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Abstract

The overall aim of this literature review is, by making use of major databases, to introduce the concepts
about the articular cartilage structure and the effects of aging on articular cartilage. The effects of physical
exercises on those cartilages are also discussed. The most important observations found are: cartilage thickness
decreases gradually with age as well the content of proteoglycans and water, and there is an increase and the
collagen fibrils, which may be associated with the increased rigidity and fragility of the articular cartilage. When
properly done, physical activities produce compressive stimuli which enhance the activity of chondrocytes
increasing its nuclear volume density per area, as well as the width of the layers leading to greater resistance to
compression. Another consequence is extracellular matrix hydration resulting in greater mechanical resistance
and elasticity and a consequent increase the number of collagen fibrils which generates greater resistance to
deformation and implies less rigidity. These facts reduce the risk of breakdown of cartilage when it is subjected

to high mechanical demand.
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1 Introduction

Articular cartilage is a connective tissue that covers the
articulating surfaces of bones within synovial joints. Its
primary function is to absorb the mechanical shock and
distribute the weight having a minimum coefficient of
friction (LEVANON and STEIN, 1991; HARDINGHAM,
FOSANG and DUDHIA, 1992; HEISE and TOLEDO,
1993; TRATTNIG, 1997; ALBERTS, BRAY, LEWIS et al.,
1999; HUBER, TRATTNIG and LINTNER, 2000).
Articular cartilage is composed of two different elements:
cells called chondrocytes and an extracellular matrix
(BURSTEIN, BASHIR and GRAY, 2000).

Chondrocytes regulate the metabolism of extracellular
matrix  through  mechanical, physicochemical, and
electrical stimuli (TRATTNIG, 1997; POOLE, KOJIMA,
YASUDA et al., 2001) whose intensity modulates cellular
responses (SMITH, LIN, TRINDADE et al., 2000).

The extracellular matrix is composed of a network of
collagen fibrils, water, and large amounts of proteoglycans
(HARDINGHAM, FOSANG and DUDHIA, 1992,
VOGEL, 1994; TRATTNIG, 1997; HUBER, TRATTNIG
and LINTNER, 2000). Proteoglycans (PGs) are
molecules that are made up of a core protein attached
to glycosaminoglycan (GAG) chains (HASCALL and
HASCALL, 1981; HASCALL and KIMURA, 1982;
VAN KUPPEVELT, DOMEN, CREMERS et al,
1984; WIGHT, HEINEGARD and HASCALL, 1991;
RUOSLAHTI and YAMAGUCHI, 1991; YANAGISHITA,
1993; BRANDAN, 1994, NISHIMURA, HATTORI, and
TAKAHASHI, 1996; MICHELACCI, 1996, HUBER,
TRATTNIG and LINTNER, 2000; GOMES, 2001).

Aggrecan is the main PG in the articular cartilage
composed of the following GAGs: chondroitin, sulfate, and
keratan sulfate (HASCALL and HASCALL, 1981; CARNEY
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and MUIR, 1988; GOMES, 2001). The interaction between
aggrecan and hyaluronic acid is responsible for retaining
water in the cartilage (CARNEY and MUIR, 1988). The
interaction between collagen fibrils and aggrecan makes
the extracellular matrix of cartilage highly hydrophilic,
which leads to high resistance to compressive mechanical
loads in addition to regulating the movement of molecules
in the extracellular medium (MAROUDAS, 1976;
PALMOSKI, COLYER and BRANDT, 1981; MUIR, 1983,
O’CONNOR, ORFORD, and GARDNER, 1988; WIGHT,
HEINEGARD and HASCALL, 1991; HARDINGHAM,
MUIR, KWAN et al., 1987; SAAMAMEN, KIVIRANTA,
JURVELIN et al., 1994; ALBERTS, BRAY, LEWIS et al.,
1999; CULAV, CLARK and MERRILEES, 1999; HUBER,
TRATTNIG and LINTNER, 2000).

Collagen, together with the PGs, is also responsible
for resisting the deformations to which the cartilage is
subjected (ROUGHLEY and WHITE, 1980; SCHMIDT,
MOW, CHUN et al., 1990). During the aging process,
there are changes in the structure of the extracellular matrix
(ROUGHLEY, 2001) resulting in a tissue with reduced
ability to absorb mechanical stress (LOESER, 2000;
HULDELMAIER, GLASER, ENGLMEIER et al., 2001)
and more susceptible to degenerative diseases.

Osteoarthritis is a degenerative joint disease, which is
associated with aging and mainly affects the articular cartilage.
It is one of the most common causes of pain, disability,
and decreased quality of life among middle-aged and older
adults (ATRA, 1995; NEWTON, MOW, GARDNER et al.,
1997). Excessive loading, anatomical abnormalities, injuries,
repetitive use, and decreased weight bearing in the joint
are triggers of this disease (KIVIRANTA, JURVELIN,
TAMMI et al., 1987; AROKOSKI, KIVIRANTA,
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JURVELIN et al., 1993; WALKER, 1996; NEWTON,
MOW, GARDNER et al., 1997; JORTIKKA, INKINEN
and TAMMI, 1997). However, it is worth mentioning that
osteoarthritis is not necessarily caused only by aging itself
(NEWTON, MOW, GARDNER et al., 1997).

Numerous studies have focused on the prevention of
osteoarthritis in the elderly, especially because the incidence
of osteoarthritis is expected to increases in the coming decades
causing social and economic problems (WALKER, 1996).
One way to avoid or minimize the effects of osteoarthritis is
through appropriate physical activities.

Several studies have been conducted to indentify the
influence of different types of physical activities that can
minimize the deleterious effects of aging on articular cartilage
(DEGROOT, VERZIJL, BANK et al., 1999; JONES,
GLISSON, HYNES et al.,, 2000, HULDELMAIER,
GLASER, ENGLMEIER et al., 2001; AROKOSKI,
KIVIRANTA, JURVELIN et al., 1993; BUCKWALTER,
1995; PAP, EBERHARDT, STURMER et al., 1998;
HAAPALA, AROKOSKI, HYTTINEN et al., 1999). The
purpose of the literature review conducted is to describe and
compare the results of studies on the effects of aging and
various types of physical exercises on the articular cartilage
in order to ascertain their applicability to improve health and
quality of life for seniors.

2 Material and methods

PubMed (www.pubmed.nl) and MEDLINE databases
were used to the conduct a literature search using keywords
without restrictions. In this systematization, papers were
searched using the following Keywords: aging, articular
cartilage, exercise.

3 Results

3.1 Structuve of avticular cartilage

Biochemically, approximately 70% of the articular cartilage
is composed of water and 30% of solids, of which 5-6% are
inorganic components (mainly hydroxyapatite), and the
remaining 25% are organic compounds. Type II collagen
constitutes approximately 68% of the organic components,
and the remaining 22% is formed by proteoglycan (KAAB,
GWYN and NOTZLI, 1998; TRATTNIG, 1997; HUBER,
TRATTNIG and LINTNER, 2000; BURSTEIN, BASHIR
and GRAY, 2000; MATYAS, HUANG, CHUNG et al,,
2002). All components of the matrix are continuously
remodeled by the cartilage cells, chondrocytes (WU and
HERZOG, 2002).

Articular cartilage has three layers: the uppermost
superficial layer, with collagen fibrils aligned parallel to the
articular surface, which favors the distribution of pressure;
the middle layer with collagen fibrils oriented perpendicular
to the articular surface; and the deep layer, also with collagen
fibrils running perpendicular to the articular surface. The
arrangement of collagen fibrils in the middle and deep layers
suggests great shock absorbing ability (WALDSCHMIDT,
RILLING, KAJDACSY-BALLA et al., 1997; WU and
HERZOG, 2002). The chondrocytes are embedded in the
matrix in all layers.

Collagen fibrils are composed of protein macromolecules
and provide articular cartilage with resistance to tension
(BURSTEIN, BASHIR and GRAY, 2000). Collagen type
IT constitutes 85% the total collagen content of the total
of articular cartilage, and collagen types VI, IX, and XI
constitute the remaining 15% (RIVERO, TEODORO,
VELOSA et al., 2000), which are essential for the survival of
chondrocytes (KIM, SUH and SONG, 2001).

PGs are macromolecules of high molecular weight
that consist of a protein covalently attached to one or
more glycosaminoglycan (GAG) side chains (HUBER,
TRATTNIG and LINTNER, 2000; GOMES, 2001), which
are sulfated carbohydrate chains (MICHELLACCI, 1996;
STEVENS and LOWE, 1997). Aggrecan is the main PG in
articular cartilage and is covalently attached to chondroitin
sulfate and keratan sulfate chains between the collagen fibrils
linked with hyaluronic acid. It presents resistance to loads
with minimal deformation (GOMES, 2001; CHAMBERS,
COX, CHONG et al., 2001).

The main GAGs found in mammals are
chondroitin-4-sulfate,  chondroitin-6-sulfate, = dermatan
sulfate, keratan sulfate, heparan sulfate, heparin, and
hyaluronic acid (RUOSLAHTI and YAMAGUCHI, 1997;
STEVENS and LOWE, 1997).

Chondrocytes regulate the metabolism of extracellular
matrix by mechanical, physicochemical and electrical stimuli
(TRATTNIG, 1997; POOLE, KOJIMA, YASUDA et al.,
2001), whose intensity modulate the responses of cellular
functions (SMITH, LIN, TRINDADE et al., 2000).

Removing any of the biological components of articular
cartilage can cause damage to it (VASSAN, 1983), movement
and weight bearing ensure the functionality of the cartilage
and maintain its cellular properties and mechanical behavior
(O’CONNOR, ORFORD, and GARDNER, 1988;
BEAUPRE, STEVENS, and CARTER, 2000).

3.2 Effects of aging

The synthetic activity of chondrocytes in all articular
cartilage layers declines with age (KARVONEN,
NEGENDANK, TEITGE et al., 1994). This decline is
essential for maintaining the structure of the extracellular
matrix and leads to a gradual decrease in its thickness
(KARVONEN, NEGENDANK, TEITGE et al., 1994;
HULDELMAIER, GLASER, ENGLMEIER et al., 2001).
These variations in the synthesis of cells, which are aging-
programmed and beneficial, occur throughout life, and their
purpose is to adapt the articular cartilage to mechanical and
chemical needs of the individuals from the fetal period up to
longevity (ROUGHLEY, 2001).

The decline in cellular activity in all articular cartilage
layers can be associated with a decrease in the growth factor
(LOESER, 2000; ROUGHLEY, 2001; and apoptosis
ADAMS and HORTON, 1998), intensified at older age
(KARVONEN, NEGENDANK, TEITGE et al., 1994). It is
important to mention that there are variations in the level of
age-related cartilage degradation, which sets precedents for
histopathologic degeneration (PLAAS, WONG-PALMS and
ROUGHLEY, 1997; ROUGHLEY, 2001; CHAMBERS,
COX, CHONG et al., 2001).

Age also produces considerable changes in extracellular
matrix components, especially in the amount and structure
of PGs (PLAAS, WONG-PALMS and ROUGHLEY, 1997;
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ROUGHLEY, 2001). The major mechanical unloading
arecas of the articular cartilage undergo an increase in
roughness with increasing age (LOESER, 2000) since the
content and size of the subunits of PGs (ROUGHLEY
and WHITE, 1980), as well as their synthesis and water
content (DEGROOT, VERZIJL, BANK et al., 1999), are
reduced. Thus, both the hyaluronic acid molecule and the
aggrecan molecule reduce in size with age due to proteolytic
modifications in the main chain. There is a reduction in the
amount of GAG bound to aggrecan, which explains the
decrease in the hydration of articular cartilage (LOESER,
2000) and its lower ability to respond to mechanical loading
Loeser (2000), Huldelmaier, Glaser, Englmeier et al. (2001).

Aging and a sedentary lifestyle conspire to reduce
mechanical stimulus, which in turn decreases the synthesis
of PGs in articular cartilage (DEGROOT, VERZIJL,
BANK et al., 1999). In addition, the ability to repair
damaged matrix is reduced (LOESER, 2000; ROUGHLEY,
2001).

With respect to the collagen network of cartilage, there
is an increase in the number of bonds between collagen
fibrils (LOESER, 2000), which is possibly associated with
increased stiffness and brittleness of the articular cartilage
with aging (BANK, BAYLISS, LAFEBER et al., 1998).

All of these age-related changes that occur in the
cartilage increase the risk of cartilage damage, but they
do not necessarily lead to osteoarthritis (KARVONEN,
NEGENDANK, TEITGE et al., 1994) because the cell
synthesis is generally able to maintain the morphofunctional
integrity of cartilage (ADAMS and HORTON, 1998;
HULDELMAIER, GLASER, ENGLMEIER et al., 2001).

3.3 Effects of exercises

Several studies have shown that the application of
constant compressive loading is important to maintain
the normal structure of articular cartilage (KIM, SAN,
GRODZINSKY et al, 1994; BUCKWALTER, 1995;
MATYAS, HUANG, CHUNG et al., 2002).

It has already been proved that regular moderate

physical activity leads to improvements in the
biomechanical and biological properties of articular
cartilage (KIVIRANTA, TAMMI, JURVELIN et al.,

1988) by acting as a chondroprotective (OTTERNESS,
ESKRA, BLIVEN et al., 1998) increasing the synthesis
and concentration of PGs and GAGs (KIVIRANTA,
JURVELIN, TAMMI et al, 1987; KIVIRANTA,
TAMMI, JURVELIN et al., 1988; LAMMI, HAKKINEN,
PARKKINEN et al, 1993; VAN DEN HOOGEN,
VAN DE LEST, VAN WEEREN et al., 1998) and the other
components of cartilage matrix (VISSER, VAKAMOEN,
DEKONING et al., 1994; EGRI, BATTISTELLA and
YOSHINARI, 1999). It also increases cartilage thickness
(LAMMI, HAKKINEN, PARKKINEN et al, 1993;
ESPANHA, LAMMI, HYTTINEN et al., 2001).

Kiviranta, Tammi, Jurvelin et al. (1992); Lane and
Buckwalter (1993), Visser, Koning, Lammi et al. (1998)
observed changes in the articular cartilage with progressive
exercises in young adult animals. They noted an increase in
the concentration and thickness of PGs without changes in
its integrity. Subjects of various ages without joint pathology
showed tolerance to prolonged physical training without
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adverse effects and no acceleration in the development of
the degenerative joint disease (BUCKWALTER, 1995).

With regard to immobilization, its duration and the
amount of weight bearing on the resumption of mobilization
are important to determine the response of articular
cartilage. According to Hiidpala, Arokoski, Hyttinen et al.
(1999), the loss of GAGs in the uppermost superficial layer
of articular cartilage in young adult animals does not alter
the physiological compressive strength of this material
during physical exercises after immobilization.

Exercises that excessively compress the articular cartilage
may bring adverse effects by increasing the internal flow of
water leading to the disruption of the matrix and susceptibility
to  degenerative  changes (SAH, GRODZINSKY,
PLASS et al., 1992; BUCKWALTER, 1995) in addition
to the reduction of their PGs in young adult animals
(AROKOSKI, KIVIRANTA, JURVELIN et al., 1993).

A positive response of articular cartilage is mainly
associated to a large extent with the intensity and frequency
of compressive stimuli inducing increased activity of
chondrocytes, which is identified by its increased nuclear
volume density per area and thickness of the layers,
which leads to greater resistance to compression. Another
consequence is extracellular matrix hydration resulting in
greater mechanical resistance and elasticity and a consequent
increase in the number of collagen fibrils which generates
greater resistance to deformation and implies less rigidity.
These facts reduce the risk of breakdown of cartilage when it
is subjected to high mechanical demand.

4 Discussion

The appreciation of physical activity as a significant health
factor in improvement of quality of life and to promote health
has been growing rapidly in recent years, particularly among
people aging. This is due to the fact that there are many well-
known beneficial effects of exercises on the body. This study
also focused on taking those effects on articular cartilage into
consideration, especially in older age groups in which there
is increased incidence of diseases such as osteoarthritis. It is
known that osteoarthritis is a disease of the musculoskeletal
system associated with a sedentary lifestyle.

These statements were corroborated by a similar study
that reported a thinning of articular cartilage in aging
animals (KARVONEN, NEGENDANK, TEITGE et al.,
1994; HULDELMAIER, GLASER, ENGLMEIER et al.,
2001) suggesting that this fact occurs due to the decrease in
cell activity over time.

Since osteoarthritis is associated with aging, increasing
life expectancy is a global trend, and urban populations lead
a more sedentary lifestyle, it can be said that osteoarthritis
can affect large segments of the population influencing the
cost of health services and quality of life.

Regular physical exercises is an alternative to reverse this
situation since in physical activities with high compressive
unloading on intra-articular structures, such as running
(VASSAN, 1983; BIHARI-VARGA, FRAKAS and BIRO,
1984; VISSER, VAKAMOEN, DEKONING et al,
1994; OTTERNESS, ESKRA, BLIVEN et al., 1998;
PAP, EBERHARDT, STURMER et al., 1998; EGRI,
BATTISTELLA and YOSHINARI, 1999), there is an
increase in the synthetic activity of chondrocytes.
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These results are consistent with previous studies that
show that there is a large number of aggrecan molecules in
arcas of higher compressive unloading on weight-bearing
joints, such as those conducted by Wight, Heinegard and
Hascall (1991), Hardingham, Fosang and Dudhia (1992),
Yanagishita (1993) and Chambers, Cox, Chong et al.
(2001).

In some types of physical activities in which there is total or
partial support in the middle of the body, such as swimming,
there is less impact and overload on intra-articular structures
(HARRINSON, HILLMAN and BULSTRODE, 1992;
DOWZER, REILLY and CABLE, 1998). In these types of
exercises, great part of the overload is dissipated throughout
the limb muscles keeping the joints in constant motion, with
no specific points of weight bearing, unlike what occurs
during physical activities under gravitational action (KAAB,
GWYN and NOTZLI, 1998).

It is assumed that the intra-articular overload generated
by this type of physical activity is mild to moderate and
thus insufficient to increase chondrocytes metabolism and
change the thickness of articular cartilage (PALMOSKI,
COLYER and BRANDT, 1980; KIVIRANTA, JURVELIN,
TAMMI et al, 1987; HARRINSON, HILLMAN and
BULSTRODE, 1992; AROKOSKI, KIVIRANTA,
JURVELIN et al, 1993; VISSER, VAKAMOEN,
DEKONING et al, 1994; VAN DEN HOOGEN,
VAN DE LEST, VAN WEEREN et al., 1998; BEAUPRE,
STEVENS and CARTER, 2000; CHIARELLO, 2003).

However, either in water or on the ground, where
there is no decline in the influence of gravitational action
such as in walking, physical activities that unload mild to
moderate compression on intra-articular structures regulate
the balance of extracellular matrix remodeling, which is
in agreement with Palmoski, Colyer and Brandt (1980),
Arokoski, Kiviranta, Jurvelin et al. (1993), Visser, Vakamoen,
Dekoning et al. (1994), Karvonen, Negendank, Teitge et al.
(1994), Waldschmidt, Rilling, Kajdacsy-Balla et al. (1997),
O’connor, Orford, and Gardner (1988), van den Hoogen,
van de Lest, van Weeren et al., 1998, Beaupré, Stevens,
and Carter (2000), Wu and Herzog (2002) and Chiarello
(2003).

According to the studies of Skinner and Thomson
(1985a, b), Harrinson, Hillman and Bulstrode (1992),
Becker and Cole (1997), Campion (1998) and Fitzgerald,
Childs, Ridge et al. (2002), activities that reduce stress on
weight bearing joints do not increase articular cartilage
thickness, but they indeed preserve this tissue.

5 Conclusion

Mild or moderate physical activities, such as hiking and
swimming, or a water activity of similar limb support have
the ability to maintain the integrity of articular cartilage,
either in terms of thickness or the increase in the volume of
the chondrocyte’s nuclear volume density per unit area.

High intensity physical activities, such as running,
promote considerable increase in the synthetic activity of
chondrocytes, as observed by the thickness of all articular
cartilage layers, by the increased nuclear volume density per
area of chondrocytes.

Regular light and moderate physical activities, such
as walking and swimming, and intense activities, such as

running, are habits that can prevent or delay the onset of
osteoarthritis, which may contribute to the reduction of
public health costs and to the maintenance and improvement
and of quality of life.

Further in vivo experiments with humans are necessary
since nearly all the studies reviewed were based on animal
models. Therefore, the findings may not apply to an adequate
prescription of physical training loads for humans, as well
as determining the optimum frequency in terms of volume,
intensity, or programming macro, meso, and microcycles
training sessions.

Itis known that strength physical activities, such as weight
training, are essential to increase the shock absorption
by the musculoskeletal system, as well as to stabilize the
joints and allow proper implementation of cyclic or acyclic
acrobic activities. This issue also deserves further in vivo
investigation in humans, especially on aging, considering
articular cartilage.

References

ADAMS, CS.and HORTON JUNIOR, WE. Chondrocyte Apoptosis
Increases With Age in the Articular Cartilage of Adult Animals.
Anatomical Record, 1998, vol. 250, p. 418-425. http://dx.doi.
org/10.1002/(SICI)1097-0185(199804)250:4%3C418::AID-
AR4%3E3.0.CO;2-T

ALBERTS, B., BRAY, D., LEWIS, J., JOHNSON, A., LEWIS, L.,
RAFF, MK., ROBERTS, K. and WALTER, P. Tecidos, Fundamentos
da Biologin Celulnr. 2nd ed. Artmed Editora: Porto Alegre, 1999.
cap. 19, p. 610-6.

AROKOSKI, J., KIVIRANTA, I., JURVELIN, J., TAMMI,
ME. and HELMINEN, HJ. Long-distance running causes site-
dependent of cartilage glycosaminoglycan content in the knee
joints of beagle dogs. Arthritis Rheumatism, 1993, vol. 36, n. 10,
p.1451-9. http: //dx.doi.org,/10.1002 /art.1780361018

ATRA, E. Artrose: Reumatologia Pritica. Rio de Janeiro: Eled
Ciéncia Editorial, 1995. p. 58-63.

BANK, RA., BAYLISS, MT., LAFEBER, FPJG., MAROUDAS,
A. and TEKOPPELE, JM. Ageing and zonal variation in post-
translational modification of collagen in normal human articular
cartilage: the age-related increase in non-enzymatic glication affects
biomechanical properties of cartilage. Biochemical Journal, 1998,
vol. 15, p. 345-51.

BEAUPRE, GS., STEVENS, SS. and CARTER, DR.
Mechanobiology in  the development, maintenance, and
degeneration of articular cartilage. Jouwrnal of Rehabilitation
Research and Development, 2000, vol. 37, n. 2.

BECKER, BE. and COLE, AJ. Biophysiologic aspects of hidvotherapy:
Comprehensive Aquatic Therapy. Butterworth-Heinemann, 1997.
p. 17-48. PMid:6242460.

BIHARI-VARGA, M., FRAKAS, T. and BIRO, T. Changes in the
cartilage proteoglycans in relation to age and osteoarthrosis. Acta
Biologica Hungavian, 1984, vol. 35, p. 325-31. PMid:7787794.

BRANDAN, E. Proteoglycans in skeletal muscle. Brazilian Journal
Medical Biological Resenrch, 1994, vol. 27, p. 2109-16.

BUCKWALTER, JA. Osteoarthritisand articular cartilage use, disuse,
and abuse: experimental studies. Jowrnal of Rheuwmatology, 1995,
vol. 22, p. 13-5. PMid:7787794.

BURSTEIN, D., BASHIR, AE. and GRAY, ML. MRI techniques
in early stages of cartilage disease. Investigative Radiolggy. 2000,
vol. 35, n. 10, p. 622-38. PMid:3293094. http://dx.doi.
org,/10.1097,/00004424-200010000-00008

J. Morphol. Sci., 2012, vol. 29, no. 1, p. 1-7


http://dx.doi.org/10.1002/(SICI)1097-0185(199804)250:4%3C418::AID-AR4%3E3.0.CO;2-T

http://dx.doi.org/10.1002/(SICI)1097-0185(199804)250:4%3C418::AID-AR4%3E3.0.CO;2-T

http://dx.doi.org/10.1002/(SICI)1097-0185(199804)250:4%3C418::AID-AR4%3E3.0.CO;2-T

http://dx.doi.org/10.1002/art.1780361018
http://dx.doi.org/10.1097/00004424-200010000-00008

http://dx.doi.org/10.1097/00004424-200010000-00008


Aging and physical activity on articular cartilage

CAMPION, MR. The physiological, therapeutic and psycological
cffects of activiy in water. In CAMPION, MR. Hidroterapy:
principles and practice. 2nd ed. Butterworth-Heinemann, 1998.
p. 03-04.

CARNEY, SL. and MUIR, H. The structure and functions of
cartilage proteoglycans. Physiological Review, 1988, vol. 68,
p. 858-910. PMid:11407708.

CHAMBERS, MG., COX, L., CHONG, L., SURI, N., COVER, P,,
BAYLISS, MT. and MASON, RM. Matrix metalloproteinases and
aggrecanases cleave aggrecan in different zones of normal cartilage
but colocalize in the development of osteoarthritic lesions in STR/
ort mice. Arthritis Rhewmatism. 2001, vol. 44, n. 6, p. 1455-65.

CHIARELLO, B. Alteragoes da cartilagem hialina de joelhos de
ratos wistar jovens ¢ velhos apos exercicios fisicos na dgua. Sio Paulo:
Universidade Federal de Sio Paulo, 2003. [ Disserta¢io de Mestrado
em Morfologia]. PMid:10078774.

CULAV, EM., CLARK, CH. and MERRILEES, MJ. Connective
tissues: matrix composition and its relevance to physical therapy.
Physical Therapy, 1999, vol. 79, n. 3, p. 308-19.

DEGROOT, J., VERZIJL, N., BANK, RA., LAFEBER, FPJG.,
BIJLMSA, JWJ. and TEKOPPELE, JM. Age-related decrease in
proteoglycan synthesis of human cartilage chondrocytes. Arthritis
Rheuwmatism, 1999, vol. 42, n. 5, p. 1003-9. PMid:9562163.
PMCid:1756062. http://dx.doi.org,/10.1002/1529-
0131(199905)42:5<1003::AID-ANR20>3.0.CO;2-K

DOWZER, CN., REILLY, TE. and CABLE, NT. Effects of deep and
shallow water running on spinal shrinkage. British Journal of Sports
Medicine, 1998, vol. 32, p. 44-8. http://dx.doi.org/10.1136/
bjsm.32.1.44

EGRI, D., BATTISTELLA, LR. and YOSHINARI, NH. A
influéncia da pratica de exercicios fisicos sobre a cartilagem articular.
Revista Brasileira de Rewmatologin, 1999, vol. 39, n. 1, p. 41-4.

ESPANHA, MM., LAMMI, PE., HYTTINEN, MM., LAMMI,
MJ. and HELMINEN, HJ. Extracellular matrix composition of
full-thickness defecte repair tissue is little influenced by exercise
in rat articular cartilage. Connective Tissue Research, 2001,
vol. 42 | n. 2, p. 97-109. PMid:11922853. http://dx.doi.
org,/10.3109,/03008200109014252

FITZGERALD, GK., CHILDS, JD., RIDGE, TM. and IRRGANG,
JJ. Agility and perturbation training for a physically active individual
with knee osteoarthritis. Physical Therapy. 2002, vol. 82, n. 4,
p. 372-82.

GOMES, L. Proteoglicanos. In CARVALHO, HF. and RECCO-
PIMENTEL, SM. A célula. Sio Paulo: Manole Editora, 2001.
p. 221-7.

HAAPALA, J., AROKOSKI, JPA., HYTTINEN, MK., LAMMI, M.,
TAMMI, M., KOVANEN, V., HELMINEN, HJ. and KIVIRANTA,
I. Remobilization does not fully restore immobilization induced
articular cartilage atrophy. Clinical Orthopaedic and Related
Research, 1999, vol. 362, p. 218-29. PMid:3819910.

HARDINGHAM, TE., MUIR, H., KWAN, MK., LAI, WM. and
MOW, VC. Viscoelastic propeties of proteoglycan solutions with
varying propertions present as aggregates. Journal of Orthopaedic
Research, 1987, vol. 5, p. 36-46. http://dx.doi.org/10.1002/
jor.1100050107

HARDINGHAM, TE., FOSANG, AJ. and DUDHIA, J. Agrecan,
the chondroitin sulfate / keratan sulfate proteglycan from cartilage.
In KUETTNER, KE., SCHLEYERBACH, R., PEYRON, JG. and
HASCALL, VC. Articular Cartilage Osteoarthritis. New York:
Raven Press, 1992. p. 5-7.

J. Morphol. Sci., 2012, vol. 29, no. 1, p. 1-7

HARRINSON, RA., HILLMAN, M. and BULSTRODE, S.
Loading of the lower limb when walking partially immersed:
implications for clinical practice. Physiotherapy, 1992, vol. 78,
p. 164-6. http://dx.doi.org,/10.1016,/50031-9406(10)61377-6

HASCALL, VC. and HASCALL, GK. Proteoglycans. In: HAY, ED.
Cell biology of extracellular matrix. New York: Plenum Press, 1981.
p. 39-60.

HASCALL, VC. and KIMURA, JH. Proteoglycans: isolation
and characterization. Methods in Enzymology, 1982, vol. 82-A,
p. 769-800.

HEISE, N. and TOLEDO, OMS. Age-related in glycosaminoglycan
distriburion in different anatomical sites on the surface of knee-
joint articular cartilage in youg rabbits. Annals of Anatomy, 1993,
vol. 175, p. 35-40. PMid:11041151. http://dx.doi.org,/10.1016/
$0940-9602(11)80234-7

HUBER, M., TRATTNIG, S. and LINTNER, F. Anatomy,
biochemistry and physiology of articular cartilage. Investive
Radiology, 2000, vol. 35 , n. 10, p. 573-80. http://dx.doi.
org,/10.1097,/00004424-200010000-00003

HULDELMAIER, M., GLASER, C., ENGLMEIER, K-H.,
REISER, M., PUTZ, R. and ECKSTEIN, F. Age-related
changes in the morphology on deformational behavior fo knee
joint cartilage. Arthirtis Rhewmatism, 2001, vol. 44, n. 1,
p. 2556-61. PMCid:3142658. http://dx.doi.org,/10.1002 /1529-
0131(200111)44:11<2556::AID-ART436>3.0.CO;2-U

JONES, G., GLISSON, M., HYNES, K. and CICUTTINI,
F. Sex and site differences in cartilage development: a possible
explanation for variations in knee osteoarthritis in later life.
Avrthritis Rhewmatism, 2000, vol. 43, n. 11, p. 2543-9. http://
dx.doi.org,/10.1002,/1529-0131(200011)43:11%3C2543::AID-
ANR23%3E3.0.CO;2-K

JORTIKKA, M., INKINEN, R. and TAMMI, M. Immobilization
causes long lasting matrix changes both in the immobilized and
contralateral joint cartilage. Annals of Rheuwmatic Diseases, 1997,
vol. 56, p. 255-61. PMid:9165998. PMCid:1752361. http://
dx.doi.org/10.1136/ard.56.4.255

KAAB, MJ., GWYN, IA. and NOTZLI, HP. Collagen fibre
arrangement in the tibial plateau articular cartilage of man and other
mammalian species. Journal of Anatomy, 1998, vol. 193, p. 23-34.
http://dx.doi.org/10.1017 /S0021878298003744

KARVONEN, RL., NEGENDANK, WG., TEITGE, RA., REED,
AH., MILER, PR. and FERNANDEZ-MADRID, F. Factors
affecting articular cartilage thickness in osteoarthritis and aging.
Journal of Rhenmatology, 1994, vol. 1, n. 7, p. 1310-8.

KIM, Y-J.,, SAN, RL., GRODZINSKY, AJ., PLAAS, AHK.
and SANDY, JD. Mechanical regulation of cartilage on
byosinthetic behavior: Physical stimuli. Archives Biochemical and
Biophysics, 1994, vol. 311, n. 1, p. 1-12. PMid:8185305. http://
dx.doi.org,/10.1006,/abbi.1994.1201

KIM, HA., SUH, D. and SONG, YW. Relationship between
chondrocyte apoptosis and matriz depletion in human articular
cartilage. Journal of Rheumatology, 28 , n. 9, p. 2038-2045, 2001.

KIVIRANTA, I., JURVELIN, J., TAMMI, M., SAAMANEN, AM.
and HELMINEN, JH. Weight bearing controls glycosaminoglycan
concentration and articular cartilage thickness in the knee joints
of young beagle dogs. Arthritis Rheumatism, 1987, vol. 7, n. 30,
p. 801-9. http://dx.doi.org,/10.1002 /art.1780300710

KIVIRANTA, 1., TAMMI, M., JURVELIN, J., SAAMANEN,
A-M. and HELMINEN, JH. Moderate running exercise augments
glycosaminoglycans and thickness of articular cartilage in the joint
of young beagle dogs. Journal of Orthopaedic Research, 1988,
vol. 6, p. 188. PMid:3278079. http://dx.doi.org,/10.1002/
jor.1100060205


http://dx.doi.org/10.1016/S0031-9406(10)61377-6

http://dx.doi.org/10.1016/S0940-9602(11)80234-7

http://dx.doi.org/10.1016/S0940-9602(11)80234-7

http://dx.doi.org/10.1097/00004424-200010000-00003

http://dx.doi.org/10.1097/00004424-200010000-00003

http://dx.doi.org/10.1002/1529-0131(200111)44:11<2556::AID-ART436>3.0.CO;2-U

http://dx.doi.org/10.1002/1529-0131(200111)44:11<2556::AID-ART436>3.0.CO;2-U

http://dx.doi.org/10.1002/1529-0131(200011)43:11%3C2543::AID-ANR23%3E3.0.CO;2-K

http://dx.doi.org/10.1002/1529-0131(200011)43:11%3C2543::AID-ANR23%3E3.0.CO;2-K

http://dx.doi.org/10.1002/1529-0131(200011)43:11%3C2543::AID-ANR23%3E3.0.CO;2-K

http://dx.doi.org/10.1136/ard.56.4.255
http://dx.doi.org/10.1136/ard.56.4.255
http://dx.doi.org/10.1017/S0021878298003744
http://dx.doi.org/10.1006/abbi.1994.1201
http://dx.doi.org/10.1006/abbi.1994.1201
http://dx.doi.org/10.1002/art.1780300710
http://dx.doi.org/10.1002/jor.1100060205
http://dx.doi.org/10.1002/jor.1100060205
http://dx.doi.org/10.1002/1529-0131(199905)42:5<1003::AID-ANR20>3.0.CO;2-K

http://dx.doi.org/10.1002/1529-0131(199905)42:5<1003::AID-ANR20>3.0.CO;2-K

http://dx.doi.org/10.1136/bjsm.32.1.44
http://dx.doi.org/10.1136/bjsm.32.1.44
http://dx.doi.org/10.3109/03008200109014252
http://dx.doi.org/10.3109/03008200109014252
http://dx.doi.org/10.1002/jor.1100050107
http://dx.doi.org/10.1002/jor.1100050107

Novelli, C., Costa, JBV. and Souza, RR.

KIVIRANTA, 1., TAMMI, M., JURVELIN, J., ARAKOSKI, J.,
SAAMANEN, A-M. and HELMINEN, JH. Articular cartilage
thickness and glycosaminoglycan distribuition in the canine knee
joint after estrenuous running exercise. Clinical Orthopaedic and
Related Research, 1992, vol. 283, p. 302-8. PMid:1395265.

LAMMI, M., HAKKINEN, PT., PARKKINEN, JJ., HYTTINEN,
MM., JORTIKKA, M., HELMINEN, JH. and TAMMI, IM.
Adaptation of canine femoral head articular cartilage to long
distance running exercise in young beagles. Annals of Rheuwmatic
Diseases, 1993, vol. 52, p. 369-77.PMid:8323385. PMCid:1005052.
http://dx.doi.org,/10.1136/ard.52.5.369

LANE, N. and BUCKWALTER, JA. Exercise: a cause of
osteoarthritis? Rheumatic Disseases Clinics of North America, 1993,
vol. 19, n. 3, p. 617-33. PMid:8210578.

LEVANON, D. and STEIN, H. The articular cartilage of the rabbit
knee: A scanning electron microscopy study. Cells Mat, 1991, vol. 1,
p. 219-99.

LOESER, RF. Aging and the etiopathogenesis and treatment of
osteoarthritis. Rheumatic Disseases Clinics of North America, 2000,
vol. 26, n. 3, p. 547-67. http://dx.doi.org,/10.1016,/S0889-
857X(05)70156-3

MAROUDAS, A. Balance between swelling pressure and collagen
tension in normal and degenerate cartilage. Nature, 1976, vol. 260,
p. 808-9. PMid:1264261. http://dx.doi.org,/10.1038 /26080820

MATYAS, JR., HUANG, D., CHUNG, M. and ADAMS, ME.
Regional quantification of cartilage tupe II collagen and aggrecan
messenger RNA in hoints with early experimental osteoarthritis.
Arthritis Rhewmatism. 2002, vol. 46, n. 6, p. 1536-43. http://
dx.doi.org,/10.1002 /art.10331

MICHELACCI, YM. Glicosaminoglicanos,  proteoglicanos e
mucopolissacaridases bacterianas. Sio Paulo: Universidade Federal
de Sao Paulo, 1996. [Tese Livre Docéncia].

MUIR, H. Proteoglycans as organizers of the intercellular matrix.
Biochemecical Society Tramsactions, 1983, vol. 11, p. 613-22.
PMid:6667766.

NEWTON, PM., MOW, VC., GARDNER, TR., BUCKWALTER,
LA. and ALBRIGHT, JP. The effect of lifelong exercise on canine
articular cartilage. American Journal of Sports Medicine, 1997,
vol. 25, n. 3, p. 282-7. PMid:9167804.

NISHIMURA, T., HATTORI, A. and TAKAHASHI, K
Arrangement and identification of proteoglycans in basement
membrane and intramuscular connective tissue of bovine

semetendinosus  muscle.  Acta  Anatomica, 1996, vol. 155,
p. 257-65. http://dx.doi.org/10.1159 /000147814

O’CONNOR, P, ORFORD, CE. and GARDNER, DL.
Ditferential response to compressive loads of zones of canine hyaline
articular cartilage: micronchecnical, light and electron microscopic
studies. Annals of Rhenmatic Diseases, 1988, vol. 47, p. 414-20.
PMid:2455486. PMCid:1003536. http://dx.doi.org,/10.1136/
ard.47.5.414

OTTERNESS, IG., ESKRA, JD., BLIVEN, ML., SHAY, AK,,
PELLETIER, JP. and MILICI, AJ. Exercise protects against articular
cartilage degeneration in the hamster. Arthritis Rhenm, 1998,
vol. 41, n. 11, p. 2068-76. PMid:9811063.

PALMOSKI, MJ., COLYER, RA. and BRANDT, KD. Joint motion
in the absence of normal loading does not maintain normal cartilage.
Avrthrits and Rheuwmatism, 1980, vol. 23, n. 3, p. 325-334. http://
dx.doi.org,/10.1002 /art.1780230310

PALMOSKI, MJ., COLYER, RA. and BRANDT, KD. Running
inhibits the reversal of atrophic changes in canine knee cartilage
after removal of a leg cast. Arthrits and Rhewmatism, 1981, vol. 24,
n. 11, p. 1329-37. http://dx.doi.org,/10.1002 /art.1780241101

PAP, G., EBERHARDT, R., STURMER, 1., MACHNER, A,
SCHWARTZBERG, H., ROESSNER, A. and NEUMANN, W.
Development of osteoarthritis in the knee joints of wistar rats after
strenous running exercise in a running wheel by intracranial selt-
stimulation. Pathologic Ressearch Practice, 1998, vol. 194, p. 41-7.
http://dx.doi.org,/10.1016,/S0344-0338(98)80010-1

PLAAS, AJHK., WONG-PALMS, S. and ROUGHLEY, TJ.
Chemical and immunological assay of the nonreducing terminal
residues of chondroitin sulfate from human aggrecan. Journal of
Biolological Chemistry, 1997,vol.272,p.20603-10. PMid:9252375.
http://dx.doi.org,/10.1074/jbc.272.33.20603

POOLE, AR., KOJIMA, T., YASUDA, T., MWALE, E,
KOBAYASHI, M. and LABERTY, S. Composition and structure of
articular cartilage - a template for tissue repair. Clinical Orthopaedic
and Related Research, 2001, vol. 8918, p. S26-S33.

RIVERO, MGC., TEODORO, WR., VELOSA, APP., WITZEL,
SS. and YOSHINARI, NH. Caracterizagdo bioquimica do coligeno
do tipo VI na osteoartrose experimental. Revista Brasileira de
Reumatologin, 2000, vol. 40, n. 2, p. 65-70.

ROUGHLEY, PJ. and WHITE, RJ. Age-related in the structure of
the proteoglycan subunits from human articular cartilage. Journal of
Biological Chemistry, 1980, vol. 255, n. 1, p.275-24.

ROUGHLEY, DPJ. Age-associated changes in cartilage
matrix - implications for tissue repair. Clinical Orthopaedic and
Related Research, 2001, vol. 3918, p. S153-S160.

RUOSLAHTI, E. and YAMAGUCHI, YC. Proteoglycans as
modulators of growth factors activities. Cell, 1991, vol. 64, p. 867-9.
http://dx.doi.org,/10.1016,/0092-8674(91)90308-L

SAAMAMEN, A., KIVIRANTA, I., JURVELIN, J., HELMINEN,
HJ. and TAMMI, M. Proteoglycan and collagen alterations in
canine knee articular cartilage following 20km daily running exercise
for 15 weeks. Connective Tissue Research, 1994, vol. 30, p. 191-201.
http://dx.doi.org,/10.3109,/03008209409061971

SAH, RL., GRODZINSKY, AJ., PLASS, AHK. and SANDU, JD.
Effects of static and dynamic compression on matrix metabolism in
cartilage explants In KUETTNER, KE., SCHLEYERBACH, R. and
PEYRON, JG. Articular cartilage and osteoarthritis. New York:
Raven Press, 1992. p. 373-91

SCHMIDT, MB., MOW, VC., CHUN, LE. and EYRE, DR. Effects
of proteoblucan extraction on the tensile behavior of articular
cartilage. Journal Orthopaedic Research, 1990, vol. 8, p. 353-63.
PMid:2324854. http://dx.doi.org,/10.1002/jor.1100080307

SKINNER, AT. and THOMSON, AM. Tratamento das doengas
reumdticas. In SKINNER AT. and THOMSON AM. Dutfficld:
exercicios fisicos na dgua. Sio Paulo: Manole Ed, 1985a. p. 04-22.

SKINNER, AT. and THOMSON, AM. Principios fisicos basicos e
sua aplicagdo. In SKINNER, AT. and THOMSON, AM. Dufficld:
exercicios fisicos na dgua. Sao Paulo: Manole Editora, 1985b.
p. 106-27.

SMITH, RJ., LIN, J., TRINDADE, MCD., SHIDA, J., KAJIYMA,
G., VU, T.,, HOFFMAN, AR., VAN DER MULEN, NCH.,,
GOODMAN, SB., SCHURMAN, D]J. and CARTER, DR. Time-
dependent effects of intermittent hydrostatic pressure on articular
chondrocyte type II collagen and aggrecan mRna expression.
Journal of Rebabilitation Research & Development, 2000, vol. 37,
p- 2.

STEVENS, A. and LOWE, J. Tecido conjuntivo. In: STEVENS, A.
and LOWE, J. Human Histology, 2nd ed. Mosby, 1997. p. 49-64.

TRATTNIG, S. Overuse of hyaline cartilage and imaging. European
Journal of Radiology, 1997, vol. 25, p. 188-98. http://dx.doi.
org/10.1016,/50720-048X(97)01173-X

J. Morphol. Sci., 2012, vol. 29, no. 1, p. 1-7


http://dx.doi.org/10.1016/S0344-0338(98)80010-1
http://dx.doi.org/10.1074/jbc.272.33.20603
http://dx.doi.org/10.1016/0092-8674(91)90308-L
http://dx.doi.org/10.3109/03008209409061971
http://dx.doi.org/10.1002/jor.1100080307
http://dx.doi.org/10.1016/S0720-048X(97)01173-X

http://dx.doi.org/10.1016/S0720-048X(97)01173-X

http://dx.doi.org/10.1136/ard.52.5.369
http://dx.doi.org/10.1016/S0889-857X(05)70156-3

http://dx.doi.org/10.1016/S0889-857X(05)70156-3

http://dx.doi.org/10.1038/260808a0
http://dx.doi.org/10.1002/art.10331
http://dx.doi.org/10.1002/art.10331
http://dx.doi.org/10.1159/000147814
http://dx.doi.org/10.1136/ard.47.5.414
http://dx.doi.org/10.1136/ard.47.5.414
http://dx.doi.org/10.1002/art.1780230310
http://dx.doi.org/10.1002/art.1780230310
http://dx.doi.org/10.1002/art.1780241101

Aging and physical activity on articular cartilage

VAN DEN HOOGEN, BM., VAN DE LEST, CHA., VAN
WEEREN, PR., LAFEBER, FPJG., LOPES-CARDOZO, M.,
VAN GOLDE, LMG. and BARNEVELD, A. Loading-induced
changes in synovial affect cartilage metabolism. British Journal of
Rheumatology, 1998, vol. 37, p. 671-6. PMid:9667623.

VAN KUPPEVELT, THMSM., DOMEN, JGW., CREMERS,
FPM. and KUYPER, CMA. Staining of proteoglycans in mouse lung
alveoli. Ultrastructural localization of anionic sites. Histochemical
Journal, 1984, vol. 16, p. 657-69. PMid:6203876. http://dx.doi.
org,/10.1007/BF01003393

VASSAN, N. Effects of physical stress on the sinthesis
and  degradation of cartilage matrix. Connective  Tissue
Research, 1983, vol. 12, p. 49-58. PMid:6671382. http://dx.doi.
org,/10.3109,/03008208309005611

VISSER, NA., KONING, MHMT., LAMMI, MJ., HAKKINEN,
T., TAMMI, M. and VAN KAMPEN, GP]J. Increase of Decorin
Content in Articular Cartilage Following Running. Connective
Tissue Research, 1998, vol. 37, n. 3-4, p. 295-302. PMid:9862228.

VISSER, NA., VAKAMOEN, GPS., DEKONING, MHMT. and
VANDERKORST, JK. The effects of loading on the sinthesis of
biglycan and decorin in intact mature articular cartilage in vitro.
Connective Tissue Research,1994,vol. 30,p.241-50. PMid:7956203.
http://dx.doi.org,/10.3109,/03008209409015040

J. Morphol. Sci., 2012, vol. 29, no. 1, p. 1-7

VOGEL, KG. Glycosaminoglycans and proteoglycans. In
YURCHENCO, PD., BIRK, DE., MECHAM, RP. Extracellular
matrvix assembly and structure. Academic Press Inc., 1994. p. 243-79.

WALDSCHMIDT, JG., RILLING, R]J., KAJDACSY-BALLA, AA.,
BOYNTON, MD. and ERICKSON, S§J. In vitro and in vivo MR
imaging of hyaline cartilage: zonal anatomy, imaging pitfalls, and
pathologic conditions. Radiographics, 1997, vol. 17, p. 1387-402.
PMid:9397453.

WALKER, JM. Epidemiology and economics of arthritis. In
WALKER, JM. and HELEWA, R. Physical theraphy in arthritis.
W.B. Saunders Company, 1996.

WIGHT, TN., HEINEGARD, DK. and HASCALL, VC.
Proteoglycans: structure and function. In HAY, E. Cellular biology
of extracellular matrix, 2nd ed. New York: Plenum Press, 1991.

WU, JZ. and HERZOG, W. Elastic anisotropy of articular
cartilage is associate with the microstructures of collagen fibers and
chondrocytes. Journal of Biomechanics, 2002, vol. 35, p. 931-42.
http://dx.doi.org/10.1016,/50021-9290(02)00050-7

YANAGISHITA, M. Function of proteoglycans in the extracellular
matrix. Acta Pathologica Japonica, 1993, vol. 43, n. 6, p. 283-93.
PMid:8346704.

Received January 20, 2011
Accepted March 5, 2012


http://dx.doi.org/10.1016/S0021-9290(02)00050-7
http://dx.doi.org/10.1007/BF01003393
http://dx.doi.org/10.1007/BF01003393
http://dx.doi.org/10.3109/03008208309005611
http://dx.doi.org/10.3109/03008208309005611
http://dx.doi.org/10.3109/03008209409015040

