
Physical activity in childhood has

many health benefits. In the

musculoskeletal area, physical activ-

ity leads to substantial gains in bone

mass, at least some of which are main-

tained into later life.1 The most oppor-

tune time for intervention appears to be

the prepubertal and early pubertal

years.1–4 However, much less is known

about joint development. Recently, ad-

vances in magnetic resonance imaging

have allowed an accurate in vivo assess-

ment of hyaline cartilage in joints. Most

studies have been of the knee, but meth-

ods for hip and hand assessment have

also been validated. Magnetic resonance

imaging is accurate and highly reproduc-

ible with coefficients of variation of

2–3%.5 6

Development of articular hyaline carti-

lage in the knee appears to be a very

dynamic process.6 Physical activity has

been shown to be associated with carti-

lage development both cross sectionally

and longitudinally in randomly selected

healthy children without knee pain or

injury.5 6 Cross sectionally, physical activ-

ity was a significant explanatory factor

for cartilage volume at all knee sites (R2

7–14%).5 The most striking association

was with vigorous activity in the last two

weeks: children with no vigorous activity

had volumes 22–25% less than even

mildly active children. There were also

less consistent associations with number

of sports and type of sports (particularly

cross training) but not light exercise. In

contrast, a smaller cross sectional study

of adult triathletes found no difference in

cartilage volume or size with exercise,

although bone size was generally larger

in triathletes.7 This raises the question of

whether physical activity may have a dif-

ferential effect on joint cartilage with age.

“ . . .withholding exercise in early
life may result in delayed
adaptation of the cartilage.”

When followed longitudinally, most

children gained cartilage and only a

minority lost cartilage over a 1.6 year

time frame.6 The average increase was

7–15% per annum in boys and 4–10% per

annum in girls (depending on the site

within the knee). Cartilage volume
accrual correlated with height change at
medial and lateral tibial sites (p = 0.001)
but not at the patellar sites. Physical
activity associations again appeared im-
portant. The most consistent physical
activity association with gain in joint car-
tilage was with average intensity of sport.
Those with average intensity of sport
above the median gained approximately
twice as much as those below the median
at the tibial but not patella sites. Less con-
sistent associations were also observed for
vigorous activity within the last two
weeks. The wide range in cartilage acqui-
sition (particularly in the prepubertal and
early pubertal years) suggests that it may
be amenable to environmental modifica-
tion. Taken as a whole, the cross sectional
and longitudinal studies suggest that vig-
orous activity during childhood promotes
development of knee cartilage in the
absence of significant injury and/or pain.

We can then turn to in vitro and animal
studies to try to understand the effect of
mechanical loading on cartilage develop-
ment. There is well established evidence
that mechanical stimuli can influence
articular chondrocyte shape and stimu-
late alterations in cellular biochemistry
and matrix metabolism.8 Mechanical
forces affect chondrocyte biosynthesis
and gene expression.9 In vitro, cyclic
mechanical compression resulted in
about twice as many mesenchymal cells
being induced to enter the chondrogenic
pathway. The coincidence of the increase
in sulfate incorporation and nodule den-
sity suggested that the primary effect of
mechanical compression on mesenchy-
mal cells is on cellular differentiation and
not on their subsequent metabolism.9 A
further study also showed that functional
adaptation of articular cartilage, as re-
flected in the formation of biochemical
heterogeneity in the horse, occurs for the
most part during the first five months
post partum.10 This suggested that a
certain level of exercise seems to be
essential for this process, and withholding
exercise in early life may result in delayed
adaptation of the cartilage.

There are very good data from animal
studies that suggest that lack of physical
activity adversely affects articular carti-
lage development. Newborn foals that

had lack of exercise—that is, were box

rested—were shown to be retarded in

development of joint cartilage.11 This

delay in development of articular carti-

lage was not compensated for when box

confinement was lifted after five

months.12 In rats, elimination of weight

bearing was associated with cartilage

thinning.13 Animal studies suggest that

mechanical forces also influence the

synthesis and rate of turnover of articu-

lar cartilage molecules, such as

proteoglycans.14

It is thus possible that articular carti-

lage in humans responds to physical

activity in a similar manner to bone.

Although bone density is largely geneti-

cally determined, recent research has

highlighted the importance of exercise

during growth to maximise the attain-

ment of peak bone density. Greater peak

bone density may then reduce the risk of

osteoporotic fracture in later life. Simi-

larly, greater cartilage volume attained in

the growing years with physical activity

may reduce the risk of developing knee

osteoarthritis, particularly given that

cartilage loss is the hallmark of osteo-

arthritis, Furthermore, we observed sex

and site differences in cartilage

development,5 which parallel the largely

unexplained variations in osteoarthritis

incidence in later life.

“The current evidence supports a
prescription of vigorous physical
activity for optimum joint
development in children.”

There are a number of limitations to the

currently available human studies. The

wide age range studied makes it difficult

to sort out whether the physical activity

effect was independent of age, as younger

children had both greater cartilage acqui-

sition and higher activity levels. Secondly,

measurement of physical activity in chil-

dren is difficult, and questionnaires have a

number of well recognised problems. Ide-

ally, further studies will need to be of a

longitudinal design, examine children of

a similar age, and objectively measure

physical activity. Nevertheless, the current

evidence supports a prescription of vigor-

ous physical activity for optimum joint

development in children.
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THE VIKINGS ARE COMING!

• Professor Roald Bahr, Oslo, Norway
Chair of the Oslo Sports Trauma Research Centre the University of Sport and Physical Education in Norway. Professor Bahr is also a
consultant physician at the Department of Sports Medicine, in the Norwegian National Sports Centre. He is acknowledged as one of
the world’s leading authorities on the causes and prevention of sporting injury.
• Dr Hakan Alfredson, Umea, Sweden
An orthopaedic surgeon from the University Hospital Umea, in Sweden. Sports physiotherapists in particular have been trying for some
time to get Professor Alfredson to Australia. He is an authority on the treatment of tendon injuries and on articular cartilage repair and
surgery, specifically patella femoral articular cartilage and perosteal grafts.
• Professor Stephan Rossner, Stockholm, Sweden
Director, Obesity Research Program, Luddinge Hospital, Stockholm, Sweden and Past President of the International Association for
the Study of Obesity (IASSO).
The Vikings will be backed up by a Longboat crew of local and international luminaries including Bartold, Best, Cardwell, Chan, Cook,
Cross, Fiatarone Singh, Gilbey, Hart, Linklater, Lucas, Mummery, Norton, Purdham, Sando, Selig, Steele, Sullivan, Terry, and Tipton.

Programme highlights
• Sir William Refshauge Lecture by Dr Brian Sando, former Australian Olympic Team Chief Doctor
• “How to Give Medical Evidence in Court”. A hands on workshop in a real courtroom
• Professor Maria Fiatarone Singh: Exercise in older adults—are the barriers real or imagined?
• Dr John Best, Australian Rugby Union Chief Medical Officer: Injury and rugby issues
• Cardiac barriers to participation: Exercise, prevention, and rehabilitation
• Professor Kevin Norton: Intervention strategies for increasing physical activity patterns
• Dr Craig Purdham and Dr Jill Cook: New Views on Tendons
• Hypothetical “The fat Australian: Who’s to Blame?” chaired by Dr Glenn Cardwell
• Debate: Is 30 minutes of physical activity a day sufficient for Health Benefit? Chaired by Prof Wendy Brown.
Plus the opportunity to attend the Wales versus Italy World Cup Rugby Union match.

Call for Papers
The conference Committee is calling for abstracts for podium and poster presentations. Researchers are also invited to join with
colleagues to submit a group of three or more abstracts which focus on any aspect of the Conference theme, to be presented in a single
“symposium” session.
All accepted abstracts will be published in a supplement to the Journal of Science and Medicine in Sport.

All submitted papers are eligible for more than A$28,000 in prize money as part of the Australian Sports Medicine Federation Fellows’

Awards.
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