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OUTLINE: The effects of exercise on hyaline articular cartilage have traditionally been 
examined in animal models, but due to a lack of accurate, non-invasive technology, little 
information has been available on human cartilage until recently. Magnetic resonance 
imaging now permits to analyze cartilage morphology and its composition quantitatively in 
vivo. 
This presentation will briefly report the methodological background of quantitative cartilage 
imaging and will summarize work on short term (deformational behaviour) and long term 
effects (functional adaptation) of exercise on human articular cartilage. Current findings 
suggest that human cartilage deforms very little in vivo during physiological activities and 
recovers from deformation within 90 min after loading. Whereas cartilage deformation 
appears to become less with increasing age, sex and physical training status do not appear 
to affect in vivo deformational behaviour. There is now good evidence that cartilage 
undergoes some type of atrophy (thinning) under reduced loading conditions, such as 
postoperative immobilization and paraplegia. However, increased loading (as encountered 
by top athletes) does not appear to be associated with systematically increased average 
cartilage thickness. Findings in twins suggest a strong genetic contribution to cartilage 
morphology, and phylogenetic comparisons between animals suggest that the size of the 
joint area, but not the cartilage thickness, is highly adapted to body weight and loading. 
Potential reasons for the inability of cartilage thickness to adapt to mechanical stimuli include 
a lack of evolutionary pressure and a decoupling of mechanical competence and tissue 
mass. 

REFERENCES: 

Eckstein F., Tieschky M., Faber S., Haubner M., Kolem H., Englmeier K.-H. and Reiser M. (1998). 
Effects of physical exercise on cartilage volume and thickness in vivo - an MR imaging study. 
Radiology, 207, 243–248. 

Eckstein F., Tieschky M., Faber S., Englmeier K.-H. and Reiser M. (1999). Functional analysis of 
articular cartilage deformation, recovery, and fluid flow following dynamic exercise in vivo. Anatomy 
and Embryology, 200, 419–424. 

Eckstein F., Lemberger B., Stammberger T., Englmeier K.-H.and Reiser M. (2000). Effect of static 
versus dynamic in vivo loading exercises on human patellar cartilage.Journal of Biomechanics, 33, 
819–825. 

Eckstein F., Faber S., Mühlbauer R.,  Hohe J.,,Englmeier K.-H., Reiser M. and Putz R. (2002). 
Functional adaptation of human joints to mechanical stimuli. Osteoarthritis and Cartilage, 10, 44-50. 

Eckstein F., Müller S., Faber S., Englmeier K.-H., Reiser M. and Putz R. (2002). Side differences of 
knee joint cartilage morphology as a function of lower limb dominance. Osteoarthritis and Cartilage, 
10, 914-921. 

Eckstein F. and Glaser C. (2004). Measuring cartilage morphology with quantitative magnetic 
resonance imaging. Seminars Musculoskeletal Radiology, 8, 329-53. [Review]. 

Eckstein F., Lemberger B., Gratzke C., Hudelmaier M., Glaser C., Englmeier K.-H., Reiser M. (2005). 
In vivo cartilage deformation after different types of activity and its dependence on physical training 
status. Annals of Rheumatic Diseases, 64, 291-295. 

Eckstein F., Cicuttini F., Raynauld J.P., Waterton J.C., Peterfy C. (2006). Magnetic resonance imaging 
(MRI) of articular cartilage in knee osteoarthritis (OA): morphological assessment. Osteoarthritis 
Cartilage, (in press) [Review]. 

 

XXIV ISBS Symposium 2006, Salzburg – Austria  1 



Monday, 17 July 2006  MOA1-0: 8:30 - 9:20 

Eckstein F., Hudelmaier M. and Putz R. (2006). The effects of exercise on human articular cartilage. 
Journal of Anatomy, 208, 491-512. [Review]. 

Herberhold C., Faber S., Stammberger T., Steinlechner M., Putz R., Englmeier K.-H., Reiser M. and 
Eckstein F. (1999).In situ measurement of articular cartilage deformation in intact femoropatellar 
joints under static loading. Journal of Biomechanics, 32, 1287–1295. 

Hinterwimmer S., Krammer1 M.,*, Krötz M, Glaser C.,Baumgart R, Reiser M and Eckstein F. (2004). 
Cartilage atrophy in the knees of patients after seven weeks of partial load bearing. Arthritis and 
Rheumatism, 50, 2516-2520. 

Hudelmaier M., Glaser C., Hohe J., Englmeier K.H., Reiser M., Putz R. and Eckstein F. (2001). Age-
related changes in the morphology and deformational behavior of knee joint cartilage. Arthritis and 
Rheumatism, 44, 2556-2561. 

Hudelmaier M., Glaser C., Hohe J., Englmeier K.H., Reiser M., Putz R. and Eckstein F. (2003). 
Correlation of knee joint cartilage morphology with muscle cross-sectional areas versus 
anthropometric variables. Anatomical Record, 270, 175-184. 

Vanwanseele B., Eckstein F., Knecht H., Spaepen A., Stüssi E. (2003): Longitudinal analysis of 
cartilage atrophy in the knees of spinal cord injured patients. Arthritis and Rheumatism, 48, 3377-
3381. 

Vanwanseele B., Eckstein F., Hadwighorst  H., Knecht H., Stüssi E., Spaepen A. (2004). In vivo 
precision of quantitative shoulder cartilage measurements and changes after spinal cord injury. 
Magnetic Resonance in Medicine, 51, 1026-1030. 

 

 

2  XXIV ISBS Symposium 2006, Salzburg - Austria 


