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There seems no reason to think that os tco-ar throsis represent s a single 
disease entity: indeed it should probably be viewed as a conditi on anal­
ogous to h ea rt failure, a pathological process with an approximately 
unitary end point but numerous ae tiologics. Only one of these poss ibl e 
actiologies is discussed h ere, namely a sequen ce of events which it is 
sugges ted m ay result in cartil age damage and thereafter in destruction 
of the joint. It will be sugges ted tha t thi s sequence of event s m ay be 
responsible for os teo-arthrosi in several joints, but in pa rticula r that 
it may be responsible for many exa mples of so-called idiopathic osteo­
a rthrosis of the hip. 

General clinical experience crea tes the s trong impression th a t many 
exampl es of second ary os tco-arthrosis a rc caused initiall y by some 
m ech anica l abnormality in the joint . Thus, for exampl e, persistent 
talar lilt in the anldc following ligamentous injuries may cause osteo­
arthrosis in the ankle; meniscectomy, which is !mown to increase the 
contact pressures on the meni sccclomised side of the j oint, also in­
crca cs the ch ances of os tco-arthrosis developing in that side of the 
joint ; in congruity at the hip either acquired during ch ildhood or of 
congenital origin may simil arly be presumed to increase the contact 
pressures by red ucing the con tact area in the hip, and such incongruous 
hips are known to be more liable to develop ostco-arthrosis than is a 
normal hip. In the upper limb, os teo-a rthrosis in the elbow is rare but 
occurs as an occupa tional disca e in pneumatic drill opera tors who 
sus ta in multiple blows to their elbows. It seems, therefore, reason able 
to suppose th a t there might be a mechanical factor at work in the gene­
sis of idiopathic osteo-arthrosis of the hip . Since idi opathic osteo­
arthrosis is more common in the hip than in other joints, a t least in 
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Caucasian man , this unknown mechanical fac tor might be thought to 
opera te particul arly in the hip as aga in s t other j oint s. Idiopa thic os tco­
arthrosis is also clearly age-rela ted, bein g m ore frequent with ad­
vancing years. Thus it might be supposed tha t there is an age-rela ted 
ch ange a ffecting a ll j oints and tha t thi s combines with som e factor 
present in certa in Caucasian hips to produce idiopathic os teo-a rthros is 
in that j oint. 

Mech anically, two ti ssue element s coopera te to produ ce the mech ani­
cal properties of articul ar ca rtil age: coll agen and proteoglycan with it s 
re tained wa ter . The collagen network confers tensile s treng th and s tiff­
n ess upon a rticul a r cartil age and retains the proteoglycan gel by trap­
ping it within the co ll agen m esh work. Finally, the collagen bonds the 
cartilage to the bone. P roteoglycan complexes appear to be trapped 
because they a re of such a size tha t they arc unable to move through 
the collagen n etwork, but the possibility that they are bonded to coll agen 
in some more direct way s till remains open . The proteoglycans arc 
s trongly hydrophilic and therefore tend to draw water into the ca rtilage 
matrix . Direct measurements sugges t tha t this pressure is of the order 
of 3 I;2 a tmospheres (Maroud as 1975). Cartilage does n ot, of course, 
expand when immersed, because the tendency to swell is res is ted by the 
coll agen n etwork within which tensile s tresses mu s t be presumed to 
develop. Thus, unloaded ca rtilage consis ts of an hyd raulically pres­
surized proteoglycan gel trapped within a coll agen meshwork which is 
pre-stressed in tens ion . Thus, broadly speakin g, the compress ivc prop­
e rties of a rti cul ar cartil age a re propo rtiona l to the amount of protco­
glycan in the m atrix, whils t the tensile proper ties a rc proportional to 
the s tru cture (as well as to the ac tual am ount ) of coll agen. 

It h as been known fo r m any yea rs that the mat r ix of fibrillat ed 
cartil age is proteoglycan-depleted and it has therefore been thought 
that one possible cause of os teo-a rthrosis might be p roteoglycan de­
pletion clue to some cellula r abnormality, foll owed by soft enin g of th e 
mat rix and fibrill a tion. With m ethods of proteoglycan an alys is which 
permit es tim a tions to be m ade on sma ll pieces of ti ssue ( rather th an 
on bulked a reas of the m a trix), it is n ow known that in fac t proteo­
glycan depl etion r arely if ever precedes fibrillation (l\fa roud as et al. 
1973 ). If p ro tcoglycan depletion does not precede fibrill a tion it seems 
unlikely tha t it causes it. The alterna tive poss ibility h as to be cons id­
ered, n amely that some other fac tor acts upon articular cartil age to 
produce both fibrill a tion and p roteoglycan depletion s imult aneously. 

The tensile properties of hum an adult articul a r cartilage h ave been 
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extensively studied in my labora tory by Kempson and eo-workers. 
Kempson (1973 ) h as sh own tha t the tensile properties va ry from th e 
surface through the deeper laye rs and that thi s vari a tion can be co r­
related with the va riati on in the coll agenous co mposition of car tilage . 
Kempson h as also shown th a t in the surface the tensil e properties arc 
strongly direc ti on al, and on ce again thi s can be explain ed as being du e 
to the orientation of coll agen in the surface. The tensile properti es 
appea r Lo vary from j oint Lo joint and from one s it e Lo another in the 
same j oint. Thus before the effect of, for example, fibrill a ti on or ageing 
can be relat ed to the tens il e properties of the cartil age, it is n ecessa ry 
to ensure th a t the va riables mentioned above h ave been controll ed in 
any compari son. \Vh en these va ri ables are so controll ed, a ch ange can 
be demonstra ted in the tensile s treng th and s tiffness of articular ca r­
til age wi th increasing age, a t least in the knee (Kempson 1974 ) . Thi s 
change Lakes the form of diminishing strength and dimini shing s tiff­
ness as age ad vances . Since os teo-a rthrosi s and the inciden ce of fibril­
la ti on both increase with in creasing age, the ques tion ari ses: can thi s 
loss of the n ormal tensile properties of articul ar cartil age be rela ted to 
the genesis of os tcoarthrosis? 

Ca rtil age in life is n ot loaded s tatica lly to des truction as was (neces­
sa rily) the case in Kempson 's experiments: on the contra ry, it is loaded 
cyclically and in compress ion n ormal to the surface. Cycli cal loadin g 
raises th e poss ibilit y of fa tigue failure, a phen omenon famili a r in many 
areas of enginee rin g. F a ti gue is the process by whi ch a loaded structure 
m ay fail mecha nica lly in the face of a load of a given m agnitude applied 
on numerous occasions, whereas a load of the same m agnitude applied 
on one occas ion does n ot produce failure. Since ca rtilage is loaded 
cyclica lly in life, it becomes important to es tablish whether or n ot car­
tilage is fa tigue-p rone. The possibility tha t the ti ssue is fa tigu e-prone 
is by no mean s fa r-fetch ed in view of the fact tha t bone is known to be 
fa tigue-prone in the laboratory (Swan son et al. 1971 ), in clinical p r ac­
ti ce (Morri s & Blickcns ta ff 1967 ), and on the bas is of patholog ical ob­
serva tions (Todd e t a l. 1972 ) . Since bone and ca rtil age a rc essenti ally 
composed of the same ti ssue elements, with the additi on of hydroxy­
a patit e in the case of bone, it becomes a poss ibilit y th a t ca rtil age, like 
bone, is fa tigue-p rone. 

W eightm an , also working in m y labora tory, h as s tudi ed the fa tigue 
properties of hum an adult a rti cula r ca rtil age both in tension and in 
compress ion. In tension, \Vcightman h as demonstra ted: firs lly, tha t 
ca rtil age is ind eed fa tigue-p rone, and secondly , th a t th e fa ll in fa ti gue 
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resi s tance with age is so marked that tissu e from cadavers of 20-ycar­
olds would not be expected to fail after the npplication of 100 million 
cycles at a stress of 5 i\IN/ m 2 , whereas thi s s tress \\'Otdd produce failure 
in the tissue of cadavers 50 years of age after application of Lh e order 
of 10 million cycles ( \Veighlman 1975). Although Lhe tens ile stresses 
occurring in articular cartilage in life are unknown , stresses of thi s 
order of magnitude seem likely to occur at leas t in certain hips. 

\Veighlman has also studied Lhe effec ts upon cartilage of a cyclically­
applied compressive load (Weightman et al. 1973 ) . This experiment 
does not give a sharply defined end point and th erefore does not permit 
a quantitative result to be obtained. It was, however, demonstrated that 
a cyclically-applied compressive load produces fragmentati on of the 
surfac.e of the loaded cartilage, an appearance similar to fibrillation. 

It is now suggested that fibrillation and hence ostcoarthrosis may lle 
due to fatigue failure in the collagen network of articular cartilage and 
that the reason why this condition becomes more frequent with increas­
ing age is perhaps partly that the passage of time permits the applica­
tion of a large number of loads to cartilage but that also, perhaps more 
importantly, the fatigue resistance diminishes sharply with age in a 
fashion which cannot be entirely explained as being due to the previous 
loading history of the ti ssue. There remains the question: what is the 
factor in some apparently normal hips which may be responsible for 
the genesis of fibrillation and hence of osteoarthrosis in Caucasian 
man? 

In an attempt to answer this question, Day, Swanson and I have 
measured the contact pressures in various areas of the human cadaver 
hip (Day et al. 1975 ). We were able to show that the zenith of the 
young adult acetabulum frequently fails to make contact, not only at 
low loads as reported by Bullough et al. (1973), but also at loads of up 
to three times the body weight. In contrast, in more elderly hips th e 
whole of the acetabulum makes contact at low loads and also at loads 
of three times the body weight. In a number of hips at all ages an 
anatomical feature was found in the zenith of the acetabulum which, 
when present and making contact, frequently resulted in the generation 
of very high contact pressures, i.e. pressures up to three limes the 
average pressure in the hip as a whole. This feature consisted of an 
area, roughly triangular in shape, of thin fibro-cartilage at the zenith 
of the articular surface of the acetabulum. The origin of this feature is 
unknown but its presence has been commented upon by several workers. 

In summary, the hypothesis is now advanced that fibrillation, and 
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h ence so me cases of os teoarthrosis, may be due to fa tigue failure in 
articul a r cartilage and tha t thi s phenomenon is age-rela ted because the 
fa tigue res is tance of the collagen network in a r ti cular cm·lil age dimin­
ishes sharply with in creasin g age. The fa ll in the tens ile s tiffness and 
s treng th of articular cartil age is com patible with thi s view and sugges ts 
tha t, although the amount of collagen in the ma trix of ca rtil age does 
n ot dimini sh with in creasing age nor with the onse t of os teoarthrosis, 
the mech anical integ rity of the network is n evertheless fa ilin g. These 
findin gs would be compatible with the specula tion tha t although the 
amount of coll agen in th e network was unch anged, the fibres or the 
cross-links between them were breakin g. Once the surface has become 
fragmented and the network which n orm ally r etain s the proteoglycan 
h as been dis rupt ed, proteoglycan depletion may occur by simple 
leakage as a second ary consequence. It is furth er sugges ted that the 
reason why thi s process develops with su ch fr equen cy in certain 
Caucasian hips is tha t these hips cont a in an an atomical feature, 
n amely a thin area of fibroca rtil age a t the zenith of th e ace tabulum, 
which is responsibl e for the genera tion of very high contact stresses in 
some j oint s. 
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