 7527
1745 327.2 1745 .4 4654.55 2000 2000 00 3600 7 4 . 72.7 7200
0 0 0 0 0 .5 7 3 09.0 8509.09
454.5 1 .64 1309.0 3258. 1400 2200 2000 2000 4 . 45.45 09.0 7 7.27
0 745.4 160 3258. 1200 2000 3200 2000 45.4 45.45 210 7 7.27
0 6 .0 2290.91 5890. 2727.27 3054.55 3545.45 2727.27 8 . 1 2672.73 6 2.7

8 454 4 .5 21 72 3272.73 3309.09 6000 3272.73 454. -0 2100 72

9 454 745.4 1163.64 3258.1 2800 3200 52 2800 45.4 454.5 27.27 4 1.

0 309.0 1454 4189.0 2800 2400 36 2400 . 9 09.0 0.

1 659.0 2290 5890.9 2727.27 3054.55 3545 .4 2727.27 . 0 [ 0.

2 454.5 454.5 21 720 3272.73 3309.09 60 3272.73 454.5 7 9.

3 0 0 0 0 .0 54.5 . 27.

4 2659.09 2659.09 2290.9 5890.91 2727.27 3054.55 3545.45 2727.27 2863.64 2659.0 24 .82 5890.91

5 1654.55 1781.82 175 4683.64 1636.36 2618.18 3927.27 2781.82 2659.09 2863.64 2672.73 7527.27

ha 6l ha 6tl hew6tl hfw6tl lpw7t Irw 7t spw7tl Igpw 7tl habw7tl hadw7tl hew7tl hfw 7t
.6 47.7 6136.36 8693.1 3 A 068. 2556.8 . 3977.27 7 4772.73 761.3
454.5 4 5000 10454.5 2. 068. 2272.7 4. 4772.7 . 4375 147.7
.0 10 7.27] 12272.7 4.0 79. 1534. 4. 71 .0 . 10227.27] 122 7
.8 4 45.4 63. 82. 2. 3 . . 1818.1 68.
.3 4 5 0 01.14 2045 .4 45.4 4090. 4 . 3409.0 36.
7 . 4 7 7 7 . 01.14 20 437 70.4
.09 .0 4 1 7. 8 .73 30 2414. 5318.1 6 6 5170.4 54.
8 .27 3409.0 37 5113. 045.45 3068.18 2224 .4 450 36. 4545 . 5000 6818.
9 0 2386 4 8. 9 27 2000 112 4309.0 2863.64 6556.
7.27 4085. 22 56 [
4 0.91 5454. 37 5454. 30 A 3068.1 2357.9 4090.9 3977.27 5170.4 5170.4 6363.64
4 8.18 7727. 3409 7102. 30 A 3034.0 2687 3806.82 6761.3 4772.7 9943 .1
7.27 3068. 2386. 4090.91 1534.0 1704.5 1272.7 2727.2 2556.82 3409.0 2272.7 4545 .4
363.64 2045 .4 3409 6818.18 2 4 0 0

5 0 2 727.27 4.0 . 3125 375 409.0 4772.7

6 2386.36 4602.27 727.2 090.9 A 18. 0. 3409.09 4 -0 409.0 7 4

7 1363.64 022.7 363.64 897.7 45 .4 3 3977.27 5 81.8 7

8 2727.27 727.2 4 . 772.7 2 6. . 2727.27 44 8 409.

9 2500 181.8 4 0 . 93. 0. 56 56 36. 1
5113.64 647.7 4 7 0 704 04.5 4 3272 2272 2 40 7.27
7102.27 761.3 40. 8 7 937 937. 7. 150 1590.9 14 . 12 04.55
1193.18 022.7 1. 8 1278 .4 1397.7 840.9 2454.55 2147.7 2727.27 1590.91 181.82

8

9

0

1

2

3

4 . . .

5 272.7 3309.0 5454 4909.0 1718.1 2290.91 1527. 7330.9 2945 .4 0.91 4909.09 4418.18

6 545.4 4072.7 7090. 4090.9 2672.7 2672.73 2481. 7941.8 3190.9 7.27 6381.82 681.82

7 272.7 3818.1 60 3545.4 2672.7 2290.91 21 1909.0 2945 .4 1.82 5400 190.91

8 727.2 4581.8 5454. 381 2 3 2672. 2290 5009.4 2454.5 8.18 4909.09 436.

9 A 4072.7 7636. 381 2290.91 2481.8 1527 4276 3436.3 3927.27 72.73 436.

0 .0 5854.5 10090. 463 2 4 2672.7 2290.91 9774. 4418 .1 5 5. 81.82 172.

41 3 7 4327.2 7090. 3818. 2 863.6 1 9 67 2945 .4 4172.7 81.8 3436.

42 3272.7 45.4 7636. 4909.0 14 718.1 1909 7025.45 2945 .4 5154.5 72.7 4418.

43 4909.0 4.5 9272. 600 0 245.4 2672. 6720 4418 .1 5645.4 45.4 54

4 300 A 60 727.27 0. 72.7 1909.0 70 .4 45.4 441

4 545.45 A 60 818.1 0. 09.0 1909.0 7025 .4 540 43

4 727.27 .0 6545 .4 272.7 09. 09.0 210 70 .4 4 5890.9 294

4 81.8 6818. 90.9 72.7 45.4 2672.7 7 .4 4 7 9. 417

48 63.64 60 72.7 4 72.7 2290 7 490 4 1. 4

9 4072.7 7090. 18.1 1527.27 5 4172.7 4 6 7.

4909. 72.7 2100 5 44 4 7 4. 6
4 3545 .4 4 0.91 67 4 5 4

636.36 4 7909. 363 4 3.64 79 1 4
272.73 4 7 . 818 4 .8 0 0. 70 945. 4 6 4
727.27 4 5181. 090 7 1 1. 54 454. 4 4 4 6
727.27 4 6545 4636 72.7 4 4. 76 3 927 44 6 8
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Ipw 8tl Irw 8 tl spw8tl Igpw8tl habw8tl hadw8tl hew8tl hfw8tl Ipw9tl Irw 9t spw9tl Igpw9tl
2045.4 2045 .4 1704 45.4 272.7 954. 2727.27 .64 068.1 68.18 56.8 5
7. 54. 767. 18. 363.6 590. 12 .64 8 7 45.45 477.2 4
1 4.0 79. 1534. 54. 772.7 454 . 6818. . 534.0 79.55 4.0 6
2045.4 45.4 994 . 04 727. 2727. . 045 .4 4 7 4
1 .6 34. 1363.64 . 7 . 727.27 2272. . 045.4 45.4 45 .4
2 4 20 0 18 068. 3750 4 . 2 2. 45.4 45 .4
4 45.4 1704. 5 181.82 181. 2954.55 . 045.4 4 .5 45.4
8 4 2019. 45 727.27 409. 37 . 045.4 9. 45
2 2300 0 0 4 14 4090
. 2 .0 1 7.9 3750 454 2 4
8.1 3 . 2 .3 4090. 409.0 44 44 A 2 . 4090.
8.1 3 2 7363. 4 .0 7 4 40 . 47.7 . 2454.
7.0 8 363 0 7 909. N 4090.
2 2 4 727 727.2 454 4090. 4 727.
2 7. 40.9 4 409 4 0. 727.27
1 409.0 4 40 0. 6
1 4 72.7 4 1 64 4 4 9. 3
3 409.0 44 40 6 3
17 . 37 25 . . 4 . 43. 420.4 37
2812.5 44 8590. 3750| 44 4 i 2 954. 2. 0. 8590.
2045.45 0 3545 2954 55 4 2 5 90.91 1 3 1 6 5318
1278. 1500 1022. 2454 .5 2227 .27 2045.4 1363.6 2727.27 852.27 937. 465.91 1636.3
40. 454 . 1627.27 7854.5 72.7 309.0 5454.55 4909.0 40. 454. 1527.27 7854.
4 2481. 5 [ 45.4 4072.7 7090.91 [ 9 2481.82 50
454 21 4 72.7 818.1 60 4 454 2100 45 .4
8 4 0. 7.2 27.2 4581.8 5454. 0 0.91 67
9 7. 1.82 18.1 4072.7 7636. 4 7.27 1
4 . 1 2.73 09.0 . 10090. . 10472,
09. 7200 72.7 4 7. 70 09.0 72
4. 09. 7527.27 72.7 4 7 . 09.0 7527
7 477 72. 7200 4 9 600 7 4 72.7 7200
4. 6 4 09. 7 7.27 090. 4 6272.7 4909.0 454.5 4 09.0 7 7.27
454. 4 09. 7 7.27 545 60 18.1 4 4 1909.0 7 7.27
4 45 .4 21 7 7.27 727 6545 .4 72.7 45.4 4 210 7 7.27
2672 7 7.27 4 8454. 7 2672.73 7 7.27
8 4 2290 1.82 454 7090. . . . 2290.91 1.
9 454 . 1527. 3.64 4 6 7363.64 . 454. . 1527.27 3.64
0 454.5 21 8. 0 4 7 5727. 4 454.5 2100 8.
1 2.7 2290. 72 18.1 5.45 7636.36 818 7 2290.91 72
2 72.7 2863.64 8509.09 27.2 1 7909.09 727 . 72.7 2863.64 8509
3 . 454.5 2290. 7527.27 272.73 4 7090.91 818.18 .09 454.5 2290.91 7527.
4 2 .64 2659.0 2481.82 5890.91 727.27 4 5181.82 4090.91 2 .64 2659.0 2481.82 5890.91
5 2 .64 3272.7 3054.55 8181.82 4363.64 2 7363.64 6545.45 2 .64 3272.7 3054.55 8181.82
habwtl hadwotl hew9tl hfw9t lpw10tl Irw 10t spw 10t Igpw 10t habw10tl Jhadw10tl fhew10tl hfw 10t
409.09 4431 4090. 795.45 2386.36 2386.36 1988.64 4136.3 2840.91 3693.18 3409.09 4829.55
727.27 181. 25 7.27 2125 2386.36 1789.77 5409.0 3409.09 3977.27 3125 6534.09
772.7 454 . 6818. . 0 0 0 0 0 0 0
4 727 2727. . 1590.9 .9 . 18.1 704.55 272.73 2272.73 693.
4 0 3409. . 1363.6 .64 63.64 63.6 727.27 727.27 2272.73 40
37 . 18 4.0 45 .4 72.7 068 . 068 . 3750 44 .
. 2954. . 45. 4 45.4 181. 181. 2954.55 4 .4
8 09.0 37 0. 068. 789. 4500 272. 840. 3750
9 0 2386. 8. 12 0 7 3363.64 32
-3 2727. 457. 50 7 4 0 59.0 36.3 4
4 .0 44 4431.82 . 045. 045 .4 1704.5 2727.27 72.7 54.5 4
.3 . 363.64 0. 181. 068.1 715.91 3409.09 63.6 72.7
A 4 0. 2727.27 454 . 534.0 704.5 1363.64 2727.27 045.4 27.2
2 454 4090.91 181 0 0 0
5 .3 4 4090.91 477.27 1 [ 15 0 7 818.18 40.9 .3 45.4 4
6 4 .0 4 409.09 7 3 6 1 4 1 727.27 72.7 40.9 72.7 4
7 4 0 727.27 7 4 0 1 4 1 545 .4 72.7 18.1 4
8 4 0 44 409. 7 2 7 . 545 .4 18.1 72.7
9 2500 954. 4 0 7. 448 . 36 2500 . 54.5 4545 .4
3750 44 113.64 77.2 04 187 5727 2500 4 09.0 4
4090.91 50 431.82 6363.64 3 2386.3 .64 4136.36 3522.73 4 93.1 .
1590.91 1363.64 136. 1590.91 5 1022.7 4 . 1909.09 397.73 09.0 63.6
8
9
0
1
2
3
4 . .
5 272.7 3309.0 5454 . 909.0 1840.91 2454.55 1527.27 7854.5 272.7 3309.0 5454.55 4909.0
6 545.4 4072.7 7090. 90.9 2 .64 2863.64 2481 8509.0 545.4 4072.7 7090.91 4090.9
7 272.7 3818.1 60 45.4 2 .64 2454.55 21 2045.4 272.7 3818.1 6000 45.4
8 727.2 4581.8 5454 1 . 2 4 2290 5367.2 727.2 4581.8 5454.55
9 A 4072.7 7636 1 454. 2 9 1527 4581.82 18.1 4072.7 7636.36
0 .0 5854.5 10090 3 068. 2 4 2290.91]| 10472.73 4909.0 5854.5 10 0.91
41 3 7 4327.2 7090 3818. 863.6 8 1 9. 7200 3272.7 4327.2 7 0. 3
42 3272.7 5345.4 7636 4909.0 534.0 840.91 1909. 7527.27 3272.7 5345.4 7636. 4909.
43 4909.0 5 4.5 9272 600 272.7 477.27 2672. 7200 4909.0 5 4.5 9 2. 60
4 4 -9 4 .3 6272.7 09.0 454 . 8 1909. 7 7.27 9 4 .3 6272.7 490
4 45.45 A 60 18.1 454. 045 .4 1909. 7 7.27 545.45 A 60 1
4 7 .0 6545 .4 7 04 045 .4 21 7 7.27 727.27 6545 .4 7
4 4 . 8454. 4 2672 7 7.27 818. 4 8454. 4
48 454 0. 7090. 4 2290 1.82 454. 7090.
9 4 6. 7363. 4 . 1527. 3.64 4 4 7 3.64 4
4 . 4 7. 5727.27 . 4 454.5 21 8. 4 . 4 5 7. 4 .
A 5.4 7636. 818. 7 0. 7200 18.1 7636. 818.
27.2 0. 7909. 727. 72.7 3.64 8509.09 27.2 7 9. 727.
272.73 .64 7090. 818.18 . 454.5 0. 7 7.27 272.73 7 0. 818.18
727.27 .64 5181. 090.91 .6 59.0 1. 5890.91 727.27 . 5 1. 090.91
363.64 . 7363. 6545.45 64 72.7 4. 8 1.82 363.64 .82 7363. 545.45
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lpw 11tl Irw 11tl spw11tl Igpw 11tl habw11tl fhadw11tl Jhew11tl hfw 11t lpw 12t Irw 12tl spw12tl Igpw 12tl
4 7 10 . 12 1590.91 2500 3068.1 3068.18 6136.
43.7 45 .4 1 18.1 2954. 2727.2 7.27 187 4 1477.27 4636.
7 10 3636. 4 4772.7 0 7 1022.7 4909.
4 1590. 0 25 3 03.4 18.
. 25 727. 2727. 3 45 .4 45 .4
204 7 4 .4 454 2045.45 045.45 2 4 0 44 72.
3 6 727 4772.73 3.64 44 2 0 27.
8 1 4 545.45 2500 2500 2 .64 3 727.27
9 363.64 0 . 122 204 136.
[ [ 1477.27 04 1 .5 6 1 35
204 2 1 3272.7 2727.27 31 .8 0 332 4
3 3 306 6136.3 4090.91 47 .7 . 6 3323. 6
1 1 148 3818.1 2500 250 4 7 18 4.
0 22. 7 7 4 4
977.27 40.9 7. 90.9 2727.27 2954. .4 77.2 4 .7 4
704 4.0 63.6 2500 2727. .4 .82 4
1 4.0 72.7 2727.27 2045 .4 77 4 4
8 704 9 72.7 2272.73 25 490
9 4.0 53 375 25 . 4 681.82 56
0 4 2.7 363.64 5454.5 2954 6. 500 3 . 6545 .4
1 4 4 18 3272.7 3636 0 5454.55 0 0 4909
22 20.4 1107.9 698.86 2181.8 1590 1 4.55 6 2272.73 0 7 7 32.9 2181.8
23
24
25
26
27
8
9
160 89 4 512 72.7 09.0 5454. 4909.0 210 4 .8 7.27 67
36.3 0 . 5 .4 45.4 4072.7 7090. .9 72.7 7 0. 7 0.
81.8 745 .4 7 .4 72.7 18.1 60 4 .6 -9 0. 2
8 472.7 27.2 4581.8 5454. 45 .4 7 2.
9 18.1 4072.7 7636. . 72.7 27.2 4
09.0 10090. .6 72.7 90.9 7
. . 72.7 4327. 70 7 09.0 70 .4
4 0. 7 72.7 45. 7 . 4 72.7 7 .4
4 3.64 4 4. 9 . 600 4 . 72.7 7 .
4 036. 9 090. 4 6272.7 4909.0 0. 09.0 7941.
74 8 4 545 . 60 18.1 0. 4 1909.0 7 0.
74 7 4 7 727. 6545 .4 72.7 210 7 5.4
7 4 4 8454. 4 63.64 7330.
8 9 454 . 7090. 481.8 79
9 4 352.7 4 6. 7363.64 72.7 [ 7025 .4
0 4 09. 4 7. 5727. . 09.0 90. 58 .
1 4 18.1 5.45 7636.36 818. 54.5 72. 672
2 7.27 1 . 651 27.2 1 7909.09 727. 054.5 4 4. 5 .
3 6.36 3 0.91 6749. 272.73 4 7090.91 818.18 672.7 . 1. 8 A
4 2 1.82 203 1 0.91 4189.0 727.27 4 5181.82 4090.91 2863.64 2672.7 2481.82 4 A
5 2036.36 203 2036.36 5090.91 4363.64 2 7363.64 6545.45 3054.55 3054.5 3054.55 636.3
habw12t ha 12t hew12tl hfw 12t Ipw 13t Irw 13t spw13tl Igpw 13t habw13t ha 13t
37 4. 4772.73 7500 3 ] 0 [ 1 36.3 37 454 .
2954. 2727.27 7.27 7. 0 8 A 54.5 3693. 4545 .4
3636. 4772.73 1.82 .7 2 . 0 7 3636. 4
4 2386. 37 454.55 4 045 .4 295 .4 . 2386.
37 [ . 40 477.27 .64 3 4 045.4 545.45 37 4 .
3068. 068. 44 95.45 A 5 556.8 681.82 3068.18 068.
4772. 113. 44 81.82 0 0
8 3409.0 37 47 477.27 1 4. 2045.45 1534.09 818.1 2272.73 2500
9 2818.1 92.05 1 3. 1363.64 1409.09 863.6 [ [
4431. 4073.8 460.23 7.84 0 772.7 4284. 6.
4090. 4. 4772.7 477.27 3 .8 2500 6 4090. 454,
4090. 4772.7 22. 3 .8 68.1 1 4090.
2500 4. 25 45.4 2. 01.14 7 3750 4
2272.73 . 181. 454 . . 4.0 4.0 3409.09
2727.27 636. 2954. 4545 .4 7 .8 7 3750 4 .
3750 37 4090. 4. 4.0 4 2500 25
6136.36 5113. 4602. 1 4.0 . 2727.27 2272.
8 3409.09 4431. 3750 704 .9 72.7 2272.73 2954.5
9 37 4772, 7 8 . 045 .4 4.0 64 375 2500 3181.8
0 4318. 500 4 750 0 0
5454. 6136.36 4 8181.82 2045.4 2045.45 1704.55 3272.73 3636.36 4090.91
1590. 1931.82 1 2272.73 511.3 539.77 494 .32 1090.91 795.45 909.09
4
8.
91
4 .
436.36 4. 4418. 2250 9. 72 545,
27.27 681 863.64 4 454 7 4. 545 4
. 4172.7 1 068.18 454 . 454 454. 090 4
.4 4 4 4 477.27 4 4 272
44 6 .09 4 090.9 4
44 4 4172.7 0 4 454. 104 909 72.7
4 2 45 .4 7 , 545
4 4 4 8 7527. 090
4 . 8 .64 7 4. 454
4 4 54 44 045 .4 8509. 090
4 . 4 .73 5645.45 44 4 045.4 7 4. 545
4 45 .4 81.82 6627.27 4 4 22 7 7. 272. 4 .
4 5400 7609.0 4 0 7 4.55 090 60
4 4 . 4909.0 7363.6 44 8 6 . 8509.09 4 5454.5
4 4 7 4909.0 7 44 8 .64 045 .4 7527.27 5454.5
.64 4418.1 6 .4 4 454 6218.18 4909.0
2 54 7854. 44 . 4 7200 . 600
5400 154. 7 54 72.7 . 4 60 727.27
3190.91 44 7 3927.27 63.6 4 59.0 4 3545.4 4909.0
3436.36 44 5 . 3927.27 68.1 4 59.0 3818.1 4909.0
5 3927.27 49 6 7. 5890.91 272.7 72.7 4363.6 454.5
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hew13tl hfw13tl Ipw 14tl Irw 14t spw14tl Igpw 14tl habw14tl Jhadw14tl |hew14tl hfw 14tl
4772.7 750 30 A 3 8. 3 A 6136. 3750 454.5 4772.7 7500
4090.9 7 0. 7. 4 .8 72. 1477. 8 A 681.8 06.8
4772.7 1. 5 .0 2 4.0 7 4 5454. 7 4 7159. 22.7
37 4. 0 4 45.4 4.0 5 2386. 0 A 37 454.5
4090.91 7. 363.6 0 4 6545 .4 3750 090.9 4090.91 477.2
4431.82 795.45 0 A 56.82 6.8 4 9. 3409.09 4090.9 4431.82 95.45
0 0
8 4 A 1 .0 2045.45 1355.1 2272.73 2500 3181.82 4 8.
9 4 .8 4 0 0 200 0.4
0 4 7 .0 1 0 1818.18 . 3295.4 4 9.
2 3 3323.8 4090.91 4. 4772.7 7.
772.7 7 2142.0 2727.27 3181. 1.82
375 5 2. 4 3750 37 8.18
772.73 0 22.7 . . 2272.73 1590. 7.27
431.82 8 45.4 7 4 . 2727.27 6 . 2954. 45 4
727.27 5 . 45.4 45 .4 37 37 4090. 8
045.45 7 01.14 7 4 . 4090. 409. 3068. 7 4
8 2500 4 . 5 23.86 5 .8 4 .0 3409 4431.8 37
9 3863.64 681.8 [ 01.14 250 562 31 772.7 79
0 5 64 1534.0 7363.64 4090. 227.2 477 1
363636 5454 55 0 2812 4909.0 5454 136.36 454 5 8
568.18 1136.36 5 1448.8 3272.7 2613.64 727.27 704.5 4 0
5727.27 909. 2250 [ 72 545 .4 5727.27 4909.0
70 . . 863.64 4 7 4 545 .4 4 7090. 4
68 . 45. 068.18 4 4 4 40 6818.
70 477.27 2 7090.
76 6 4 40 9 7636.
4 100 A 4 104 49 7 10090
4 70 0 .6 545 .4 7090. .
4 70 9 . 4 .0 7 7.27 40 7090. 909.
4 98 727.2 .3 7854. 4 9818. 727.2
4 09.0 4. .6 8 . 40 60 09.0
4 6 09.0 4. 7 4. 5 4 6272.7 4909.0
4 7 45.4 4. 7 27 7 45.4
4 454 36.3 6 7 4.55 4 . 600 4 4636.3
4 09.0 8 8 9.09 4 . 5454.5 . 09.0
4 454 09.0 8 7527.27 4 . 5454.5 4. 09.0
090.9 4 4 4 6218. . 4909.0 . 90.9
. 909.0 . 4 72 4 .64 600 . 909.0
.0 60 72.7 3.64 60 727.27 . 60
7 .0 4363.64 63.6 59.0 490. 3545.4 909.0 7 .0 4363
6545.4 4363.64 68.1 59.0 0. 3818. 909.0 6545.4 4363.
7 .6 6545. 272.7 72.7 1. 4363. 454.5 7363.6 6545
Ipw 15tl Irw 15t spw15tl Igpw 15tl habw15tl hadw 15t| hew15tl hfw 15tl latirm 1 loro1rm 1 splrm 1 Ip1rm 1
2159.09 2329.55 2159.0 4500 2954.55 4204.55 3806.82 5795.4 42.6 . 34.1 72.7
0 [ 0 0 .5 45. 34.1 109.
1159.0 2509.09 0 0 2454.5 2909.0 7 4 22.7 0.
909.0 09.0 681.8 2545 .45 1193.18 1534.09 187 2727.2 17 4.
1363.6 1505.6 1306.8 4500 2386.36 2556.82 2443 .1 4034.0 2.7 1.
2045.4 1704.5 1704.5 3272.73 2727.27 2727.27 2954.5 863.64 4 8.4 4.
0 0 0 4. 4 .
8 0 0 0 0 0 0 2.
9 0 0 0 0 0 0 54.5
0 0 [ 0 0 0 . . . 10
0 0 0 0 0 0 . . . 54.
3681.82 3323.86 3068.1 6136.36 4090.91 6818.18 4772.73 8522.7 4 104.
1647.73] 10022.73 1477.2 3545.45 3579.55 4204.55 2272.73 4090.9 . . 5
0 0 0 0 0 0 0 0 . . . 86.
1329.55 1363.64 1062.5 727.27 2045.45 2727.27 2215.91 3409.09 . 45. . 7.
795.45 710.23 625 . 1022.73 1079.55 1193.18 1818.18 . . . 5
0 2.27 0 . 0 0 0 0 . . .7 6
1 7. 0 . 0 1250 2386.36 . . .4 6
2045.4 1 4 7 37 12 3181.8 0 0 . - . 10
40.9 40 . 909.0 738.64 09.0 909.09 1250 . 4. 72.
1 .0 1 3 1 . 2181.8 28181. 3806.8 2727.27 4090.91 . . 4. 63.6
3 1 3 2181.8 795. 09.0 568.18 1136.36 1 36.4
4.1 50
7 81.8
72.7
136.4
27). 2 2 72.7
28 ). 2 2 . 72.7
29 4 2 4 100
0] 3 A 72.7
1] 3 9 72.7
2]. 28. 9 . 59.1
3] 28.4 4.1 8. 72.7
4. . . . . 45.5 9.8 4.1 109.1
5 1500 1772.7 1 0.91 4800 2363.64 2545.4 3818.18 272.73 22.7 8.4 17 81.8
6 1909.0 190 1 236.3 2363.64 909. 4727.27 727.27 2.7 4.1 4.1 100
7 2045.4 163 1 636.3 2727.27 090. 4545 .45 363.64 8.4 8.4 1.3 50
8 2318.1 190 1 709.0 2181.82 454 . 4727.27 545.4 4.1 1.3 4.1 63.6
9 772.7 09. 0 727.27 272. 090.91 090. .4 2.7 5
4 045.4 0 9 272.73 1 727.27 090. 4 4. 127.
4 909.0 .8 0 363.64 4 727.27 727 4 6.4
4 7 . 727.27 4 727.27 . 4 4 4. 1.
4 4 590.9 09.0 636.36 4 545.45 18.1 4 4.
4 9 .0 63.6 727.27 4 4000 72.7 4. 4 1
4 772.7 63.6 363.64 . 4181.8 7 .4 2
4 6 1500 0 181.82 2727. 4 0 .6
4 4 045.4 2 727.27 40 . -9 42
4 09. 0 .4 772.7 6 . 636. 3636. 4. 272.7 4 6. 10
4 .0 045 .4 63.64 018.1 090. 3636. . 272.7 4 4. .
36.3 145.4 454 . 3272. : 727.2 . 4
09.0 480 909. 40 272.73 4. .3 4.
4 81.8 09.09 400 18.1 4000 4. 4.1 1 .
. . 72.7 7.27 2363.6 72.7 72.7 2909.09 4. . 1.3 10
45.4 09.0 772.7 7.27 2545 .4 72.7 63.6 2909.09 4. 4. 4.1 81.8
181.8 81.8 181.8 454.55 2909.0 36.3 4909.0 4363.64 9. 9.8 104.5
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habd1rm 1 [hadd1rm 1 Jhextirm 1 Jhfix1rm 1 lat1rm 2 loro1rm 2 splrm2 Ip1rm 2 habd1rm 2 Jhadd1rm 2 Jhextirm2 |hflx1rm 2
3 54 45.5 45. .9 7. 48. 4
4 7 8 45. .9 10 3
7 .7 10 7
4. 4. 4. 4
4. 4. 4. 4. 4
4 .
8 . . 42 6 . 5
9 4. 1 7 4 5 1 4
0 4 4 4 10
4. 4 4 4 5 4
6 4 4 1
. 4
4 4
42.6
4. .3 .
7 R 4
8 72.7
9 127.3 7
0 4 4 4 118.2 48. 6
1 4 4 4 72.7 5 6
22 5.6 .3 1 1 22 1 36.4 2 22.7 31.3 1
23 1.3 .5 2.7
24 1.1 7 1.1
25 4.2 48.3 7.1
26 4.1 76.7 7
27 2.7 2 4 9
8 3 2
9 2 3 .
0 2 4 9.
. 4 4
4 4 4.
4 4.
g 4
4 4.
4
4
4
4
4 .
4 _ 4
4 -4 .4 .
44 42.6 4
4 . . -
4 1 4 45 4
4 7
4 6
3 4 7
4.
. 14.2 15.5 12.9 28.9 18.1 22 27.1 15.5
5
. 36. . 4.
28.4 39.8 54 42.6.
5 28.4 45.5 68.2 48.3
latirm loroirm3 |spirm Ip1rm 3 habd1rm3 [hadd1rm 3 Jhext1rm3 |Jhflx1rm latirm 4 loro1rm4 Jspirm4 Ip1rm 4
45.5 4 .5 86.4 .8 79. 51.1 48.3 4 45.5
.8 4 .9 100 4 7 2.4 42.6 42.6 4 .9 1
7 48. 7 104 0. 76.7 7 4 .7
.4 7 4.
4 4.
R 4 .
4 5 2 4 4 10
8 4 39. . 4 86.4
9 1 5 . 6
4 4 1 4 65. 76. 5 4 104
42. 4 4 56. 68. 51. 4 4. 72.
5 4 . 4 7 93. 54 4 86.4
36. 1. 4 7 39.8 2 90.9
0 88 51.1 2 22.7 100
5 4 42. 6. 4 7 4 4 90.
6 4. 0. 7 4 86.4
7 4 8 4 6 4 77
8 48. 3. 7 4
9 4 4. 127. 8 1
4 4 113 4 7 4 4 1
4 42 2. 8 4 4 4
2 45.5 3 2
. .4 5 86.4
.4 7. 72.7
4 4. 127.3
72.7
8 . 77.3
9] .6 6 90.9
0].
1. .9 1. 4.1 63
2] 4 4. 1. 63
3] 4 1. 5. 77.
4. 2. 1. 113.
5] 3 2. 104.5
6] 4 4. 104.5
7] 4 3 50
8. 4 4 86.4
9. 3 3 68.2
0 4 4 . 159.1
4 4 4 28. 104.5
4 28. 3 34.1 109.1
4 54 5 42.6 113.6
4 4 _ 1
4 .4 1
4 4.
4 1 .
4 4 . 1 2
4 42. 2 4 ,
. - -4 . -4 .4
15.5 15.5 12.9 35.1 18.1 20.7 27.1 15.5 2 4
4 1
3 4 122.
4 4 4 8
4 4 118.2
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habd1rm4 |[hadd1rm 4 Jhextirm4 |hfix1rm 4 lat1rm 7 loro1rm 7 splrm?7 Ip1rm 7 habd1rm7 Jhadd1rm 7 |Jhextirm7 |hflx1rm7
45.5 7 54 .9 4 48. 04.55 5 7 93.7 5
A .4 59.7 42.6 45.4 22.73 2. 9
7 76.7 7 .7 27.27 7 1 7
.9 7 9. 4 4 4
4 . A . 9 .0 8. 7
4 54 73. 7 45.4 7 9 0. 7
54 82.4 54 48. 7 113, . 6
8 42. 7 54 42. 4 .7 1 59.6 65.34
9 56. .4 .7 63.64 8.
[ 4 6 85. 45.4 4 104. 8. 65.34
5 7 . 4 72. 53.9 6.7
4 7 8. 45.4 86.4 56.8 73.8 1 4
45. . . 48. 109.09 45.4 2.
7 5 7 22.7 2 127.27 6. 7 1
4 54 48. 48. 4 1 53.9 71.0 65.34
4 4 7 42.6 7 . 90. 51.1 2. 2.
6 31.2 4 .4 81. 8. 45.4 .9
8 7 42.6 4 86 4 59.6 7 14
9 4 9 8. 45 .4 1 68.1 10 .0
0 8 48 . 11 2. 9 .86
1 10 45 .4 10 9 116.4 6.7
22 2 31.3 42. 28.4 .0 77 65.3 6.93
23 3 4 .0 77 28.4 5.57
24 4 42 76.7 48.3 2 1 7 4 45.4 1.14
25 1 25. .3 17.1 2 . 9. 73 3 22.73 .89
26 3 54 2 59.7 45.4 1 .0 109.0 4.09 5 4 51.14 2.5
27 2 25. A 48.3 28.4 2 7 1.2 72.7 41 2 28.41 39.77
8 3 31. 8.3 34.1 .0 a7 4.0 1 45. .93 42.61
9 2 31. 5.5 22.7 4.0 41 4.0 81 34.0 .05 19.89
4.0 77 .9 90 45.4 9.77 42.61
28.4 . 4.0 .0 7 72. 4. 4.0 .7 1.14
4 4 4.0 4.0 7 63.64 4.0 4.0 4.0 4.09
4.0 4.0 72.7 7 4 .9 T7
4 . 45.4 .7 1 7 .8 4.0 .4
4 7 7 7 27.27 77 48. 6 4
7 42.6 45 .4 13.64 73.8 11 7
4 7 A 4 . . 59.6 8
8 6 45 .4 .9 81.82 45 .4 2. 7 4
9 4 . 82. . 4 81.82 65.3
7 10 . .8 8. 163.64 93.7 1 7
56. 7 . 45.4 .9 . 10 7 1 7
7 7 5 8. 4. 45 .4 04.5 5 7 5
7 7 7 .8 2. 4 8 16 7
54 59. 45 .4 51.14 68. 7 7
5 7 42.6 . 4 2. 8 6
45. 7 36.9 . 8. 4 5 6
7 48. 5 . 2. 8. 0. 6 4 7
8 7 -4 8. . 7 4 7
9 51. 45.4 39.7 .6 5 6 4 4 73.
0 62. . 36.9 .4 7 79. 4 2.
1 20. A 51.1 1 2. . .8
2 71 . .14 2. 4 118. 82.3 1 4 .9
3 36.9 . 5 48. 45.4 3 127.2 2 71.0 02.27 2
4 39.8 . 4 48.3 48.3 45.45 1 90.91 6 68.18 90.91 .6
5 48.3 9. 4 79.5 53.98 51.14 51.14 122.73 6 71.02 107.95 .3
pchlatmd |pchlorm pchspmd |pchlpmd pchabdmd|pchaddmd]|pchextmd Jpchflxmd pchlatpt pchlorpt pchsppt pchlppt
13.33 14. 33.3 31.25 45.45 69.23 47.37 35.7 26.67 2 41.68 43.76
-6.25 6. 8.3 417 28.57 43.75 3.57 7 -6.26 1 33.32 12.5
0 6. 5 0 20 13. 12. 0 1 0 40
0 16.6 [ 5 0 62. 33.35 100
0 37. 16.67 3 3 4 7 55. 10 .99 0 44.44
33. 16.67 0 4 7 5 2. 7 67 0 6
14. 33.33 57.14 11.11 31.8 35.7 41.68 16. 78.
8 33. 30.77 9. 18.75 2.5 3 47.0 9 .37 27. 7.
9 0 42. 16.67 66. 62. [ 14. 1
6.67 14.29 - .55 30.77 150 1 .67 14.29 -3
33.33 14.29 33.33 16.67 5 67 72 24.99 .
12.52 7 7.1 -17.4 23.07 0 2 77 .27 14.28 -17.
0 27.27 11.11 81.8 20 10 9 .9 54.5 44.44 118.
-38.46 -38.46 -20 15.7 18.18 19.2 1 - 4 -38.4 -20 7
5 1.43 16.67 17.6 77 4 55.5 .4 24.99 29.41
6 7.27 44.44 7. 72.7 7 . 5 8 2
7 7 19.9 12.4 21 2 4 1 24 2 7
8 7 7.14 1 7. 4 6. 4 4 5.7
9 2 4 . 1. 14 3 7.
23.0 - 5 5 0 46 2
21.4 28.57 . 68 1 5.7 42. 3 71.4
2 2.5 1.1 37. 36.36 71 37. 6 7.
2.64 - .2
8.33 -9.09 12.4 5.55 -5.55 7.14 0 -5.5 -0.0 9. 1 1.14
11.11 0 -14. 0 40.07 -18.18 22.07 -18. 1 0.0
0 -6.25 -7. -6.67 16.66 18.77 11. -0. -6. - -20.0
-12.49 -10 16. 0 12.49 0 -24. 30.7 25. - 0.04
8 -10 -11.11 -11. 6.24 0 10 -5. -14.2 20.04 55.53 37.5
9 -20 -10 - -9.09 0 -8.33 -11 33.3 -19. -18.1
0 . . 8.92 16.6 25.0
1 0 -15. -14.2 -12.5 -8.33 -16.66 -18.7 -5.5 -7.61 -7.6 0.0
2 0 -7. 7.7 0 -6.2 20.04 -7.6 -18.18 7.68
3 -8. -1 6.24 10 -7 -5. 20.04 10 4
4 -12. 7. -8.3 4.17 0 -5. -10 1 -0.1 0 - 4
5 37.8 29.9 33.5 27.75 180.28 10 78.39 3 75.2 .04 83.8 5 9
6 75.3 24.9 4.5 70.07 7 27.2 33. 7.71 .28 8. 1 4
7 60.2 29.9 17.8 0 45.37 38.4 73.47 6. 0.07 .04 27.0 0
8 4 4 36. 8.2 35.85 50.22 2 100 40.14 3.28 4 8 2 5
9 4 4 27.1 12.7 36.4 87.67 7 70.6 79. 0.04 .0 25.1 6 4
0 4 7 41.6 24.9 24.98 71. 3 6 28. 2.46 6.6 41.64 2 5
41 2 3 21.36 42.7 20.95 27. 24.84 4 1 33.28 5.6 57.04 1 4
42 0 0 33.37 99. 150 8 0. 0 0 33.28 27.81
43 58.36 31.21 24. 24.97 110 150 1 21 8.94 66.63 37.36 24.96 20.01
4 2 -6.37 0. 11.51 4 7 2 9.12 110. 3. 30.04 5.
4 29.9 62.56 85.85 A 54.3 200 0.14 4 & 22.07 100.
4 3. 0 - 0 134 79.9 74.73 0. 9 5.
4 14. 28.4 27.7 4 . .3 7.
48 24. . 18. 64.0 36. .5 0 2
49 4 2 50. 2 37.3 7 . 7.6
1 .14 .6 57. 1. 66. 4 4 0. 4 0.04 1
5 45.77 0.54 75.7 83.4 60.4 56.9 10 6 2 4 2 286.12 32
5 41.64 2. 41.6 11.51 47 6. 3. 4 9.97 -0.02
5 .4 24. 17.8 2.7 8.21 53.9 40. 4 7. 27.27
5 4 41.64 16.7 0 40.14 28.3 2. . 4 4. 11.14
5 21. 14.32 13.11 70.07 31.2 20. 4. 4 9 28. 17.44
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pchabdpt |pchaddpt |pchextpt pchflxpt abslatmd Jabslormd Jabsspmd Jabslpmd absabdmd|absaddmd]|absextmd Jabsflxmd
72.74 73. 0 5.68 5.6 11.36 22.7 4. 25.57 7
57.14 0 .4 3.33 -2.84 2.8 2.84 4. 11. 19.89 4 2
78.5 6.67 0 2.8 4. 19. 11.36 6
.4 7.48 4 7. . 0 7
.0 188.87 3.64 11. 4. . 2
-9 1 5 133.35 1 7.27 4 19.8 4 2
7 36.37 4.28 1 .36 .6 .8
8 1 .0 1 76.4 130 1 4 .64 4. 11.3 . 2
9 112.52 7
77 2 1 100 - 1 17.0 A 3
.74 40 50 1 4. 4. 1
A 77 4 - .3
3 1 1 .5 4 4 .3 42.6 22.
. 112. 7 -14 -14 - 4 7 4.
46.1 8. .9 4 1 .0 4 17.0
1 -0 7. 10 11.3 22. .3 17.0
-0 4 72.74 5.6 4 11.3 4.
45 .44 44 .4 38.4 2.8 4 5 6 1
1 .44 4 72. 1 .84 22 4. 22.7
6 g 29.41 . 99. 8.52 -2.84 40.9 4. .8 19.
3 1 127.7 9 8.52 18.1 4 31.2 17.0
33. 74.9 109.0 116. 2 5.68 .52 22.7 2.84 8.52 1.36 8.5
. -22.2 -37.4 12. . . . .
-22.2 14.2 -40.7 0.07 2.84 -2.84 2.84 4.54 -2.84 2.84 0 -2.84
60.0 18.1 -52.94 16.2 2.84 0 -2.84 5.69 -5.68 0
12.5 -33.3 4.6 0 -2.84 -2.84 -9.0 5.68 8.53 8. 0
24.9 -37.4 7.7 -2.84 -2.84 2.84 2.84 0 -11. 11.37
9.0 59.98 -27.7 7.0 -2.84 -2.84 -2.84 4.5 [ 2.84 -2. -5.68
-29.9 0 -66.6 16.29 -8.52 -2.84 -2.84 -9.09 0 -2.84 -5. 5.68
33.3 - 2 7.07]. . . . . . .
-12. 0.07 0 -5. -5.68 -9. -2.84 -5.68 -8.52 -2.84
-14. -24 -24.9 20.04 0 - 4 0 4 0 0 - 4
-19. - -23. 16.6 -2. -2.84 4.54 2.84 -2.84 - 84
7. -4 3. -5.6 -2.84 4. -2.84 - 6
1 1 78.44 3. 8. 5.7 22. 1. 4
1 7 81 108.2 7. 0 4. 1 4
10 72.46 7. 4.
8 1 13 0.04 4. 1 4. 4
9 1 1 7 110.07 4.
1 9.87 4 1 4
.31 45 .4 180.11 4
1 .86 1 . 110.07 2 4 4.1
1 .07 2 476. 5.68 1 14 2 3 4 45.5
6 27.2 160.07 . -2. 3 1 . 7
1 9 200.1 130.07 . 14. 4 1 1 56.
1 10 124.7 1 07 - 2 22.7 3
3 0 7 . . 27 14.2 28. 1
8 7 8 8 6. .5 .8 18. 25.5 22 2
9 4 7 .5 14.2 1 .7 3 1 17 17 1
0 .44 1 1 2 7 1 0 22. 1. 4 4.
1 4. 7 1 2 .5 7. 20. .8 0.
2 .34 99. 14.2 14. 13.6 22.7 4.
3 .6 3 149.9 11.4 5. 22.7 2.8 9. .
4 1 .07 . 8 40.05 11.4 14. 5. 0 11.4 11. 28.4
5 160.07 56. 8 70.58 11.4 8. 5.7 13.7 19.9 14. 14.2 31
abslatpt abslorpt abssppt abslppt absa pt Jabsa pt |absextpt absflxpt LPW17TL JLRW17TL |[SPW17TL|LGPW 17T
11.37 11. 14.2 .82 7 4.0 9.77 .89 215.9 45. 1943.18 4 .64
-2.84 . 11.3 .64 7 .7 7.04 41 045 .4 . 1477.27 5454.
0 . . 2 4 .8 7 0 7 . 10 73 4 .64
.54 4 3 2 3 7 .
1 .36 17.0 7 .0 363. . 4 4 .64
1 34. .0 8. 0 . 187
1 1 14. .8 .7 0 2045.4 . 4
8 1 4 27.27 28.4 4 .9 3 534. 2045 .4 0 .
9 0 .0 7 4 .3 1448.8 5 30
.8 . - .36 7 14 181.82
22.7 14. 9 7 045 .4 2045.4 1 4.09 363.64
.5 2. - . . 7 23 849 .4 5 727.27
11.3 17.0 1 .0 .0 . .14 704 187 1 64 4
-14 -14 - 9 6 2 3 0 022.7 1022.7 1 2.7 4 4
5 .8 22.7 17.0 2 45.4 4 1920.4 1943 .1 2. 4 4
6 1 4. 1 40.9 25.5 4 .7 2 187 1704.5 1 .64 4090
7 6 18.1 19.8 7 7 7 681.8 767.0 5 772
8 17.0 4 22.7 4 2 .7 937. 1022.7 .0 636
9 2.84 1 40.9 28.4 4 .0 187 1590.9 1647.7 454
17.0 4 22.7 4 7 187 187 1363.64 90
4 17.0 1 A 1 45.4 .34
8.5 11, 1 4.0 0 0 0 0
~2.84 1 ~17.04
4 84 1 B
568 - 84 36.36 3 s 2
-2.84 ~2.84 S27.2 - 4
~2.84 4. 0 R “17.04 4
8 . 4. .5 27.27 .84 17.04 -14.2 4
9 -8. .6 -18.18 -8.52 0 -34. 4
0 5.68 .6 18.18 2 [ - 4 4
1 -2. -2.84 0 -5.
2 5.68 -2.84 -5.6 4.55 - 8 -11.3 -11. 5.
3 5.68 0 2.84 [ - 8 -11.3 -11. 5.
4 0 0 -9.09 2 6 -2 11
5 17.07 14.21 14.2 45.47 2 7 5. 31 19 2250 2659 1636.3 7527.27
6 19.91 11.35 .8 13.64 39. 39.7 51.14 36 1875 1295 1278.4 4909.09
7 22.74 14.21 4 [ 22.6 22.7 42 22 1909.09 1704 1136.3 1911.27
8 11. 22.68 83 18.22 22.7 22. 45 7. 3477.27 3 2659.0 621
9 8. 8.47 71 31.82 28.4 36.94 6.9 1.2 2863.64 2 1840.9 4
40 22. 22.72 4.2 36.34 39.75 42.6 0.4 9.7 2181.82 2 . 1977.27 7
41 11. 14.18 1 5 3. 17 2 .41 A 2045. 2 A 6.3 5
42 0 1 5 22.7 28.38 45. 75 2 1 4.0 1 4.0 2454.5 78
43 22.72 17 1 18.1 4.1 5 1 27 4 3 .3 4 4 3 A 8181
4 11.35 .64 1 2 5 4 4 .8 .8 3136
4 11.37 19.9 25.5 1. 3 9 2 .0 2 .0 2 4 8509.
4 14 .17 .8 25.6 .4 7 7 .0 .0 .5 15
4 14. 9 8 . 2 0 .64 4 0 4 -3 45.4 727
48 11. 1.4 .4 7 6 4.0 .14 7 045.4 4 0 454
9 7. .55 0 11.3 .8 4 .0 0 A 7 45.4 872.
1.3 1 3 .53 3.6 31.2 4 4 8. 045.4 59.0 45.4 218.1
6.94 3 4 29.47 9.7 49. 44. 0 0 0 0
7.04 7 17.04 -0.0 7 4 4 2215.91 2386.36 3323.86 6272.73
14. 11.35 5.63 27. 7 4 a7 A 2045.45 1704.55 1704.55 5727.27
14 11.35 8.51 9.11 2 91 0 0 0 0 0
17.0 11.34 11.34 18.23 4 75 4.0 2215.91 2215.91 2045.45 5454.55
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HABW 17T[HADW 17T[HEW 17T L][HFW 17TL]LPW i8TL [LRW 18TL[SPW 18TL]LGPW 18T [HABW 18T[HADW 18T|[HEW 18TL[HFW 18TL
727.27 3.64 5000 209.0 323.8 068. 068. 45 .4 2090 579545 7500 5113.64
4 . 5113.64 409.0 068.1 - 471. . 590. 0| 5795. 477
4 . 6136. 772.7 534. - 34. 45.4 454, 477.27| ©9204. 715
4 3636. 72.7 045.4 4 278.4 2 727. 5454. 40
. 54. 50 81.8 045.4 - 45.4 4 . 4431. 75 477
4. 09. 4545, 36.3 045.4 18 704. . 4. 409. 4545 .45 63
6. 409.0 7. 09.0 045.4 187 40 - - 409.0 7.27 40
B 2. 250 81.8 767. 1022.7 1 . . 125 0 9
. 72.7 2045 .4 187 1630. 72.7 454.5 40
1477.27 45.4 . . 20909 295455 - 0 0
250 36. 45.4 K 30681 2301.14 37 454. 181 477
403 .4 4204, 0 1071.0 8 7 745.4 363. 09.0 264
45.4 7. 45 8 2812 2045 4 4 068. 81.8 443
72.7 4 454. 4.0 534 1534. 4 409. 4 81.8 477
85. 6 50 0 4 0 212 4 4284, 454 7500 1
54. . 50 5 2. 5 045.4 4431, 4 750 443
12 6. 3 3 2045 .4 3 789.7 37 409 795.4 2
250 0 8 7 2812 06 2 3750] 4 7 159.0 44
2727.27 3.64 0 36.36] 2045.4 18 2727.27 9
295455 T 5 09.09] 1022.7 1022.7 1590.91 727.
0 0 0| 1022.7 852.2 363.64] 1363.64 181
0 0 o] 10227 1022.73| 1022.7 213636| 1363.64] 14 7 136.36 81.8
818.18| 4 64| 6818.1 727.27 2250 59.09 - 7527.27 818. 4363.64| 6818.18 727.27
954.55 50 727.27 1875 77.27 64 09.0 954. 636.3 5000 2727.27
727.27 . 4545 4 727.27 795.45 5 72.7 40 4772.7 6818 .1 4090.
B 4909.0 6545 .4 477.27 6 18.1 272. 4909.0 6545.4 818.
9 490 7909. 09.0 - 7 72.7 727.2 72.7 5272.7 272.
4 6 4545 4 6909.0 72.7 0 7 4 818.18
45.4 4727.2 045.4 9 4 4909.0 2500 4545 .4 3636
4 7090.9 534.0 0 2 78545 4909.09 7090.9 5181
109009. 886.3 4 4 81.8 727.27 10909.0 7090
363.64 2159. 704.5 2 3 72.7 727.27 4318 1 3636
545.45 8181. 6 5 0 09.0 545.45 3 8181.8 181
12 - 25 3 01.14 7 450 37 4 7 75 2
2954 4090. 363 0 7 0 8590.9 44318 136.3 545.4
8| 4545 2045. 454 0 6 3 4| 72727 6818 1 136.3 181. 7
o 4909 60 727 0 72. 045.4 72.7 4909.0 600 727. 2
0 600 6272.73 181 0 59.0 0454 181 600 272.73
1 0 0 - 72.7 8 63.6 3409.0 772.73 2 22
2| 2272.73] 2159.09] 5909.0 431818 8 79.5 32 09.0 6818 1 477.27 63.64] 647
3| 2272.73| 3636.36] 5454.5 3409.09 2 67.0 0 90.9 3409.0 454.55 81, 13.64
4 0 0 0| 3068.18] 2863.6 28125 409.090 375 4772.73 840.91| 4431.82
5] 2954.55| 3636.36] 5227.2 5000] 221591| 2215.91] 2045.45 727.27] 2954.55 0| 5227.27 5000
CPW 19TL [LRW 19TL[SPW 10TL]LGPW 19T|[HABW 19T[HADW 19T[HEW 19T L|[HFW 19T L|LPW 20T L [LRW 20TL [SPW 20TL]LGPW 20
3323.86| 3068.18| 3068.1 6545.45| 4000.01| 5795.45 7500 5113.64 323.8 30681 N 45.4
0 0 0 0 0 045.4 187 47.7 454
4.0 3323.8 1534 545 .45 454 .55 477.27| 9204. 7159.0 534.0 3 8 4.0 45 .4
45.4 2045 .4 1278.4 727.27 727.27 068. 5454. 3409.0 04 2045 .4 4 27.2
45.4 2301.14| 20454 545.45 090.91] 4431. 75 4772.7 045. 2 K] 45.4 545.45
7 937. 852.2 909.090 477.27 704. 2272, 1818 .1 068. 2. 727.27
0 0 068. 30 - 954.55
8| 1619.32] 2045.45] 1534.0 3818.18| 2272.73 2500 4 - 3181, 534. 204545 0 818.18
o] 1363.64] 1363.64] 1051.14| 277273 0 ol 3 . 1727. 045.4 1250 9 4000
2227.27| 3693.18 18.18| 7 64 47 130.68 2272.73
30681 534.0 0 37 454.55 4772. 3068.18| 3068.18] 2301.14 0
1306.8 397.7 1818.18] 3545 477.27 64| 4857, 0 0 0 0
812 045.4 6545.45| 3068. 4090. . 4431 2556.82 2812.5| 204545| 6545.45
1022.7 022.7 4 4| 2272 431 181 0 0 0 0
5] 1 9 1043 1 1593 .7 2054. 818. 2500 7 20681 04 1500] 4 64
6 2 2556.8 2045 .4 4431, 40 750 4431, 2812. 5 2045.45
7 8 7.0 12 1 1931.8 1818 .1 3 1789.77
B 2. 30681 2 . 909.0 3760 47 7159.0 4431, 7. 022. 767.05
o 3034.0 12. 2471. 181.8 3750 454.5 8181.8 454. 2812. 556.8 2528 .41
0 0 0 0 0
3068.18| 3068.18| 2556.8 4909.09| 5454.55|] 5900.09| 0318.18| 54545 3323.86| 3323.86 0| 572727
511.36 511.36 511.3 1090.91 681.82 681.82 909.09 681.8 1534.00| 1534.00| 1534.09] 3363.64
B
9
0
1
2
3
4 . . . : - . . . : -
5 2250 2659.00| 1636.36] 7527.27| 3818.18| 4363.64| 681818 b5727.27 1500 1772.73| 1090091| 5018.18
6 28125 300 2301.14| 7363.64] 4431.82| 545455 750 4090.91 2812.5| 3068.18| 2224.43| 7363.64
7| _2045.45] 1704.5 1590.01] 1911.27| 2727.27| 3181.82| 4545.4 2727.27 0 0 0 0
8| 3477.27 068.1 2659.00| 6218.18] 3272.7 4 6545.4 3818.1 2318.18| 2045.45| 1772.73| 4145.45
o 2 64 545.4 1677.27| 4581.82] 4090. 4 0 7381.8 4909.0 2863.64| 2863.64] 1840.91| 4909.00
o[ 4 0 176.14 30 0] 6136. K 4909.09| 3323.86] 2897.73 0
4 3 1 323.8 045. 7363.64 37 545 6818 18| 5454 0 0
4 1 0 534.0 454.5 7854.55| 4909.09 18.1 7090.91| 5181 1022.73| 1022.73| 1636.3 236.
4 3 295.4 068.1 181.82| 5727.27 18.18| 10909.0 7090. 2590.91| 2863.64| 2045.4 454,
7 B 2 045.4 443182 13.6 6477.2 454. 556.8 068.1 409
4 045.4 . 3545.45| 4636.3 8181.8 181 772.7 772.7 4 672.
7 789.7 . 37 4772.7 7500 090 534.0 34.0 8 30
2 79. 068.1 . 4431, 136.3 545.45 113. 0 7 B 0.
48 68. 301.14 7. 6818. 136.3 181.82 454. 0 6 4] 6954,
9 72. 045.4 49009. 600 727.27 454. 0 B 4] 4 -
45. 59. 45.4 181 600 72.73 636. 3 72. 4] 4 4
45.45 04. 2 81.8 2272.7 81.82 64 704 0 187 2
6] 3579. 0 68181 477.27 64 477. 1 1193
7 52. . . 3409.0 454 - 113.64 5 3068. .
3 8| 3323.86 . 4. 375 4772 0 431.82 0 2750 12. 7.
2 1] 2215.91 454 295455 636.3 5227 5000 2 2215091| 20454 454.55
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HABW 20T|HADW 20T|HEW 20TL|HFW 20TL [LPW21TL [LRW21TL [SPW21TL|LGPW21T|HABW 21T|HADW 21T|HEW 21TL|HFW 21TL
4 .91 795.45 75 5 .64 3323.86 3068.18 3068.18 6545.45 4090.91 5795.45 7500 5113.64
.64 18.18 50 3 .3 0 0 0
454.55 477.27 9204 7 .0 0 7 2215.9 022.7 4363.64 636.36 4 6136.36 4772.7
7 5454. .0 04 2045.4 278.4 727.27 727.27 5454.55 409.0
4 44 75 72.7 04 23 A 045 .4 6545.45 4 7500 4772.7
44 4 6818. 3 2 2. 7 . 4090.91 44 18.18 454.5
454 .64 7840. 06 30 1 1. 6800 454 . 40.91 113.6
8 25 4 8. 2 30 23 3 4. 5727.27 37 477.27 4772.7
9 0 6 7. 4 01 20 4 4.0 4045 .4 0 63 522.7
[ 2659.09 4181.82 454 . 2409. 3693.18 6136.36 81 477.2
3750 5454.55 818. 2045.45 2045.45 1534.09 2500 3636.36 4545 181.8
0 0
3068.18 4090.91 8181.8 4431.82 2 6.8 2 2. 2045 .4 .4 0 4 -9 8181.82 4431
0 1.3 5 . .0 2727.27 9
2585.23 36.3 50 09.0 1 0.4 2045. 1 . 4. .3 5000 40
4431.82 4090.9 75 31.8 12. 25 . 2045 .4 4 . 4 -9 750 443
3750 409.0 5795.4 09.0 2045 .4 23 1 37 4 -0 5795.4 4
8 1250 90.9 2386 77.2 0 0 3750 7 7159.0 44
9 4090.91 95.4 8863 54.55 2045 .4 1437.5 1704.55 72. 2727.27 863.6 5909.0
0 0 [ 1704.5 1789.77 1107.95 4636.3 2727.27 250 500
1 6136.36 6818.18 9545 .4 5454.55 3323.8 3323.86 0 27.2 6136.36 6818.18 9545 .45 4
22 2045.45 2727.27 2954.55 2045.45 0 0 0 [ [ 0
23
24
25
26
27
8
9
2545.45 2909.09 4545.4 3818.18 2150 2481.82 1490.91 7025.4 3818.18 4072.73 6363.64 5345.45
4431.82 5454.55 750 4090.91 937.5 1022.73 767.05 2454.5 1477.27 1909.09 2500 1363.64
0 0 0 0 0
8 2181.8 3272.7 4363.6 2545.45 22.7 63.64 2422.73 5803.6 3272.73 4581.8 6109.09 3563.64
9 4090.9 4909.0 7909.0 4909.09 09.0 1227.27 3272.7 2727.27 72.7 5272.73 3272.73
6136.3 6818.1 0 30 6136.36
0 045 .4 3 4 49009. 2500 4545 .4
4 72.7 4545 .4 4727.2 454.55 4 2 733 909.09 4
4 1 4545 .4 7272.73 727.27 7 4 . 7 4 763 727.27 1 6
4 409 1 4 6477.27 454.55 704 45.4 5 6272. 727.27 . 4
63. 5454. 454.55 4 48 8 7941.8 545 .45 2 . 4
25 50 727.27 0 7 7 45 37 4 7 7 4 .
7 4431.8 4 7 590. 4431. 136.3 45 .4 113,
8 6818.1 . 4 181 6818. 136.3 454 .
9 3272.7 40 0 4 414 49009. 56 45 .4 090.
0 400 4 .8 481. 4 600 4 327.
1 2272.7 .8 2 . . 18 4 6 4 2272.73 25
2 2272.7 159.0 15.91 2386.3 72. 4545.45 454 . 4318
3 3409.0 . . 113.6 022.73 1022.7 4 63.64 1136.36 . 27.2 1704
4 375 772. 840.91 431.82 1022.73 1107.9 7.5 1909.09 1250 1590.9 2613.64 1477.
5 2954.55 3636. 5227.27 5000 2215.91 2215.9 2215.91 5727.27 3181.82 3863.64 5000 5000
LPW22TL [LRW22TL [SPW22TL|LGPW 22T[HABW 22T[HADW 22T|HEW 22TL|HFW 22TLJLPW 23TL [LRW 23TL [SPW23TL[LGPW 23T
2 -9 45 .4 45 .4 4 4 727.27 63.64 500 3409.0
704.5 45.4 43 4 4 954.55 36.36 4772.7 3409.0 045.4 1 1704.5 5454.
4.0 2 34. 454.55 477.27 9204 7159.0 0 7 1 .7 4363.64
4 45 .4 78.4 . 727.27 5454. 09.0 3 .6 .2 3818.
6 363.64 727.27 4 50 81.8 534.0 2. 50
4 727.27 431. 4 8. 54.5 7 7 . 1 .0 727.
4 45.4 45 .4 6 636. 4 . 7. 09.0 045.4 45.4 2 4 463
8 45.4 767. 8 272. 250 4318. 81.8 767.0 7 [
9 852.2 7 . 0 4 0. 72.7 1392.0 .0 1 286 4
0 181.8 2954.55 4090.91 4. 18.1 72.
3068.18 3068.18 2301.14 0 3750 5454.55 8. 4772.7 2045.45 2045.45 1534.09 0
0 [ [ [ 0 0
2556.8 812. 2045.4 6 .45 3068.1 4090.9 8181.82 4431.8 1704.55 1875 1363.64 4363.64
1022.7 1022.7 1022.7 4 4 2272.7 4318.1 5454.55 181.8 0 0 0
5 1920.4 2045.4 1 3.7 4 4 2954. 636. 5000 . 1957.3 045.4 7 4363.64
6 187 1704.5 1840. 40 2954. 727. 500 4. 187 704.5 .64 4090.
7 681.8 767.0 17 12 136.36 931.8 1136.3 534.0 0 545 .4
8 187 2045.4 4. 72.7 2500 181.82 4772.7 4. 187 045.4 636.
9 45.4 187 4 4 727.27 40 0 4 187 4 60
8 1909.0 3 181.82 3181 4 0 7 1193 .1 8 2727
1 3323.8 0 136.36 6818 45 .4 . 3 A 2215.9 2045 .4 3818.18
7 1022.7 022 2181.82 363.64 1363. 0. 045.4 2045.4 178 4090.91
8
9
0
1
2
3
4 . . . . .
5 2250 2659.09 1636.3 7527.27 3818.18 4363.64 6818.18 5727.27 1500 1772.73 1090.91 5018.18
6 0 0 [ 0 0 0 [ [ 0 2509.09
7 1704.55 1363.64 937. 1911.27 2727.27 3181.82 4545 .4 2727.27 2045.45 1704.55 625 1911.27
8 3477.27 68.1 2659.0 6218.18 3272.73 4909.0 6545.4 3818.1 318.18 204 5 1772.73 4145.45
9 2 4 45.4 1677.2 4581.82 4090.91 4909.0 7381.8 4909.0 863.64 286 4 1840.91 4909.09
0 4 . 23.8 3068.1 0 6136.36 18.1 272.7 221 1 2045.45 0
4 3 A 23.8 454.5 4909.09 3750 54.5 6818.1 5454.5 022.7 1 5 0
4 1 .0 34.0 2454.5 7854.55 4909.09 818 .1 7090.9 5181.8 022.7 1 .73 1636.3 5236.36
4 3 6.3 95.4 3068.1 8181.82 5727.27 818.1 10909.0 7090.9 2590.9 2 .64 2045.4 5454.55
4 [ 0 8 27 27 7. 300
4 2659.0 2659.0 2045.4 8509.09 3545.45 4636.3 8181.82 5181.82 772.7 7 1 64 5672.7
4 1534.0 1534.0 1193 .1 3000 2500 3181.8 5000 2727.27 534.0 534.0 30
4 3068.1 3579.5 3068.1 8836.36 4772.73 6136.3 9545.45 5113.64 045.4 2 -9 60
48 0 0 84 045.4 454 .
9 3 8. 3272.73 2045.4 72.7 4909.09 6000 727. 5454. 04 1 .8 4581.
2045. 2659.09 2045.4 18.1 6000 272.7 4636. 36 7 7 .64 4145 .4
1. 639. 81.8 1250 704 12 04 187 0. 6.
383 2386.3 09.0 4545 .45 454 4 6477. 386. 6. 60
306 25 .8 . 3409.09 454. 5113.64 045 .4 4 7. 5727
. 1704. 187 8. 2500 . 2954.55 045 .4 187 3818.18
-9 110 1107.9 7. 1477.27 1 3.64 2500 21 2045.4 5727.27
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HABW 23T|HADW 23T|HEW 23TL|HFW 23TL |[LPW 24T LRW24TL |SPW24TL|LGPW 24T|HABW 24T|HADW 24T|HEW 24TL[HFW 24TL
0 0 0 3323. 068. 3068.1 6545.45 4431.8 795.45 7840.91 5113.64
727.27 454. 7.27 636.3 2 2. 2471.5 7772.7 772.7 5.45 7500 4772.7
4318. 772.7 7 10 7 4 .64 4090. 7.27 6363.64 4772.7
45.4 72.7 4 852.2 818. 7 3977.27 272.7
7 63.6 . 25 .8 090. 4 7 7840.91 4 .
4. 09. 36.3 0 045. 17 7 4909. 454 6818.18 7 .4
409.0 2 09.0 1 323. 3068.1 454.5 454 7500 4
8 0 04.55 045. 4 .9 727.2 72 4090.9 1
9 0 0 1818.18 1250 63.64 3 . 10 7 272, 0 36.3 7
[ 2954.55 4204.55 2727.27 1590.91 [ 181.8 3636.36 090 09.0
2500 3636.36 4545 .4 3181.82 3 .8 323.86 4 3750 18.1 4
0 0 3 .3 477.27 4 4636.36 90
2045.45 2727.27 5454. 31.8 2. 0 3750 4
0 2727. 90.9 1 7 . . 727.27 454 .
2954 636.36 50 0 1 4.3 -9 1 2. 954.55 454.
2954. 727.27 50 5 2. .8 20 4 4090.91 44 454 .
31 40. 3 3 4.0 1 .64 727.27 7 4 72.7
8 12 0 8 7 4 9 1 0 727.27 4
9 2727.27 3.64 04 187 2. . 727.27 4 09.0 .
0 1590.91 0. . 0 3323. 2 4 181.82 454.55 454 22.7 .4
1 4090.91 5 363.64 3 2556 2045.4 363.64 4090.91 454 72.7 5 4
22 2727.27 2727.27 090.91 5 511.36 511.3 1090.91 681.82 681 1136.3 681.82
23
24
25
26
27
8
9
2545.45 2909.09 4545.4 3818.18 2345.45 2481.8 1490.9 794 2 818.1 4072.7 6363.64 5600
0 [ 2812.5 2 .14 4 4 4 .8 5000 2727.27
81.8 4545 .4 2727.27 3000 2 2 7 2866. 47 7 7159.0 4090.
8 72.7 4363.6 2545.45 127.27 3436. 4 7 3970. 4 6618.1 563.64
9 4 4909. 7909.0 4909.09 8 4 2 .4 4 4887.27 4 4 6618.1 4909.
4 . 4545 .4 0 7 7 37 0 7
12 18. 0 04 3323. 4 7363.64 27.27 6818 .1 5454.5
4 72.73 4545 .4 4727.2 454.55 4 . 1431. . 672 909.09 4 7127.2 5090.9
4 18.18 4545 .4 7272.7 727.27 5 A 4009 95.4 7636.3 727.27 9672.7 6618.1
4 477.27 2045 .4 818.18 0 0
63.64 . 5454 . 454.55 40.9 4 8 18 64 7330.9 3818.18 4581.82 7636.36 5090.91
25 1. 50 727.27 4. 4 13 64 4772.7 0 0
7 2954.5 4 0. 10 7 300 704.5 59.09 727.27 1818.
8 4545 .4 4 0. 4 2 2 90. 18.1 477.27 .64 6136.
9 3272.7 40 4 20 03.64 4909.0 -9 45 .4 56
0 400 4 4 4 2050 03.64 72.7 -0 45 .4 4
1 2727.27 3 1022. 0 . 767.05 54. 63.6 4.5 22.
2 4545 .45 4545 .4 90 3 579.5 8 3 3579.55 18.1 8 A 63.64
3 2272.73 . 45 4 . 068.1 0 A 2556.82 . 90.9 454.5 22.7 .
4 2500 3181.8 227. 2954.5 068.1 1 .2 812.5 4836.36 4090.91 772.7 81.82 113.64
5 2954.55 3863.64 5000 4545 .4 215.9 215.91 2215.91 5454.55 2954.55 4090.9 5000 318.18
LPW25TL [LRW25TL [SPW25TL|LGPW 25T[HABW 25T[HADW 25T[HEW 25TL[HFW 25TLJLPW 26TL [LRW TLISPW26TL|LGPW 26
3 3.8 3 30 1 6545.4 4431.8 795.45 7840. 5113.64 3 .8 8.1 45.4
12. 3 25 8 77727 4772.7 795.45 75 4772.7 2. 6.8 09.0
1 7 2 10 7 63.6 4090.9 227.27 6 3.64 772.7 1 4.0 4.0 45.4
4 4 909. 1 . 1 1 1 . 2 .8 4 4 2
[ 4 5 090. 772.7 7840 4 2301.1 01. 6.8
0 4 0 4 454 . 454 . 6 8 7 4 187 18 47.7 45 .4
2 [ 454 . 454 . 75 4 3323.8 3323.8 8.1
8 7 6 045.4 090. 4090. 6136.36 7 2187. 3068.1 01.14
9 0
0 0 1454.55 1590.91 2045.45 2954.55 2386.3 0 40. 0 3000
3323.86 3323.86 2301.1 0 3750 5795.45 6818.18 5454.5 23.86 23. 301.14 0
0 0 [ 0 0 0 78.41 07. 022.7 181.
2 1.14 3 8.1 2556.8 954.55 3750 4090.91 181.82 5113.6 01.14 68. 556.8 954.
1 4.09 1 4.0 1534.0 181.82 4090.91 7159 181.82 4772.7 022.7 22 022.7 454
5 3 4 .8 4 7 431.82 454 454.5 1034.0 7. 7 181.
6 2. 6.8 4 090.91 4431 4772.7 2 2. 6. 2045 .4 136.
7 4.0 727.27 727 4 272.7 045.4 1 2045 .4 727
8 .8 4 . 090. 113 772.7 704. 7. 1534. .
9 2. 93. 9000 090. 136 8 795.4 045 .4 18 187 4.
2 8 45.4 8181.82 454 454 8 795.4 704 2045 .4 1448.8 4
1 4 022.7 2181.82 3 272.7 57 3835.2 3068.1 .4
0 0 0 0 0 0 51 511.3 568 .1 0.
8
9
0
1
2
3
4 . .
5 2454.5 2659. 1636.36 8509.09 818.18 4363.64 6818.18 6000 2454 .55 26 .09 1636.3 8509.09
6 187 18 1 2.73 4363.64 954.55 636.3 5000 2727.27 937.5 7.5 818 .1 2181.82
7 2045.4 1704 1 0.91 1911.27 181.82 409.0 4772.73 2727.27 3000 2 .82 2272.7 1911.27
8 3272.7 3 . 2 4254.55 4 4 . 7090.91 3818.1 3272.73 3 .8 2659.0 4254.55
9 2863.64 2 .64 1 5236.36 4 4 454 . 7090.91 4909.0 1909.09 1 .0 10 9 3490.91
0 3500 2 .82 2045. [ 4 . 454 . [ 5663.64 3 2 0 .18 0
41 2045.45 2 75 5018.18 1454.5 20 5 .91 40 2045.45 2 .3 .64 4909.09
42 1534.09 1534.0 863.6 7200 4909.0 6818.18 7 .36 5454.55 1534.09 1 .0 64 7200
43 1.82 42 4 [ A 8181.82 5727.2 7090.91 10 4 7090.91 681.82 4 5.4 18 8181.82
4 1.1 2. [ .4 8590. 4090.91 4772.73 454.55 704.5 187 .64 6272.
4 9.0 0 .4 7854. 3818.18 4909.09 454.55 5 .4 7854.
4 4.0 .0 78.4 49009. 0 0 4 4 727.27 0 45 .4 7772,
4 .5 7 90 772.73 36.36 454.55 . 60
48 6 23.8 687 477.27 477.27 136.36 0 2750
9 68. 72.7 22 909.09 454.55 6000 0 . 2250
2 59.0 22 272.73 4 5 727.27 4909.0 22 .0 2250
68. 812. 1917. 3750 64 4772.7 022. 7. 664.77
79. 3835.2 3323. . 818.18 4 18.1 579.5 38 2 3579.5
68. 1534. 90.9 090.91 4 477.2 068.1 2301.1 59
45. 2215.91 18 18.1 727.27 . 409.09 045 .4 1403 .41 937.
23.8 3323.86 3323.8 900 431.82 6 75 477.27 215.9 2215.91 2215.9 500
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HABW 26 T|HADW 26T|HEW 26TL|HFW 26TL|LPW27TL [LRW27TL [SPW27TL|LGPW27T|HABW 27T|HADW 27T|HEW 27TL|HFW 27TL
4431.82 5795 .4 7840.9 5113.64 2215.9 45.4 2045.45 4 .64 2954. .64 5227.27 3409.0
77.27 4829. 62 3977.27 187 . 1704.55 .82 3181. 3.64 5000 3181.8
6 7840. 9545 .4 7159.0 4.0 . . 4 .64 40 . 7.27 3.64 4772.7
.27 409. 5795 .4 .6 .64 710. . 9 . 8. 0
4 . 4772. 7840. . 4. 4. 1704. . 7 . 4 . 7. 4
. 636. 4545 .4 . 45.4 18 1704. . . . 4 5.4 4
454. 454. 75 . 107. 2215. 1022. . . . 50
8 4 . 4090. 6136. . 420.4 1704. . .
9 789. 1619. 852.27 27.2
[ 3738.64 522.7 7977. 443. [ 0 90.91 1113.64 1943.18 4. .
3750 795.4 454 . 3 .8 2215.91 1534.0 2500 3863.64 . 454 .
1477.27 272.7 .8 579.5 8 0 0
3750 090.9 1 2. 045.4 1704.5 . 2500 727.27 454 . 40
727.27 4772.7 1 2 1 4.0 534.0 1534. 727.27 4772.7 454 .
. . 7 7 2 -9 0 A 17 . 954 636.3 4
4 . 44 . 4 7 187 704.5 1363. . 4090 4431.8 454
4 4 . 7 4 1363.6 534.0 681. 8 363 363.6 4
8 409 7 1 9 0 90
9 7 4 0. 09. 2045 .4 187 1875 60 1363.6 045.
0 636 6. 81. 4 2045.4 2215.9 1363.64 5454.55 3636.3 636 81.8
1 136 1 1090 23 3 2556.8 2045.45 4363.64 4318 .1 454 72.7
22 681 681.82 09. 81.82 10 7 1022.73 1107.95 2181.82 1818 .1 534. 2045.4 1363.64
23
24
25
26
27
8
9
4363.64 6818. 6000 1636.36 1772.73 1090.91 5672.7 2545 .45 2909.09 4545.45 40
45. 09.0 25 363.64 7.5 0 2 0 0 2500 4
4 . .64 7159. 090. 7 27 653.4 4 0 2386.36 4
8 4 . . 7090. 818. 454. 1772.7 2 6 .09 4727.27 4
9 . . 4727. 272. . .4 1490.9 4 4 .64 454 6618.18
4 .27 . . . 2181.8 0 .64 454 0
7.27 4 50 3863.64 022. 2454.55 .64 2500 1931.82
4 909.09 7 5454.55 0 7 . 9 . 480 . 4 . 90.91 3636.36
4 727.27 1 7 1 454.5 .64 45 .4 5454.5 18.1 4 . 09.09 4727.27
4 954 .55 09.0 4 4 704.5 4 4. 272.7 27.27 409.09 477.27 454.55
818.18 4909 72.7 .7 . 236.3 545 .45 272.73 454 636.36
1250 90. . . 34.0 .64 181.8 454 727.27
7 409.09 4318. . 36.3 15.9 045. 600 409.0 4 4 636.
8 477.27 77. . 36.3 72.7 9 . 4 . 18.1 . 4 090.
9 4909.09 454 7 . 600 45.4 15 4145 .4 72.7 . . 40
0 72.73 4 727.27 4909.09 150 . 150 45.4 4181.8 4 . 1 3272.
1 1250 04 159.09 1250 937 . 7 1363.6
2 6818.18 818. 863.64 6818.18 3579.5 3835.2 3579.5 . 6818.18 6 8.18 86 4 7159.0
3 4090.91 454 . 522.73 6477.27 2045.4 1534.0 727.2 2727.27 3 6.36 681. 4318.1
4 2727.27 181. 454.55 3409.09 1909.0 0 87 545.45 1363.64 1 0.91 727.27 1704.5
5 2954.55 090. 5000 4318.18 1107.9 1107.95 1107.9 272.73 1477.27 2045.45 2500 2159.0
LPW28TL [LRW28TL [SPW28TL|LGPW 28T[HABW 28T[HADW 28T|HEW 28TL|HFW 28TL|LPW29TL [LRW29TL [SPW29TL[LGPW 29
350 23.8 3 ] 6 4 772.7 477.27 8181 5 .5 579.5 23. 3068.1 6545 .4
45.4 15.9 2. 5 . 409. 63.64 50 3 .8 045.4 15. 187 518
4.0 79. 7 4 81. 9545 .4 7 .0 534.0 . 1534.0 490
4 45 .4 0 .18 4 . 5113.64 . 045. . 1278.4
954.55 090.91 4 7840. .4 301. . 2556.8 6
45 .4 . 727.27 602.27 75 8 30 250
.4 636.36 863.64 4 . 50 6 . 0
8 ] 4 818.18 090.91 4 . 7500 795 .4 1022.73 1022.73 937.5 2181.8
9 [ 0 0 2017.05 18756 1380.68 4409.0
0 0 0 2136.3
3835.2 3579.55 897.7 0 4090. 818 .1 818. 454. 3835.2 3579.55 3
2471.5 0 056. 2181.82 2880. 909.0 420.4 090. 1 7
2. 3 8.1 556. 7363.64 4090. 4772.7 1. 454 . 2. 3 8.1 2 7363.64
1 0 1 4.0 534 181.82 4090 40 2 454 1 4.0 1 4 1 8181.82
5 2 -9 7.3 17 181.82 4 8.18 863. 2 A 1 4636.36
6 2. 6.8 2045. 090.91 454.55 772.73 2. 2045 .4 6545.45
7 4.0 1 6 727.27 7.27 45 .4 2500 45 .4 2045 .4 727.27
8 2. . 090. 1 772.73 5 2. 727.27
9 2. 409.09 0. 1 920 36.36 045 .4 187 60
2 8 727.27 454 7 4 8522 77.27 3 2301.14 8590
3 3 1 954.55 7. 5 112 59.09 2 4 78.4 1107.9 2318
9 1107.9 727.27 3.64 8 1 2727. 1590.91 789.7 0 1789.7 4090
8.
9]
0].
1.
2]
3]
5 2345.45 2481.82 1490.9 7941.82 3818.18 4072.73 6363.64 560 2454.5 26 0 1 6.36 8509.0
6 1875 2045.45 1534.0 4363.64 2954.55 3636.36 5681.82 3409.0 937. 10 7 1 4.09 2181.8
7 0 0 0 0 0 0 1704.5 1 2. 5.91 1818.1
8 127.27 3 7.27 2422.7 5498.18 4363.64 5090.91 6872.73 3818.1 272.7 38 .3 2 9.09 5890.9
9 659.09 3068.18 1840.9 5563.64 4636.36 6000 7636.36 5454.5 659.0 30 1 1840.91 5563.6
0 727.27 4 0.91 2 1.4 [ 6818.18 181.82 0 727.2 4090.9 3 1. 0
41 045.45 2 6.36 1 .6 4909.09 2727.27 863.64 5000 45.4 045.4 2386.36 . 4909.09
42 465.91 1431.82 2 .4 7025.45 5181.82 363.64 7127.27 45.4 534.0 1534.09 . 7527.27
43 3713.64 4200 27 4 6720 6000 127.27 9672.7 18.1 886.3 4500 A 72
4 3 .18 3 3.86 2 .4 9409.0 5113.64 5795.45 7 .0 95.4 45.4 187 . 6272.
4 2540.91 2481.82 2 7636.3 3818.18 5090.91 7 .3 5600 5 4. 8181.8
4 7 7.27 45.4 0 0 .0 681.82 0 7. 7772.7
4 4 [ 3 . 09.0 454.55 6818.18 9 .4 136.36 4 9 409.0
48 3 812. 90.9 13.64 6477.27| 10227. 477.27 0 812. 18.1
9 4 20 09.0 09.0 5600 .64 09. 0 . . 22 45.4
4 481 36. 45.4 A 6. 454. .0 2454. 45.4
4 18 63. 72.7 .8 4318. 4. 022. 7. 81. 1
. 4090.9 79. . .0 45 .4 . 5 . 40 -9 79.
68.1 56. 0. 4 4 . 45 .4 045 .4 47. 7.
45.4 1875 045. 4. 36.36 09. .0 045 .4 1107.95 45.4 454.55
86.3 2215.91 386. 454 . 636.36 4090.91 81. 772.7 386. 2215.91 86.3 454.55
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HABW 29T|HADW 29T|HEW 29TL|HFW 29TL |[LPW 30TL [LRW30TL [SPW30TL|LGPW30TJHABW 30T|HADW 30T|HEW 30TL|HFW 30TL
. 4.

4772.73 477.27 8181. 5454.5 579.5 2 3068.1 6545.4 4772.73 477.27 8181.82 54
409.09 63.64 50 3 .8 045.4 15. 18 5181.8 409.09 . 50 3
477.27 81. 9545 .4 7 .0 534. 79. 1534. 477.27 . 9545. 7
409.0 5795 .4 .0 04 0 4 1278 .4 18.1 068. 4 . 5795 .4 409.
4 13.64 7840. 95.4 2 54.5 090. .6 7840. 95 .4
4 36.3 75 818.1 931. 45.4 25 272.
0 0 2 2 27. 772. 7 6818.18 772.7
8 1363.64 1590.91 250 9 .82 4 4 8 363.64 727.2 181.8 50 .64
0 454.5 .09 3 13 1005 045.4 0 45 .4
2272.7 3750 4772.7 .64 090. 090.91 45.45 44 45.4
4 818.1 1 2 6.8 2386.36 045.4 727.27 45.45 454
272.7 73. 0 511.36 77.27 4 4
4 4772.7 12 068.1 5 7 090.91 4 2.73
4 40. 1 2.7 22.7 . 727.27 7.27
4 8. .2 7.9 0.4 590.91 9.09
4 . 454 . 2. .8 2 5.4 4090.91 454.55 .
4 4 0. 375 . 4 1 3.64 727.27 7.27 4 4 25
4 3.64 772.73 04 18 727.27 4 4 181
. 4 0. 6 90.91 4 187 60 727.27 136.3 4090.
454.55 5.4 8 . 77.27 0 767.0 2727.27 . . 840.9 2159.
159.09 840 375 86.36 5 2215.9 4636.36 4 7500 4772
2727.27 2727.27 4090.9 2386.36 9 9 1363.64 1173.3 2727.27 1818 .1 8.18 2727.27 1590.9
4 18.18 60 2345.4 2481.8 490.9 794 2 4072.7 3.64 56
4. 40.91 1704. 187 2045.4 .0 4 4 36.3 1. 40
27.27 3181. 45.4 187 .0 409.0 7.
8 4 63.64 4090. 7.2 627. 422.7 4 90.9 2.
9 4 .36 7 6. 5454. .0 727.27 1 4 60 27.2 4
A 727.27 4 454 0
7 4 50 4545 .45 0 7 193.18 64 25 72.7
1 2 763 5727.27 4 9 431.82 2 7025 .4 2 7127 45 .4
1036 4 7090.91 7 .6 4200 27 4 67 60 9 18.
4 4 477 3863.64 2. 5 7 3136. 704 1 2 31.
60 48 2 763 7 56
4 4 2 . 7772, 4
4 45 .4 7 40 3323.8 09.0 454 .
8 4 454 . 3 12. 45.4 . . 45 .4
9 4 60 9 0 20 09.0 49 .0 56 6 4
0 7 0.9 45.4 34 4 236 09.0 545.4 6 A .
1 1 0.9 45 .4 0 0 045 .4 54.5 0 9 5 .6 18.1 4 .
2 7 9. 45 .4 5 40 579. 09.0 159. 7 .0 86.3 1.
3 . 2 4. . . 06 556. 590.9 4431. 6 2 45.4 8.
4 2727.2 3636. 09.09 3409.0 068.1 2500 3068.18 545.45 4090.91 5454.55 63.6 13.6
5 3636.36 4090. 81.82 4772.7 386.3 2215.91 2386.36 454.55 3863.64 4090.91 81.82 72.73
LPW31TL [LRW31TL[SPW31TL|LGPW31T[HABW 31T[HADW31T[HEW3T1TL[HFW31TLJLPW32TL [LRW TLISPW32TL|LGPW 32
350 23. 3 ] 6545.4 772.73 477.27 8181. 5454.5 350 . 3 8.1 6545.4
1 23. 2. 7772.7 113.64 795.4 75 4772.7 068.1 12. 7772.7
4.0 477.27 81.8 9545 .4 7159.0 534.0 . 4.0
45.4 45.4 4 545.45 727.27 409.0 5454. 045.4 45. .4 545.45
4.0 0 0 636.36 727.27 409.0 5227. 534.0 . 04. 4636
.3 045 .4 676. 727.27 795.45 36.3 75 3 .3 45, 76. 727.27
A 068. 2812. 545. 454.55 454.5 75 0 A 812. 545.4
8 0 181. 0 0 0 0 181.
9 2045.45 1647.73 1517.0 090. 0 0 5454.55 2840.9 2045.45 1647.73 1517.05 090.
0 0 0 0 0 0 0 0 0
3835.23 3579.55 300 0 4090.91 6818.18 6818.18 5454.5 3835.23 3579.55 3000 0
0 0 [ 0 0 0 [ 0
2812.5 3068.1 2556.8 7363.64 4090.91 4772.73 181.82 5454.5 2812.5 3068.1 2556.8 7363.64
1022.73 1022.7 1022.7 2727.27 2727.27 2613.64 681.82 1818.1 1022.73 1022.7 1022.7 2727.27
5 775.57 1 7.9 8 2 18.1 590. . . 1931.8 775.57 1 7.9 2 1
6 2 2 6.8 2045 .4 45.4 090. 4 . . 4772.7 2. 2 .8 2045.4 45 .4
7 7.0 8 363.64 4 1250 8 0
8 2. 090. 4 5 772.73 2.
9 2. 090. 920 36.36 2.
2 1 454 8522 77.27 2301.1
35. 3068.1 . 477. 2 112 59.09 3 3068.1 .4
93. 1022.7 .2 18.18 1 2727. 1690.91 9 1022.7 2
8.
9]
0].
1.
2]
3]
5 2454.5 26 .0 1636.36 509.0 3818.1 4363.64 6818.18 6000 1636.36 1772.73 1090.91 5672.73
6 2 30 A 2301.14 545.4 4431.8 5454.55 8522.73 5113.64 0 0 0 2181.82
7 3 1 2 7. 2045.45 272.7 4772.7 5113.64 7840.91 4772.7 [ [ [ 0
8 3 7 3 .3 2659.09 890.9 4363.6 5454.55 7363.64 4090.9 2181.82 2590.91 1772.73 3927.27
9 1772.7 2 4 1227.27 709.0 090.91 4000 5090.91 3636.3 886.36 1022.73 613.64 1854.55
40 5727.2 4090.9 332 477.27 181.82 0 [ 1363.64 0 3272.73
41 1022.7 1193.18 2454.55 363.64 8 2500 2272.7 [ [ 0
42 1534.0 1534.09 068. 7527.27 181.82 1 763 6 5727. 1022.73 1022.73 2045.45 5018.1
43 38 3 4500 068. 7200 6000 . 10363.64 7090.91 2590.91 300 2045.45 48
4 7. 45.4 6272.7 4009. 4 . 4772. 3863.64 107.9 0 3272.
4 59.0 454 8181.8 818. 454. . 6000 1772.7 772.7 1636.36 5454.
4 [ 4 1.14 7772.7 090 4 4 767.0 4.0 715.91 5181.
4 9 23. .0 454 45 .4 1 1193 .1 .6 0
48 2 2812. 9 .64 477. 795 .4 0 .0 954.55 2863.64
9 72. 22 .4 09. 6000 . 545 .4 2045.45 8 1500 4363.64
454 .0 4 .4 45.4 7090.91 45 .4 1 . 1636.36 7 1636.36 4363.64
1 045 .4 .4 090.9 5454.55 . 2500 0 0 0
.9 8 . 18. 7159.0 7500 45.4 8181.82 1193.18 1363.64 1193.18 2863.64
4 7 7 2 1477. 2159.0 63.64 4545 .4 0 0 0 2863.64
9 30 490.91 4090.91 5454.5 63.64 5113.64 0 0 0 2181.8
2 .9 2386. 6000 3863.64 4318.1 4772. [ 0 0
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HABW 32T|HADW 32T|HEW 32TL|HFW 32TL [LAT1IRMS5 [LORO1TRM|SP1RM5 LP1RM5 HABD1RM|HADD1RM|HEXT1RM[HFLX1RM £
4772.73 477.27 8181. 5454.5 48.3 45.45 45.45 90.9 48.3 62.5 82.39 53.98
113.64 795.4 75 4772.7 0 0 0 0 0 0 0
477.27 81. 9545 .4 7159.0 0 51.14 0 95.4 65.34 82.39 102.27 76.7
727.27 409.0 5454. 0 0 0 0 0 0 0
727.27 409.0 5227. 0 0 0 0 0 0 0
795.45 36.3 75 0 0 0 0 0 0 0
454.55 454.5 75 48.3 48.3 42.61 10 56.82 56.82 79.55 59.66
8 [ 36.93 42.61 34.09 86.3 42.61 42.61 65.34 51.14
9 0 0 5454.5 2840.91 0 0 0 0 0 0 0
[ [ 0 [ [ [ 0 10 51.14 65.34 93.75 76.7
4090.91 6818.18 6818.1 5454.55 48.3 48.3 34.09 39.77 62.5 73.86 56.82
0 0 0 0 0 0 0 0
4090.91 4772.7 1 22.73 28.41 5.68 54.5 11.36 17.05 45.45 39.77
727.27 .64 6 0 0 0 0 0 [ 0
48.3 48.3 39.77 90.9 48.3 56.82 85.23 56.82
4 4 _ 0
4 . 125 34.0 1. 42.6 4 62.5 36.9
8 4 4 59.0 772.73 48 1 4 76.7 51.14
9 4 9204.5 136.36 4 42.6 127. 45.4 4 3.7 2.
0 454 4 . 8522.7 477.27 4 48. 113.64 0.9 2.
1 4 2 1125 159.09 4 45.4 9.09 8 9.6 8
22 818.18 818 .1 2727.2 1590.91 28 .41 28.4 4.55 .5 31.2 9.7 28.4
23
24
25
26
27
8
9
2545.45 2909.09 4545.45 4000 . . .
0 0 2727.27 1704.55 39.77 39.77 34.09 95.45 0 0 0 0
0 0 0 45.45 36.93 39.77 36.36 51.14 53.98 76.7 45.45
8 2909.09 3636.36 4909.0 2727.27
9 1545.45 2000 2545 .4 1818.18 . . .
0 0 3863.64 2272.73 51.14 53.98 45.45 181.82 68.18 85.23 116.48 62.5
0 0 0 42.61 51.14 31.25 104.55 45.45 62.5 79.55 62.5
4 3454.55 4545.45 90.9 3818.18
4 4000 5090.91 4727.27 .
4 0 2045.45 22.73 28.41 5.68 54.55 11.36 17.05 45.45 39.77
2545.4 3636.3 4000 . .
1363.6 1704.5 1818.18 34.09 34.09 28.41 109.09 39.77 51.14 73.86 45.45
7 1818 .1 2272.7 0 48.3 53.98 45.45 127.27 53.98 68.18 85.23 59.66
8 3409.0 2159.0 42.61 48.3 39.77 122.73 71.02 68.18 93.75 65.34
9 3272.73 4000 6545.4 4363.64
0 4363.64 4727.27 6363.6 3454.5 .
1 0 0 51.14 48.3 42.6 109.0 48. 59.6 93.7 53.98
2 2272.73 2386.36 0 51.14 53.98 48. 109. 71.0 73.8 93.7 73.86
3 [ 0 3181.82 2272.73 22.73 28.41 5.6 4. 11.3 17.0 45.4 39.77
4 0 0 2954.55 1704.55 45.45 48.3 39.7 1. 42.6 51.1 85.2 53.98
5 0 0 0 0 48.3 48.3 48.3 136. 48.3 65.34 79.5 68.18
LAT1RM6 [LOROTRM|SP1IRM6 [JLP1RM6 [HABDI1RM[HADDIRMIHEXTIRMJHFLX1RM{vibseaw?2 Jvibwrw?2 vibsqw 2 vibseaw3
14 48. 45.4 95.4 4 68.1 88.0 59.
77 48. .9 109.0 4 2. 79.5 5 4
7 51.14 7 104.5 96.5 7
.2 31.2 .8 81.8 2. 3
.0 34.0 9 100 4 8 59.
77.27 . 7 2.
48. 42.6 42.6 6. 2. 7 56.8
8 42.6 42.6 39.7 0. 45 .4 7 2.
9 28.4 28 .4 25.57 8. 5 8.
0 .82 73.8 10
53.98 51.14 42.6 72.73 45.45 71.0 7
39.77 42.6 36.9 100 77 45.4
39.77 42.6 36.9 100 77 45.4
0 113.64 42.61 6 1
5 45.45 45.4 4 100 . 68.1 2.5
6 77 36.9 . 86.36 45.4 48. 51.14
7 57 34.0 4 81.82 45 .4 45.4 39.77
8 9 . 7 45.4
9 4 45.4 77 136. 65.3 96.59 6 4
8 51.14 9 118 2 90.91 6
51.14 53.9 1 0. 88.0 0 7
42.6 8. 3 8. 4 56.82 68.18 5 4
8
9
0
1
2
3
4 .
5 . 1 [ 1 [ 1 0 1 0
6 39.77 42.61 34.09 95.45 45.45 59.66 90.91 53.98 1 [ 1 [ 1 0 1 0
7 45.45 39.77 36.93 36.36 48.3 48.3 82.39 51.14 1350 1350 1350 1350
8 1 [ 1 [ 1 0 1 0
9 . . . 1350 1350 4050 1350
0 48.3 59.66 48.3 136.36 71.02 82.39 116.48 68.18 1350 1350 1350 1350
41 42.61 51.14 31.25 95.45 39.77 62.5 79.55 73.86 1 [ 1 [ 1 0 1 0
42 1350 1350 1350 1350
43 . . 1 [ 1 0 2 0 1 [
4 42.61 48.3 31.25 131.82 53.98 62.5 76.7 62.5 [ 0 0 0
4 . . . . 0 0 0
4 31.25 31.25 34.09 100 42.61 53.98 85.23 56.82 0 0 0
4 51.14 59.66 48.3 131.82 56.82 71.02 102.27 65.34 0 0 0
48 39.77 48.3 39.77 109.09 53.98 68.18 107.95 68.18 0 0 0
9 0 0 0
. . . 0 0 0 0
45.4 0 a7 48. 0 0 0 0 0 0
14 56.8 4 122.7 73. 76.7 102.27 85.2 1 0 0 0
45.4 45.4 . 122.7 42.6 59.66 0.91 68.1 1 0 0 50
45 .4 42.6 .4 0.9 45 .4 56.82 3.75 51.1 2250 0 50
.14 8. 4 113.6 5 65.34 0.91 6. [ [ 0

203




vibwrw 3 vibsqw3 vibseaw4 Jvibwrw4 vibsqw 4 vibseaw5 |vibwrw5 vibsqw5 vibseaw6 |Jvibwrw6 vibsqw 6 vibseaw?7
8
9
[
8
9
0
1
22
23
24
25
26
27
8
9
0 0 00 00 700 700 7 700 700 700 700
0 0 00 00 700 700 7 800 800 800 700
0 0 50 50 700 700 7 700 700 700 700
8 0 0 00 00 700 700 7 700 700 700 700
9 [ 0 00 00 700 700 7 700 700 700 700
0 0 00 00 700 700 7 800 800 800 700
0 0 00 00 700 700 7 700 700 700 700
4 [ 0 00 00 700 700 7 700 700 700 700
4 0 0 00 00 700 700 7 700 700 700 700
4 0 0 50 50 700 700 7 800 800 800 700
0 0 00 00 700 700 7 700 700 700 700
0 0 00 00 700 700 7 800 800 800 700
7 0 0 50 50 700 700 7 700 700 700 700
8 0 0 00 00 700 700 7 700 700 700 700
9 0 0 00 00 700 700 7 800 800 800 700
0 0 0 00 00 700 700 7 700 700 700 700
1 0 0 00 00 700 700 7 800 800 800 700
2 0 0 00 00 700 700 7 700 700 700 700
3 0 0 50 50 700 700 7 800 800 800 700
4 1 0 1 0 1 1800 1800 2700 2700 27 2700 2700 2700 2700
5 0 0 1 1800 1800 2700 2700 27 1800 1800 1800 2700
vibwrw7 vibsqw 7 vibseaw8 |vibwrw38 vibsqw 8 vibseaw9 |Jvibwrw9 vibsqw 9 vibseaw 10 Jvibwrw 10
8]
9].
4
8.
9.
4
4 . .
700 700 700 700 70 7 7 7 400 400
700 700 700 700 70 7 7 7 75 75
700 700 00 700 70 7 7 7 400 400
8 700 700 00 700 70 0 0 0 400 400
9 700 700 00 700 70 7 7 7 400 400
4 700 700 00 700 70 7 7 7 400 400
4 700 700 700 700 70 7 7 7 400 400
4 700 700 700 700 70 7 7 7 400 400
4 700 700 700 700 70 7 7 7 400 400
44 700 700 700 700 70 0 0 0 400 400
4 700 700 700 700 70 7 7 7 75 5
4 700 700 700 700 70 7 7 7 400 400
4 700 700 700 700 70 7 7 7 400 400
48 700 700 700 700 70 7 7 7 400 400
49 700 700 700 700 70 7 7 7 75 5
700 700 700 700 70 7 7 7 400 400
700 700 700 700 70 0 0 0 400 400
700 700 700 700 70 7 7 7 400 400
700 700 700 700 70 7 7 7 400 400
4 700 700 700 700 70 7 7 7 400 400
700 700 700 700 70 00 00 0 400 400
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vibsqw10 |vibseaw11]vibwrw11 Jvibsqw11 Jvibseaw12]|vibwrw12 Jvibsqw12 Jvibseaw13]vibwrw13 Jvibsqw13 |vibseaw14|vibwrw 14
8
9
0
6
7
8
9
6
8
9
00 400 4 400 400 00 400 50 50 50 00 00
75 400 4 400 400 00 400 50 50 50 00 00
00 400 4 400 400 00 400 400 400 0 00 00
8 00 400 4 400 600 00 00 0 0 0 00 00
9 00 400 4 400 400 00 400 0 0 0 400 00
00 400 4 400 400 00 400 0 0 [ 00 00
00 400 4 400 400 00 400 0 0 0 00 00
00 75 75 00 00 00 0 0 0 00 00
00 400 4 400 400 00 400 0 0 0 00 00
00 400 4 400 400 00 400 0 0 0 00
75 400 4 400 00 00 00 0 0 0 00
00 400 4 400 400 00 400 0 0 [ 400 4
00 400 4 400 400 00 400 0 0 0 00
8 00 400 4 400 400 00 400 0 0 0 00
9 75 400 4 400 400 00 400 0 0 0 00
00 400 4 400 400 00 400 0 0 0 00
5400 75 75 400 00 400 0 0 0 00
5400 400 4 400 400 00 400 0 0 0 400 4
5400 400 4 400 400 00 400 0 0 0 00
5 5400 400 4 400 400 00 400 0 00 00 00
5 5400 75 75 400 00 400 0 50 50 00
vibsqw14 |vibseaw15|vibwrw15 Jvibsqw15 |vibseaw16|vibwrw16 |vibsqw16 |vibsw17 vibwrw17 |Jvibsqw17 [vibsw18 vibwrw 18
8
9
6
8
9
8
9
00 00 00 4200 4200 4200 00 00 100 00 0
00 00 00 4200 4200 4200 400 400 400 400 40
00 00 00 4200 4200 4200 400 400 400 00 0
8 00 00 00 4200 4200 4200 00 00 100 00 0
9 00 00 00 4200 4200 4200 00 00 100 00 40
00 00 00 4200 4200 4200 400 400 400 00 00
00 00 00 4200 00 4200 400 400 00 400 400
00 00 00 4200 00 4200 00 00 00 00 00
00 00 00 4200 00 4200 00 00 00 00 00
00 00 00 4200 00 4200 00 00 00 400 400
00 400 4 400 4200 00 4200 100 100 100 00 00
00 00 00 4200 00 4200 700 700 700 00 00
00 00 00 4200 00 4200 400 400 00 00 00
8 00 00 00 4200 00 4200 400 400 00 00 00
9 00 00 00 4200 00 4200 00 00 00 00 00
00 00 00 4200 00 4200 00 00 00 00 00
00 00 00 4200 00 4200 0 0 0 00 00
00 00 00 4200 00 4200 8100 8100 8100 00 00
00 00 00 4200 00 4200 8100 8100 8100 00 00
00 00 00 4200 00 4200 0 0 0 00 00
00 400 00 6300 00 00 5400 5400 5400 400 00
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vibsqw 18 |Jvibsw19 vibwrw19 Jvibsqw 19 Jvibsw?20 vibwrw20 |vibsqw20 Jvibsw21 vibwrw21 Jvibsqw21 Jvibsw22 vibwrw22
8
9
0
6
7
8
9
6
8
9

00 00 00 6300 6300 6300 9450 9450 9450 9450 9450

00 00 00 9450 9450 9450 3150 3150 3150 0 0

00 400 4 400 0 0 0 0 [ [ 0 0

8 00 00 00 6300 6300 6300 450 450 9450 0 450

9 00 00 00 9450 9450 9450 0 00 6300 450 450

1534.09 00 1534.09 9450 9450 1534.09 4 450 1534.09 450 450

00 00 00 0 0 0 00 00 0 450

00 00 00 00 00 00 4 450 50 0 450

00 00 00 00 00 00 4 450 50 0 450

00 00 00 450 50 450 0 0 0 0

00 00 00 00 00 00 4 450 0 9450 9450

00 00 00 00 00 00 4 450 0 3150 3150

00 00 00 450 50 450 4 450 0 9450 9450

8 00 00 00 450 50 450 4 450 0 0 0

9 00 00 00 00 00 00 4 450 450 0 450

00 00 00 0 00 0 4 450 450 0 450

00 400 00 0 0 0 0 0 0 0

00 00 00 450 0 450 4 450 450 0 450

00 00 00 450 0 450 4 450 450 0 450

00 00 00 450 0 450 0 0 00 0

00 400 4 400 0 0 0 0 0 50 0

vibsqw?22 |vibsw23 vibwrw23 Jvibsqw23 Jvibsw24 vibwrw?24 |vibsqw24 |vibsw25 vibwrw?25 |Jvibsqw25 [vibsw26 vibwrw26
8
9
6
8
9
8
9

9450 6300 630 00 450 450 450 450 450 50 1 00 1 00

0 0 50 450 450 450 00 00 00 00 00

6300 00 00 450 450 450 00 00 00 1 00 1 00

8 9450 00 00 450 450 450 450 450 50 1 00 1 00

9 9450 450 4 450 450 450 450 450 450 50 00 400

1534.09 00 1022.73 450 450 1534.09 00 00 1022.73 1 00 1 00

9450 50 0 00 450 9450 0 00 00 400 400

9450 00 00 450 450 9450 450 450 450 1 00 1 00

9450 00 00 450 450 9450 450 450 450 1 00 1 00

0 450 50 0 0 0 450 450 450 00 400

9450 00 00 450 50 450 450 450 0 00 00

3150 00 00 0 0 0 0 0 0 00 00

9450 450 50 450 0 450 450 450 [ 00 00

8 0 00 00 450 0 450 450 450 0 00 00

9 0 00 00 450 0 450 450 450 0 00 00

0 00 00 450 0 450 450 450 [ 00 00

0 00 4725 0 0 0 450 450 0 00 00

0 450 450 450 0 450 450 450 0 1 00 1 00

0 00 00 450 0 450 450 450 0 1 00 1 00

0 00 00 450 0 450 0 0 0 1 00 1 00

50 00 00 00 0 0 450 450 50 400 00
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vibsqw26 |vibsw27 vibwrw27 Jvibsqw27 Jvibsw28 vibwrw?28 |vibsqw28 Jvibsw29 vibwrw29 Jvibsqw29 |Jvibsw30 vibwrw 30
8
9
0
6
7
8
9
6
8
9
1 00 8400 4 400 12600 12600 12600 1 00 1 00 13500 14400 14400
00 0 4 4200 8400 8400 8400 1 00 1 00 000 00 00
1 00 400 1 12600 [ 0 0 00 00 000 00
8 1 00 400 4 400 1 00 1 00 12600 1 00 1 00 13500 14400 144
9 00 1 00 1 1 00 1 00 1 00 12600 1 00 1 00 13500 14400 144
2045.45 400 1 1363.64 1 00 1 00 2045.45 1 00 1 00)] 76704.55 00
00 4200 4 4200 00 00 400 00 00 000 00 4
1 00 400 4 400 00 00 00 13500 13500 13500 14400 1440
1 00 400 4 400 00 00 00 13500 13500 13500 14400 1440
00 400 1 1 00 00 00 00 00 00 00 4800 480
00 400 4 400 00 00 00 00 00 00 4400 440
00 1 00 1 1 00 4200 00 0 00 00 00 4400 440
00 1 00 1 1 00 00 00 00 00 00 00 4400 44
8 00 1 00 1 400 00 00 00 00 00 00 4400 44
9 00 400 4 400 00 00 00 00 00 00 4400 44
00 400 4 400 00 00 00 00 00 00 4400 44
00 0 4 00 00 00 00 00 00 00 4400 44
1 00 1 00 1 1 00 1 00 1 00 1 00 1 00 1 00 1 00 4400 44
1 00 400 4 400 12600 1 00 1 00 00 00 00 4400 44
5 1 00 400 1 1 00 400 00 400 13500 13500 13500 4400 44
5 00 4200 4 4200 400 00 400 000 000 000 00
vibsqw30 |vibsw31 vibwrw31 Jvibsqw31 Jvibsw32 vibwrw32 |vibsqw32 |pcatpfmd |pcatpfpt acatpfmd Jacatpfpt pcltpfm d
. . . . 4.33 -0.7 2.1 -0.35 .
8.7 .8 2.3 0.49 -
-5.59 -3.9 -2. -1.7 -
.65 -1. -
-8.57 -2.8 - -
-1 - -4. -
- _ 1.7 B
8 . 4
9 -6. - -2.5 -
-1.4 -0.6 . -0.
-6. - -2.5 -4.0 7.
-0. -0.04 1.
-3.7 -1.5 0.81 -1.4
1.6 0.7 0.25 1.
-4.7 - -1 -0.7 7.6
6 -7. -3.7 -4.07 -0.0
7 -6. - -4.5 .6
8 4. -0. -0.0 -5.0
9 -10. -10.44 -4. -4.6 -2.6
0.36 -2. -1.0 -1.
13.18 13. 4.9 5.4
-1.33 -7. -2. -1.8
0. . 0.
8. .5 3.
-0. .0 -0. . -
1. - 0. -2.1 -
8 3. 1. 1.
9 0. -3. 0. -1,
3. 3. 1.
- .8 -0. -
1.2 .0 0.4 -
-1. .0 -0.4 .
. . . -17.5 -17.3 -10. -10. 4
1 00 4400 4400 4400 9600 9600 9600 - -14.4 -2 -4 -
00 400 4400 4400 0 0 4800 -1. 7. -0. 1
00 400 4400 4400 0 0 0 -7. -4. -3.0 - - 7
8 1 00 4400 4400 4400 9600 9600 9600 -0.04 -12 -0.0 -4
9 1 00 00 00 00 14400 14400 14400 -6. 1. -1. 0. -2.
1363.64 14400 4400 2045.45 0 4800 4800 -1. .28 - 0. -1.8
4 4800 00 4400 4800 0 0 0 -4. .38 - 0.6 1.
4 14400 1 00 400 14400 9600 00 00 -9.9 -23.37 - - -6.4
4 14400 14400 4400 14400 9600 00 00 4 3. 4.7 1 4
00 00 00 00 0 00 4800 -6.0 -7.3 - -3.0 -
00 00 400 4400 600 00 00 -12. -7.0 -4 -2 -
00 4400 4400 4400 14400 1 00 14400 -2.7 14. -0. -
00 4400 4400 4400 00 00 00 -6.8 -0.8 -2. - 9
8 00 00 400 4400 4800 00 4800 0.4 1. 3.6 5
9 00 400 4400 4400 00 00 00 -1.7 -3.8 -0.67 - - 7
00 4400 4400 4400 00 00 00 . -3.7 -1.7 - -1.76
00 00 400 4400 0 0 0 -0.4 - -0.1 - -7.44
00 400 4400 4400 14400 14400 14400 -6. -3. -2. - 1.17
4400 00 00 00 14400 14400 14400 0.4 -2. 0.2 - 0.91
4400 1 00 14400 14400 0 0 4800 0. -0. 0. -0. 7.58
600 00 00 00 0 14400 0 -3.9 -5. -1.5 -2. 3.19
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pclfgpt aclfgmd aclfgpt pctfgm d pctfgpt actfgm d actfgpt pcalgmd pcalgpt acalgmd acalgpt pcligmd
14.7 3544.9 2954. 27 1.12 592.68 293 .4 0.07 18.15 2.7 704.87 3.74
-8. -392.4 -886. -1.84 -11.17 -243.91 -1482. 6. 7 30 272.34 -1.
4. 2 60 0.8 -25 1 3. 1 4 12 731 6.3
771, 656.7 -1 - -1 3. -691.4 11.3 77.5 17.17 6.24
-259. 7. - -2.2 -628. -26 16.2 18. 08. 8.94
-2 -1 7. -1578 -3 .8 -3 0. -32 .0 12.1 08. 36.2 5.
-9. -643. -925 -7. 7 -1228. -821. 2. - 07 -164.2 0.9
8 13.1 7. 1107. -0. -171. 2 .3 41. 41. 7
9 -47. 02. 0.2 - - . 12.58 10. 4 358.3 -1.2
0 . 534 1440 -8.4 -23 6. 12.77 -7. 475 -274.0 A
-4. -363. -892.74 -17. -1 -42 -3 7.14 14.34 657. 313. -15.6
5. -0. 12 - -1 -0.01 -0. 2
-4. -522 -383 1. 1 30 237. 3.07 122. 124. -3.
4. 552 .4 836. -3.4 -0. -579.7 -10.4 4. . 216. 203. -1.
8 84 12.1 13.0 197 21 10.5 .67 44 3 -7.
1 4. 12.8 7 7 1269. -5.4 -0.23 -201.9 -8.
- -17 0. 33.8 31.0 2 4 .2 4 7. 131. -
8 - -67 -1 -11. -2.9 - -4 12.4 0 .8 -0.
9 -1 - -1 -11.6 -14.9 - -2 7 1 15.21 4 -9 599
-2. - .52 - -6.4 -8.7 -1140.87 -15 4 10.37 -0 420.
6. 1465.83 1 11.0 15.4 07.61 30 1 19.7 .2 873.
-2.2 .31 - -1.3 -1, -194.18 - 3.5 19 8
T7. .4 1 0.7 0
5 577.6 -4 -2.4 -573.6 - . 5.01 176.82 12.8 4
2 7 834.5 1 2 4.17 292 9. 0.84 33.17 52.1 -
6 4. 1005.04 4 -6. - -124 -1 .84 45.0 44 1364. 134
7 - -54.7 -497. 0. - 78. -446.6 -0.2 -3. -8.54 -151.54
8 - -39 -3 -1. . -3 704 -7. -7.2 -3 -3
9 - -104 -54 -1 -14.7 -26 -385 -2.4 11. - 4
567. 1 4.4 256. 752.3 2 -7.4 0.64 -302.
- 2 - 4 - 7. 7. - -1.4 -24 -59.
-154 4 - - -7 -3 .64 - 1. - 57.4 .
1. 82 7 A 6 2 7 - -0.7 -374 - -4.4
34.7 6044 7540. 20. 2 54 4 5746.4 -4 4 -4 -2 -2647.
-1.7 - - .4 -0. - - -443.8 . 211.
.9 -1 4 18 -15.4 -7, -36 -4180. .8 2 42. 91. -1
-10.8 -1 .4 -1099 .4 -1, -7. -1 -1040.2 7 3. 367.74 -
8 -19.6 -2772.94 0. -19. 4 -2312.2 .0 305.2 -
9 01 -18 449 0 14 9 872.7 13.5 2 219
-0.27 -8 4 -23 .4 2 .9 10.1 44 400.
.05 07 641.2 - - - -4 .8 13.7 4 7.
-7.78 -384 -4 4 - 4 -1 -584. -1261.0 7.2 11. 490.
12.77 1308. 1 . - - - 4 -10 .3 33.5 45. 1 1 4. -10.13
.6 457 .4 79. -0. - -4 - .8 7 8. 4. 13.14
.0 0 0. -7.4 - -7 -819.7 11.5 9.3 . 40. 4.97
-9 -72.4 9. -1, -3.0 - - .9 2 5. 2 70. 7.
-3. -223. -463. -0.83 -6.2 - . - 7. 15.0 14.2 1.0 77. -6.
8 -10.0 779.9 -1280. 47 -14. 1 5. - 1. 10.2 10.4 0.0 7. 2.
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5 3. 373.4 .0 -3.7 -3.59 -737 - 7 13. 16.3 A 6 4 -
5 9.9 1008.2 1 .31 A 13.57 1509 2525.9 .98 4.9 4 214.92 4
pcligpt acllgm d acllgpt pctigmd pctigpt actlgm d actlgpt pcbtpfmd |pcbtpfpt acbtpfmd Jacbtpfpt pcbrpfmd
A1 560.4 1365.7 -0.57 4.5 -140.1 1117.83 0.1 1.8 0.0
-3.47 -267.5 -487.7 7.76 .3 1517.7 1243 .47 - -7.36 -1.17 -2.8 -
4.1 77 50 7 -2.4 6 -536 - 0.4 - 0 -
.2 3 4 9 4 1070.85 - -2.2 -1.7 -0.9 -
.6 9 5. 4 . 1086.37 - -4. - -1.7 -
-0. 7 - 7 1. 451.17 -2 -22.1 - -6.7 -2
- . -4 . -1, 1 -277. - -2.7 -2. - -
8 6. 1 4 -2. 4. -591. 4. 9 0.
9 - 4 5.7 .5 1. 2. - -2.0 - - -
- . -5 15.5 12.1 3 7. 4.84 - -0.7 -3.2 - -
-3. -2 1.8 -671. 4.6 4.0 -1 9. 7.14 - -6.7 -0.7 -2.
-20. -0.1 -33 -2.6 0.1 -6 - .9 -0.0 -0.0
- -409.7 -240. 4.2 4.4 869.17 913.32 - -1.0 -0.67 -1.5
- -154.3 -383. 5. A 1158.6 1395.86 - -0.4 -0. -1.0
- 4 -1074 -664 -2.9 -0.3 -60 -77 6.0
6 3 4.14 1 7 .5 4.0 243.6 628. . 0.0 0.9
7 - 7 - -1012.3 .0 -1.4 567.7 -27 4 4 9. 2.
8 . .8 -0.44 7 - 1 -4.4 -4.0 -1.8 -
9 .4 1.4 2 .6 404.7 -5.7 -8. -2. -
. 86. 710. 4.4 7 8 4 1 . -3.51 -6.6 -1.7 -
0. 414.86 4. 11.49 4.4 23 A 9 .6 .65 6.7 1.1
2 2 -0.75 -5.2 -127. -897.4 -0.83 0. -0.3 -
0.0 2.
6 .96 6.24 -1, 1108.32 - . -2.74 0. -1.11 -
. -3 .58 69.4 -0.4 -84.58 .4 5. 1.94
9. 12 67 1 -3. -820 -697. -1, -0. -0 - 4
-2.1 14 -249. -5.4 - -978 - 1.4 1. -0. 0.
8 -4. -9 -7 0. - 2 -4 0. A 0.
9 - -7 -10 -4. - -112 -917 -0. -2.91 -0. -1
- -463 -679. 4 - 47.2 -1 .54 77 1.1 2.14 .4
69. 4 - 40 - -3.0 5 -1.2 0. -
- 3 8 -10 - -37 -1.7 - 7 -0.7 -0. -
- 3 - 7 -20 4 - -4 -1 4 - .34 8
1 7 1 1 275 1 2 .4 24 0. 2.0 4.85 .7
- - 7 -8 4 1 4 601 -4 - 7 - -1.5 -
- -1740. -9 . .4 .4 . 5 - - - -1.5 - 4
- -354.34 -141.36 4. 19 3.4 - 4 - - -2.7 -
8 -880 4 44 - 7 0 -1414 5 -1 -5.3 4
9 -3.2 -429.7 0. A - 4 . - 8 -
.3 7 10.7 2429. - -4.3 - -1.7 -
4 A 680.8 10. 4. 4. 799.8 - -1.8 - -2,
4 8. 4 1000.1 -0. 0. -144. 1 A - -12.9 -1.7 - -6.4
4 -4. -1 -848. -6.3 0. -17 264.7 . 1. 7
1366. 6. 7.7 10. 1 17 -3.8 -3.2 -1.6 - -
495. 5.2 2. 4 -6.7 -4.7 -2.3 - -
. 772.9 4 .8 0. .44 -2. -0. - - -
-4. -774.4 - .64 7 8. 1 16 . -1.4 -3. -0. -
8 - 2. - .4 - - -314. -1 .5 -5. 1.9
9 66. 6 A - -7. -2.0 -
4 114 3 - - 37 - -4. -1.6 -
- 4 - 7 75.6 -0.9 -2. -5.
4. 6 .87 . 1. 1461.7 -0.7 1. -0.2 -0.4
- -317. -756.4 5 -4.4 2 -890. -1.4 -2.23 -0.7 -
- -1083. -1367.61 -3.63 -4. -977.7 -1249.84 1. 2.47 0.6
20.8 763.04 7 .2 13.1 4. 2.59 3.28 1.1 1
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pcbrpfpt acbrpfmd Jacbrpfpt pcbfgm d pcbfgpt acbfgmd acbfgpt pcblgmd pcblgpt acblgmd acblgpt pcbffmmd
0.4 1.9 0.21 8.77 7.6 4492 .4 3903.7 1.17 7.5 541 3484.
-7.2 -1.0 -2.6 -1.1 -8.8 -304. -2277.17 3. .6 1595. 1087. 3.53
.4 -0. 0. -0.0 3.0 - 12 4. .4 16 9 3.7
-2. -1. -0. -3.4 -0.0 -814. - 3. 4 1367. 3.36
-4.1 -2. -1. -4.4 -2.0 -93 4 7. 16 7.07
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6 0 0. 2 1129 0.46 .57 14 25.
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1 7.0 2 . 0.74]. .
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1.9 2 6.95 10.2 16 4 2370.4 -1.4 1.2 5.2 471. -
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totload3 upper3 lower3 aclower1 Jacupper!1 Jaclower2 Jacupper2
111009940 244054 765886 102.27 22.73 148.3 36.94
2 835335 179949 655386 64.2 2.84 104.55 14.2
311083066 161727 921339 55.68 2.84 127.27 5.69
4 6366638 138952 497716 72.73 2.84 131.24 19.89
5 909563 174574 734989 93.18 17.05 158.53 28.4
6 860443 193057 667386 115.34 25.57 198.3 25.57
7 864395 187278 677117 78.98 25.57 132.39 31.26
8 648105 145946 502159 87.5 22.73 157.96 31.24
9 403571 111435 292136 19.89 2.85
10 479826 44895 434931 118.18 0 118.18 0
11 838372 225597 612775 63.64 17.05 111.91 45.46
12 612697 129953 482744 7.38 11.38 44.36 17.06
13 864938 201108 663830 123.3 19.89 195.45 39.77
14 672693 101080 571614 70.45 -34.09 186.64 -34.09
15 740115 164591 575524 87.5 14.2 144.88 19.89
16 813688 174767 638920 121.59 28.41 165.92 36.92
17 575239 117955 457284 56.23 17.04 106.24 19.88
18 728756 177119 551636 55.68 17.04 88.06 42.61
19 873574 185188 688386 88.07 14.2 168.75 28.41
20 718188 144744 573443 114.77 11.36 159.09 31.26
21 927864 195591 732273 131.82 25.57 210.22 42.61
22 294098 73497 220601 53.98 22.73 111.36 31.25
23 0 0 0 -9.09 0
24 0 0 0 1.7 2.84 -27.85 5.68
25 0 0 0 0.01 0 27.84 2.84
26 0 0 0 13.65 -5.68 -44.3 -5.68
27 0 0 0 2.85 -2.84 -8.52 17.04
28 0 0 0 -1.14 -8.52 35.78 28.4
29 0 0 0 -11.94 -14.2 -57.95 -2.84
30 0 0 0 -21.6 14.2
31 0 0 0 -28.97 -11.36 -5.68 -5.68
32 0 0 0 1.71 -2.84 -18.17 -2.84
33 0 0 0 4.53 -5.68 -22.73 8.52
34 0 0 0 1.71 -5.68 -6.26 0
35 904986 174577 7304009 116.5 22.8 147.7 45.53
36 758667 167426 591242 78.4 25.6 181.24 34.09
37 638588 165641 472947 71 31.2 110.75 45.42
38 908951 248591 660360 91 28.3 126.17 36.86
39 876957 192550 684407 117.6 22.8 165.39 22.71
40 947765 268604 679161 131.2 36.9 248.96 59.6
41 781070 175655 605416 77.7 25.5 138.52 36.88
42 974959 160884 814075 1565.1 0 167.6 11.35
43]1 1255672 289750 965922 162 42.6 272.84 48.23
44 810173 166003 644169 76.2 2.8 137.45 25.52
45 9440090 194714 749376 171 25.5 214.19 36.93
46 756172 167984 588188 96.6 2.8 205.16 19.79
4711121039 267824 853216 89.7 19.9 156.25 42.58
4811067414 225269 842145 120.3 19.9 184.59 31.22
4911054215 216064 838151 94.2 31.3 155.02 31.27
50 944471 176518 767953 106.8 17 181.26 31.25
51 745314 186251 559063 65.9 23.4 295 .44 104.65
5211246605 273211 973394 84.6 34 144.79 51.08
53 939296 177798 761498 90.9 25.5 175.01 31.18
54 806998 202828 604170 56.8 31.3 122.72 34.06
55 852339 196242 656097 93.2 25.6 163.05 39.76
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General Linear Model
Within-Subjects Factors

Measure: MEASURE 1

Zbap Dependent Variable
1 Zbap1
2 Zbap3
Between-Subjects Factors
Value Label N
Trainig Group 1 R 21
3 C 12
5 VR 21
Descriptive Statistics
Trainig Group Mean Std. Deviation N
Zscore: bap pre R 0.1286748] 0.97798173 21
C -0.1922921] 0.56123666 12
VR -0.0567694] 0.76597118 21
Total -0.0147683] 0.81466942 5
Zscore: bap post R 0.0942761] 1.08492136 21
C -0.3167772] 0.66794338 12
VR -0.0615491| 0.84804316 21
Total -0.0576678] 0.91242014 54|

Tests of Within-Subjects Effects

Measure: MEASURE 1

Source of Squares df Mean Square F Sig.
Zbap Sphericity Assumed 0.075 1 0.075 0.437| 0.512
Greenhouse- 0.075] 1.000 0.075 0.437] 0.512
Huynh-Feldt 0.075) 1.000 0.075 0.437 0.512
Lower-bound 0.075] 1.000] 0.075 0.437| 0.512]
Zbap * group Sphericity Assumed 0.056 2 0.028 0.163 0.850)
Greenhouse- 0.056 2.000 0.028 0.163 0.850]
Huynh-Feldt 0.056 2.000 0.028 0.163 0.850
Lower-bound 0.056 2.000 0.028 0.163 0.850]
Error(Zbap) Sphericity Assumed 8.760 51 0.172
Greenhouse- 8.760 51.000 0.172
Huynh-Feldt 8.760, 51.000 0.172
Lower-bound 8.760 51.000 0.172
Tests of Within-Subjects Contrasts
Measure: MEASURE_ 1
Source Zbap of Squares df Mean Square F Sig.
Zbap Linear 0.075] 1 0.075] 0.437 0.512
Zbap * group Linear 0.056) 2 0.028, 0.163 0.850
Error(Zbap) Linear 8.760) 51 0.172
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
Source Squares df Mean Square F Sig.
Intercept 0.458, 1 0.458 0.341 0.562
group 2.082 2 1.041 0.776 0.465
Error 68.400 51 1.341
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General Linear Model
Within-Subjects Factors
Measure: MEASURE _1

ZCTX Variable
1 ZCTX1
2 ZCTX3
Between-Subjects Factors
Value Label N
Trainig Group 1 R 22
3 C 12
5 VR 21
Descriptive Statistics
Trainig Group Mean Std. Deviation N
[Zscore: cix pre R 0.2698712 1.20871532 22
C -0.0760330 0.98796723 12
VR -0.2392748 0.69671868} 21
Total 0.0000000 1.00000000 55
Zscore: ctx post R 0.3060738 1.07565979 22
C -0.1833242 0.82885036 12
VR -0.2158921 0.96700771 21
Total 0.0000000 1.00000000] 55

Measure: MEASURE_ 1

Tests of Within-Subjects Effects

Source Squares df Mean Square F Sig.
ZCTX Sphericity 0.006 1 0.006| 0.013] 0.910)
Greenhouse- 0.006 1.000 0.006 0.013] 0.910)
Huynh-Feldt 0.006 1.000 0.006 0.013] 0.910)
Lower-bound 0.006 1.000 0.006 0.013] 0.910)
ZCTX * group Sphericity 0.089 2 0.045] 0.089 0.915
Greenhouse- 0.089 2.000] 0.045] 0.089 0.915
Huynh-Feldt 0.089 2.000] 0.045] 0.089 0.915
Lower-bound 0.089 2.000] 0.045] 0.089 0.915
Error(ZCTX) Sphericity 26.113 52 0.502]
Greenhouse- 26.113 52.000] 0.502]
Huynh-Feldt 26.113 52.000] 0.502]
Lower-bound 26.113 52.000] 0.502]
Tests of Within-Subjects Contrasts
Measure: MEASURE _1
Source ZCTX Squares df Mean Square F Sig.
ZCTX Linear 0.006 1 0.006 0.013] 0.910)
ZCTX * group Linear 0.089 2 0.045] 0.089 0.915
Error(ZCTX) Linear 26.113 52 0.502
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
Source Squares df Mean Square F Sig.
Intercept 0.054] 1 0.054] 0.037] 0.847]
group 6.228| 2 3.114] 2.143] 0.128]
Error 75.570) 52 1.453]
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General Linear Model
Within-Subjects Factors
Measure: MEASURE 1

zrat Dependent Variable
1 zratpre
2 zratpost
Between-Subjects Factors
Value Label N |
Trainig Group 1 R 21
3 Cc 1
5 VR 21
Descriptive Statistics
‘Trainig Group Mean Deviation N
zratpre R -0.8862 2.59483 21
Cc 0.3157 1.31021 12
VR 1.2750 11.52518 21
Total 0.2214 7.34503 54
zratpost R 1.6054 6.75441 21
Cc 0.2418 1.40990 12
VR 0.1990 1.35446 21
Total 0.7554 4.33468 54

Tests of Within-

Measure: MEASURE 1

Subjects Effects

Source of Squares df Mean Square F Sig.
zrat Sphericity Assumed 5.040 1 5.040 0.155] 0.696
Greenhouse-Geisser 5.040 1.000 5.040, 0.155] 0.696
Huynh-Feldt 5.040 1.000 5.040 0.155) 0.696
Lower-bound 5.040] 1.000 5.040 0.155) 0.696
zrat * group Sphericity Assumed 69.677 2 34.839 1.069 0.351
Greenhouse-Geisser 69.677| 2.000, 34.839 1.069 0.351
Huynh-Feldt 69.677 2.000 34.839 1.069 0.351
Lower-bound 69.677 2.000 34.839 1.069 0.351
Error(zrat) Sphericity Assumed 1,662.354 51 32.595
Greenhouse-Geisser 1,662.354 51.000 32.595
Huynh-Feldt 1,662.354 51.000 32.595
Lower-bound 1,662.354 51.000 32.595
Tests of Within-Subjects Contrasts
Measure: MEASURE 1
Source zrat of Squares df Mean Square F Sig.
zrat Linear 5.040] 1 5.040 0.155) 0.696
zrat * group Linear 69.677| 2 34.839 1.069 0.351
Error(zrat) Linear 1,662.354 51 32.595
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
Source Squares df Mean Square F Sig.
Intercept 21.185] 1 21.185 0.510, 0.478
group 4.347 2 2.174 0.052 0.949
Error 2,118.784 51 41.545
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