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Presented at the Kaiser Permanente Northwest Division Nike Sports

Medicine Symposium, Portland, Oregon, August 7-8, 1998, spon-

sored in part by Kaiser Permanente Northwest Division in coop-

eration with the Nike World Masters Games.

Introduction
Exercise is one of the most effective ways of im-

proving and maintaining health. High levels of physical
activity have been correlated with lower risk for car-
diovascular disease, lower blood pressure, and weight
reduction as well as increased sense of well-being.
More and more people are becoming active in exer-
cise programs and are trying to maintain a high level
of physical activity throughout life. A common con-
cern of athletes—and especially of aging athletes—is
that increased joint stress may lead to premature “wear-
ing out” of the joints and osteoarthritis.

Background
Osteoarthritis is defined as a noninflammatory, de-

generative joint disease characterized by loss of
articular cartilage and marginal hypertrophy of bone
accompanied by pain and stiffness that is aggra-
vated by prolonged activity. Some other joint
problems resemble this definition but do not pro-
gressively worsen and do not represent osteoarthritis.
An example is development of anterior tibiotalar
osteophytes in kicking-type sports such as soccer.
Formation of the osteophytes is thought to be caused
by repeated traction injury to the attachment of the
joint capsule. This condition can be treated and
symptoms resolves by removing the osteophytes (a
procedure not effective with osteoarthritis). The
osteophytes may reform years later, but the ankle
typically does not become diffusely arthritic.

Biomechanical Studies
The effects of various forms of stress on articular

cartilage have been evaluated biomechanically. Articu-
lar cartilage is composed of several layers. The
superficial layer provides a smooth, gliding surface.
The deeper layers have high concentrations of hydro-
philic macromolecules (glycosaminoglycans), which
absorb large amounts of water. When mechanical load
is applied to the cartilage, the water is squeezed out.
This removal of water helps to dissipate the load and
provides increased lubrication for the joint.

Cartilage can accommodate a slowly applied load
better than an impact load. Impact loads above a
certain threshold can acutely disrupt cartilage sur-
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faces. The magnitude of load required to acutely dis-
rupt the cartilage surface is reported to be 25 MPa
(approximately 3600 psi).1 The injury may not be
initially apparent: Impact sufficient to cause death of
chondrocytes and degradation of the matrix may re-
sult in changes not seen until months or even years
later. Thompson et al2 evaluated the effect of a
transarticular impact load of 2170 N (approximately
477 lb) to the patellofemoral joint in dogs and noted
initial formation of minute fractures of the subchon-
dral bone without visible damage to the cartilage
surfaces. During the next six months, changes in the
patellar cartilage consistent with osteoarthritis devel-
oped. Repeated application of impact loads below
the threshold also can lead to disruption of the carti-
lage surface. Zimmerman et al3 evaluated a cyclic
load on the human patella in vitro and with a load of
1000 psi found surface abrasions after application of
250 cycles. The cartilage did not disintegrate until
8000 cycles had been applied.

Animal Studies
Other injuries to the joint also affect the capacity of

the articular cartilage to withstand stress. Two impor-
tant factors in this ability are the surrounding
ligamentous restraints and the protective effect of the
musculature. O’Connor et al4 compared dogs with
normal knees to three other groups of dogs: 1) dogs
with injury to the anterior cruciate ligament, 2) dogs
in whom sensory input was removed from the knee
joint, and 3) dogs with both injury to the anterior cru-
ciate ligament and removal of sensory input from the
knee joint. In the dogs with normal knees but no ar-
ticular sensory input, no signs of arthritis had developed
after 64 weeks. By eight weeks, dogs with sensory
input and injury to the anterior cruciate ligament
showed early stages of arthritis, which progressed to
moderate-to-severe arthritis by 18 weeks. Dogs with
neither knee sensation nor a functioning anterior cru-
ciate ligament showed signs of arthritis in only two
weeks and severe arthritis by eight weeks.

Exercise (even strenuous exercise) on normal joints
does not result in a substantially increased likelihood
of arthritis. In a study evaluating the knees of beagle
dogs who ran as much as 40 km/day for a year, Arokoski
et al5 identified a decrease in the concentration of gly-
cosaminoglycans in the knee but saw no signs of
degeneration of the articular cartilage. In a study of
beagle dogs who ran on treadmills for as much as 15
km/day at a 15° uphill angle for 40 weeks, Kiviranta et
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al6 found that cartilage thickness and glycosaminogly-
can concentration were both decreased compared with
controls. This result contrasted with a previous study,7

in which the same authors found an increase in both
cartilage thickness and glycosaminoglycan concentra-
tion after a more modest running program. Newton et
al8 found no difference in cartilage thickness or me-
chanical properties of the cartilage at the end of a study
in which 11 dogs ran on a treadmill at 3 km/hr for 75
minutes for 527 weeks (ten  years) while wearing weight
jackets (weighing 130% of the dog’s body weight). Ar-
thritis did not develop in any of the dogs. This research
suggests a threshold after which changes are seen in
the cartilage and that these changes are probably adap-
tive rather than pathologic. Even in these studies of
long-term, very vigorous exercise, no arthritis was seen
in otherwise normal joints.

Human Studies
Research has also been done in humans, but these

studies are much more anecdotal in nature because
the subjects cannot be controlled as the animals were.
It is difficult to find a group that engages in similar
activities at similar intensities. In addition, there is
currently no easy way to determine who may be sus-
ceptible to osteoarthritis.

That previous injury to the joint can result in arthri-
tis is unequivocal. Injury to the meniscus resulting in
early signs of arthritis in the knee was described by
Fairbank9 at a time when the meniscus was still be-
lieved to be a vestigial structure. Recently, Daniel et
al10 documented an increased risk of arthritis after
injury to the anterior cruciate ligament. In that study,10

reconstruction of the ligament actually increased the
amount of arthritic change.

The risk of osteoarthritis developing in athletes
without associated injury to the knee is thought to
be minimal. However, this belief cannot be confirmed
from the medical literature, because most studies do
not separately analyze athletes who have previous
knee injuries and those with uninjured knees.

Lane et al11 compared 41 runners aged 50–72 years
with matched controls. The comparisons were made
on the basis of radiographic changes as well as by
clinical symptoms of osteoarthritis. In that study,11 run-
ners had a 40% mean increase in bone density
compared with nonrunners. No clinically significant
difference between groups was seen in the incidence
of osteoarthritis detected either clinically or radiographi-
cally. Women runners did have an increased amount
of sclerosis and spur formation about the knee, but
this difference was of doubtful clinical significance. A

second radiologic study comparing runners with age-
matched controls12 showed no difference in frequency
or severity of radiographic changes.12

The same author13 compared 498 runners with 365
community controls. Runners had less physical dis-
ability and higher functional capacity than age-matched
controls. The runners sought medical attention less
frequently and developed less disability as they aged.
These differences were present even after subjects with
clinically significant medical problems were excluded
and after adjustments were made for age, sex, and
occupation.13 Spector et al,14 in a comparison of 81
athletes and more than 900 controls, found slightly
increased signs of osteoarthritis by radiographic crite-
ria in the athletes, but the athletes had fewer symptoms
than did controls. Although these results are encour-
aging, it is not possible to determine whether the
runners were a self-selected group who were able to
continue running because they have fewer muscu-
loskeletal problems or if runners have fewer
musculoskeletal problems because they run.14

Several authors have attempted to differentiate be-
tween weightbearing and nonweightbearing activity.
Sohn and Micheli15 attempted to control for the ef-
fect of weightbearing exercise by comparing 504
former college runners with 287 swimmers and found
no difference in the incidence of osteoarthritis. Kujala
et al16 found radiographic signs of osteoarthritis in
3% of the shooters studied, 29% of the soccer play-
ers, 31% of the weightlifters, and 14% of the runners.
The authors16 felt that the majority of the differences
in the incidence of osteoarthritis could be explained
by the higher rate of injury in soccer players and by
increased body weight in weightlifters.16 Knee inju-
ries resulted in a fivefold increased risk of
osteoarthritis.16 Kujala et al17 also reported on 2049
athletes who competed in the Olympic Games from
1920 to 1965, comparing the athletes with 1403
matched controls. In this study, the endpoint (pre-
senting for joint replacement) takes into account
symptoms as well as radiographic criteria. Endurance
athletes (runners) had a relative risk of 1.73, partici-
pants in mixed-type sports (ex-soccer players) had a
relative risk of 1.9, and participants in power sports
(weightlifting, wrestling) had a relative risk of 2.17.17

Incidence of injury was not reported.

Conclusions
Impact loads are the most likely to result in injury to

articular cartilage. Having well-developed muscles de-
creases the loading on the cartilage and thus has a
protective effect. Animal research suggests that exer-
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cise—at least when done in the form of running—is
not harmful to normal joints even under high loads and
over long distances. In contrast, similar exercise of an
injured joint leads to arthritic change. The literature sug-
gests that in humans, athletic activity is associated with
a slightly increased risk of osteoarthritis. Athletic indi-
viduals seem to tolerate similar radiographic levels of
osteoarthritis with less disability than nonathletic indi-
viduals. Joint injury is the primary factor that increases
the risk of arthritis developing in athletes.

 Activities that maintain flexibility, muscle strength,
and coordination protect the cartilaginous surfaces
and help to maintain joint function in joints that have
already been injured and in which arthritic changes
have developed or are developing. The forms of
exercise that meet these criteria include bicycling,
weightlifting (with emphasis on closed-kinetic-chain
exercises), and pool exercises.

A good program to start with is an exercise bike with
the seat positioned high and with resistance set to a
low level. After the patient is able to spend 20 minutes
on the bike, the seat may be lowered to deepen flex-
ion, and the level of resistance may be increased. The
patient may then add leg presses using a low weight
and with a high number of repetitions (start with 20
repetitions at a time). Patients may progressively add
weight to the leg press until lifting to their tolerance. I
tell them to avoid knee extensions despite the fact that
these machines are found everywhere. Reactive forces
on the patellofemoral joint exceed body weight, even
when light weights are used. For patients without ac-
cess to exercise equipment, straight-leg raises are a good
start. Wall sits are a substitute for leg presses, although
it is often difficult for patients to start out with wall sits
because they cannot exercise using less than their body
weight. Patients should also work on a stretching pro-
gram to maintain full extension of the knee.

For patients who have suffered a significant injury
to the knee but who do not have arthritis, activities
that include prolonged, repetitive impact (eg, dis-
tance running) are not the best choice for maintaining
fitness. Other activities that the patient enjoys and
that maintain physical strength and flexibility are prob-
ably acceptable if they do not cause pain. The best
choices are bicycling, swimming, and weightlifting.
Runners usually find this recommendation difficult
to accept; many dedicated runners do not feel that
any other activity makes them feel as good as run-
ning does. Sometimes a difficult decision must be
made, however, and they must recognize that they
exercise for many reasons and that the possibility
that arthritis may develop may be offset by the car-

diovascular benefit and the sense of well-being that
they get from running. Doing any exercise—even
one that is not especially recommended—is better
than doing no exercise. If the choice were running
or nothing, I would run. ❖

References

1. Repo RU, Finlay JB. Survival of articular cartilage after
controlled impact. J Bone Joint Surg Am 1977 Dec;59(3):1068-76.
2. Thompson RC Jr, Oegema TR Jr, Lewis JL, Wallace L.
Osteoarthritic changes after acute transarticular load. An animal
model. J Bone Joint Surg Am 1991;73(7):990-1001.

3. Zimmerman NB, Smith DG, Pottenger LA, Cooperman DR.
Mechanical disruption of human patellar cartilage by repetitive
loading in vitro. Clin Orthop 1988 Apr;(229):302-7.

4. O’Conner BL, Visco DM, Brandt KD, Myers SL, Kalasinski LA.
Neurogenic acceleration of osteoarthritis. The effects of previous
neurectomy of the articular nerves on the development of
osteoarthrosis after transection of the anterior cruciate ligament
in dogs. JBJS 1992;74A(3):367-76.

5. Arokoski J, Kiviranta I, Jurvelin J, Tammi M, Helminen HJ.
Long-distance running causes site-dependent decrease of
cartilage glycosaminoglycan content in the knee joints of beagle
dogs. Arthritis Rheum 1993;36(10):1451-9.

6. Kiviranta I, Tammi M, Jurvelin J, Arokoski J, Säämänen AM,
Helminen HJ. Articular cartilage thickness and glycosaminogly-
can distribution in the canine knee joint after strenuous running
exercise. Clin Orthop 1992 Oct;(283):302-8.
7. Kiviranta I, Tammi M, Jurvelin J, Säämänen AM, Helminen HJ.
Moderate running exercise augments glycosaminoglycans and
thickness of articular cartilage in the knee joint of young beagle
dogs. J Orthop Res 1988;6(2):188-95.

8. Newton PM, Mow VC, Gardner TR, Buckwalter JA, Albright
JP. Winner of the 1996 Cabaud Award. The effect of lifelong
exercise on canine articular cartilage. Am J Sports Med 1997
May-Jun;25(3):282-7.

9. Fairbank TJ. Knee joint changes after meniscectomy. J Bone
Joint Surg Br 1948 Nov;30(4):664-70.
10. Daniel DM, Stone ML, Dobson BE, Fithian DC, Rossman DJ,
Kaufman KR. Fate of the ACL-injured patient. A prospective
outcome study. Am J Sports Med 1994 Sep-Oct;22(5):632-44.

11. Lane NE, Bloch DA, Jones HH, Marshall WH Jr, Wood PD,
Fries JF. Long-distance running, bone density, and osteoarthritis.
JAMA 1986 Mar 7;255(9):1147-51.

12. Lane NE, Michel B, Bjorkengren A, et al. The risk of
osteoarthritis with running and aging: A 5-year longitudinal
study. J Rheumatol 1993 Mar;20(3):461-8.

13. Lane NE, Bloch DA, Wood PD, Fries JF. Aging, long-distance
running, and the development of musculoskeletal disability. A
controlled study. Am J Med 1987 Apr;82(4):772-80.

14. Spector TD, Harris PA, Hart DJ, et al. Risk of osteoarthritis
associated with long-term weight-bearing sports: A radiologic
survey of the hips and knees in female ex-athletes and
population controls. Arthritis Rheum 1996 Jun;39(6):988-95.

15. Sohn RS, Micheli LJ. The effect of running on the pathogen-
esis of osteoarthritis of the hips and knees. Clin Orthop 1985
Sep;(198):106-9.

16. Kujala UM, Kettunen J, Paananen H, et al. Knee osteoarthri-
tis in former runners, soccer players, weight lifters, and
shooters. Arthritis Rheum 1995 Apr;38(4):539-46.

17. Kujala UM, Kaprio J, Sarna S. Osteoarthritis of weight
bearing joints of lower limbs in former elite male athletes. BMJ
1994 Jan 22;308(6923):231-4.

Activities that
maintain flexibility,

muscle strength,
and coordination

protect the
cartilaginous

surfaces and help
to maintain joint

function

Doing any
exercise—even one

that is not
especially

recommended—is
better than doing

no exercise.




