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ABSTRACT

This study compared bone mineral density of the radius, ulna, spine,
and femur in healthy adults of varying activity levels. The sample included
caucasian males (67) and females (82) ranging from 35 to 85 years. Males
who were highly active in weight bearing activity had greater bone mineral
density of the radius, ulna, femur neck and Ward's triangle of femur than
those who were less active. Females who were highly active in high impact
weight bearing activity and nonweight bearing activity had greater bone
mineral density at the radius than females who were less active in these
activities. Multiple regression revealed that weight bearing activity and age
were fairly good predictors of radial bone mineral density in males aged 35-64
years, and high impact weight bearing activity and age were fairly good

predictors of radial bone mineral density in females aged 35-49 years.
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1. INTRODUCTION

Osteoporosis literally means "porous bones", and is characterized by
both a loss of bone mineral and an increased risk of fracture. Osteoporosis
is the most common skeletal disorder in humans (Sinaki & Offord, 1988),
with approximately 1.2 million fractures each year attributed to
osteoporosis (Johnston & Slemenda, 1987).

Bone loss is a universal phenomenon: Americans, Europeans, and
Central Americans experience similar rates of age-related bone loss
(Montoye 1976). However, peak bone mass and the rate of bone loss does
differ among ethnic groups. Blacks have a higher peak bone mass, lose
bone at a slower rate, and have a lower risk of osteoporotic fracture than
whites (Stillman 1983; Woolf & Dixon, 1988). The incidence of osteoporosis
is higher in Anglo-Saxon, Japanese, and American females (Woolf &
Dixon, 1988). Overall, women have a lower peak bone mass, begin losing
bone at an earlier age, and lose bone at a faster rate than men. Women are
therefore more susceptible to osteoporosis than men.

Osteoporosis is a costly disease, in physical, emotional and economic
terms. The fractures most commonly associated with osteoporosis include
fractures at the radius, hip, and vertebrae. Approximately 210,000 hip
fractures occur each year in the United States (Cummings et al. 1985), with
over 70% of them occurring in people over age 65 (Melton & Riggs, 1983). Of
women aged 65 and older, nearly one- third will suffer at least one vertebral
fracture (Melton 1987). Fractures of the vertebrae and hip are the most

debilitating. Vertebral fractures result in loss of stature, kyphosis, and
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postural difficulties (Woolf & Dixon, 1988). Hip fractures usually require
surgical intervention, and mortality is estimated at 50% (Smith et al. 1976).
After hip fracture, women are 15-20% more likely to die within one year
than age-matched women who do not experience hip fracture (Cummings
1987). In addition, 15-25% of previously independent women with hip
fractures will be placed in long term care facilities for at least one year
(Cummings 1985). The yearly cost of hip fractures alone has been
estimated to be $7.2 billion (Holbrook et al. 1985).

The etiology of osteoporosis is complex and not well understood.
Several risk factors for osteoporosis have been proposed. Primary risk
factors include female sex, early menopause, slender body build, and white
or Oﬁehtal race (Johnston & Slemenda 1987). Secondary risk factors
include alcohol abuse, tobacco abuse, calcium deficiency, family history of
osteoporosis, a sedentary life-style, and excessive drug use
(anticonvulsants, thyroid hormone, corticosteroids) (Johnston & Slemenda,
1987; Goodman 1985; Woolf & Dixon, 1988; Cummings et al. 1985).
Heritability certainly plays an important role in terms of skeletal size,
structure and mineralization. Females have a smaller skeletal frame, a
lower peak bone mass, and lose bone at a faster rate than men. However,
women who have had one or more children and women who have breastfed
tend to have a greater bone mass than age-matched women who are
nulliparous. This may be a combined result of hormonal effects and the
additional weight bearing during and after pregnancy. Early menopause,
due to a reduction in estrogen, leads to a more rapid decline in bone

mineral,
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While being underweight is a risk factor, obesity is protective. Bone
mass is higher in the obese than non-obese, and conversion of
androstenedione to oestrone in adipose tissue is four times more efficient in
obese compared to normal weight females (Woolf & Dixon, 1988). Obesity
certainly increases the weight-bearing load on the skeleton.

Smoking is associated with a lower bone mass (Mazess & Barden,
1991), and both rheumatoid arthritis and corticosteroids are associated with
increased bone loss (Woolf & Dixon, 1988). Caffeine increases both urinary
and fecal calcium losses (Woolf & Dixon, 1988). Alcohol is associated with
decreased bone mass, increased bone resorption, calcium malabsorption,
and a greater occurrence of falls and fractures in the elderly (Woolf &
Dixon, 1988).

Lack of physical activity has been implicated in bone loss (Sinaki &
Offord, 1988). Cross-sectional studies of active versus sedentary men and
women reveal that sedentary individuals have lower bone mineral content,
lower total body calcium, and greater rates of bone loss than age-matched
controls (Sinaki & Offord, 1988; Aloia, Cohn, & Ostini et al. 1978; Smith,
Smith, Ensign, Shea, 1984; Nilsson & Westlin, 1971; Chow et al. 1986).
Physical activity appears to be important in preventing bone loss in aging
females (Smith, Smith, Ensign, Shea, 1984).

Peak bone mass is thought to occur around 25-30 years of age, and is
determined by a combination of genetics, nutrition (calcium, phosphorous,
manganese, copper, zinc, boron, vitamin D, protein, fiber), an adequate
hormonal milieu (androgens, estrogens, parathyroid hormone, calcitonin),

and exercise (Woolf & Dixon, 1988, Heaney 1988). Bone is in a constant state
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of remodeling; however, at about 30-40 years of age, bone resorption exceeds
bone mineralization (Montoye 1976) and bone loss occurs. Both cortical
(hard, compact bone) and trabecular (porous, spongy) bone are affected,
although trabecular bone loss exceeds that of cortical bone (Cummings et
al, 1985). This may be partly due to the higher rate of bone remodeling in
trabecular bone (30-60% per year) compared to cortical bone (3% per year)
(Woolf & Dixon, 1988).

Estimates of bone loss vary. Men begin losing bone mineral in the
fourth decade, at the rate ‘of 0.4-0.5% per year (Smith & Raab, 1985). Women
begin losing bone mineral in the third decade at the rate of 1% per year. At
menopause, the rate of bone loss increases significantly to 2-4% per year,
but then declines to the previous rate of 1% per year after approximately five
years (Smith & Raab, 1985). The rate of trabecular versus cortical bone loss
varies in women, as trabecular bone loss occurs at a linear rate, whereas
cortical bone loss accelerates at menopause until about age 65, when the
rate of bone loss slows to pre-menopausal levels (Riggs & Wahner, 1981;
Chow et al. 1986; White et al. 1984).

The results of cross-sectional studies suggest varying rates of
trabecular bone loss from site-to-site, with a range of 6-8% bone loss per
decade in males and females beginning in the third decade (Woolf & Dixon,
1988). Longitudinal studies using computed tomography show a much
greater variation of 3-10% bone loss per year in the lumbar spine of
menopausal women (Krolner & Nielson 1982; Krolner et al. 1983; Mazess
1982). Cummings also notes a 3-10% loss of trabecular bone per year in the

first 3-5 years after menopause, after which time the rate of bone loss
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decreases significantly. This change in bone mineral content is associated
with an enlargement of the medullary cavity more so than a thinning of
trabeculae (Mazess 1982).

Cortical bone loss is estimated at 3% per decade starting in the fourth
decade for both men and women (cross-sectional and longitudinal studies)
(Woolf & Dixon, 1988). This loss increases to 9-10% per decade in
menopausal women until age 75, when cortical losses decline to 3% per
decade (Cummings, 1987; Woolf & Dixon, 1988). It is important to note that
cortical bone comprises 80% of the human skeleton, while trabecular bone
accounts for only 20%. However, trabecular bone loss has significant effects
on skeletal strength, as sites high in trabecular bone are primary fracture
sites. In addition, trabecular bone is more sensitive to hormonal change,
and trabecular bone loss exceeds that of cortical bone.

There are three main hypotheses to explain age-related bone loss in
humans. One hypothesis is nutrition-related--that is, it is hypothesized
that inadequate consumption, absorption, or utilization of calcium and
other bone-related nutrients (phosphorus, manganese, copper, zinc, and
vitamin D) will result in or predispose an individual to osteoporosis (Heaney
1988). On this point, a high calcium intake over a lifetime has been
associated with greater bone mass (Woolf & Dixon, 1988); however, studies
of malnourished adults in third world countries do not support the
hypothesis that low levels of calcium intake increases the risk of developing
osteoporosis (Woolf & Dixon, 1988). This may be related to the low protein
intake of this population and/or due to adaptations in absorption and

utilization of available calcium.
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The second hypothesis relates to hormonal aspects of bone
regulation. Estrogens, androgens, calcitonin, parathyroid hormone, and
1,25-(OH)-D all have important roles in maintaining a proper balance in the
process of bone remodeling. An imbalance or decline in the production or
effectiveness of any of these hormones could significantly affect
maintenance of bone mineral. The decline in estrogen production in
menopausal women is associated with a significant decline in bone
mineral content (Chow et al. 1986).

The third hypothesis, and the focus of this study, pertains to the effect
of physical activity on bone mineral density and age-related bone loss. With
age, there is a downward trend in level of physical activity, a decrease in
muscle mass, and a decrease in bone mineral density (Doyle et al. 1970;
Krolner et al. 1983). The mechanical force that an activity imposes on the
skeletal system has a significant effect on bone mineral density (Sinaki &
Offord, 1988). In particular, weight bearing activity is implicated as a
positive stimulus for bone formation. High levels of weight bearing activity
over a lifetime may contribute to an increased peak bone mass and a
decrease in the rate of age-related bone loss. Higher bone mineral has been
observed in female weight lifters and gymnasts, as compared to swimmers
(Nilsson & Westlin, 1971). Although self selection may confound the results
of cross-sectional studies, the greater bone mineralization in the dominant
arms compared to the non dominant arms of young and old tennis players
provides strong evidence that physical activity promotes bone

mineralization (Priest, Jones et al. 1977; Montoye, Smith et al. 1980).
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It seems apparent that none of the above three hypotheses can
explain age related bone loss entirely. All three factors likely have effects
that are interrelated. However, the potential beneficial effect of physical
activity on bone mineral density, and the slowing (or reversing) of age

related bone loss has not been investigated adequately.

P e of the Stud

The purpose of this study was to examine the relationships between
axial and appendicular bone mineral density and historical physical
activity in healthy white males and females ages 35-85. The objective was to
assess whether individuals who are physically active have greater bone
mineral density than their sedentary counterparts. Furthermore, the effect
of participation in weight bearing versus non-weight bearing, and

locomotive versus non-locomotive, activities was assessed.

Research Hyvpotheses:

The specific hypotheses tested were as follows:
1) Highly active healthy males and females, ages 35-85, will have a
significantly higher bone mineral density than age-matched low active
healthy adults.
2) Healthy males and females (ages 35-85), who engage in regular weight
bearing activity will have significantly higher bone mineral than healthy

age-matched adults who engage in non- weight bearing activity.
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3) Healthy older adults (ages 50-64 and 65-85), who are highly active (high
overall and high weight bearing) will have bone mineral density closer to

that of healthy sedentary younger adults (ages 35-49 and 50-64).

Significance of the §tudy_

Physical activity is an important determinant of bone mineral
content. Many experts also believe that physical activity has the potential
effect of slowing age-related bone loss. However, there is inadequate
evidence to answer the question of specifically which types of activities will

have significant impact on age-related bone mineral content.

Scope of the Study
The subjects for the study were two hundred and fifteen healthy

white male and female volunteers (110 female, 105 male), ages 35-85,
recruited from Tucson and the surrounding areas. Bone mineral density
of the proximal forearm (radius and ulna), femur, and lumbar spine (L2-
L4) was measured by single and dual photon absorptiometry. Physical
activity was assessed by a self-administered questionnaire to determine
scores for: 1) overall activity; 2) activity in non-weight bearing exercise; and
3) activity in weight bearing exercise. Further, weight bearing activities
were categorized into three groups: 3a) non-locomotive, 3b) locomotive,
high impact, 3c) locomotive, low impact. Activities were categorized into
the above groups, as determined by a separate survey completed by five
knowledgeable persons. Activity scores (in METS) were calgulated for

lifetime activity. Anthropometric measures of height, weight, skeletal
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widths, skinfolds, and hydrostatic weighing provided a physical description
of the subjects.

Limitations

The major limitations of the study include the following:
1) Subjects were volunteers, and were not randomly sampled.
2) After instruction by an investigator, physical activity was assessed by a
self-administered questionnaire.
3) Subjects may have limited ability to accurately recall activity over the
previous year and lifetime.
4) Total body bone mineral was not measured; rather, four sites (both
appendicular and axial) will be used to reflect changes that may be
occurring in other regions of the body.
5) The physical activity questionnaire has not been validated (though it is
similar to questionnaires used by several investigators that have been
validated: Stillman 1983; Leon et al. 1987; Taylor 1978; Montoye & Taylor
1984).
6) The small sample sizes in each age group decrease the statistical power
of this study.
7) Extraneous factors not accounted for: caffeine, alcohol, dietary calcium,

cigarettes, menopausal status, and estrogen use.

Definition of Terms

Key terms used in this study are defined below.



20

Physical Activity. The quantification of physical activity in this study was
based on time spent in leisure activity. Five variables were calculated.
WBNL. refers to weight bearing non-locomotive activity.

WBLL. refers to weight bearing locomotive low-impact activity.

WBLH. refers to weight bearing locomotive high-impact activity.

NWB. refers to non-weight bearing activity.

TOTAL. refers to the sum of all leisure-time physical activity.

Bone Mineral Content. Bone mineral content is defined as grams of
mineral ash per centimeter of bone.

Bone Mineral Density. (BMD) The grams of mineral ash per square
centimeter of bone (g/cm?2).

METS refers to metabolic equivalents, a reference value for the energy cost
of a given activity, independent of body weight.

Axial refers to lumbar vertebrae.

Appendicular refers to radius, ulna, and femur.
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2. LITERATURE REVIEW

Measurement _of Bone Mineral

Several non-invasive techniques are available to measure bone
mineral content, including radiography, photon absorptiometry, computed
tomography, and neutron activation analysis. Earlier studies used x-rays
to transmit photon beams through bone and on to radiographic film. Bone
mineral content is qualitatively assessed by densitometric analysis of the
film. However, this method is inadequate for assessing changes in bone
mineral content, because of poor precision and accuracy. Changes must
approach 20-30% before they can be seen on radiographs (Stillman 1983).

Photon absorptiometry was introduced by Cameron and Sorenson in
1963 (Stillman 1983). Single photon absorptiometry (SPA) utilizes a
monochromatic, low energy photon source, and measurements are made
with a collimated scintillation detector. SPA allows accurate measurement
of the combined cortical and trabecular content of the forearm (mid-radius
and distal radius), where very little soft tissue surrounds the bones. This
method offers good precision and accuracy with low levels of radiation
exposure to the subject. However, SPA is not useful for measuring the
spine, a critical site of bone loss in osteoporosis.

Dual photon absorptiometry (DPA) was introduced by Reed in 1966.
This technique utilizes dichromatic gamma radiation to measure bones
that are surrounded by soft tissue (e.g. spine and hip). Although this
method is more expensive, it allows accurate measurement of both

trabecular and cortical bone at axial sites. This is advantageous, since
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correlations between axial and appendicular sites is low (Woolf & Dixon,
1988).

Computerized tomography (CT) was introduced in the early 1970's.
Collimated beams of gamma rays are used to scan slices of tissue, and a
computer analyzes the data. An advantage of CT is that it can measure the
density of the entire bone, or of trabecular bone separately. However,
variations in bone marrow fat can lead to underestimations of trabecular
bone by 10-25% (Mazess 1982). Garn et al. (1969) reported that bone thins
from the inside (endosteal surface) first, causing an enlargement of the
medullary cavity. This enlargement can affect measurement of trabecular
bone density. In addition, this method is more expensive and gives higher
doses of radiation than SPA and DPA. Neutron activation analysis
estimates total body calcium, of which approximately 99% is in bone. This
method correlates well with SPA, and is useful for measuring changes in

skeletal calcium.

Age-Related Changes in Bone Mineral Content

Estimates of age-related bone loss vary, depending on the sites of
measurement (and therefore whether it is primarily cortical or trabecular
bone), method of measurement, age and sex of the subject, and whether the
data is obtained by cross-sectional or longitudinal investigation. In
general, women begin losing bone earlier than men, and this rate of loss
increases significantly after menopause. Women begin losing bone
between thirty to forty years of age, while men begin losing bone between 40

to 50 years of age (Smith 1982, Mazess 1982, Smith & Raab, 1985). Men,
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because of a greater initial bone mass, do not generally reach the fracture
threshold until the eighth decade, but for women, fractures of the distal
radius and spine are fairly common after menopause (Mazess 1982).

Investigations on the rate of cortical bone loss reveal an
approximately 3-4% loss per decade from the shaft of the radius, beginning
in the mid-thirties for women and the mid-forties for men (Mazess 1982).
This rate appears to increase to 9% per decade in menopausal women until
approximately 75 years of age, when the rate of loss again decreases to the
previous rate of 3-4% per decade (Mazess 1982). These values are from
cross-sectional data, however longitudinal studies have yielded similar
rates of loss (Mazess 1982). Interestingly, premenopausal women have 15%
less cortical bone than males, when bone mass is adjusted for bone size.
The lower initial bone mass, combined with more rapid rates of bone loss
over approximately 30 years helps to explain why women experience
greater problems with bone loss.

Investigations of trabecular bone loss have yielded more variable
results, depending on the site and design of the study (longitudinal or cross-
sectional). Cross-sectional studies reveal a 4-10% loss of bone per decade
from the iliac crest (Mazess 1982). Vertebral bone loss has been assessed
fairly consistently at about 6% per decade in both males and females (cross-
sectional data) (Mazess 1982). The calcaneous and os calcis have also been
studied, but Mazess suggests that these are not good choices for assessing
overall trabecular losses, since estimates of loss for the calcaneous are
highly variable, and those for the os calcis are poorly correlated with

vertebral losses (Mazess 1982). Longitudinal studies using computed
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tomography yielded about 5% loss per year from the vertebra of menopausal
women, while DPA yielded a 3-6% loss per year (Mazess 1982). Overall,
Mazess concludes that trabecular bone loss begins in the third decade, and
progresses at about 6-8% per decade in both men and women. However, the
enlargement of the medullary cavity and increase in marrow fat that
occurs with age complicates the assessment of changes in overall bone
mineral content, particularly when computed tomography or DPA are used
to estimate BMC. Computed tomography will overestimate bone loss by 10%
if bone marrow fat is increased by 25% (Mazess 1982).

The human skeleton is composed of 80% cortical bone and 20%
trabecular bone. Loss of trabecular bone might appear much less
signiﬁcaht than that of cortical bone. However, the earliest consequences of
osteoporosis appear to be fractures of bones containing predominantly
trabecular bone, while fractures from sites high in cortical bone occur
several years later (Mazess 1982).

Peak bone mass is attained by approximately age 35 (White et al,
1984). After this age, bone resorption begins to proceed at a faster rate than
bone formation. This increased rate of bone resorption occurs at the
endosteal surface of bone (Montoye 1976), resulting in an enlarged
medullary cavity. Several factors contribute to the bone loss of aging:
genetics, nutrition, hormones, and mechanical forces on bone (Smith 1982).
The ultimate potential with regard to skeletal size, structure, and mineral
content is genetically determined. Genetics also play a role in endocrine
function and the age of onset of menopause in females. Several hormones

including estrogens, androgens, calcitonin, parathyroid hormone, and 1,25
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dihydroxy vitamin D all have important roles in the process of bone
mineralization and remodeling. An imbalance in these important
hormones can lead to a decline in bone mineral content. Two examples of
this include : (1) menopausal women, where the sharp decline in estrogen
production is associated with an accelerated loss of bone for approximately
five years (Cummings 1987); and (2) amenorrheic female athletes, who
have lower levels of serum estradiol and calcitriol, and lower bone mineral
density in the lumbar spine than age-matched menstruating athletes.
Nutritional factors (Calories, protein, calcium, phosphorous,
manganese, copper, zinc, boron, dietary fiber, and vitamin D) modify the
genetic potential for skeletal development and degree to which peak bone
mass is attained. Deficiency of vitamin D notably leads to rickets; protein-
calorie deficiency inhibits growth (with resulting smaller skeleton); zinc
deficiency in maturing males negatively affects testosterone production,
which results in stunted bone growth. Since calcium is the major mineral
component of bone, it would seem to follow that calcium deficiency over a
lifetime would lead to lower bone mineral content. Some studies support
this hypothesis, most notably a study by (Matkovic et al. 1979), in which two
communities in Yugoslavia with different calcium consumptions were
studied. The low-calcium community had a significantly lower bone
mineral content than the high calcium community. Indeed, a high
calcium intake over a lifetime has been associated with greater bone mass
(Woolf & Dixon, 1988). However, studies of malnourished adults in Third
World countries do not support the hypothesis that low levels of calcium

intake increases the risk of developing osteoporosis (Woolf & Dixon, 1988),
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possibly related to low protein intake or due to adaptations in absorption and
utilization of available calcium.

Mechanical forces, arising from primarily muscular contraction
and gravity, affect bone mineralization (Smith 1982). Bone mineral is
affected by any modification (absence, increase, or decrease) of these forces.
According to Woolf's Law (1892), mechanical stress applied to bone results
in an architectural modification (bone remodeling) (Montoye 1976).
Certainly the pull of muscles on bone is a stress which stimulates
increased bone mineralization in response to the stress. Bassett and Becker
(1962) hypothesized that piezoelectric-like currents control bone
mineralization related to stress applied to the bone. They found that
electrical current results from forces that bend bone. The concave side of
the bone becomes negatively charged, and calcium and phosphorous
accumulate as a result (Smith 1982). The force of gravity, which constantly
stresses bones and muscles on earth, also serves to modify bone
mineralization (Smith 1982). The observed bone mineral losses of
astronauts illustrates the converse situation in which weightlessness and
lack of gravity contribute to bone loss (Rambout 1987). As people age, they
tend to be much more sedentary, therefore reducing the total daily
mechanical forces acting on bone. In addition, muscle mass decreases
with age, and this is also associated with a decrease in bone mineral

content (Sinaki & Offord, 1988; Chow et. al., 1986).
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Weightlessness and Immobilization Studies

Early studies of astronauts returning from space flight revealed
significant losses of bone mineral, as assessed by radiograph and calcium
balance studies. Radiographs of the feet of the crews of the Gemini IV, V,
and VII missions revealed bone losses ranging from 2.9-15.1% in the
calcaneous (Mack et. al., 1967, Rambout 1987). However, other researchers
have criticized these results, based on evidence that bone mineral
measurements prior to space flight had great variance, some of this
variance being greater than the observed changes attributed to space flight
(Vose 1974; Rambout 1987). Urinary calcium loss studies were also
conducted on the crew of Gemini VII. One of this crew experienced
increased urinary calcium after almost eight days of flight (Rambout 1987).
Other studies have confirmed increased urinary calcium excretion during
space flight (Rambout 1987).

Later studies used SPA to measure bone mineral changes in the
crews of the Apollo 14, 15, and 16. The radius, ulna, and calcaneous were
examined. Interestingly, no loss of bone was seen in the radius or ulna,
and loss of mineral in the calcaneous (6.6% and 7.3%) occurred in only two
crew men (Rambout 1987). More recently, metabolic-balance studies have
been conducted on the crews of three skylab flights (1973-1974). These
flights lasted from 28 to 84 days. Urinary calcium losses increased, and
fecal calcium increased after an initial decrease. Overall, calcium losses
averaged 50 mg/day for one month of flight, then increased to more than 200
mg/day by two months of flight (Rambout 1987). Examination of bone

mineral at 18 and 93 days post-flight revealed that re-mineralization was
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not complete (Rambout 1987). It appears that some individuals respond
well and re-gain bone fairly quickly, others more slowly, and still others
show no signs of re-mineralization after five years (Mazess & Whedon,
1983). Rates of remineralization vary, and researchers disagree as to
whether all of the bone loss is reversible.

Investigations on the effects of immobilization of a single limb or of
total bed rest reveal significant losses of bone mineral and negative calcium
balance. Studies involving bed rest ranging from 27 days to 36 weeks |
revealed: 0.9% loss per week from the lumbar vertebra after 27 days; 25.1-
44 .5% loss of bone mass in the central os calcis after 18 weeks; and 4.2% loss
of total body calcium after 36 weeks of bedrest (Smith & Raab, 1985).
Adequate dietary calcium does not prevent this loss of bone, as
demonstrated in a bed-rest study by Donaldson et. al. (1970). Smith and
Raab state that "the amount of bone loss is specific to the immobilized
area,” giving an example of a man with polio who experienced severe bone
loss in his legs after three months of bed rest.

The potential for restoring bone mineral upon resumption of physical
activity is variable. Young men subjected to bed rest were able to restore
baseline mineral levels, over an extended period of time nearly equal to the
bed rest (Donaldson et. al., 1970). However, another study of older subjects
failed to show restoration of bone mineral (to adjusted values based on
aging loss) after 15 weeks of activity (Krolner & Toft, 1983). Yet another
investigation of immobilization in 13 adolescent girls immobilized for
treatment of scoliosis revealed that only four subjects regained all bone

mineral within five years, and five showed no improvement (Mazess &






