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ABSTRACT
VUORI, I. M. Dose-response of physical activity and low back pain, osteoarthritis, and osteopltedisSci. Sports Exercvol. 33,
No. 6, Suppl., 2001, pp. S551-S5&8airpose: The purpose of this study was to examine the evidence for causal relationships between
physical activity (PA) and low back pain (LBP), osteoarthritis (OA), and osteoporosis (OP), and for dose-response relations involved.
Methods: Computer database searches and personal retrieval systems were used to locate relevant ResatteePA can be
effective in preventing LBP (Category A) but prolonged, heavy loading can lead to LBP (Category C). Specific exercises have not been
found effective in treatment of acute LBP (Category A), but PA can be effective in chronic LBP (Category B), especially for
diminishing the effects of deconditioning. No evidence indicates that PA directly prevents OA. Large amounts of intensive PA
involving high impacts or torsional loadings or causing injuries increases risk of OA (Category C). Light or moderate PA does not
increase the risk of OA (Category C). PA can be effective in the treatment and rehabilitation of OA (Category B). High-intensity loading
is osteogenic and possibly useful in prevention of OP (Category A) at the loaded site, but low to moderate loading is not osteogenic
(Category D). Static efforts and slow movements are ineffective or less effective than fast application of force (Category B). The types
of PA to attain the effects mentioned above are known except in the case of prevention of LBP, but dose-response relationships are
poorly known; at best, semiquantitatively on the basis of just a few studmsclusion: Given the shown primary and/or secondary
preventative effectiveness of PA regarding LBP, OA, and OP, research to elucidate the inadequately known dose-response relations
should be given high priorityKey Words: PHYSICAL ACTIVITY, EXERCISE, SPORT, LOW BACK PAIN, OSTEOARTHRITIS,
OSTEOPOROSIS, PREVENTION, TREATMENT, DOSE-RESPONSE, REVIEW

ow back pain (LBP), osteoarthritis (OA), and osteo- effects of leisure time physical activity (LTPA) in appar-
porosis (OP) are prevalent and increasing musculo- ently healthy individuals.
skeletal disorders that cause a great amount of suf- The analysis is conducted in the following successive
fering, loss of productivity and independence, as well as steps: examination of the evidence for 1) the existence of
costs to individuals and societies. The prevalence of all one or more of the possible relationships; 2) causality of the
these conditions is increasing, partly because of aging of relationships; 3) mechanisms of the effects; 4) characteris-
populations and partly because of widespread adversetics of PA causing a given health outcome; 5) possibilities to
changes in lifestyles and environments. There is increasingassess and quantitate the dose or exposure; 6) analysis of
evidence that physical activity is related to the development published studies regarding dose-response relationships;
and course of these conditions, but the relationships of 7) descriptive and quantitative conclusions; and 8) recom-
causality, directions, strength, and modifying factors are mendations for further research.
only partially known. However, in order to advise people  The analysis is derived mainly from human studies. In-
and to engineer work, leisure, domestic chores, and envi-formation from experimental studies on animals is used
ronments regarding physical activity for the best of health, especially to obtain firm evidence of the existence of a
thorough knowledge of the effects on health of various relationship, its causality and mechanism, and the charac-
forms of physical activity and of the dose-response relation- teristics of the activity causing the outcome.
ships involved is needed. In this article, the published lit-
erature on the relatlon_shlps_ between physma_l act_|V|ty (PA) METHODS
and LBP, OA, and OP is reviewed focusing primarily on the
question, How much and what kind of PA (dose, exposure) The material was collected by a computerized literature
cause development, prevent development, or prevent wors-search of the MEDLINE/PubMed, and DataStar, SPORT,
ening of LBP, OA, and OP? The primary interest is on the and the Cochrane database from 1990 to July 2000 to
identify human studies on relationships between PA and
I LBP, OA, and OP. The key words were exercise, exercise
0195-9131/01/3306-0551/$3.00/0 therapy, physical education and training, physical activity
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Proceedings for this symposium held October 11-15, 2000, Ontario, JOI reviews published in peer-reviewed journals and major
Canada. textbooks as well as in part of the original publications were
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cross-referenced and the author’'s own archives were usedendurance helps to counteract fatigue and development of
especially to identify studies published before 1990. Special injury. Additional suggested mechanisms include improved
emphasis was paid to identify randomized (RCT) and other circulation to the back structures and improved mood, which
controlled (CT) trials. Relevant articles derived from title would influence favorably sensitivity to pain (233).
and abstract were copied for review. In addition, PA may influence the development or the
The computerized searches yielded the following results. course of an LBP episode in indirect, unspecific ways, e.g.,
The DataStar search found 330 articles on LBP, 327 on OA, through influences on body mass, mood, perceptions, and
and 524 on OP. The PubMed search revealed 29 reviews, 45motivation, and by decreasing or abolishing the effects of
controlled trials, and 78 other studies on LBP. The corre- physiological deconditioning because of inactivity or hypo-
sponding figures for OA were 18, 20, and 45, and for OP 50, activity. Current knowledge of the risk factors, genesis, and
18, and 70. The search of the Sport database revealed 14nechanisms of action of PA in relation to LBP provide only
articles on LBP, 30 on OA, and 72 on OP. A substantial part a weak theoretical basis to search for dose-response rela-
of the publications identified by the three searches were thetionships between PA and prevention, causation, treatment,
same. The search of the Cochrane Library on LBP revealedand secondary prevention of LBP.
180 studies in the controlled trials registers and 30 com- Review of research evidence. In the following re-
pleted systematic reviews. The corresponding figures for view, the examination of evidence for associations between
OA were 76 and 16, and for OP, 77 and 16. PA and LBP is mainly limited to LTPA and to low back
symptoms and clinical findings. Thus, occupational activi-
ties, results of various fitness tests, and consequences of
RESULTS LBP such as absence from work are not thoroughly
LBP considered. _ N
LTPA and incidence of LBP. Physical activity may
Background. LBP is pain, muscle tension, or stiffness have dual roles as positive and negative influences on the
localized below the costal margin and above the inferior back (252). One case-control study (174) did not find in-
gluteal folds, with or without leg pain (sciatica). It may be creased risk of lumbar herniation attributable to sports and
acute (aLBP) or chronic (persisting 12 wk or more) (cLBP). weight lifting, and a population-based prospective cohort
Nonspecific LBP is that not attributed to recognizable pa- study with 1-yr follow-up on 2715 adults (41) did not find
thology, such as infection, inflammation, rheumatoid arthri- increased or decreased risk of LBP associated with most
tis, fracture, tumor, or OP. LBP is nonspecific in about 85% types of LTPA, although home-improvement work in men
of people. The origin and mechanisms of the pain are not and regular sport in women increased the risk. Increased risk
definitely known. of developing low back problems and pathology associated
Risk factors for LBP are poorly understood: the most with long-term heavy physical loading is supported by stud-
frequently reported are heavy physical work; frequent bend- ies on workers (205,233,251). A recent cross-sectional study
ing, twisting, lifting, pulling, and pushing; repetitive work; on a large population sample revealed that activities char-
static postures; and vibrations. Psychosocial risk factors acterized by an awkward posture, by maintaining the pos-
include anxiety, depression, job dissatisfaction, and mentalture for a long time, or by often bending or rotating the trunk
stress at work. Several risk factors related to inactivity or increased the risk of LBP, with odds ratios between 1.1 and
immobilization have been proposed: reduced muscle 1.6. More than 13% of the 1-yr prevalence of LBP could be
strength in back, abdominal, and thigh muscles; reducedattributed to these activities (196). Three prospective longi-
endurance in back muscles; hypermobility in lumbar col- tudinal population-based studies did not find any relation-
umn; and hypomobility of hip joints (96). Genetics is likely ship between LTPA and development of LBP (5,78,130),
to play a significant role in the development of the processes but among industrial workers, low levels of LTPA were
leading to LBP (9). predictive of development of LBP during 5-yr follow-up
PA might relate to LBP as a provoking, preventing, (143). A recent systematic review (233) of RCTs as well as
worsening, or improving factor. The theoretical rationale for earlier reviews on the topic concluded that there is convinc-
these relations includes the following ideas, derived from ing evidence that exercise training can be effective and is
the summary of Suni (234): 1) PA can induce acute and currently the only effective tested modality for prevention of
repetitive subclinical or more severe injuries in the back LBP. One recent RCT (93) not included in the review cited
structures; 2) higher strength of the muscles of the back andabove found no differences in LBP episodes at 6, 12, or 24
trunk could protect the back from injury or minimize the months in previously asymptomatic subjects with weak ab-
effects of injurious events; 3) higher endurance of the trunk dominal muscle strength after participation in either back
muscles helps to maintain motor control because of lesseducation or back education plus abdominal exercise in-
fatigue in various tasks thus decreasing the risk of high struction group. Summary of the reviewed RCTs is pre-
loading of spine structures or occurrence of malfunctions sented in Table 1.
and consequently development of injury; 4) better flexibility In conclusion, there is strong evidence (Category A)
may decrease the risk of injury especially during lifting and that LTPA can have a primary preventive effect on LBP.
bending activities; 5) good motor skills decrease the risk of Most forms of LTPA as commonly practiced do not seem
injury in various tasks; and 6) good general or aerobic to increase the risk of LBP. Prolonged heavy occupa-
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TABLE 1. RCTs on prevention of LBP by PA.

Subjects
Reference Age Sex Population Physical Activity Results Comment
Donchin et al., CAL = 46 45 Men: 37% Hospital employees, at  CAL: calisthenics to strengthen  Monthly surveillance over 1
1990 (50) BS = 46 48 Men: 35% least 3 annual abdominal muscles to yr showed significantly
episodes of LBP expand spinal forward less “painful months” in
flexion and rectifying CAL (4.5) as compared
general posture; supervised with BS (7.3) and C (7.4).
sessions 45 min, 2x/wk, 3 Significantly larger
mo increase in trunk forward
BS: back school (instruction, flexion and abdominal
advice), 5 sessions 12 mo, muscle strength in CAL as
90 min compared with BS and C.
C =50 45 Men: 30% C: control group, no measures
Gundevall et al., T=28 38 Men: 1 (of all ~ Personnel at a T: individual exercise sessions  Absence because of LBP: 28
1993 (76) C=32 37 subjects) geriatric hospital, 5 times by physiotherapist, day/1 prs in T, 155 days/
with or without exercises to increase 12 prsin C (P < 0.004).
back symptoms dynamic endurance, Days with complaints: 54
isometric strength and inT, 94 in C (P < 0.02).
functional coordination of Significant increase of back
trunk muscles performed muscle strength in T vs C.
during working hours, in
average 6>/mo, 20 min,
during 13 mo
C: no measures Significant increase of back
muscle strength in T vs C.
Helewa et al., T+BE = 203 38 Men: 46% City residents, T+BE: T: physiotherapist No significant differences Poor compliance:
1999 (40) BE = 199 38 Men: 47% employees, and instructed individually between the groups in loss to follow-
students of simple exercises to be LBP episodes at 6, 12, or up 36% in
academic and performed daily at home 24 mo. T+BE, 17% in
medical institutions,  BE: one 90-min class given by ~ No improvement of BE
asymptomatic and a physiotherapist at baseline abdominal muscle
with weak and at 1 and 2 yr. strength in T+BE.
abdominal muscle
strength
Kellet et al., T=258 41 (for 37) Men: 70% Employees of one T: duration 1% years; In T, 50% and 51% decrease  36% of the
1991 (110) C =53 42 (for 48) Men: 70% large industrial supervised session 1x/wk of episodes of LBP and subjects in T
firm, with or during working hours, 30- sick days because of LBP lost from
without current 35 min exercises for during 1%2-yr intervention follow-up
LBP, willing for flexibility, strength, period compared with
training endurance, and coordination respective data during the
and in one third of the 1% years prior to the
classes back education for intervention. In C, the
10 min; in addition, at least corresponding percentage
30 min endurance activity changes were 58%
1x/wk increase in LBP episodes
C: control group, no measures and 65% increase in sick
days because of LBP. The
differences between the
groups are significant.
Linton et al., T=236 20— Men: 0 Nursing personnel T: 5-wk program at a At 6 mo, subjects in group T Individual
1989 (147) C=30 59 with a history of rehabilitation clinic, 4 h of reported greater contribution of
intermittent LBP aerobic activities and 4 h of improvements than C each
during the 2 yr back education daily subjects in pain, fatigue, intervention to
prior to the study C: control group, no measures and activities of daily the positive
living. results is
At 18 mo, sick days for T unclear
had increased from
baseline.
Linton et al., T=236 42 Men: 31% Employees of tobacco  T: individually planned training  No difference in LBP
1996 (148) C=232 42 Men: 28% and distribution C: training instructions, free between the groups.

companies, LBP
during preceeding
year, otherwise
healthy, sedentary

admission to gym

tional and sports activities seem to increase the risk of of volume and intensity. For primary prevention of LBP
LBP, but the role of subclinical or more severe injuries the possibly effective characteristics of LTPA have not
cannot be completely excluded. At the other end of the been verified, and therefore dose-response relationships
PA spectrum, a systematic, critical review of the current are not known either.
LTPA in secondary prevention. Several reviews
sitting while at work is associated with increased risk of have examined the effects of exercise training and LTPA in
LBP (84). Concerning dose-response issues, the availablehe treatment and secondary prevention of aLBP and cLBP
evidence suggests that most commonly practiced LTPA (16,26,28,61,96,121,131,249,259). The most recent review
activities are safe in terms of LBP within a broad range of RCTs (until February 2000\ = 39) (250) presents the

literature did not find support for the popular opinion that
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current evidence using a rigorous protocol of data collection reducing symptoms and disability in tasks of daily living
and analysis. The conclusions are as follows: immediately after the therapies and during the following 6
months. The equal results in the three groups suggest that
the effects were not reduced through specific physiologic
adaptations but rather through some “central” psychological
mechanism(s). Essential information of the three studies
cited above is included in Table 2.

For aLBP. Strong evidence (Category A) indicates that
exercise therapy is not more effective than inactive treat-
ments or other active treatments. Flexion and extension
exercises are not effective. Sound evidence is lacking to

confirm the claim that exercises in aLBP may prevent
future recurrences or chronicity. Low stress activities
such as walking, biking, or swimming can be started
during the first 2 wk.

For cLBP. 1) Exercise versus other active treatment: strong
evidence (Category A) indicates that exercise therapy and
conventional physiotherapy are equally effective and that
exercise therapy is more effective than usual care by a.
general practitioner. Limited evidence (Category C) sug-
gests that exercise provides better outcomes than baclﬁ
school. 2) Exercise therapy versus inactive or “placebo”
treatment: the evidence is conflicting (Category C) re-
garding the effectiveness of exercise therapy for cLBP. 3)
There is conflicting evidence (Category C) about which
type of exercises, extension or flexion, are more effective.
4) Strong evidence (Category A) indicates that strength-
ening exercises are more effective than other types of
exercise. The evidence is conflicting that strengthening
exercises are more effective than inactive treatment (Cat-
egory C).

The reviewers conclude that specific exercises are not
recommended for patients with aLBP or cLBP. However,
exercises may be useful within an active rehabilitation pro-
gram if they facilitate and precipitate increasing ordinary
activity and returning to work. Pertinent data of the re-
viewed studies are presented in Table 2.

Another recent systematic literature review of 16 RCTs
(all included in van Tulder et al. (250)) (233) essentially

agrees with the above-cited conclusions by stating that in 2.

aLBP various forms of exercise training are ineffective
treatment modalities (Category A), and in cLBP exercise
training is effective in decreasing pain (Category A).

Some studies from 1999-2000 not included in the cited
reviews are worth reviewing. One RCT found that endur-
ance training of trunk extensor muscles for 6 wk in subjects
with subacute LBP decreased symptoms and improved
function at 3 wk but not at 6 wk in the training group as
compared with the control group (34). This study thus

suggests that endurance training of the trunk muscles expe- 3.

dites the recovery process for patients with an acute episode
of LBP.

Another RCT on subjects with cLBP found that an indi-
vidually adjusted exercise program specially designed to
train trunk muscle function (endurance) and coordination

decreased back pain intensity and self-reported functional 4.

disability in the treated group more than in the placebo-
treated subjects at 6- and 12-month follow-up (105).
Mannion et al. (160) compared the efficacy of modern
active physiotherapy, muscle reconditioning on training de-
vices, and low-impact aerobics for cLBP in a randomized
trial. All three treatments proved to be equally efficacious in
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Dose-response relationship could be directly examined in
one study only (158). In this CT, intensive as compared with
light intensity back strengthening program resulted in sig-
nificantly better improvement in a combined pain, disabil-
ity, and impairment index at 3- and 9-month follow-up. In
another CT (159), the “dose” in two exercise programs
differed in the degree of flexion in dynamic exercises and in
including or excluding hyperextension. LBP rating im-
roved more in the group that used wider flexion and
yperextension in the exercises at 3 but not at 12 months. No
subgroup analyses were reported in the published studies on
dose-response issues. Comparison of different studies re-
garding dose-response relationships is not warranted or even
possible because of wide differences in a number of factors
that influence the results.

Concluding remarks. The current evidence of the role
of PA in causation and primary and secondary prevention of
LPB can be summarized as follows.

Prolonged, repetitive, heavy physical activity at work
or in sports can cause LBP in susceptible individuals
(Category C), but the role of injury is not known. No
dose-response relationships have been established and,
because of the large variation of individual suscepti-
bility and to the multiple physical, physiological, psy-
chological, and social factors involved, it is likely that
only crude, categorical dose-response relationships
can be established.

Strong evidence (Category A) indicates that PA can
have a preventive effect on LBP. The characteristics of
effective activity have not been established. However,
it is worth noting that trunk extensor endurance was
systematically associated with LBP in cross-sectional
studies (234), and it had predictive value for first-time
LBP in two population studies (16,153), and endur-
ance training of trunk muscles showed positive results
in two RCTs on secondary prevention of LBP
(34,105).

Strong evidence (Category A) shows that specific ex-
ercises are not effective in the treatment of acute LBP,
but continuing ordinary activities and starting low-
stress aerobic activities during the first 2 wk is indi-
cated in order to improve recovery and lessen
disability.

The role of PA in the treatment and secondary pre-
vention of cLBP should be examined from at least two
points of view: first, symptoms and psychosocial con-
sequences; and second, biological effects of prolonged
deconditioning. Some evidence (Category B) suggests
that PA, especially as structured exercises, alleviates
symptoms of cLBP and may improve function. These
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effects may be mainly because of other than physio- the calcified subchondral bone region. Acute disruption of
logical conditioning effects of training. If so, then the normal articular cartilage requires contact stresses between
type and dose of exercise could not be logically de- the adjacent surfaces of 25 MPa (megapascals, newtons per
termined using physiological training principles, but square meter) or more. The peak articular contact stresses in,
effective activity would depend mainly on individual for example, running, jumping, and throwing are in the
preferences and perceptions, and circumstantial fac-range of 4—9 MPa. These kinds of activities are unlikely to
tors. On the other hand, musculoskeletal and cardio- cause damage in healthy joints as evidenced by extensive
respiratory deconditioning effects as a consequence ofanimal experiments (24,94). However, chronic or repetitive
cLBP follow known biological principles, and strong stresses less than 25 MPa may cause articular surface dam-
evidence (Category A) shows that those kinds of ef- age or degeneration. Several studies show strong association
fects can be diminished or abolished by appropriate between chronic or repetitive increased mechanical loading
PA. Itis likely that the known dose-response relation- especially in occupational work and development of OA
ships of PA would apply in those kinds of programs. (190). Slowly applied loads allow the cartilage to deform
Return to work is not a recommendable outcome mea- and muscle contraction to absorb much of the energy and
sure in studying the effects of physical activity on LBP stabilize the joint. Therefore, the joints tolerate slowly ap-
patients, because return to work depends strongly onplied loads much better than sudden impacts or torsional
many factors unrelated to the effects of PA. loading. Aging leads to alterations that may increase the
probability of cartilage degeneration and OA (24).

The above considerations suggest that in searching for

public health significance of LBP and the evidence of ef- . .
fectiveness of PA (as one of few promising modalities) in its dose-response r(_alat|onsh|ps between_ PA. and develppment
of OA, the focus in dose should be primarily on the size of

rimary and secondary prevention, this area of research. . - :
Ehouldybe given high gri?)rity. Development of and wide impact loadings on the joints, the rate of the force applica-

; . . tion, the number of repetitions of high-impact loading, and
international agreement on standardized methodology to . : . . .

. . : . the total time during which these loadings occur. One di-
assess and rate LBP is required in order to improve the

quality and comparability of studies on this field mension of the dose is also the degree of torsion of the

Incomplete knowledge of the causes and mechanisms ofmovement causing the loading. In ambulatory persons, the

the symptoms in the LBP syndrome hampers advancementforces on joint surfaces caused by locomotion cannot be

. . ..~ measured. Ground reaction forces of, for example, walking,
of research targeted at their prevention and alleviation. . . .
. : running, and jumping can be measured, but the forces trans-
Thorough research on this area is needed.

The possible preventive and provoking roles of various mitted to the joint surfaces vary greatly, depending espe-

types and intensities of PA in the occurrence of LBP should cially on the damping caused by muscles and their contrac-

. tion at the time of the impact (24). Thus, dose-response
be searched by large-scale, long-term, prospective popula- . . .
. . . - L relations of PA and development of OA in human studies
tion studies using close monitoring of PA and other living

S ave to be examined in descriptive, in best case semiquan-
habits, injuries, and symptoms as well as assessments o

health-related fitness ltative terms.
. . : . . . Animal studies have shown that moderate PA causes
Given the evidence of effectiveness of exercise regimens

. . - beneficial structural and functional alterations in joints
in secondary prevention of cLBP, sufficiently large-scale, .

- (94,213). However, it has not been shown that PA could
carefully planned, conducted, and documented clinical,

preferably RCTSs, should be conducted comparing different prevent development of OA in ambulatory subjects through

exercises alone or as parts of a common basic program. Athe physiological benefits. Indirectly, high PA may have a

clear distinction in the aims and design of the studies should preventive effect by counteracting development of obesity,

. a strong risk factor for OA. Evidence from RCTs indicates
be made whether the measures are targeted to influence th . . .
. L at patients with OA can benefit from PA as a secondary
primary features of the syndrome or the deconditioning

effects resulting from prolonged inactivity or hypoactivit preventive measure. Thus, examination of dose-response
9 P g y yp Y relationships between PA and OA is indicated also in the

context of secondary prevention.
OA - . . .
Review of research evidence. The following review
Background. OA is a chronic degenerative joint dis- is limited to examination of the role and dose-response
ease characterized primarily by progressive loss of articular relationships of PA and development and secondary preven-
cartilage. Loss of cartilage leads to narrowing of the joint tion of OA to OA of hip and knee joints because these are
space. The clinical syndrome of OA is diagnosed when, in the most relevant conditions in terms of the scope of this
addition to the radiological findings, narrowing of joint review.
space, and osteophytes, the patient presents also symptoms PA and development of OA. Several studies on work-
and signs such as joint pain, restriction of motion, crepitus ers in different occupations have found increased prevalence
with motion, joint effusions, and deformity (24). of OA in loaded joints (190,253). Corresponding observa-
Articular cartilage is highly resistant to stress caused by tions have been made on athletes in a number of sport
physical loading. However, sudden single or repetitive im- disciplines (24,74,128,190,218). Because of a number of
pact or torsional loadings can damage articular cartilage andfactors it is not possible to accurately define dose-response

Recommendations for research. Given the great
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relationships between loading and OA in sports. These study (166) and running at least 20 milesor hip or
factors include differences in individual susceptibility to knee OA in another study (31).

OA,; strong self-selection to begin; and continuation/discon-  In conclusion, no studies have shown evidence for direct
tinuation of a certain sport because of such issues as differ-preventive effects of PA against development of OA of the
ences in experiencing musculoskeletal symptoms, differ- weight-bearing joints in ambulatory subjects. Light and
ences in exercise patterns, and differences in the number ofmoderate activities even in large amounts have not been
subclinical and overt injuries. However, by combining the shown to increase the risk (Category C), but several epide-
findings of incidence and prevalence studies and the currentmiological studies of various designs in general and selected
understanding of the harmful effects of impact and torsional populations show evidence (Category C) that a large amount
loading on joints, it is possible to group sports and other of heavy PA for a long period of time increases the risk of
activities into risk categories on the basis of estimated OA of the loaded joints. Limited information suggests that
differences in intensity; frequency; and rate of joint injury, the amount of heavy PA associated with increased risk is
impact, and torsional loading (24). In this classification, Several hours a day for many years, probably decades.
recreational aerobic activities (especially in water) belong in SPorts that cause a large amount of high impacts and tor-
the low loading category, and most ball games as well as sional loading of joints involve especially high relative risk.
competitive running in the high loading sports. The role of Th_ese observations agree wel! with _the results from RCTs in
injury in the genesis of OA is strongly substantiated by animals. Dose—response_ relat|on_sh|ps between PA and OA
several previous (210,218) and by a newly published 36-yr fare_ob_sc_:ured by sever_a! !ntervenlng factors, e.g.,_d|fferences
follow-up study on 1321 former medical students who gave in mdlwdual susceptibility, performance technique, and
information of living habits, injuries, and health in annually €duipment used. .

repeated self-administered surveys. In those reporting injury /A @nd secondary prevention of OA. A recent sys-

on the corresponding joint at entry to the cohort or during ©€Matic review of RCTs on this topic (248) summarizes
the follow-up, the risk of developing OA of the knee was most of the current evidence (until September 1997). Thir-
5.17-fold and that of hip OA 3.5-fold that of those not teen publications on 11 trials were assessed for effectiveness

reporting injury (70). of exercise therapy in patients with OA of the hip or knee

L L 0 .
Several studies indicate that among the participants of the(-r.abl.e 6). Six tf'a's _sat_|sf|ed at least 50% of the vallc_ht_y
L . .. criteria. Effect sizes indicated small to moderate beneficial

same sport, OA of knee or hip is more common in elite

compared with recreational athletes (88). The risk of OA has effects of exercise therapy on pain. Small bene_ﬂma_l_effects
. . . were found on self-reported and observed disability and
been found to increase with the exposure time (hours per

. S walking, and moderate to great beneficial effects on pa-
week and duration of activity in years) to sport and recre- tients’ global assessment of effect. Thus, the reviewed stud-
ational PA (230,254) (only in a group of active contrd\, g9 ) '

. . ies show modest beneficial short-term effects of exercise
N 138’21(.3’25.5) (Table 3). Opcupatlongl loading addgd_ 0 therapy in patients with OA of the knee and to a lesser extent
sport loading increases the risk of OA in the loaded joint

. in patients with hip OA (only one trial). Hardly any infor-
(216,254,255). Running offers the most favorable opportu- mation is available on long-term effects of exercise therapy.

nities for examination of dose-response relationships be- pocits of the four trials comparing effects of different
tween sport and risk of OA, although self-selection causes 4, o\cise programs remained inconclusive.
difficulties in the interpretation of the findings. Eight of the Two additional randomized trials are worth reviewing.
14 studies reviewed by Panush and Inzinna (190) and Grossye study found that low-intensity cycling (40% of heart
and Marti (74) did not find significant differences in OATrisk  [4te reserve (HRR)) for 10 wk was as effective as high-
_between runners and various cor_1tro| groups. In two of the intensity cycling (70% of HRR) in improving function and
included studies (168,175) the higher frequency of OA in gait decreasing pain, and increasing aerobic capacity in
knee or hip in runners was ascribed to anatomic abnormal-g|ger subjects (157). Cycling did not increase acute pain in
ities. In a 9-yr follow-up of previously reported runners gijther group. Deyle et al. (48,187) evaluated the effective-
(135,136) ShOWiI’Ig no difference in OA betWeen runners ness Of a program Combining manua| therapy and range_of-
and controls, Lane et al. (137) did not find significant motion, strengthening, stretching, and aerobic (stationary
differences in knee or hip OA or their progression between pjcycle and walking) exercises for 4 wk on 83 patients with
runners and controls (Table 4). knee OA randomized in active and placebo treatment
Moderate levels of PA have not been found to be asso- groups. At 1 yr, the treated patients showed clinically and
ciated with increased risk of OA in several population-based statistically significant gains over baseline scores on knee
studies (31,64,81,99,138,166,216,254,255), but the risk wasfunction, pain and stiffness, as well as on walking distance.
significantly increased in the most active subjects in several Twenty percent of the patients in the placebo group and 5%
of these studies (31,64,81,99,138,166,216,254,255). Threeof the patients in the treatment group had undergone knee
of these studies (64,81,166) are follow-up investigations of arthroplasty. Pertinent information of these two studies is
the same cohort (Table 5). The dose associated with signif-included in Table 6.
icantly increased risk of OA expressed in easily understand-  In conclusion, there is evidence that PA, especially in the
able terms was at least 4 i-df heavy PA for radiographic ~ form of supervised exercises, is effective in the treatment
and at least 3 h-Hfor symptomatic OA of the knee in one and rehabilitation of patients with knee OA (Category B).
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TABLE 3. Association of OA and level or exposure time of PA in sports and recreational activities.?

Type of
Author Study Population Osteoarthritis Physical Activity Association Comment
Roos et al., 1994 (210) Case-control 71 elite and 71 nonelite  Radiographically confirmed Soccer playing Prevalence of OA: 15.5%  The increased prevalence
ex-soccer players, 142 knee OA in ex-elite, 4.2% in ex- of knee OA in ex-elite

age-matched controls,
age x 61-63 yr.

Sandmark and Vingard, Case-referent Study population: all men Primary OA of the knee

1999 (216)

Spector et al., 1996
(230) cohort

study

Vingard et al., 1993
(254)

Vingard et al., 1998
(255)

Retrospective 81 female ex-athletes,

Case-control

Case-control

born between 1921
and 1938 and living in
14 counties during the
period 1991-1995.
Cases: subjects who
had knee prosthetic
surgery because of
primary OA in 1991-
1993, 325 men and
300 women. Referents:
randomly selected
from the study
population, 264 men
and 284 women.
Subjects with trauma,
surgery or disease
affecting the knee
region were excluded.
Radiographically confirmed
40-65 yr, and 977 hip or knee 0A
age-matched female

controls invited to

clinical and

radiological

examination.

Study population: all 50
to 70-yr-old men in
the referral area of
four hospitals. Cases:
men who received a
total hip replacement
because of primary OA
during 4 yr, N = 247.
Controls: randomly
from the population, N
= 322. Subjects with
history of injury
excluded.

Study population: all 50
to 70-yr-old women in
five counties. Cases:
women who had
received total hip
replacement because
of primary OA during
4yr, N = 230.
Controls: randomly
from the population,
age-matched, N =
273.

Primary OA of hip requiring
prosthetic surgery

Primary OA of hip requiring
prosthetic surgery

requiring prosthetic surgery

nonelite players, and
2.8% in controls.
Exclusion of subjects
with knee injuries:
higher rate among ex-
elite players but no
difference between ex-
nonelite players and
controls.

soccer players without
diagnosed knee
injuries suggests that
the sport itself at this
level may result in OA.

The same procedures Relative risk of developing Moderate daily generally

as in the two
studies above

Detailed information
of current and past
participation in
sports and other
physical activities
by nurse- or self-
administered
questionnaire

Detailed information
of participation in
various sports by
interview, each
exposure (in
hours) was
aggregated to the
age of 49 and also
in two periods: to
29 and 30-49 yr
of age

As in the study
above, but
aggregation of
exposure to age
50

severe knee OA was
2.9 [1.3-6.5] in men
aged 55-65 yr who
were highly exposed to
all kinds of sports.
Cross-country skiing,
soccer, ice hockey and
bandy, and track and
field increased the risk
in men but jogging did
not. Occupational
loading added to the
risk attributable to
sports. No associations
were found in women.

Age, height, and weight
adjusted OR for OA of
patella-femoral joint
was 2.97 [1.15-7.67]
and OR for OA of hip
was 1.60 [0.73-3.48]
in ex-athletes. Within
the control group, a
subgroup reporting
long-term vigorous
exercise had risks of
0A similar to those of
ex-athletes.

Risk of developing hip 0A
increased with medium
exposure (total number
of hours) (RR, 1.3-2.6)
and high exposure (RR,
2.8-4.5) but not with
years of low exposure.
Medium and high
occupational loading
added to the risk
because of sport
loading (both high; RR,
8.5 [4.0-17.9)).

Relative risk of developing
hip OA was 2.3 [1.5-
3.7] for those with high
and 1.5 [0.9-2.5] for
those with medium
sport exposure.
Medium and high
occupational load
added to the risk
because of sport
loading (both high; RR,
4.3 [1.7-11.0]).

was not associated
with risk of knee OA.

No clear risk factors
were seen in the ex-
athletes.

Most hazardous sports
seemed to be track
and field sports (RR,
3.7) and racket sports
(RR, 3.3).

Physical load from
sporting activities
seems to be a
moderate risk factor
for women for
development of severe
0A of the hip.

RR, relative risk; OR, odds ratio.

295% confidence intervals are given in brackets. “x denotes mean.

Only limited evidence is available regarding hip OA. The intensity stationary bicycling is as effective as higher inten-
evidence comparing effectiveness of different exercise reg- sity stationary biking (Category B).
imens is inconclusive. Dose-response relationships have Recommendations for research. Intensive PA, par-

been reported in only one RCT and it suggests that low- ticularly sports that include rapid movements, high impacts,
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TABLE 4. Studies of running and risk of developing OA of the hips or knees.?

Mean Training
Reference Subjects Age (yr) Yr Amount Site Diagnostic Method Risk and Comments
Puranen et al., 1975 74 champion runners 56 21 Hip Clinical, No more hip OA than in
(201) radiographic nonrunners
McDermott and Freyne, 20 35 13 48 miles-wk Knee Radiographic, High incidence (30%) of knee
1983 (168) clinical 0A, attributed to previous
injuries and anatomic
abnormalities
Sohn and Micheli, 504 ex-runners 57 9-15 18-29 miles-wk~"  Hip, knee Clinical No association between
1985 (229) moderate long distance
running and development
of OA
Lane et al., 1986 (133) 41 distance runners 58 9 45hwk? Hip, knee Radiographic, No difference to controls in
clinical clinical OA among male or
female runners
Panush et al., 1986 17 ex-long-distance 53 12 28 miles-wk " Hip, knee Radiographic Comparable low prevalence of
(191) runners OA in runners and
matched controls
Lane et al., 1987 (134) 498 distance runners 59 12 27 miles-wk " Hip, knee Clinical No difference to controls in
conditions thought to
predispose to 0A
Marti et al., 1989 (163) 27 ex-long-distance 42 20 50-100 km-wk ' Hip Clinical, Incidence of moderate to
runners radiographic severe OA 16% in runners,
0% in controls; best
predictors of OA: age,
distance run, speed
Konradsen et al., 1990 27 ex-long-distance 58 40 20-40 km-wk " Hip, knee Clinical, No significant differences in
(124) runners radiographic the signs of OA between
runners and matched
controls
Kujala et al., 1994 199 ex-elite long- 50 atentry Not given  Not given Hip, knee, ankle  Hospital admissions  Age-adjusted OR for
(128) distance runners because of OA hospitalization 1.84 (0.93-
3.61) in ex-runners
compared to controls;
mean age at first
admission 70.3 yr, in
controls 61.2 yr
Kujala et al., 1995 28 ex-runners 60 30  Total 9500 h Knee Risk of developing OA in
(129) runners not increased (RR,
1.06)
Lane et al., 1995 (132) 35 nonelite long-distance 65 10-13 3 hwk! Hip, knee Clinical, Same incidence of OA in
runners radiographic runners and matched
controls
Lane et al., 1998 (137) 28 nonelite long-distance 66 17 2 h, 18 mileswk—"  Hip, knee Clinical, Radiographic hip OA and

runners

radiographic

progression of
radiographic knee OA
similar for runners and
matched controls

2 See also Spector et al. 1996 (230); Sandmark and Vingard, 1999 (216) in Table 3; and Cheng et al., 2000 (31), in Table 5.

torsional loads, and injuries on joints are shown to increase rectly through noninvasive measurement of areal bone min-
substantially the risk of development of OA. An important eral density (BMD), measured in grams per square
task for research is to develop measures to decrease the sizeentimeter. Bone density accounts for 75—-85% of the vari-
of impacts and torsional loadings on joints in PA, especially ance in ultimate strength of bone tissue. Low bone mass by
in running and ball games, as well as to develop measuresitself causes few, if any, symptoms except in severe OP.
to decrease the risk of joint injuries. Thus, OP is defined most commonly by an intermediate

Short-term effectiveness of PA in secondary prevention gutcome (BMD), not by a health outcome (e.g., fracture)
of knee OA is shown. Long-term effectiveness of PA should (177).

be tested and comparison of effectiveness of different reg- BMD is considered normal if it is no lower than 1 SD

imens is needed. Especially important is comparison of pglow the mean for young adult women. BMD between 1.0
low-intensity and higher intensity activities on various as- g44d 2.5 SD below the mean indicates osteopenia or low
pects of OA. These aspects should be studied also in patient$)yne mass and BMD 2.5 SD or more below the young adult
with OA of the hip. means indicates osteoporosis (268). Fracture risk increases
1.5- to 3-fold for each SD fall in BMD (162). Age-adjusted
oP risk of hip fracture is increased 2.4- to 3-fold for each 1 SD
Background. OP is a disease characterized by low bone decline in BMD (42). One SD is around 10% of BMD.

mass and microarchitectural deterioration of bone tissue, Prevention of OP can be defined as preventing BMD from
leading to enhanced bone fragility and a consequent in- dropping lower than 2.5 SD below the mean for young adult
crease in fracture risk. These changes can be assessed indivomen. Two factors determine the amount of bone later in
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TABLE 5. Association of OA and PA in various populations.?

Author Type of Study Population Osteoarthritis Physical Activity Association Comment
Imeokparia et al., Case-control Cases: 85 men, 154 Knee radiographically ~Retrospectively by interview, In high PA women age-adjusted In women, risk increased
1994 (99) women Controls: confirmed occupational, leisure- OR 1.66 [1.0-2.72], slightly with increased
randomly from sport, home-based, four persisted when controlled for ~ BMI.
the same levels in each by confounders. No significant
community estimated energy association in men. History
sample, 85 men, expenditure, collapsed to of knee injury did not alter
154 women. Age high and low the risk estimations.
in all groups:
mean 66-67 yr
Lane et al., 1999 Cross-sectional 5818 women over  Hip, radiographically ~ Detailed recreational PA For women in the highest Moderate participation in
(138) 65 yr, age "x 72 confirmed and retrospectively by quartile of PA (1-5X/wk vs recreational PA was
yr, recruited from  symptomatic questionnaire lowest quartile) OR associated with OA of
populations of significantly increased [1.4- hip.
four areas 1.7 depending on age at the

time of exposure].
Corresponding findings
regarding symptomatic OA.

Framingham
Study
Hannan et al.,  Longitudinal cohort 1404 subjects (584 Knee, radiographically Amount and intensity No significant association Habitual physical activity
1993 (81) study men, 820 confirmed questioned by interview between habitual PA and OA was not found to be a
women), mean at examinations 29 and of knee in men or women. risk factor for knee
age 73 yr 12 yr prior to the 0A.
diagnostic procedures
Felson et al.,  Longitudinal cohort 598 subjects Knee, radiographically Amount and intensity OR for OA increased High BMI at baseline and
1997 (64) study, follow-up without knee OA confirmed 8-9 yr questioned by interview significantly with increasing increase of weight
time 9 yr at baseline, mean  after the baseline at examinations 29 and habitual PA being 3.3 [1.4- during follow-up
age 70.5 yr, examination 12 yr prior to the 7.5] in the highest quartile. increased the risk of
63.7% women; baseline assessment and Risk increased in subjects knee OA especially in
part of the cohort at 4 yr during the follow- both with and without knee women.
of the previous up symptoms at baseline or
study during follow-up.
McAlindon et Longitudinal cohort 470 subjects (177 Knee, radiographically Detailed inquiry of the type, Increasing amount of heavy PA Increase of BMI
al., 1999 (166)  study men, 293 confirmed and amount, and intensity of was associated with increased the risk of
women) without symptom-based PA about in the middle of increased risk, e.g., OR for knee OA.
knee OA at 8-9 yr after the the follow-up =4 h-d~" compared with no
baseline, mean baseline heavy PA = 7.0 [2.4-20]. No
age 70.1 yr examination association with light or
moderate PA and knee OA.
Cheng et al., Prospective, mean 16,961 subjects, Physician-diagnosed ~ Amount of walking/jogging  Hazard ratio 2.4 [1.5-3.9] Increasing BMI increased
2000 (31) follow-up 10 yr 20-87 yr knee or hip; 0A or other regular PA at (controlled for other potential  the risk especially in
examined at reported by the baseline as reported by risk factors) in men under women; moderate-
Cooper Clinic subject in follow- the subject age 50 reporting high levels intensity PA levels
up survey of PA (running 20 or more recommended by

miles-wk ). No association recent public health

among older men or women. guidelines are not
likely to increase risk
of hip or knee OA.

295% confidence intervals are given in brackets. “x denotes mean.

life: the bone mass accumulated during youth (peak bonethis model. However, the stress-strain relationships regard-
mass) and the subsequent rate of bone loss. ing bone’s adaptation are complex. Current knowledge de-
PA can influence bone mass by causing compressive orrived especially from animal experiments suggests that
bending loads on bone. These can cause a temporary deforbone’s adaptation to loading is determined by three basic
mation, strain, in bone leading to primary and secondary rules (243): 1) dynamic rather than static loading is effec-
responses in bone that stimulate bone formation. Thesetive; 2) only short duration of mechanical loading is neces-
responses have been shown to be proportional to the load insary to initiate an adaptive response and the capacity of bone
cell and organ cultures and in animal models (225). The tissue to respond to the stimulus at one time is saturated by
purpose of these responses can be thought of as parts of &w loading cycles; and 3) bone cells accommodate to a
homeostatic mechanism that aims to keep deformation of customary loading, making them less responsive to routine
bone because or mechanical loading within narrow limits. loading signals.
High loads lead to increased bone formation and decreased Application of these basic rules to practical exercise
bone loss and low loading leads to decreased bone formatiorregimens means that each session should include move-
and increased resorption (67). Findings from animal studies ments causing high loads at high rates, i.e., they should be
support the concept of bone as a “mechanostat” (243). Also,forceful and fast, and they should load the bone from
human studies ranging from the effects of immobilization variable directions, but the number of movements need
and inactivity through sedentariness to active lifestyle, rec- not be great. The loading can be caused by gravitational
reational exercise, and intensive sports practice show de-forces or by muscular contractions. The forces have to
crease, maintenance, and increase of BMD corresponding tdocus specifically on the targeted bone area in order to be
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TABLE 6. RCTs on the effectiveness of exercise training in patients with OA of the hip or knee.

Exercise Training

Reference N Subjects Mode and Intensity Frequency Duration Results
Minor et al., 80 64 yr, males and females, T1: walking, 60-80% HRmax  3x/wk 12 wk The walking and aquatics exercise
1989 (171) 0A of hip, knee T2: aerobic aquatics, R: range groups showed significant
of motion (control) improvement over the control
group in aerobic capacity, 50-
foot walking time, depression,
anxiety, and PA.
Kovar et al., 102 70 yr, males and females, T: walking + patient 3x/wk, 30 min 8 wk Significant 18% improvements in
1992 (126) 0A of knee education walking distance, 39%

R: usual care (control) improvement in functional
status, 27% decrease in pain in
the walking group, significantly
different from the changes in
the control group.

Borjeson et al., 68 64 yr, OA of knee T: exercises to increase 3x/wk, recommended to 5 wk Significant improvement of
1996 (19) strength and ROM be done also at home perceived knee status and of

R: no treatment descending steps in T, not in
R. Only small objective
improvements in functions.

Schilke et al., 29 65 yr, most females, OA of T: muscle strengthening 3x/wk, 6 sets of 5 8 wk Significant subjective
1996 (219) knee R: nonexercising control maximum improvements in pain,
group contractions stiffness, mobility, and arthritis
activity, more improvement in
strength measures in the
experimental as compared to
the control group.
Bautch et al., 30 69 yr, OA of knee T: ROM exercises, 3x/wk, 1 h 12 wk Significant decrease in pain in T,
1997 (10) individualized low-intensity no change in R.
walking, education
R: education 1x/wk, 1 h 12 wk
Ettinger et al., 439 70 yr, males and females, T1: walking, 50-70% HRR 3 /wk, 40 min 3 mo facility + Modest but consistent
1997 (59) 0A of knee T2: calisthenics 15 mo home improvements in self-reported

R: health education pain and disability and better
scores on performance
measures of function compared
with those participating in
health education programs.
Greater improvements in those
completing more exercise.

van Baar etal., 201 40-85 yr, males and T: individualized exercises for 12 wk Significantly larger decrease of
1998 (247) females, OA of hip or muscle strength and pain (medium effect size) and
knee length, mobility, observed disability (small effect
coordination, movement size) in T than in R.
abilities, and locomotion
administered by
physiotherapist
Mangione et al., 39 71 yr, males and females, Stationary cycling T1: 70% 3 /wk, 25 min 10 wk Both T1 and T2 improved
1999 (157) 0A of knee HRR significantly and similarly in

T2: 40% HRR several objectively measured
functions and in the amount of
overall pain. Cycling did not
increase acute pain in either
group.

O'Reilly et al., 191 62 yr, males and females T: strengthening exercises Daily at home 6 mo Pain scores and physical function
1999 (187) with knee pain R: no intervention scores improved more in T
than in R.
Deyle et al., 83 60 (T), 62 (R) yr, males and  T: manual therapy and 2X/wk and at home 4 wk In T, significant improvement in
2000 (48) females, OA of knee supervised knee exercise walking performance and

program (stretching, ROM,
and strengthening
EXErcises)

R: placebo

standardized OA assessment
score over baseline at 4 and 8
wk and 1 yr, notin R. By 1 yr,
patients in R had significantly
more knee surgeries than
patients in T.

T, training; R, reference group; ROM, range of motion.

effective. Loading has to repeat frequently and continu- thought to be equally important in determining bone mass at
ously in order to maintain BMD, and loading has to age 70. Numerous cross-sectional studies in athletes (258)
increase periodically if the aim is to stimulate continuing (Tables 7-9) and in population samples (37,54,97,104,183,
increase of bone mass. 239,245,246,262) (Table 10), some longitudinal studies
Review of research evidence. Peak bone mass accu- (4,12,36,39,142,161,173,202) (Tables 11 and 12), and at least
mulated in youth and the subsequent rate of bone loss areseven RCTs (17,20,66,77,172,227,265) (Table 13) and a
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TABLE 7. Bone mineral mass in female athletes taking part in high-magnitude loading sports (results selected from cross-sectional studies).

Bone Mineral Mass:
Difference Between Athletes

Reference Athlete Group N Age (yr) Bone Site and Controls (%) Technique
Flodgren et al., 1999 (65) Flatwater sprint 10(6 M, 4F) 19 Total body DXA
kayakers (6M,4F) Head
Matched controls 20 19 Ribs 6.4*
Humerus (L/R) 104*11.7*
Legs L/R

Femur neck L/R
Femur Ward’s L/R
Femur trochanter L/R

Spine 10.9*
Lumbar spine
Pelvis 5.1*
Arms (BMC) L/R 15.7*/10.6*
Davee et al., 1990 (44) Muscle-building 9 20-30 L2-14 +10* DPA
Controls 9
Heinonen et al., 1993 (87) Weight-lifters 18 25+5 L2-14 +15* DXA
Femoral neck +10*
Distal femur +19*
Patella +22*
Proximal tibia +12*
Calcaneus +4*
Distal radius +29*
Controls 25 23+3
Heinrich et al., 1990 (92) Body-builders 11 26+5 L2-14 +12* DPA
Femoral neck +15*
Ward’s triangle +23*
Greater trochanter +12*
Proximal radius +9* SPA
Distal radius +16*
Controls 18 25+4

M, males; F, females; L, left; R, right; DPA, dual photon absorptiometry; DXA, dual-energy x-ray absorptiometry; SPA, single photon absorptiometry.
* P < 0.05.

nonrandomized controlled trial (73) show evidence (Cat- The newest analyses by Wolff et al. (266) and Wallace and
egory A) that physical activity in youth can contribute to Cumming (260) cover the non-RCTSs to the end of 1996 and
increased peak bone mass (33,52,140,257). The citedRCTs to the beginning of 1998. Pertinent information of
studies do not allow quantitative dose-response analysis,most randomized and nonrandomized exercise training trials
although their findings generally agree with the results of on bone mass in pre- and postmenopausal women is sum-
animal experiments regarding the characteristics of ef- marized in Table 14. The reviews agree well on quantitative
fective loading stimulus described above and allow cat- results and on most views and can be summarized as follows.
egorization of physical activities according to their char- Quantitative analyses show strong evidence (Category A) that
acteristics and potential to influence bone mass (258). PA can be effective in maintaining bone mass in premeno-
Thus, weight-bearing activities producing high-magni- pausal and decreasing substantially loss of bone in postmeno-
tude (Table 7) and high-rate (impact) (Table 9) loadings pausal women. This effect was 1) about 1% yrfavor of the
stimulate effectively bone formation, and non—weight- exercising subjects, 2) mainly because of decreased rate of loss
bearing activities without these characteristics such asof bone in the exercisers, 3) seen both in lumbar spine and
swimming even in large amounts has not been shown in femoral neck, and 4) seen in both pre- and postmenopausal
any study to increase BMD at any site in female subjects women. Both endurance or aerobic and strength or progressive
(3,29,38,51,57,63, 141,188,236,238). resistance training as well as impact and nonimpact exercises
Unfortunately, it is not known whether and in what de- can be effective, and no definite differences between the types
gree and by what kind of physical activity the increased of training were seen. However, only a few studies were
peak bone mass attained by exercise training can be pre-available to analyze the effect of nonimpact exercise or
served for decades until old age. Limited information sug- strength training on the hip in premenopausal women. The
gests that much or most of it may be lost during adult years results of studies using high-intensity strength training were
(107-109), but diminution of peak bone mass can be de- more consistent and showed positive effects compared with
terred by substantially less PA than what was practiced those using low-intensity resistance training (140). The size of
while gaining it (6,91,118,125). the effect of exercise training on bone mass was found to be
Clinically relevant studies to analyze possible dose-re- comparable to that of calcium supplementation.
sponse relationships between PA and prevention of OP are The reviews pointed out several shortcomings of the
RCTs and other controlled trials in middle-aged and elderly studies such as heterogeneity of subjects, training programs,
women with bone mass (density) as the primary outcome. and measurements; small sample sizes; and short duration
Most of these studies have been analyzed in several recenand inadequate description and quantification of the training
thorough reviews (14,58,111,112,113,140,212,260,266).programs. In general, the training program characteristics,
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TABLE 8. Bone mineral mass in female athletes taking part in repetitive loading (weight bearing) sports (results selected from cross-sectional studies).

Bone Mineral Mass:
Difference Between Athletes

Reference Athlete Group N Age (yr) Bone Site and Controls (%) Technique
Dook et al., 1997 (51) Running and field hockey 20 46 =3 Whole body +7* DXA
Regional leg +7*
Regional arm +3
Sedentary controls 20 46 =2
Harber et al., 1991 (83) Eumenorrheic runners 17 27 %5 Calcaneus -2 CST
Amenorrheic runners 11 26+ 6 Calcaneus 0
Normoactive controls 14 217
Heinonen et al., 1993 (87) Orienteers 30 23+3 L2-14 0 DXA
Femoral neck +2
Distal femur +5*
Patella +3*
Proximal tibia +4*
Calcaneus +4
Distal radius +1
Cross-country skiers 28 21+3 L2-L4 0
Femoral neck +5
Distal femur +5
Patella +2
Proximal tibia +3
Calcaneus +3
Distal radius -1
Active controls 25 23+3
Heinonen et al., 1995 (88) Orienteers 30 23+3 L2-14 +8 DXA
Femoral neck +3
Distal femur +6*
Patella +4
Proximal tibia +7*
Calcaneus +11
Distal radius -4
Speed skaters 14 21+9 L2-14 +6
Femoral neck +4
Distal femur +7*
Patella +5
Proximal tibia +6
Calcaneus +3
Distal radius -6
Cross-country skiers 28 21+3 L2-14 +3
Femoral neck +5
Distal femur +5
Patella +2
Proximal tibia +5*
Calcaneus +9*
Distal radius -7*
Kirk et al., 1989 (119) Long-distance runners 10 25-35 T12-13 +1 ocT
Sedentary controls 10
Long-distance runners 9 55-65 T12-13 -7
Sedentary controls 9 Midradius +1
Lane et al., 1986 (133) Long-distance runners 6 56 L1 +35* 0cT
Matched controls 6 56
Myerson et al., 1992 (176) Eumenorrheic runners 13 30 =1 Total body +10* DPA
Amenorrheic runners 13 301 Total body -7
Controls 12 27 =1
Petterson et al., 2000 (194) Cross-country skiers 16 16 = 0.3 Total body +1.8 DXA
Normoactive controls 16 16 = 0.7 Head +0.9
Humerus right +6.9*
Humerus left +9.2*
Humerus diaphysis right +5.1
Humerus diaphysis left +8.1*
Spine -0.9
Femoral neck +8.9*
Femoral diaphysis +7.6*
Distal femur +5.0
Greater trochanter +9.3*
Proximal tibia +6.6
Tibia diaphysis +2.1
Suominen et al., 1992 Long-distance runners, 18 66 -85 Calcaneus +12and +6 SPA
(235) skiers
Population sample 42 70-81
Wolman et al., 1991 (267) Runners 21 25-28 Femoral shaft +8* DPA
Rowers 36 24-26 Femoral shaft +2
Sedentary controls 13 27-30
CST, Compton scattering technique; DPA, dual photon absorptiometry; DXA, dual-energy x-ray absorptiometry; QCT, quantitative computed tomography; SPA, single photon
absorptiometry.
* P < 0.05.
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TABLE 9. Bone mineral mass in female athletes taking part in sports producing strains on bones at a high rate (e.g., impacts) and usually from many directions (results selected
from cross-sectional studies).

Bone Mineral Mass:
Difference Between Athletes

Reference Athlete Group N Age (yr) Bone Site and Controls (%) Technique
Alfredson et al., 1997 (1) Volleyball 13 21 +4  Whole body +6.1* DXA
Head -1.8
Matched normoactive 13 25+2  Lumbar spine +13.2¢
controls
Femoral neck +15.8*
Ward’s triangle +17.9*
Trochanter +18.8*
Whole femur dominant/nondominant +5.8/+8.2*
Humerus dominant/nondominant +9.5*/10.0*
Courteix et al., 1998 (38) Gymnasts 18 10=1  Whole body +14.4* DXA
Midradius +15.5¢
Controls 13 11 +1  Distal radius +33
L2-14 +11*
Femoral neck +15*%
Trochanter +11
Ward’s triangle +15*
Dook et al., 1997 (51) Basketball and nethall 20 463  Whole body +8* DXA
Regional leg +8*
Regional arm +4
Sedentary controls 20 46 + 2
Diippe et al., 1996 (53) Active football players 96 18 =4  Total body +4* DXA
Lumbar spine +5
Femoral neck +11*
Trochanter +11*
Ward’s triangle +11*
Controls 90 205
Former football players 25 40 =5  Total body +4*
Lumbar spine -2
Femoral neck +7*
Trochanter +11*
Ward’s triangle +9*
Controls 57 37+4
Fehling et al., 1995 (63) Volleyball players 8 201 L2-L4 +11*
Femoral neck +15*
Ward’s triangle +17*
Total body +13*
Left arm +5*
Right arm +7
Left leg +15*
Right leg +12*
Right pelvis +19*
Gymnasts 7 20+1  L2-14 +14*
Femoral neck +15*%
Ward’s triangle +17*
Total body +11*
Left arm +15*
Right arm +16*
Left leg +10*
Right leg +10*
Right pelvis +15*
Controls 13 20 =1
Haapasalo et al., 1994 (79) Squash players 19 18-32 Proximal humerus +9* DXA
Humeral shaft +10*
Radial shaft +1*
Ulnar shaft -1*
Distal radius +10*
Distal ulna +24*
Calcaneus +12*
Controls 19 19-33
Heinonen et al., 1995 (88) Squash players 18 25+4  |2-14 +14* DXA
Femoral neck +17*
Distal femur +11*
Patella +7*
Proximal tibia +13*
Calcaneus +19*
Distal radius +11*
Aerobic dancers 27 284 |2-l4 +3
Femoral neck +9*
Distal femur +3
Patella +2
Proximal tibia +6*
Calcaneus +14*
Distal radius -8*
Controls 25 24+5
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TABLE 9. Continued

Bone Mineral Mass:
Difference Between Athletes

Reference Athlete Group N Age (yr) Bone Site and Controls (%) Technique
Jacobson et al., 1984 (101) Tennis players 11 18-22 Spine +11* DPA
Distal radius +17* SPA
Midradius +12*
Metatarsal +23*
Age-matched 1
controls
Kannus et al., 1995 (106) Tennis and squash 105 16-50 Proximal humerus +10* DXA
players
Humeral shaft +10*
Radial shaft +3
Distal radius +8*
Calcaneus +11*
Controls 50 16-48
Kirchner et al., 1995 (117) Gymnasts 26 2002  Lumbar spine +18* DXA
Total proximal femur +21*
Femoral neck
Ward’s triangle
Whole body +22*
+25*
+10*
Controls 26 20x02
Kirchner et al., 1996 (118) Former gymnasts 18 36 =1 Lumbar spine +16* DXA
Femoral neck +18*
Ward’s triangle +22*
Whole body +9*
Controls 15 37 =1
Lee et al., 1995 (141) Volleyball players 11 19 +1 Total body +17 DXA
Lumbar spine +18
Femoral neck +11
Trochanter +17
Ward’s triangle +4
Spine +6*
Pelvis +10*
Left arm +12*
Right arm +13*
Left leg +17*
Right leg +15*
Basketball players 7 20x2 Total body +9*
Lumbar spine +14*
Femoral neck +20*
Trochanter +24*
Ward’s triangle +18*
Spine +5%
Pelvis +11*
Left arm +12*
Right arm +17*
Left leg +15*
Right leg +17*
Soccer players 9 191 Total body +4
Lumbar spine +6*
Femoral neck +10*
Trochanter +16*
Ward’s triangle +12
Spine +5
Pelvis +7*
Left arm +1
Right arm +3
Left leg +11*
Right leg +11*
Sedentary controls 11 22 =1
Nichols et al., 1994 (180) Gymnasts 11 19 +1 Preseason: DXA
Lumbar spine +8*
Femoral neck +11*
Controls 11 21+2
Nichols et al., 1995 (181) Basketball players 14 191 L2-14 +10* DXA
Femoral neck +14*
Total body +10*
Leg +15*
Arm +8*
Gymnasts 15 191 L2-14 +9*
Femoral neck +11*
Total body +5%
Leg +7*
Arm +12*
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TABLE 9. Continued

Bone Mineral Mass:
Difference Between Athletes

Reference Athlete Group N Age (yr) Bone Site and Controls (%) Technique
Tennis players 6 23+4 L2-14 +4*
Femoral neck +3*
Total body +6*
Leg +9*
Arm +6*
Volleyball players 13 19 +1 L2-14 +13*
Femoral neck +14*
Total body +10*
Leg +15*
Arm +8*
Nonathletes 12 21+2
Nichols-Richardson et al., 2000 (182) Gymnasts 16 10=x2 Whole body DXA
Femur
Matched controls 16 10 =1 L1-L4
Pearce et al., 1996 (192) Ballet dancers: <40 17 14 +0.2 Lumbar spine -2 DXA
mo oligomenorrhea
Femoral neck +9*
Ward’s triangle +10*
Trochanter +9*
Arms -4
>40 mo 24 18 £ 0.2 Lumbar spine -4
oligomenorrhea
Femoral neck +4
Ward’s triangle +4
Trochanter +2
Arms -8
Controls 46 18+ 0.2
Pettersson et al., 2000 (195) Rope-skipping 10 18 +1 Whole body +7* DXA
Humerus, right +10*
Normoactive controls 25 18 +1 Lumbar spine +14*
Femoral neck +10*
Trochanter +14*
Total femur +4*
Femur diaphysis +8*
Tibia diaphysis +20*
Radius UD +33*
Radius proximal 6
Rissner et al., 1990 (207) Volleyball players 12 20+ 2 Lumbar spine +15*% DPA
Calcaneus +26* SPA
Basketball players 9 20 =1 Lumbar spine +12*
Calcaneus +36*
Nonathletes 13 20+ 2
Robinson et al., 1995 (208) Gymnasts 21 22+3 Whole body +2 DXA
Lumbar spine +6
Femoral neck +12*
Controls 19 19+2
Sandstrom et al., 2000 (217) Ice hockey 14 22+4 Whole body +7* DXA
Head -3
Normoactive controls 14 22+ 4 Lumbar spine +9*
Femoral neck +18*
Ward’s triangle +20*
Trochanter +22*
Slemenda and Johnston, 1993 (223) Figure skaters 22 10-23 Total body +7* DXA
Spine +6
Trunk +8*
Legs +10*
Pelvis +14*
Arm +4
Controls 22 10-23
Soderman et al., 2000 (228) Soccer 41 16 0.3 Whole body +3* DXA
Head -2
Normoactive matched 41 16 =1 L2-14 +6*
controls
Femoral neck, dominant +10*
Ward’s triangle +10*
Trochanter +17*
Taaffe et al., 1995 (236) Gymnasts 13 19 +1 Whole body +3 DXA
Lumbar spine +8
Femoral neck +15*
Trochanter +15*
Controls 19 19+2
Taaffe et al., 1997 (237) Gymnasts, 8-mo 26 20 =1 Whole body +1 DXA
cohort
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TABLE 9. Continued

Bone Mineral Mass:
Difference Between Athletes

Reference Athlete Group N Age (yr) Bone Site and Controls (%) Technique

Lumbar spine +6
Femoral neck +14

Controls 14 19+2

Gymnasts, 12-mo 8 19 +1 Whole body +4

cohort

Lumbar spine +4
Femoral neck +20*

Controls 11 20+ 2

DPA, dual photon absorptiometry; DXA, dual-energy x-ray absorptiometry; SPA, single photon absorptiometry.

* P <0.05.

such as its duration and the background characteristics of thethe duration of the program was only 24 wk. Kohrt et al.
subjects (i.e., hormone replacement, smoking, or use of(123) compared supervised high-intensity resistance endur-
alcohol), did not influence the results substantially in the ance and physiotherapy program for 9 mo in elderly women
primary and subgroup analyses. However, low compliance and men with physical frailty and found significant increase
was considered to explain poor results in some studies. Theor trend of increase on hip and spine BMD in the high-
design of the study seemed to influence the results substanintensity group and decreasing trend in the home exercise
tially, because in the review of Wolff et al. (266), the effect group in changes of whole body and Ward’s triangle BMD.
of training was almost twice as high in non-RCTs compared The differences between the group changes were statisti-
with RCTs. cally significant. None of the studies cited above showed a
Since the completion of the above-cited reviews, new moderate- to low-intensity exercise program to influence
RCTs (8,46,80,90,91,155,197,215), randomized trials with- bone mass in pre- or postmenopausal women, in frail elderly
out a control group (98,123), and nonrandomized, controlled persons (46), or in patients with rheumatoid arthritis (80),
studies (100,264) on middle-aged and older women and menexcept for one study. lwamaoto et al. (100) found that, in
have been published. The aims, subjects, exercise programspostmenopausal osteoporotic women on calcium and vita-
and measurements are also heterogeneous in these studiesiin D5 supplementation, daily outdoor walking (document
Regarding dose-response issues, the studies in general sugd by step counters) and gymnastics for 12 mo increased
port the notion that high-intensity exercise can increase or lumbar spine BMD significantly in relation to a nonexer-
maintain bone mass in premenopausal women (8,90,264)cising control group.
and elderly men (155), but that high-intensity resistance PA is related not only to increased but also to decreased
training was not effective in postmenopausal women not on bone mass, particularly in women. A large volume of in-
hormone replacement therapy (166), and the same high-tensive training for prolonged periods such as seen espe-
impact exercise program that was effective in premeno- cially in competitive runners can lead to osteopenia. The
pausal was not effective in postmenopausal women (8). mediating mechanisms are complicated and not completely
Heinonen et al. (90) found that a multiexercise intensive known, but one mechanism is disruption of normal ovarian
(about 70%'\02ma)) endurance program consisting of walk  function that leads to inhibition of the production of gona-
ing, stair climbing, ergometer cycling, and jogging for 18 dotropin-releasing hormone by the hypothalamus and to
months in perimenopausal women resulted in maintenancedecreased estrogen content in blood. These athletes have
of prestudy femoral neck BMD, and the trend of change was oligorrhea or amenorrhea and gradually bone mass de-
significantly different from that in the control group. A creases, or in young athletes peak bone mass remains low.
calisthenics (dynamic strength-endurance exercises forAs a consequence, the risk of stress fractures increases, but
trunk, pelvis, hip, and lower limbs) program was not effec- itis not definitively known if the risk of osteoporosis in later
tive regarding maintenance of bone mass at the trained siteslife is also increased (11,71). In addition to hormonal dis-
The proposed explanation for the findings is that the turbances, low body mass and, frequently, eating disorders
strength-endurance exercises did but the calisthenics exer€an contribute to athletes’ osteopenia. No quantitative dose-
cise did not fulfil the conditions for effective osteogenic response relationship regarding this condition has been
stimulus in terms of the magnitude, rate, and distribution of defined.
the stress applied on bones. An extension study of an RCT Concluding remarks. The available information from
showing positive effect of high-impact exercise on femoral published studies does not allow definition of any quanti-
neck BMD in premenopausal women supports the idea thattative dose-response relationships between PA and bone
the results on bone can be maintained with less-demandingmass, a surrogate indicator of OP. Basic bone research
training than that used in the original program (91). indicates the existence of dose-response relationships but
Humphries et al. (98) did not find changes in lumbar also that they are complicated because of the fact that
spine BMD in older women taking or not taking hormone several factors in the dose, especially the magnitude, rate,
replacement therapy in a high-intensity strength training and directions of the loads, determine the response and these
program despite substantial increase in muscle strength, butrelationships change with the adaptation of the bone to a
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TABLE 10. Studies on association of bone mass and PA in various population samples.

Bone Site,
Reference Type of Study Population N Age (yr) PA Method Findings Comments
Cooper et al., Cross-sectional  Women born in a 153 21 Several indices of past Lumbar spine, Dose-related association between  PA was the
1995 (37) (for PA) city during 2 and current PA by femoral lumbar (5% difference between strongest
yr interview neck, DXA least and most active, P = lifestyle
0.07) and femoral neck (12% determinant of
difference P < 0.01) BMD and BMD.
amount (min-d~") of outdoor
leisure walking.
Diippe et al., Cross-sectional  Random sample 395 15-42  Current leisure time,  Spine, No association between BMD and  Occupational
1997 (54) of the 15 to occupational, and proximal PA in 15 to 16-yr-old subjects, activity showed
42-yr-old transport PA by femur, DXA but in 21 to 42-yr-old men similar but
population of validated significantly (9%) higher weaker
a city questionnaire femoral BMD in highly active association to
(vs least active) subjects. In femoral BMD.
women similar but
nonsignificant trend.
Ho et al., 1997 Cross-sectional Invited sample of 273 21-40  Minnesota Leisure L2-14 In highly active 21 to 30-yr-old
(97) women clients Time PA proximal women, spine and femur BMD
of a medical questionnaire, femur, DXA  significantly (6-7%) higher
clinic previous 12 mo, than in less active women. No
activity in METs influence of PA on BMD in the
older women was seen.
Jones and Dwyer, Cross-sectional A cohort of 8-yr- 330, 115 8 Sports participation Lumbar spine, In boys, sports participation was
1998 (103) old children girls, 215 and other PA by femoral associated with 4% higher hip
boys questionnaire, neck, total and spine BMD. In girls,
aerobic capacity body, DXA PWC,,, was associated
and strength positively with hip and spine
measurements BMD.
Kanders et al., Cross-sectional Convenience 60 women  25-34  Minnesota Leisure Lumbar spine  No relation between radius BMD  Additive effect of
1988 (104) sample Time PA (DXA), and PA. Vertebral BMD Ca and PA.
questionnaire radius correlated significantly to
(SPA) energy expenditure of PA, r =
0.41. About 8% difference in
vertebral BMD among less and
more active women (cut point,
970 kcal-d " in PA)
Nordstrdm et al.,  Cross-sectional A convenience 33 25 Detailed history of Total body, The amount of PA (hours per
1997 (183) sample of men participation in L2-14, week) at the time of peak bone
with low or exercise and sports femoral mass attainment was
moderate level by interview neck, significant predictor of BMD of
of PA Ward’s the total body and the sites at
triangle, proximal femur in these young
trochanter, men with low to moderate level
humerus of PA.
and head,
DXA
Ruiz et al., 1995  Cross-sectional A convenience 151 7-15  Detailed data of L1-14, Weekly duration of sports activity
(211) sample of participation in femoral significantly influenced
young girls sports and exercise head and vertebral and femoral sites,
and boys by interview neck, especially in girls and during
trochanter, puberty.
upper third
of femoral
diaphysis
Teegarden et al.,  Cross-sectional Minimally active 204 18-31  Detailed self-reported  Total body, PA at high school or during 5
1996 (239) young women data of PA during femoral previous yr (expressed as
leisure and in neck and estimated energy expenditure)
occupation 5 yr spine by were significant predictors of
before enroliment DXA, and BMD or BMC at most
as well as sport radius by measured sites.

participation in high SPA
school and college

Valdimarsson et~ Cross-sectional Random sample 254 16,18, Detailed data of sport  Total body, Especially weight-bearing activity
al., 1999 (245) of women and 20 and exercise lumbar correlated significantly with
from one city participation during spine, hip, BMC and BMD of the measured
the last 3 mo by and distal sites in uni- and multivariate
standardized forearm analyses. Positive relationship
questionnaire between training hours per

week and total body BMD in all
age groups; most marked from
0to 3 h-wk~" and among the
16-yr-olds. Thus, training >7
h-wk~" associated with 4-6%
greater BMD vs training <0.5
h-wk 1.

DXA, dual-energy x-ray absorptiometry; SPA, single photon absorptiometry.
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TABLE 11. Longitudinal observational studies with repeated PA assessment and bone measurements only at the end of the follow-up period.

Reference Type of Study Population N Age (yr) PA Bone Site, Method Findings
Kemper et al., Longitudinal cohort A cohort of school 182, males and 28 Metabolic and mechanic PA Lumbar, femoral neck, Both PA indicators and neuromotor
2000 (114) study, children formed in ~ females during the last 3 mo by and radius BMD by  (but not cardiorespiratory)
longitudinal data 1977 interview, neuromotor DXA at the end of fitness significantly positively
of PA and cardiorespiratory follow-up period related to lumbar and femoral
fitness. All variables also but not to radius BMD.

from previous
assessments since age

13.
Lloyd et al.,  Longitudinal cohort A cohort representing 81 18 Detailed sport and exercise Total body, proximal ~ Cumulative sport-exercise scores
2000 (150)  study, white adolescents participation between femur by DXA at between ages 12 and 18 yr
longitudinal data  attending public ages 12-18 by the end of the associated with hip BMD at age
of PA school in one standardized follow-up period 18 yr (r = 0.42). The amount of
region questionnaire PA that distinguishes a
sedentary from active (nearly
daily basis) teenager is related
to significant (~5%) increase in
peak hip BMD.
Valimaki et al., Prospective cohort Representative 264 (153 females, 20-29  Summary score derived L2-1L4 and femoral In most active quartile compared
1994 (246) study, sample from five 111 males) from question on weekly  neck by DXA at the  with least active after significant
longitudinal data  regions frequency of PA >30 end of the follow- differences in BMD (adjusted for
of PA min asked thrice in 12 yr  up period age and weight) were found: in
prior to the bone men, 11% higher in femoral
measurement neck and 8% higher at lumbar

spine; in women, 8% higher in
femoral neck.

DXA, dual-energy x-ray absorptiometry.

given load. In accordance with these principles, there is requires development of detailed descriptions of the PA
strong evidence (Category A) that high-intensity loading in exposure in epidemiological studies and quantitative
relation to the strength of the bone causes an osteogenianeasures of the exercise regimens in clinical trials. An-
response specifically at the loaded bone site if the internal imal experiments provide a firm basis to test the effec-
milieu is adequate. The evidence in also strong (Category A) tiveness of PA on bone mass, and in agreement with the
showing that bone’s responsiveness to external loading isanimal studies, high-impact and high-intensity activities
highly dependent on the influence of female and male sex have been shown to be effective in clinical trials. A major
hormones. Evidence suggesting that low- to moderate-in-task for research is to develop methods to apply effective
tensity exercise (in relation to the bone strength) causes angpading on the targeted (finally clinically relevant) areas.
increased osteogenic response is weak (Category D). Therhis requires innovative ideas and rational application of
characteristics of a minimum effective dose of an osteogenic jy55ic bone biological and biomechanical principles and
stimulus are not known. Quantitative relationships regard- techniques. An important research task is to increase
ing the rate of application of the force are not known, but ,,jerstanding of the muscle-bone interaction and to ma-
static efforts and slow movements have been found to benipulate it in such a way that the damping effect of
ineffective or less effective than fast application of force muscles could be decreased in controlled ways, thus

(Category B). SO”."'e evidence S.UQQGStS_ th"?‘t a bor(_j('lr“neallowing the loading to influence the bone more directly
between noneffective and effective loading in aerobic ac- .
and more effectively and more safely.

tivities is around 70%"<D2max corresponding to fast or . .

brisk walking or walking at or above anaerobic threshold esAggiIr:I(l) nzln asiiqgci;exi tg?iﬁgzgegr}?skcg?%u; tiioilc(;-rbsé
(Category C). High-impact activities are likely to be effec- P y ) . e .
tive (Category A). Data are not sufficient to make firm coqducted to compare the effectiveness of different exercise
conclusions regarding the required number of loadings in L%%:;nztnrzrfg?hses) on BMD and other parameters related to

one session or the interval between sessions. However,
findings of studies on animals indicate a need for rather few ~LONg-term (several years) RCTs should be conducted to

loadings per session and rather frequent loadings, severaP€® continuation or di;continuation pf the effectiveness on
times per week. Also, the duration of an exercise program POne mass of appropriate (progressive and nonprogressive)
necessary to achieve the full effect is not known, but dura- ®X€rcise regimens.
tion of program did not influence the results of some meta-  In contrast to other modalities influencing BMD (drugs,
analyses. On the basis of bone biology, it is likely, however, calcium), the effects of PA on bone are specific to the loaded
that loading should be continued more than a half year sosites. These effects on bone geometry, mass distribution,
that its effects on BMD could be seen. Decreased loading internal architecture, etc., may not be seen as significant
leads to decrease of bone mass, but the dose-response relghanges in BMD, but they might have substantial effect on
tions between change of loading and change of bone masghe breaking strength of bone. These possibilities should be
are not known. tested.

Recommendations for research. Elucidation of The amount and other characteristics of loading needed to
dose-response relationships between PA and bone masgreserve the increased bone mass and other effects on bone
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TABLE 12. Longitudinal observational studies with repeated PA assessments and bone measurements.

Bone Site,
Reference  Type of Study  Population N Age (yr) PA Method Findings Comments
Bailey et al.,  6-yr longitudinal A sample of 113 (60 boys, 8-14 atthe  Detailed data at Total body, L1-L4, One yr after peak BMC velocity the ~ First study to

1999 (4) cohort study school 53 girls) beginning least twice a  femoral neck
children year by annually by DXA
in one questionnaire
city

Bennel et al.,  12-mo A cohort of 166 (85 men, 17-26 Detailed Total body, upper
1997 (12) longitudinal elite and 81 women) information limb, L1-L4,
cohort study subelite of historical proximal femur,
athletes PA by 5-yr tibia/fibula, and
and periods foot by DXA
nonathlete between
controls ages 5 and
19 by
questionnaire,
and current
PA by
questionnaire
at baseline
and at the
conclusion
of the study
Cohen et al., 7-mo A group of 25 men 19 Detailed data of L1-L4, femoral
1995 (36) longitudinal novice training and neck,
study rowers other PA by trochanter,
and age- interviews Ward’s triangle
matched and logs by DXA
controls
Courteix et al., 12-mo A group of 35 women 12 Detailed data of Whole body, L2—
1999 (39) longitudinal gymnasts training and L4, femoral
study and other PA by neck,
nonexercising interviews intertrochanteric
children, and logs region, Ward’s
swimmers triangle,
as nondominant
controls radius
Leichter et al., 14-wk A sample of 223 men 18-21 Highly intensive Absolute bone
1989 (142) longitudinal army military density (all
study recruits training at mass
least 8 constituents of
hd=' 6 bone per unit
d-wk ! volume) of
distal tibia by
Compton
scattering
technique
Margulies et 14-wk A sample of 268 men 18-21 Highly intensive BMC of distal tibia
al., 1986 longitudinal army military by single-beam

(161) study recruits training at photon

least 8 absorptiometry
hd~1, 6
d-wk !

Morris et al.,  18-mo A group of 24 women 14-15 Top-level Total body,

1999 (173) longitudinal rowers school based  proximal femur,

study and rowing femoral neck,
matched training in L2-L4 by DXA
controls rowers, no
formalized
exercise
outside
school in
controls
Recker et al.,  Longitudinal A sample of 156 women  Average 21 at By L2-14 and
1992 (202) prospective students entry accelerometer ~ forearm every 6
study of up from two (Caltrac) for mo, total body
to 5yr, universities 4 d prior to twice (early in
average 3.4 each 6-mo study and at
yr visit last visit)

most active quartile of boys
exhibited 9% and girls 16%
higher total body BMC compared
with the respective values in the
least active quartiles.
Corresponding differences at the
femoral neck BMC were 7% and
11%.

Over the 12 mo both athletes and

controls showed modest
increases in total body BMC and
femur BMD (P < 0.001).
Changes in bone density were
independent of exercise status
except at lumbar spine, were
power athletes gained
significantly more bone density
than the other groups.

In rowers, BMD of L1-L4 increased
by 3% (P < 0.001) and mean
BMC by 4% (P < 0.001), no
significant change in controls. No
significant changes of BMD or
BMC at femoral sites.

Percentage changes in BMD before
compared with after investigation
tended to be greater in
gymnasts.

Mean bone density in the right and
left distal tibia increased
significantly by 8%.

Mean BMC of the left distal tibia
increased by 11% and that of
right tibia by 5%.

L2-L4 bone accrual of ovulatory
rowers significantly greater (BMC
8%, BMD 6%) than that of the
anovulatory rowers (BMC 1%,
BMD 4%) and ovulatory controls
(BMC 0.5%, BMD 1%). No
differences in total body or
femoral bone measurements
among groups.

Significant bone gain at each site in
these women in their third
decade. The rate of spinal bone
gain correlated positively with the
amount of PA. Estimated effect
of activity ranges from 0.3% to
8.4% between least and most
active women, none of the
subjects exercising heavily.

demonstrate that
growing skeleton
responds to
everyday PA by
increased bone
mineral accrual.

The findings provide

further support for
the concept that
bone response to
mechanical loading
depends on the
bone site and mode
of exercise.

Because of the
strenuousness of
the training 45% of
the subjects
experienced stress
fractures.

Participation in the
very hard training
was interrupted in
41% of the
subjects, mainly
because of stress
fractures.

Osteogenic benefits of
rowing were less
when training was
associated with low
estrogen and
progesterone
metabolite
excretion.

DXA, dual-energy x-ray absorptiometry.
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of intensive exercise training at various ages should be When OP is seen as a clinical condition leading fre-

studied.

quently to fractures, the scope of the studies on the effects

The potential of PA as an osteogenic stimulus can prob- of PA on OP and on related dose-response issues should be

ably be best used by combining it with the effects of hor- enlarged to include all possible effects of PA on the risk of
mones and drugs. The effects of various combinations of PA gsteoporotic fractures.

and drugs, hormones, and eventually other measures should

be studied in order to find optimal regimens to influence

bone mass and strength.
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