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HIGHLIGHT

“Bone health is promoted through regular weight-bearing
physical activities that use muscular strength and power, and
exert force on the skeleton above normal amounts.”

INTROD UCTION

The National Osteoporosis Foundation (NOF) has defined osteoporosis as a disease
characterized by low bone mass and microarchitectural deterioration of bone tissue leading to
enhanced bone fragility and a consequent increase in fracture risk. In otrds, w
osteoporosis is the loss bbne tissue that makes bones weaker. It has been projeattd
over 5 million fractures of the hip, spine, andstvwill occur in women over the age of 45,
which will account for more than $45 billion in direct health care costs over the neyg¢des
(Chrischilles, Shireman, & Wallace, 1994). This is a conservative estimate of the futolie
health impact of osteoporosis, since the projections are based on only three Biesuaand
limited to females. No doubt the estimate would be greater if it included men, who also are at
risk of osteoporosis as they grow older.

In addition to the financial burden attributed to tHiseasepsteoporosis has rofound
effect on the quality of life of older individuals. Those afflicted typically experieneckiced
mobility, pain, loss ofindependence, and psychologicdistress associatedith postural
disfigurement and the fear of additional fractures. Hip fractures are the most fsactrees
since they carry the highest incidence of morbidity and mortality. The postorairmality
associated with vertebral fractures results in reduced cardiovascular capacity andoé#ffects
internal organs due to compression of the chest and abdominal regions. In owmiefint
effective preventive strategies, itimmportant to determine the lifestyle factors tiafiuence
fracture risk. The two primary determinants of fracture risk are low bone mass and falls.



Physical activity has been proposed as one strategy to reduce fractures by increasing bone
mass and by preventing falisrough improved functional ability. Although threechanism
by which exercise increases bone mass is not clear, it likely infludruoes directlythrough
mechanical forces (loading) transferred to bone. Bone responds to changeschianical
loading and the regulation of bone strength is a function of the loads to which the skeleton is
exposed. The most striking examples of this adaptation are the reportslethanstrate
marked bone loss in the absence of weight-bearing activity, such as occurs in space travel and
prolonged bedest (Mack etal., 1967; Nishimura egal., 1994). Conversely, manyeports
have shown that bone maasiong physicallyactive individuals and athletes ssgnificantly
higher compared to their nonactive and nonathletic counterparts. Strdees that have
imposed significant mechanical forcef@ exercise intervention report positive effects on
bone mass, although the magnitude of effect is much less impressive than wquitinted
from studies on athletes arattive individuals. Therefore, the ideal exercig®gram that
maximizes bone response remains elusive. Evidence is accumulating to shggeser,that
exercise that increases muscle strengthss,and power, may provide the bessteogenic
stimulus. Activities of thistype provide additional skeletal protection in the older adult by
preventing falls, which are highly related to the incidence of fractures, particularly at the hip.
This review presents the recent literature in the field and provides recommendations for
exercise design that may aid in fracture prevention. Inréwisw, the terms“bone mass”
and “bone mineral density (BMD)” will be used as synonyms.

PHYSICAL ACTIVITY AND BONE MASS

Physical activity transmits loads to the skeleton in twaysv by muscle pull and by
gravitational forces from weight-bearing activity. It is generally assumed that advighof
activity corresponds to a higlevel of mechanical loadingHowever,despite the intensity of
muscular activity associatedith competitive swimming, studiesomparing athletic groups
have demonstrated that swimmers generally have BMD values lower than thogeatiiletic
controls (Taaffe eal., 1995). Thereforeactivities thatrequire full support of bodyweight
(i.e., those that are performed on the feet)ramommended iEkeletal response isdesired
outcome of exercise participation. Spowgh unilateral activity, such as tennisgontinue to
provide the best representation of the positive effects of exercise on bohenians
(Huddleston et al., 1980; Kannus et al., 1994). These studies have demonstrated greater BMD
in the dominant playing arm vs. the nondominant arm across different age grmypsver,
most forms of activity are not as easily characterized by such specific, locédiadihg
patterns.



Other indicators that physical activity exerts a positive influence on the skeleton is the
finding that certain measures of physical fitness are correlaitsxdBMD. Specifically,body
composition and muscular strength exhibit positive associatisith bone mass.
Investigations of BMD andody compositionhave arisen out of theommon finding that
body weight is associatedith bone density. Research has attempted to specify which aspect
of body composition, lean (muscle) or fagss, igshe best predictor of bone mass. Muscle
directly attaches to bone and may influence the skeletal systethis mechanism, while fat
mass contributes to body weight in a nonspecific manner. It hasdreposed that famass
has the potential to increase circulatilegels of estrogen, althoughhis explanation for its
beneficial influence on bone has yet to be established. Associations between bothléstnand
mass and BMD have beatemonstratedReid, Plank, & Evansl992; Sowers et al.1992).
Although fatmass has been associateih bone and can provide cushioning in the fall-
prone elderly, there are known health problems associaddd excessbody fat (e.g.,
cardiovasculardiseasetype Il diabetes). On the other hand, adequate muscle mass is
necessary for optimal functiorthroughout the life span and muscular atrophthat
accompanies the aging process is associated with falling and fracture. Therefqreuddat
to recommendthat a fracture preventioprogram includeactivities thatencourage muscle
mass development.

Mechanical forces are directly applied to bone by muscular attachments and individuals
with high muscle strength are able to generate large forces during contrddtiemmuscle
strength is a measure of physical fithess that has been stuifiecespect to skeletdiealth.
Research has shown that the relationship between muscle strength and bone demonstrates site-
specificity. Strength of the hip muscles has been related t®Mip, and grip strength has
been associated with forearm BMD (Snow-Harter et al., 1993; Snow-Harér ¥390). The
contribution of muscle strength to BMD in various cross-sectional studies has ranged from 9
to 38% in nonathletic adults. Since approximately 60—-80% of boass is estimated to be
genetically determined, the relationship between muscle strength and bonetrigimloand
again points to the importance of the muscular system with respect to bone health.

Research has demonstrated that male and female athletes who participate inhaports
require muscular strength and power (e.g., weight lifting, gymnastics, wres#ixigpit
higher bone mass than thosehose sports involve primarily musculandurance (e.g.,
distance running, triathlon) (Robinson etl., 1995). Information on theloading
characteristics of various activities suggests that walking and slow running providee tpeals
to or slightly higher than bodweight alone at the spine. In comparison, forces asfiee
have been estimated to be five to six times body weight while weight lifting (Granhad, Jonson,
& Hansson, 1987). Jumping associateith gymnastics training may elicit forces as high as
10 to 12 times body weight.

The research on athletes and the size of the load for a specific sport suggests that the
skeleton’s response to mechanical loading depends omm#mmitudeof the force. In
practical terms, the skeleton must encounter forces thagraeterthan those iexperiences
on a day-to-day basis. Even though walking is a weight-beaatigity, its ability to evoke a
skeletal response is limited to the older adult wvas previously bedridden and unable to
ambulate for a period of time. On the other hand, one pdrtorms activities of daily living
without assistanceavill be in a weight-bearing posture much of the day. For tpérson,
walking as an exercis@ill not exceed the loading threshold of dadlgtivitiesand therefore
will not improve bone mass.



Exercise intervention studies have attempted to introduce various exprog&@ms in
humans to determine the best exercise prescription for bone health. The results of these
studies are equivocalVhile some reports indicate that BMD increases slightith exercise,
some report no change or slight decreases. In order to detect changes imass)ean
intervention must be several months in duratidepending on the age group and type of
program (six months minimum). Relative to other exercise interventions, these are long time
intervals (e.g., muscular strength increases can be observed in eight weeks). Over the life span,
however, these time intervals are relativelyort. This may be one reason wirgmarkable
changes have not been observed within the time frame of training studies. In addition, the
expected magnitude of skeletal response is miesethan that observed in theuscular
system. To illustrate, muscular strength improvements orottier of 50-100% during the
course of a resistance training program are not unusual, especially if initial values were low. A
1.5% increase in bone mass over a period of nine months is meaningful, since average rates
of loss are approximately 0.5-1% per year. To date, most exercise studies hdesigoned
their exercise training programs according to the principles of training. This may beathe
reason why many studies have observed minimal or no training effects oskéheton
(Drinkwater, 1994). The application of these principles to bone loading is outlin€dbie
12.1.

TABLE12.1

Principles of training.

Sp ecificityTheimpact of the training should be at the bone site of interest since loading seems to have a
lo calized effect.

Overload The training stimulus must include forces much greater than that afforded by habitual
activity.
Reversibility In the absence of the training stimul us, the po sitifeetebn bone will be lost.

Initial values Individuals with low BMD will have the greatest potential to gain from increased
mechanical loading.

Diminishing  Each individual's biological ceiling determinegturns the extent of adaptation to
the training.

PREVENTION STRATEGIES THROUGHOUT THE LIFE
SPAN

Bone is a dynamidissue that is constantiyndergoing remodelingctivity, a function of

bone cells, during which old bone is removed anmtew bone is formed. The factors that
determine thelevel of bone cell activity are mechanical loading, calcium intake, and
reproductive hormones. Strategies to decrease risk for osteoporotic fracture should take these
factors into consideratiothroughoutthe life span since bone mass in the older adult is a
product of the amount of bone acquired during growth and subserpiestof lossiuring
adulthood.



Physical activity has been shown to be an important contributor to tnase inchildren
prior to adolescence (Slemendaaét1991). In addition,this group shouldhave adequate
calcium intake so that the necessary blocks for building bone mineral are pdeserg
growth. It has beemroposed thatyoung bone may be moreesponsive tomechanical
loading than old bone (Forwood & Burt993). Given thatapproximately 60% of thé&nal
skeleton is acquired during adolescence, one preventive strategy is to maximize skeletal
loading duringthis rapid phase of growth. It is also important to considegroductive
endocrine status at this time of life. The negative effects of abnormally low estrogen on BMD
in amenorrheic womewmith a high volume of physical training and very low bodyeight
(primarily distance running andballet dancing) arewell documented (Drinkwater edl.,
1984). Theseeffects are even more dramatic dmenorrheic womemith anorexia nervosa.
Although there idittle if any documentation immen, abnormally low testosterofevels are
theoretically detrimental for bone.

Preventive strategies in adults are generally aimed at maintaining bone nmassicing
the rate of loss. However, recent studies on young adult women indicate that physical activity
may play an important roleith respect to the capacity to increase bone mass aftavth
has stopped (Recker et al., 1992; Bassey & Ramsdale, 1994). Recker and coldesguesd
increases in spine BMD over @eriod of five years in a largegroup of women in their
twenties. The increasesere related to self-selectgzhysical activity patterns. Bassey and
Ramsdale (1994) administered high- and low-impact exercise programs to yaoumen for
six months and observed BMD increases at the hip inhilga-impact group only. The
authors note that small improvements in bone mass in young to middle adulthood may result
in quite significant reductions in risk for osteoporotic fracture in later years. It is important to
note that BMD increasewith physical activity are likely to be most dramatic young
adulthood when bone appears to be more responsive to mechanical loadirgddition,
loading characteristics must be substantial, as demonstrated byighémpact activity
administered by Bassey and Ramsddl@94), which includedumping. Adequate calcium
intake and maintenance of normal circulatiteyels of reproductive hormones arstill
important factors for optimal bone health in adulthobdthwever,since growth has ceased,
recommendations for calcium intake are slightly lower than in adolescence.

Older adults face multiple challenges with advancing age. Age-related reductibosien
mass,muscle strength and power, and postural stability makegttwap at highestisk for
fracture. Impaired musculoskeletal function and dynamic balance assowittieaying and
disuse ultimately result in decreased mobility. In addition, these declines in musculoskeletal
function have been associatedth an increase in falls and incidence of hijpacture.
Vandervoort et al. (1990) report that once function has declined to the vplo@ne mobility
is significantly reduced, older individuals may refuse to ambulate due to a fear of falling,
which is thebeginning of adownward spiral that ultimately results in lossinflependence.

This situation, in which veryew physical attempts are made, leads to marked reductions in
strength and power of the lower extremities, which have been specifically linked tiskall
Although bone mass is a major risk factor for osteoporosis, falls and their severitighahe
related to fractures in the elderly. In fact, 90% of all hip fracto@s=ur as a result of a fall
(Melton, 1993).



Falls arecaused by many different factors. Epidemiological research has consistently
found that lower limb strength, reaction time, sensory impairment, and postural instability are
important risk factors for falls. Greenspan et(aB94) haveproposed that noall falls are
potentially injurious and that faeverityin combinationwith bone mass at the hip are the
two primary determinants of hip fracture in ambulatory elderly. Specifically, those who fall to
the side and have no ability to alter fall direction or speed of impact and land directly on the
hip, are more likely to fracture, particularly if BMD at that site is low (Hayes et al., 1993). The
link of muscular strength and power to fall risk is most logically in the stabilization and
control required for voluntary movements as well as for the ability to recover freturele.

One study determined that leg extensor (quadriceps) power in older men and wasngre
best predictor of functional performance (Bassey et al., 1992).

Strategies to prevent fracture in older adults must target bone magdl as factors
associatedvith falls. Severalstudies have observed beneficial effects of weight training in
older populations including increased bone mass, muscular strength, power, dynamic balance,
and functional independenc&hus, this may be the best choice of exercise training at this
stage in the life span. Most research has focused on machine-based training (e.g., Universal
Gym, Nautilus), which requires a seated posture for Idvegly exercisesWhile this isolates
muscle groups in the legs, it effectively reduces loads at the hip and does not pegtinmal
control and balance. To encourage optimal function in a standing posture, older adults
should be encouraged to performercises such as stepping and rising from a chaiese
exercises target muscle groups and actions important for everyday fundfiole. it may
seemdangerous for older adults to engagetthiis type of training, resistance training has
proven successful among nursing-home residents, avamng quite old adults. The benefits
of participation clearly outweigh the risks of immobility, decreased function, iacrtased
likelihood of falls and fracture.

Assessing Your Risk for Osteoporosis

For each of the following questions, check either yes or no.
Ye

1. Do you have a family history of osteoporosis? (Have any of
your relatives broken a wrist or hip or had a dowager’'s hump?)

2. Did you gothrough menopause drave your ovariesremoved
by surgery before age 507?

3. Did your menstrual periodaver stop for more than a year for
reasons other than pregnancy or nursing?

4. Did your ancestors come from England, Ireland, Scotland,
Northern Europe, osia, or doyou have asmall, thin body
frame?

5. Hawe you had surgery in which a part of your stomach or intestines
was removed?

6. Are you taking or have you taken drugs like cortisateroids,
or anticonvulsants over a prolonged period?



7. Do you have a thyroid or parathyroid disordbyperthyroidism
or hyperparathyroidism)?

8. Are you allergic to milk products or are you lactose intolerant?

9. Do you smoke cigarettes?

10. Do you drink wine, beer, or other alcoholic beverages daily?

11. Do you dolessthan one hour of exercising such as aerobics,
walking, or jogging per week?

12. Haveyou ever exercised so strenuously that you haglgular
periods or no periods at all?

13. Haveyou ever had an eating disorder (bulimia anorexia
nervosa)?

If you answered “yes” to many of these questions, you may be at an incréssed
for osteoporosis.
Source: FromWellness: Choicedor Health and Fitness, byR. Donatelle, C. Snow-Harterand A.

Wilcox. Copyright © 1995 Benjamin/Cummings Publishing Company. By permissidBiraifks/Cole
Publishing Company, Pacific Grove, CA 93950, a division of International Thompson Publishing Inc.

CONCLUSIONS

Exercise may benefit the skeleton and reduce osteoporosis and fracture risk in the following
ways: (1) increase bone mass up to and through adolescence, which will result in higher BMD
levels acrosshe life span; (2) improve and maintain bone density during esdlyithood;

and (3) reduce or slow the rate of age-related dogsrg middle and older age. In order to
have an effect on bone, exercise must be different from datlyities,thatis, an overload

must be applied to the skeleton. It is important to remember that physitaity has not

been shown to offset the transient increase in Hose resultingfrom estrogendeficiency

that is observed in the first five to seven years paehopause. Althoughtill uncertain, the

gap is beginning to narrowith respect to the types and amountagtivities thatconfer the

best osteogenic stimulus. Participation aativities of high load and low repetitions, which
increase muscle strength and power, may ultimately prove to be the most benefigaleto
mass. Research to quantify forces framtivities thatpromote strength and powaexill
substantiate these predictions and the models should be evaluated in populadiibies ezt

stages of skeletal development.

The importance of building lower extremity strength and cardiovascular health cannot be
over- emphasizedvith respect to fall prevention and general health. lmme mass is a
primary risk factor for fracturesyith 90% of hip fractures occurring as the result of a fall.
Perhaps the most significant benefit of participation in exercise relates to improvements in
neuromuscular function. Sound neuromuscular functioressential for bothstatic and
dynamic postural stability. The ability to avoid an obstacle, recover from a stumble, or alter
the direction of a fall may significantly reduce fall severity (Greenspaal.,€1994). Muscle
mass, strength, and power decline with age, particularly in the lower extremities (Annianson et
al., 1984) and this has been attributed, in part, to a decrease in physical activity. As a result, it
is more difficult for the elderly to perforractivities of daily living, particularly ambulation.
Resistance trainingrogramshave demonstrated significant improvementnieuromuscular
function in the elderly through the tenttecade, which translates teduced risk offall-
related fractures.



“The foundation for bone health begins early in life. Physical activity that places a load

on the bones is essential throughout childhood and the adolescent years.”
Editors

REFERENCES

Annianson, A.C., Zitterberg, C., Hedberg, C., et al. (1984). Impaired muscle function with &gjmigal Ortho-
paedics and Related Research, 1993-210.

Bassey, E.J., & Ramsdale, S.J. (1994). Increase in femoral bone density in young failoméng high-impact
exercise.Osteoporosis International, 4,2-75.

Bassey, E.J., Fiatarone, M.J., O'Neill, E.F., et al. (1992). Leg extensor power and functional performasrge in
old men and womerClinical Science, 82321-327.

Cavanaugh, D.J., & Cann, C.E. (1988). Brisk walking does not stop bone loss in postmenopausal Baoraen.
9, 201-204.

Chrischilles, E., Sherman, T., & Wallace, R. (1994). Cost and health effeotsteadporoticfractures.Bone, 15,
377-386.

Donatelle, Snow-Harter, C., & Wilcox1995). Wellness: Choicedor health and fitness. Pacific Grove, CA:
Brooks/Cole.

Drinkwater, B.L. (1994). C.H. McCloyResearch Lecture: Dogshysical activity play arole in preventing
osteoporosisResearch Quarterly for Exercise and Sport, §97—-206.

Drinkwater, B.L., Nilson, K., Chestnut, C.H., Bremner, W.J., Shainholtz, S., et al. (1984). Bone r&@ht
of amenorrheic and eumenorrheic athletésw England Journal of Medicine, 31277-281.

Forwood, M.R. & Burr, D.B.(1993). Physical activityandbone mass: Exercises in futilityBone Mineral, 21,
89-112.

Granhad, H.Jonson,R., & Hansson, T. (1987)Theloads on the lumbaspine during extreme weightifting.
Spine, 12,146-149.

Greenspan, S.L., Meyers, E.R., Maitland, L.A., et al. (1994). Fall sevaritypbone mineral density adsk
factors for hip fracture in ambulatory elderBournal of the American Medical Association, 2728-133.

Hayes, W.C., Meyers, E.R., Morris, J.N., et al. (1998)pact near the hip dominatdsacturerisk in elderly
nursing home residents who faCalcified Tissue International, 52,92—-198.

Huddleston, A.L., Rockwell, D., Kulund, D.N., et al. (1980). Bone mass in lifetime tennis pldgpernal of the
American Medical Association, 244107-1109.

Kannus, P., Haapasalo, H., Sievanen, H., et al. (1994). The site-specific effects of long-term unilateral activity on
bone mineral density and conteBone, 15,279-284.

Mack, P.B., LaChance, P.A., Vose, G.P., et al. (1967). Bone demineralization afnband of GeminiTitan
IV, V and VIl astronautsduring orbital flight. American Journal ofRoentgenology:Radium Therapy and
Nuclear Medicine, 100503-511.

Melton, L. J. (1993). Hip fractures: A worldwide problem today and tomorBome, 14,S1-S8.

Nishimura, H., Fukuoka, H., Kiriyama, M., et al. (1994). Bone turnaretcalcium metabolismduring 20days
bed rest in young healthy males and fema#ata Physiol Scand, 150, Suppl 625-35.

Recker, R.R., Davies, K.M., Hinders, S.M., et al. (1992). Bone gain in yaagindf women. Journal of the
American Medical Association, 262403—-2408.

Reid, I.R., Plank, L.D., & Evans, M.C. (1992). Fat mass is an important determinant of whole bodgelnaity
in premenopausal women but not in méaurnal of Clinical Edocrinal Metabolism, 75,79-782.

Robinson, T.L., Snow-Harter, CTaaffe,D.R., et al. (1995). Gymnasts exhibit higher banass tharrunners
despite similar prevalence of amenorrhea and oligomenordoeanal of Bone Mineral Research, 126-35.

Slemenda, C.W., Miller, J.ZHui, S.L., et al. (1991). Role gfhysical activity inthe development ofkeletal
mass in childrenJournal of Bone Mineral Research, $227-1233.

Snow-Harter, C., Bouxsein, M., Lewis, B., et al. (1990). Muscle strength as a predictor of bone mineral density in
young womenJournal of Bone Mineral Research, 589-595.

Snow-Harter, C., Robinson, T., Shaw, J., et al. (1993). Determinants of femoral neck mineral density in pre- and
postmenopausal womeMedicine and Science in Sports and Exercise S2ppl SI53.



Sowers, M.R., Kshirsagar, A., Crutchfield, M.M., & Updike, S. (199int influence offat and lean body
composition compartments demoral bone mineral density in premenopausal womdenerican Journal of
Epidemiology, 136257-265.

Taaffe,D.R., Snow-Harter, C.Connolly, D.A., et al. (1995). Differentialeffects of swimming versusveight
bearing activity on bone mineral status of eumenorrheic athléesnal of Bone Mineral Research, 1586—
593.

Vandervoort, A., Hill, K., Sandrin, M., et al. (1990Mobility impairment andfailing in the elderly.Physical
Therapy Canada, 4299-107.



