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Original articles 

Cartilage degeneration in the human patellae and its relationship to 
the mineralisation of the underlying bone: a key to the understanding 
of chondromalacia patellae and femoropatellar arthrosis? 

F Eckstein1, R Putz 1, M Müller-Gerbl 1, M Steinlechner2 and KP Benedetto3 

1 Anatomische Anstalt, Pettenkoferstr. 11, D-80336 München, Germany 
2 Institut für Anatomie, Müllerstr. 59, A-6010 Innsbruck, Austria 

Universitätsklinik für Unfallchirurgie. Anichstr. 35, A-6020 Innsbruck. Austria 

Summary. According to the litera-
ture subchondral bone plays a signifi-
cant role in the transmission of load 
through joints and in the pathogenesis 
of osteoarthrosis. Therefore the dege
neration of the articular cartilage was 
investigated in the patellae from 30 
dissecting-room speeimens and of 20 
patients, previously submitted to 
arthroscopy, and subchondral minera
lisation of their underlying bone was 
at the same time assessed by means 
of CT osteoabsorptiometry. Lateral 
cartilage lesions were localised over 
highly mineralised subchondral bone; 
these appear to be due to long-term 
stress. They were mainly found in the 
older speeimens and showed a high 
rate of progression with increasing 
age. Medially localised cartilage 
lesions, on the other hand, were situa-
ted in a transitional region between 
moderate and slight subchondral 
mineralisation; they may be caused 
by infrequent stress peaks and by 
shear stress in the articular cartilage, 
the very medial part of the Joint being 
deprived of mechanical Stimulation 
for much of the time. These lesions 

Correspondence to : F Eckstein 

were to be found predominantly in 
the younger speeimens and showed 
little progress with advancing age. 
Patients with lateral cartilage degene
ration exhibited higher, patients with 
medial chondromalacia patellae 
lower mineralisation than normals. 
Their density patterns therefore indi-
cate a different mechanical pathoge
nesis of the cartilage lesions in the 
lateral and medial facet. It could be 
shown that CT osteoabsorptiometry 
allows an assessment of the mechani
cal Situation, present in individual 
femoro-patellar joints, and that this 
Situation is highly relevant for the 
pathogenesis of patellar cartilage 
degeneration. 

Etüde de la relation entre la dege-
nerescence cartilagineuse et la 
mineralisation de Tos sous-chon-
dral de la patella. Est-ce une fa^on 
pour comprendre la pathogenie de 
la chondromalacie patellaire et de 
Parthrose femoro-patellaire ? 

Resume. Selon la litterature, Tos 
sous-chondral joue un role important 
dans la transmission des forces ä tra-
vers les articulations et dans la patho

genie de Tarthrose. C'est pourquoi la 
degenerescence du cartilage articiilai-
re a ete etudiee sur les patellas de 30 
sujets anatomiques et de 20 patients 
venant de subir une arthroscopie et 
dont la mineralisation sous-chondrale 
de Tos sous-jacent avait ete appreciee 
au meme moment par absorptiome-
trie osseuse par Scanner. Les lesions 
cartilagineuses laterales etaient 
situees sur de Tos sous-chondral for-
tement mineralise ; elles paraissent 
etres dues ä des contraintes ä long 
terme. Elles furent principalement 
trouvees sur les speeimens äges et 
montraient un fort taux de progres
sion en fonetion du vieillisement. A 
l'oppose, les lesions cartilagineuses 
mediales etaient situees dans une 
region de transition entre des minera-
lisations moderee et faible ; elles 
pourraient etre dues ä des pics de 
contrainte intermittents et ä des 
contraintes en cisaillement sur le car
tilage articulaire, la partie la plus 
mediale de rarticulation etant privee 
de stimulations mecaniques la plupart 
du temps. Ces lesions furent trouvees 
essentiellement sur les sujets les plus 
jeunes et montraient peu de progres
sion avec le vieillissement. Les 
patients presentant une degenerescen-
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ce cartilagineuse laterale avaient une 
mineralisation superieure ä la norma
le, les patients presentant une chon-
dromalacie mediale avaient une 
mineralisation plus faible que la nor
male. La distribution de la densite 
indique donc un mecanisme pathoge-
nique different pour les lesions carti
lagineuses sur les facettes laterale et 
mediale. L'absorptiometrie osseuse 
par Scanner permettrait donc d'appre-
cier la Situation mecanique indivi
duelle de chaque articulation femoro-
patellaire. Cette Situation est forte -
ment correlee ä la pathogenie de la 
degenerescence du cartilage patellaire. 

Key words: Patella — Cartilage 
degeneration — Subchondral mine
ralisation — Chondromalacia patel
lae — Femoropatellar arthrosis 

It is widely accepted that mechani
cal factors play an important part in 
the initiation and progression of 
osteoarthrosis in general and chon
dromalacia of the patella in particu-
lar [11, 25]. Nevertheless, the exact 
nature of the mechanism leading to 
Joint damage, and the exact locali-
sation of the initial changes in carti
lage degeneration are still a matter 
of discussion and disagreement 
[17]. Radin and Paul [26] and Radin 
et al [28] were able to show that the 
ability of a Joint to attenuate "longi-
tudinal impact loading", which is an 
important factor in the pathogenesis 
of osteoarthrosis [27], is principally 
determined by the stiffness of the 
subchondral bone. As against this, 
the articular cartilage is supposed to 
contribute to reducing friction 
during movements of the Joint. 
These authors even suggest that it is 
a change in the nature of the sub
chondral bone, i.e. an increase in its 
stiffness, which represents the first 
step in the development of osteoar
throsis [29]. Up to now it has not 
been possible to assess such 

changes in the living satisfactorily. 
Subchondral sclerosis, although 
accepted as a criterion for the radio
logical diagnosis of osteoarthrosis, 
does not permit quantitative evalua-
tion of the relative distribution of 
subchondral mineralisation in the 
Joint surface to be made. However, 
computed tomography osteoabsorp
tiometry ( C T - O A M ) [18, 19] has 
recently provided a method for 
assessing the surface distribution of 
subchondral mineralisation in the 
l i v ing subject in terms of the 
Hounsfield scale. We were able to 
establish in a previous investigation 
[5] that the pattern of mineralisation 
in the patella does in fact reflect the 
biomechanical Situation present in 
the femoropatellar-joint. According 
to Hvid et al [12], the mechanical 
properties (and particularly the 
stiffness) of the subchondral bone 
can, with certain reservations, be 
inferred from this mineralisation 
pattern. The aim of this investiga
tion is therefore to compare the 
localisation of macroscopically 
visible cartilage degeneration with 
the radiological (CT osteoabsorptio-
metric) density of the underlying 
bone in the human patella, which 
according to Ficat and co-workers 
[7, 8] öfters an "observatoire ideal" 
of arthrotic degeneration. 

Material and methods 

We first examined 30 formalin-fixed 
speeimens of the knee-joint taken 
from dissecting-room subjects, 
selecting the youngest subjects avai
lable. Those with systemic disease of 
the locomotor apparatus or severe 
arthrosis of the knee-joint were 
excluded from the investigation. The 
ages of the 7 female and 23 male 
subjects ranged from 47 to 90 years. 
We divided these into two groups: 
15 speeimens of less than 60 years 
(mean age 53) constituted Group Y , 
and 15 of more than 60 years (mean 
age 74) Group O. Twenty patients 
were then selected from the Depart

ment of Surgery, on whom arthro-
scopy had been carried out for 
various reasons (mostly because of 
suspected damage to the meniscus). 
In each case, a CT osteoabsorptio-
metric examination was made within 
48 h of arthroscopy. The criterion for 
inclusion was the presence of cir-
cumscribed damage of grades 1 or 2 
[21] to the articular cartilage of the 
medial or lateral facet, or of the pri-
mary ridge. There were no gross 
changes in the AP, or lateral radio-
graphs, nor any severe disease of the 
femoropatellar-joint. Nine women 
and eleven men between the ages of 
16 and 61 were examined, the avera-
ge age being 31 years. 

I n v e s t i g a t i o n of 
t h e s u b c h o n d r a l m i n e r a l i s a t i o n 

The knee-joint speeimens and the 
knees of the arthroscopy patients 
(30° of knee-flexion) were examined 
in a CT Scanner (Siemens Delta scan 
50 FS 2). Sectional images between 
the upper pole of the patella and the 
tibial plateau were made at intervals 
of 4 mm. CT osteoabsorptiometry 
[18, 19] was used to obtain isodensi-
ties (i.e., contour lines joining points 
of equal density). The protection of 
their subchondral extension was 
marked on the surface of each sec-
tion, and these marks transferred into 
the corresponding position of the sec-
tion in a template of the articular sur
face (Fig. la). Six Hounsfield ranges 
(<400 H U - >800 HU) were recons-
trueted for the speeimens, and seven 
(<300 H U - >1050) for the patients. 
The distribution pattern was then 
digitalised (Hewlett Packard, Scan 
Jet Plus) and read into an Apple 
Macintosh Computer, where it was 
provided with standardised grey 
values (Fig. lb), using a grey scale 
of 256 steps. Image summation was 
finally carried out in the Computer in 
order to produce average pictures. 
By means of program Software, the 
original pictures were laid together 
successively in pairs, one upon the 
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> 800 Hounsfieldunits 

701 - 800 Hounsfieldunits 

601 - 700 Hounsfieldunits 

501 - 600 Hounsfieldunits 

401 - 500 Hounsfieldunits 

<401 Hounsfieldunits 

Figs. la-d, 2a, b, 3a, b 
la Outline template of the 
articular surface of the patella 
built up from measurements 
of 30 speeimens. b Grey 
values of the Hounsfield 
ranges examined in the speei
mens. c Summation picture 
for Group Y (age < 60 yrs, 
n=l5). d Summation picture 
for Group O (age > 60 yrs, 
n=l5). 2 Surface distribution 
of subchondral mineralisation 
in the patella of a patient suf-
fering from left-sided Polio
myeli t is , a Left patella. 
b Right patella. 3 Surface dis
tribution of cartilage degene
ration in the patellae of 30 
anatomical speeimens. w h i t e . 
intact cartilage; g r e y , mild 
degeneration (degree l ) ; 
b l a c k , severe cartilage dama
ge (degree > 1). a Summation 
picture for Group Y (age < 60 
yrs, n = 15). b Summation 
picture for Group O (age > 60 
yrs, n = 15) 

la Trace du contour de la sur
face articulaire de la patella. 
bäti ä partir des mesures de 30 
speeimens. b Echelle des gris 
des niveaux de densite 
Hounsfield trouves sur les 

speeimens. c Shema recapitulatif pour le Groupe Y (age < 60 ans, 15 cas). d Shema recapitulatif 
pour le groupe O (age > 60 ans, 15 cas). 2 Distribution de la mineralisation sous-chondrale sur les 
patellas d'un patient atteint de poliomyelite lateralisee ä gauche. a Patella gauche. b Patella droite. 
3 Distribution de la degenerescence cartilagineuse sur les patellas de 30 speeimens anatomiques. 
Blanc\ cartilage intact; g r i s . degenerescence legere (degre 1); n o i r , degäts cartilagineux severes 
(degres > 1). a Shema recapitulatif pour le groupe Y (age < 60 ans, 15 cas). b Shema recapitulatif 
pour le groupe O (age > 60 ans, 15 cas) 

other, and the grey values of corres-
ponding pixels were fused to a value 
lying exactly between them in the 
grey scale. Intermediate grey values 
obtained from the Single summation 
steps were redefined in a final step as 
the dosest neighbouring grey value 
in order to restore the original iso-
densities. 

E x a m i n a t i o n of 
t h e c a r t i l a g e d e g e n e r a t i o n 

The grade [21] and extent of the car
tilage degeneration in the patellae of 
the 30 speeimens were pictorially 
recorded, using the Joint template 
mentioned above. The distribution 

pattern was digitalised, and distin-
guishing grey values allotted to the 
different degrees of degeneration. In 
this case, the Computergraphic 
method for producing the summation 
pictures depended upon a program 
which at each step picked up 50% of 
the pixels from each of two Originals. 
In the summation pictures obtained 
in this way, the grey value of the 
pixels reveals, as in the single pic
tures, the degree of cartilage degene
ration, and their density the frequen-
cy of the cartilage damage in the cor-
responding area of the Joint. The 
grade and localisation of the cartila
ge degeneration in the patients was 
recorded on an arthroscopy form. 

C o m p a r i s o n of 
t h e s u b c h o n d r a l m i n e r a l i s a t i o n 
w i t h t h e c a r t i l a g e d e g e n e r a t i o n 

After comparison of the distribution 
patterns in the Single pictures, the 
grades of cartilage degeneration and 
the locally corresponding Hounsfield 
ränge were read from 38 measuring 
points regularly distributed over the 
articular surface. The percentage dis-
tributions of grades of cartilage dege
neration in the Hounsfield ranges 
were calculated for all the speeimens 
added together, and the level of signi-
ficance of the differences between the 
density ranges statistically tested. The 
percentage distribution of the grade of 
cartilage degeneration in the different 
Hounsfield ranges was also determi-
ned separately for Croups Y and O. 
Differences in the percentage of seve
re cartilage damage present in the 
Hounsfield ranges of the two groups 
were tested for Statistical significance. 

Results 

S u b c h o n d r a l m i n e r a l i s a t i o n 

Maximum subchondral mineralisa
tion was found in the proximal part 
of the lateral facet in all the patellae 
examined. This amounted in the ana
tomical speeimens to 600-1000 HU, 
and in the patients to 450-1100 HU, 
and decreased more or less steeply 
towards the periphery. Whereas there 
was little difference in the principal 
distribution of the mineralisation 
(high density, lateral; low density, 
medial) in Groups Y (Fig. lc) and O 
(Fig. Id), the younger individuals dis-
played a slightly greater mineralisa
tion of the subchondral bone (shown 
by the somewhat wider extension at 
all density levels). In one 33 year-old 
patient, who had suffered from polio-
myelitis from the age of four years, 
and in whom there was marked 
muscle wasting of the whole left 
lower limb, the right patella (Fig. 2) 
was more highly mineralised than the 
left by 300 H U 
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Figs. 4a, b, 5a, b 
4 Single example of lateral 
cartilage damage over highly 
mineralised subchondral 
bone. a Surface distribution 
of subchondral mineralisa
tion. b Surface distribution of 
cartilage degeneration. w h i t e , 
intact cartilage; g r e y , mild 
degeneration (degree 1); 
h l a c k , severe cartilage dama
ge (degree > I). 5 Single 
example of medial cartilage 
damage over poorly minerali
sed subchondral bone. a. Sur
face distribution of subchon
dral mineralisation. b Surface 
distribution of cartilage dege

neration white, intact cartilage; grey, mild degeneration (degree 1); h l a c k , severe cartilage dama
ge (degree > I) 

4 Exemple de degäts cartilagineux lateraux sur de Tos sous-chondral fortement mineralise. 
a Distribution de la mineralisation sous-chondrale. b Distribution des lesions cartilagineuses 
degeneratives. B l a n c . cartilage intact; g r i s , degenerescence legere (degre 1); n o i r , degäts cartila
gineux severes (degres > 1). 5 Exemple de degäts cartilagineux mediaux sur de Tos sous-chon
dral faiblement mineralise. a Distribution de la mineralisation sous-chondrale. b Distribution 
des lesions cartilagineuses degeneratives. B l a n c , cartilage intact; g r i s , degenerescence legere 
(degre 1); n o i r . degäts cartilagineux severes (degres > 1) 
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Fig. 6a-d 
a Percentage distribution (% total articular surface) of intact cartilage, mild damage (degree I) 
and severe damage (degree > l) in the Hounsfield ranges (< 400 H U - > 800 HU) from all 30 
anatomical speeimens. b Percentage distribution of intact cartilage in Group Y (age < 60 yrs/L 
cols) and Group O (age > 60 yrs / R cols) in the different Hounsfield ranges. c Percentage distri
bution of severe cartilage degeneration (degree > l) in Group Y (L cols) and Group O (R cols) in 
the different Hounsfield ranges. d Difference in the percentage of severe cartilage degeneration 
(degree > l) between Groups Y and O in the different Hounsfield ranges 

a Distribution en pourcentage (rapporte* ä la surface articulaire totale) du cartilage intact, des 
lesions legeres (degre l) et des degäts severes (degres > 1) dans les niveaux de densite Houns
field (< 400 HU - > 800 HU) de 30 speeimens anatomiques. b Distribution en pourcentage du 
cartilage intact dans le groupe Y (äge < 60 ans, colonnes de gauche) et du groupe O (äge > 60 
ans, colonnes de droite) dans les differents niveaux de densite Hounsfield. c Distribution en 
pourcentage des lesions cartilagineuses severes (degres > 1) dans le groupe Y (colonnes de 
gauche) et dans le groupe O (colonnes de droite) dans les differents niveaux de densite Houns
field. d Difference dans les pourcentages des degenerescences cartilagineuses severes (degres 
superieurs ä 1) entre les groupes Y et O dans les differents niveaux de densite Hounsfield 

Ca r t i l a g e d e g e n e r a t i o n 

Although the pattern of subchondral 
mineralisation is relatively constant, 
the localisation of the cartilage dege
neration, both in individuals and on 
comparison between the age groups, 
is rather variable. In the younger 
group, degeneration predominates 
medially and peripherally in the Joint 
(Fig. 3a), whereas central lesions of 
the lateral facet and near the princi-
pal ridge become more noticeable 
with advancing age (Fig. 3b). 

C o m p a r i s o n of 
s u b c h o n d r a l m i n e r a l i s a t i o n 
w i t h c a r t i l a g e d e g e n e r a t i o n 

It can be shown in individual cases 
that degeneration of the lateral facet 
(Fig. 4b) is localised over areas of 
greater subchondral mineralisation 
(Fig. 4a), whereas lesions in the 
medial compartment (Fig. 5b) are 
found together with a lower density 
(Fig. 5a). If one examines the distribu
tion of the grades of cartilage degene
ration throughout different Hounsfield 
ranges (Fig. 6a), it is obvious that the 
articular cartilage is less often intact, 
and more often severely damaged, 
over regions of both very high and 
very low density than in association 
with bone showing an average 
amount of subchondral mineralisation 
(p < O.Ol). If the distributions for 
Groups Y and O are examined separa-
tely, differences in the amount of 
intact (Fig. 6b) and severely damaged 
cartilage present (Fig. 6c) can be 
observed. The difference in the per
centage of severe cartilage degenera
tion (> grade 1) between the two age 
groups is less at a level below 800 HU 
(average difference = 9% of the surfa
ce area) than above this figure (diffe
rence between Groups Y and O = 
29% J. This difference is significant al 
a level of 1%. In the group of arthro
scopy patients without cartilage dege
neration the summation picture for 
subchondral mineralisation displays a 
considerable island peak of bone den-
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Fig. 7a-d 
Surface distribution of sub
chondral mineralisation in 
the patellae of patients exa
mined arthroscopically. 
a Summation picture for 
group withoul cartilage dege
neration (n = 6). b Summa
tion picture for group with 
central cartilage degeneration 
(n = 8). e Single example of 
patient with medial cartilage 
degeneration. d Single 
example of patient with late
ral cartilage degeneration 

> 1050 Hounsfieldunits 
901 -1050 Hounsfieldunits 
751 - 900 Hounsfieldunits 
601 - 750 Hounsfieldunits 

451 - 600 Hounsfieldunits 
301 - 450 Hounsfieldunits 
< 301 Hounsfieldunits (HU) 

Distribution de la mineralisa
tion sous-chondrale des patel
las des patients examines par 
arthroscopie. a Shema recapi

tulatif pour le groupe sans lesion cartilagineuse (6 cas). b Shema recapitulatif pour le groupe presen-
tant des lesions cartilagineuses centrales (8 cas). c Exemple d'un patient avec une degenerescence 
cartilagineuse mediale, d Exemple d'un patient avec une lesion cartilagineuse laterale 

Fig. 8 
Distribution of stress in the femoropatellar-joint based on the contact areas determined by 
Hehne (1983) and the Joint forces calculated by Maquet (1976) 

Distribution des contraintes sur rarticulation femoro-patellaire, basee sur les aires de contact 
determinees par Hehne (1983) et les forces articulaires calculees par Maquet (1976) 

sity at the secondary ridge (Fig. 7a). 
This is not seen in patients with central 
damage to the tissue (Fig. 7b). The 
Single example of a patient with 
medial degeneration reveals signifi-
cantly reduced mineralisation of the 
Joint (Fig. 7c), whereas in a patient with 
lateral degeneration bone density is 
raised to a remarkable extent (Fig. 7d). 

Discussion 

S u b c h o n d r a I m i n e r a l i s a t i o n 

CT osteoabsorptiometry gives a pic
ture of the mineralisation in the 
arthroscopy patients which agrees 
well with information obtained from 
the anatomical speeimens [5], and 

makes it possible to take similar 
measurements in the living subject. 
Taking into consideration the contact 
areas described in the literature [11] 
one can interpret the density maxima 
in the proximal part of the lateral 
facet as the expression of more fre-
quent contact under intensive load-
ing. Whereas the proximal lateral 
facet is in contact in all positions of 
the knee-joint greater than 60°, 
medially there is a changeover from 
the paramedian segment (90°) across 
the secondary ridge (120°) to the 
"odd facet" (140°) . Taking into 
aecount the significant increase in 
force exerted by the quadrieeps as 
flexion increases [16], the finding of 
higher mineralisation in the proximal 
part of the lateral facet and a lower 
density medially and distally 
becomes plausible (Fig. 8). In this 
way, the density distribution can be 
explained in terms of the principal 
stress [22] or the "loading history" of 
a Joint [3], which makes it possible to 
infer the long-term distribution of 
load from the pattern of mineralisa
tion. The Situation in the patient with 
Poliomyelit is confirms that the 
degree of mineralisation is determi
ned by the magnitude of the mecha
nical stress acting on the Joint, and 
that the bone reacts with atrophy or 
hypertrophy to changes in the 
mechanical environment, as was sug-
gested by Kummer [15]. These Un
dings are also in agreement with the 
observations of Müller Gerbl et al 
[20], who were able to show that, fol-
lowing a corrective osteotomy at the 
knee Joint, the density of the tibial 
plateau at first decreases, probably 
due to a decrease in activity of the 
patient. About one year later the dis
tribution pattern has changed in com
parison with the preoperative Situa
tion, indicating a more central Posi
tion of the resultant Joint force. The 
slightly higher bone density found in 
the younger age group may be attri-
buted to the greater physical activity 
of these people, which is also sugges-
ted by the more striking extension of 
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the highly mineralised regions 
towards the secondary ridge in the 
younger subjects. These findings 
suggest that Information on the distri
bution of the subchondral mineralisa
tion and the position of the maxima is 
obtainable with C T - O A M and that 
the method allows a quantitative 
assessment of the degree of minerali
sation of the Joint to be made. It is 
also clear that, compared with the 
conventional AP, lateral or tangential 
radiograph, the method provides a 
great deal more Information on the 
overall biomechanical conditions of 
an individual Joint. 

C a r t i l a g e d e g e n e r a t i o n 

The localisation of the cartilage 
degeneration agrees with that repor-
ted in the literature. The damage 
associated with the "odd facet", 
which is more common than lateral 
lesions [4, 9] is frequently found in 
young people [6]. Lesions of the late
ral facet [8] predominantly appear, 
however, with advancing age [33]. 

C o m p a r i s o n of s u b c h o n d r a l 
m i n e r a l i s a t i o n w i t h 
c a r t i l a g e d e g e n e r a t i o n 

The greater degree of mineralisation 
of the lateral facet suggests that the 
cartilage degeneration found there 
may be due to intense and prolong-
ed stress acting on this region of the 
Joint. A similar conclusion followed 
the clinical and radiological investi-
gations of Ficat et al [7] and Ficat 
and Hungerford [8], who described 
a "lateral hyperpression-syndrome" 
in the patella. They attributed this 
pathological entity to functional 
dominance of the lateral retinacu-
lum, due to imbalance between the 
action of the vastus lateralis and 
medialis. It has also been demon-
strated in animals that, following a 
proximal t ibial osteotomy, the 
mechanical overloading of a Single 
Joint compartment can induce dege
nerative changes [10], and that these 

are associated with increased densi
ty of the subchondral bone [35]. 
Radin et al [29] put forward the 
theory that the initial step towards 
arthrosis may be caused by stiffen-
ing of the subchondral bone due to 
microfractures and microcallus for-
mation. This is supposed to lead to 
excessive mechanical demands 
being made upon the overlying car
tilage. The similarity of the obser-
ved mineralisation pattern with the 
distribution of stiffness (determined 
by means of compression tests) in 
the subchondral bone of the human 
patella [32] and the high correlation 
between CT measurements of the 
density of the subchondral bone and 
its mechanical stiffness [12], sug
gest a connection between an 
increase in density and stiffening. 
The degeneration of the articular 
cartilage over the highly mineralised 
lateral patellar facet may therefore 
indeed be due to an increase in stiff
ness of its subchondral bone. The 
high percentage of degenerate carti
lage, however, localised over slight-
ly mineralised subchondral bone 
particularly found over the medial 
facet, is difficult to reconcile with 
the mechanism described above. 
Abernethy et al [1] and Radin and 
Rose [30] further developed the 
theory mentioned above and sugges-
ted that the initiation of cartilage 
degeneration might rather be due to 
"stiffness gradients" in the subchon
dral bone. They hypothesised that 
the articular cartilage is submitted to 
significant vertical shear forces at 
boundary regions between more and 
less elastic bone. The assumption 
that gradients in the stiffness of the 
subchondral bone can damage carti
lage in this way agrees very well 
with our finding of steep density 
gradients in the periphery of the 
patella. This concerns particularly 
the medial facet, where there is a 
strong tendency towards early dege
neration. It is also true that the 
medial facet is subjected to high 
stress peaks when the knee is fully 

flexed [11, 34], and animal experi-
ments have shown that short peaks 
of transarticular loading may result 
in degeneration of the cartilage [31]. 
As may be concluded from the low 
degree of mineralisation of the 
medial facet, these peaks do not 
occur very often. The presence of 
high stress peaks in a part of the 
Joint which is otherwise not subjec
ted to heavy loading could in our 
opinion bring about an unsatisfac-
tory mechanical environment, in 
which the Joint may not be able to 
adapt functionally to such mechani
cal demands, for example by increa-
sing the thickness of the articular 
cartilage [14]. This is in agreement 
with our own findings [5], in which 
we were able to show that cartilage 
is usually thicker in the lateral part 
of the femoropatellar Joint than in 
the medial. The low density and 
considerable elasticity [1] of the 
underlying subchondral bone may 
account for the fact that the lesions 
on the medial side are only slightly 
progressive; in other words, not 
very likely to lead to the more seve
re forms of cartilage degeneration. 
According to Goodfellow et al [9] 
softening of the articular cartilage in 
this region may even be considered 
as a normal variant in adolescents. 
The more progressive nature of car
tilage degeneration over regions of 
highly mineralised areas, on the 
other hand, may be due to the greater 
stiffness of the subchondral bone 
and its reduced capacity for shock 
absorption [23, 24, 30]. This might 
also account for the fact that the 
milder forms of chondromalacia 
patellae are much more common on 
the medial side of the Joint [4, 21], 
while the more severe examples of 
femoropatellar arthrosis are almost 
exclusively lateral [8, 13]. The fin
dings in the arthroscopy patients 
confirm these conclusions. We 
regard the marked island-shaped 
increases in density near the secon
dary ridge in the group without 
degeneration of the patellar cartilage 
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as a result of the "point-like" Opposi
tion of the patellae to the femur at 
120° of flexion [11, 34]. The relati-
vely high density here suggests that 
these people frequently bend their 
knees. Since this secondary maxi-
mum is not found in patients with 
central cartilage degeneration, it is 
plausible that there exists a different 
mechanical enviroment in this 
group. It is possible that less fre-
quent füll flexion contributes to 
degeneration of the articular cartila
ge due to a relative lack of intermit-
tent pressure. This is in accordance 
with the finding of Alexander [2] 
that there is a positive correlation 
failure to take advantage of the füll 
ränge of physiological movement 
available at a Joint and its suscepti-
bility to O s t e o a r t h r i t i s . Comparing 
the patients with severe medial and 
lateral cartilage degeneration sug
gests that the less than average 
mineralisation in the case of medial 
cartilage damage may be the result 
of too few general mechanical 
demands made on the Joint, and the 
very high degree of mineralisation 
in the case of lateral damage the 
result of excessive use. 

We conclude from these findings 
that the subchondral mineralisation 
assessed by means of CT osteoab
sorptiometry provides relevant data 
on the mechanics of a Joint, and that 
it may give some insight into the 
pathogenesis of cartilage degenera
tion which cannot be provided by the 
conventional radiological techniques. 
We believe that the gain in Informa
tion on the mechanical condition of 
an individual Joint justify applying 
this method now to the femoropatel
lar Joint in clinical practice. 
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