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Quantitative aspects of patello-femoral
cartilage fibrillation in Liverpool necropsies
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The significance of ageing as a possible factor
contributing to the pathogenesis of osteoarthrosis is
debatable (Byers, Contepomi, and Farkas, 1970);
moreover, the matter may require separate con-
sideration for the hip, knee, and other joints.
Necropsy studies of the incidence, natural history,
and severity of age-related cartilage lesions in various
joints are relevant to this question. Age changes in
the hip, knee, and other joints have been studied by
Heine (1926), in the knee joint by 0wre (1936) and
Bennett, Waine, and Bauer (1942), in the elbow by
Goodfellow and Bullough (1967), and in the hip by
Byers and others (1970). These previous studies have
been based mainly on a qualitative assessment of
the state of the articular surfaces, the results being
expressed, for example, in terms of a grading system
such as that devised by Collins (1949). The present
study, in contrast, is based on a quantitative method
in which the results are expressed as a percentage of
the articular surface area affected by destructive
cartilage changes. The patello-femoral component
of the knee joint was selected for study by this
method, since the slight curvature of the patellar
surface makes this articulation suitable for quantita-
tion by a point-counting technique. Previous studies,
with the exception of that by Goodfellow and
Bullough (1967), mostly seem to have relied mainly
on naked-eye inspection of unstained surfaces. The
present study, in contrast, was made on surfaces
which had been painted with indian ink, since such
preparations make cartilage lesions more readily
apparent (Bullough and Goodfellow, 1968; Meachim,
1972a) and facilitate point-counting of the various
types of surface change. Naked-eye examination was
supplemented by stereomicroscopy of the surface
and, where indicated, by transmitted light microscopy
of tangential surface slices (Meachim, 1972a).

Material and methods

The study was made on the patello-femoral articulation
of one or both knee joints from a random series of necrop-
sies within the city of Liverpool on 98 white subjects

(53 male; 45 female) whose ages ranged from 4 weeks to
94 years. Persons dying from accidents and persons dying
outside hospital suddenly or unexpectedly from natural
causes were included as far as possible. Joints showing
evidence ofprevious inflammatory disease, disuse atrophy,
surgery such as meniscectomy, old injury, or injury from
a recent accident were excluded. Quantitative data were
obtained from indian ink preparations of the left patellar
articular surface in all ofthe 98 subjects, from the opposing
left femoral articular surface in 83 of them (43 male;
40 female), and also from the contralateral right patellar
surface in thirty of the adults (14 men and 16 women).

SURFACE QUANTITATION
Indian ink preparations were made by the method
previously described (Meachim, 1972a). The painted
articular surfaces were then examined by the unaided
naked eye, by study of photographic prints at a magnifica-
tion of x2, by stereomicroscopy enface at a magnification
of x 10, and, where indicated, by transmitted light micro-
scopy of tangential surface slices.
The appearance at each site on the painted surface was

noted as follows:

(1) Sites at which no distinct markings were seen;
(2) Sites showing dark ink markings against a pale grey

background, such marking having either approxi-
mately parallel alignments or other, more complex,
configurations on macroscopic examination;

(3) Sites showing confluent or semi-confluent blackening;
(4) Sites of full-thickness loss of the original cartilage.
For each of the above appearances, the percentage it

occupied of the total articular surface area was determined
by a point-counting technique. For counting, a grid with
points arrayed at the corners of squares 5 mm.2 in area
was superimposed over photographic prints taken with a
Polaroid Land camera set at a magnification of x2. Since
the patellar and the opposing femoral surfaces are curved,
their medial and lateral portions were each photographed
separately en face and montages were made from the
pairs of prints.
The patellar counts were made from over the whole of

the patellar articular surface visible enface. The opposing
femoral counts were made from the femoral groove
together with the proximal part of the convex region of
the medial condyle at the level of the intercondylar notch,
since there is evidence that the patella comes into contact
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with this part of the condyle on full flexion of the knee
(Last, 1972; Emery, unpublished observations). The distal
border for the femoral point-counting area was taken as
follows. On the lateral condyle there is a curving ridge
which was taken as the distal border on the lateral side
(Walmsley, 1972). On the medial condyle, the area counted
extended down to a horizontal line level with the lowest
point of the curved ridge on the lateral condyle; the
choice of this medial distal border was arbitrary, since,
except in adolescents, there are no medial anatomical
landmarks to indicate the distal limit of patellofemoral
contact on the medial femoral condyle.

All the specimens from the left kneejoint were examined
unfixed, and were painted either immediately after
removal or after storage in physiological saline at 5°C. for
periods of up to 3 days. In the case of the right patellae,
the appearance in indian ink preparations was compared
between seventeen specimens painted without previous
fixation and thirteen specimens painted after first being
placed in buffered formol-saline for periods ofup to 7 days.
This comparison showed that fixation had no obvious
detrimental effect on the subsequent demonstration of
sites showing confluent or semi-confluent blackening.
However, it did seem slightly to impede the detection of
sites showing dark ink markings against a pale grey
background; the quantitative data obtained for such
markings on the right patellae were therefore excluded
from the final analysis of the results.

HISTOLOGY
Vertically-cut blocks for histology of paraffin-embedded
sections were taken from the upper, medial, lateral, and
distal poles of nineteen of the adult patellae, from subjects
(9 men; 10 women) whose ages ranged from 24 to 86 years.
Histological sections were examined for the presence or
absence of a fibrous covering layer over the periphery of
the articular surface of the cartilage; only coverings sited
where they would have been visible when the surface was
examined enface were included in this assessment; fibrous
covering adherent to a steeply-sloping non-articular side
of the cartilage was excluded.

Results

OVERT DESTRUCTIVE CHANGES
In most of the specimens the appearance of the
cartilage surface after painting with indian ink
varied from site to site (Fig. 1). The quantitative
results will first be presented only for those sites
showing confluent or semi-confluent blackening
(Figs 1 and 2) and those showing full-thickness
cartilage loss (Figs 3 and 4); sites showing dark
markings against a pale grey background (Figs 1
and 2) will be considered separately in a later section.
Confluent or semi-confluent blackening (Figs 1 and
2) was in most instances indicative of overt fibrillation
of exposed cartilage (Meachim, 1972a); however, at
the edge of the joint, it represented either fibrillation
or a covering of the periphery of the cartilage surface
by a layer of fibrous tissue, and sites of peripheral
fibrous covering are therefore included in the surface
percentages given in this section of the text and in its

FIG. 1 Indian ink preparation of left patellar articular
surface, viewed en face, from a woman aged 24 years,
showing confluent and semi-confluent blackening on the
medial part of the medial facet (M) and on the periphery
of the cartilage near the distal edge (D). Dark markings
against apale grey background (A) extend in approximately
parallel alignment across the surface from the proximal
edge. Note also the transverse cracks (arrow)

FIG. 2 Indian ink preparation of left patellar articular
surface from a man aged 70 years. Most of the cartilage
shows a confluent blackening; some areas showing dark
markings against a pale grey background (A) are also seen.
Patellar edge (e)

accompanying figures. Occasionally a more central
area of exposed cartilage on which the superficial
layer had been destroyed showed less blackening than
the expected amount, because the thinned area had a
relatively smooth surface without the deep splitting
usually seen in overt fibrillation. Sites of full-thickness
loss of the original cartilage (Figs 3 and 4) showed a
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FIG. 3 Part of the left patellar surface from a woman
aged 88 years, showing an area offull-thickness cartilage
loss and bone exposure, with linear highlights. An angled
vertical cut has been made through one side ofthe specimen:
the cutface shows a wedge-shaped segment ofold cartilage
(C) with destructive thinning. The apex of the wedge
(arrow) abuts on the area offull-thickness cartilage loss
and bone exposure

FIG . 4 Lateral aspect of thefemoral surface opposing the
patella illustrated in Fig. 3. There is a large area offull-
thickness cartilage loss and bone exposure, with linear
highlights

surface of exposed bone; the exposed bone was

sometimes interspersed with plugs of new non-

osseous tissue. On a few occasions 'central osteo-

phytosis' was apparent, and such areas are included
with the percentages given for full-thickness cartilage
loss.
The individual results for the percentage of the

articular surface area involved by overt destructive
changes and peripheral fibrous covering are depicted
for the left patello-femoral joint in Figs 5, 6, and 7
(overleaf).
The means of these results calculated by age-

decade, separately for each sex, are shown in
Fig. 8 (overleaf).

It will be appreciated that point-counting figures
obtained from subjects in the age-decade 0 to 9 years
were not strictly comparable with those from teenagers
and adults, because of the smaller total area ofthejoint
surfaces in childhood, and because of the possibility
that immaturity of the articular and juxta-articular
surface might in itself affect the appearance on
painting with indian ink. In the case of the later
age-decades, the results (Figs 5, 6, and 8) show that
overt destructive changes at the patello-femoral
articulation were extremely common amongst
adults, and that they were often also apparent in
teenagers.
Within each age-decade there was variation between

individuals (Figs 5 and 6) in the percentage area of
overt fibrillation and peripheral fibrous covering
and, for older subjects, in the percentage area of
full-thickness cartilage loss and in the presence or
absence of osteophytosis at the articular margin. For
technical reasons it was not practicable to study total
body weight as a possible influence on this individual
variation. It was also impracticable to obtain occu-
pational histories (Kellgren, 1961); for geographical
reasons it is likely that few or none of the men had
been coal-miners.
The results according to age (Figs 5, 6, and 8)

indicate that overt destructive change, subject to the
variation from individual to individual in its rate of
development, sooner or later involved virtually the
whole of the patellar and, particularly in women, a
considerable proportion of the opposing femoral
surface. The average rate of development was
relatively slow in terms of the expected total life-span
of an individual: amongst the Liverpool population
it can be estimated that on average approximately
50 per cent. of the male and 55 per cent. of the female
left patellar surface, and approximately 30 per cent.
of the male and 40 per cent. of the female opposing
left femoral surface, had developed overt damage by
the age of 50 years (Fig. 8). Particularly after the age
of 50 years, the percentage area affected tended to be
greater in women than in men, especially on the
femoral surface (Figs 5, 6, and 8); sex differences in
the point-counting results may perhaps be partly
related to the fact that the total area of the patellar
articular surface was on average smaller in the women
(Table, overleaf).
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FIGS 5 AND 6 Histograms of individual results for the patello-femoral component of 98 left knee joints, showing the
percentage ofthe articular cartilage surface area affected by overt destructive change; the percentages shown also include
sites ofperipheralfibrous covering. The results are grouped in age-decades, separatelyfor each sex. Within each age-decade
the patellar percentages are arranged in increasing order of magnitude; for each individual the result, where available,
for the opposingfemoral surface is shown horizontally opposite that for the patella (Key in Fig. 7)

OVERT CARTILAGE FIBRILLATION
(INCLUDING PERI PHERAL
FIBROUS COVERING)

* 0 0 0 FULL-THICKNESS CARTILAGE LOBS

OSTEOPHYTOSIS

N NO FE MORAL DATA

0 NO OVERT FIBRILLATION

FIG. 7 KeytoFigs5,6,and9

Taking the results as a whole, overt changes on
the opposing femoral surface tended to develop in
parallel with those on the left patellar surface, but,
particularly in older men, the percentage area of
femoral change tended to be less extensive (Figs 5,
6, and 8). In both men and women, the total amount
of overt surface change was in general similar between
the left and right patellae of the same individual
(Fig. 9), although it will be noted that a more extensive

Table Total point counts obtained from photographic prints at a magnification of x2 from a representative
selection ofpatellar articular surfacesfrom men and women in the age range 20-89 years
Sex Left Right

No. of Totalpoints No. of Totalpoints
specimens specimens

Mean Range Mean Range

Male 13 172 142-212 6 176 149-224
Female 20 142 109-181 7 135 106-173
The medial and lateral portions of the surface were photographed separately en face. The counts were made using a grid with the points arrayed
at the corners of squares 5 mm.2 in area.
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FIG. 8 Graphs of the means for each age-decade of the surface percentages affected by overt destructive cartilage
changes andof the surface percentages showing allpatterns of dark ink markings against a pale grey background. Sites of
peripheralfibrous covering are included with the percentages shownfor overt destructive changes

0/h Surface affected
o 25

I

full-thickness cartilage loss was observed on the right
side in five of the thirty subjects used for the left-right

Right patellar patella comparison.
Full-thickness cartilage loss was not observed in51o 7,5 loc any of the subjects aged 0 to 49 years. In the case of

the left patello-femoral articulation in subjects aged
50 or more years, fifteen of 26 women and nine of 29
men showed an area of full-thickness cartilage loss

O 00_ ~ ~and bone exposure (Figs 3 and 4) on the patellar or
opposing femoral or both surfaces (Figs 5 and 6);
in eight of the women and in two of the men, the
area of full-thickness loss occupied more than 10
per cent. of one or both of the opposing surfaces;

FIG. 9 Histogram of results for the percentage of the
patellar articular cartilage surface area affected by overt
destructive change compared in the left and right knees of
the same individual; the percentages shown also include
sites ofperipheralfibrous covering. The results are grouped
separately for each sex, and arranged in increasing order of
magnitude of the left patellar percentages (Key in Fig. 7)
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the figures quoted include those subjects in whom
quantitative data was obtained from the patellar
surface only. In the case of the right patellar surface
in subjects aged 50 or more years, four of twelve
women and three of ten men showed an area of full-
thickness cartilage loss and bone exposure; in three
of the women and in three of the men this area
occupied more than 10 per cent. of the right patellar
surface.

Marginal osteophytosis (Figs 5 and 6) at the
patello-femoral articulation was observed only
amongst subjects aged 50 years or more. In the
women from this age-range there was mostly a good
correlation between the presence or absence of full-
thickness cartilage loss on the left patellar or opposing
femoral or both surfaces and the presence or absence
of marginal osteophytosis on one or both of the
opposing faces. In the men, however, the correlation
was often poor, this poor correlation being due
partly to the presence of minor degrees of osteo-
phytosis on a number of the male patellae from
articulations which had no full-thickness cartilage
loss on either of the opposing surfaces. For both
sexes the presence or absence of marginal osteo-
phytosis on the patella showed a good correlation
between the left and right sides (Fig. 9).

In its earlier stages (Fig. 1), overt fibrillation of the
patellar cartilage particularly affected the medial
part of the medial facet and the periphery of the
articular surface, the phenomenon sometimes being
accompanied by peripheral fibrous covering. In
later stages (Fig. 2), no anatomical site on the patellar
surface was immune from damage by overt fibrilla-
tion. When there was an area of full-thickness loss of
patellar cartilage with bone exposure (Fig. 3), this
was usually sited on the lateral and central aspects
and did not initially involve the medial part of the
medial facet, thus initially sparing one of the main
sites first affected by overt fibrillation. Bone exposure
on the opposing femoral surface (Fig. 4) was usually
sited on the central or on the lateral and central
aspects. Further analysis of the topographical
distribution of age-related cartilage changes at
various stages is the subject of a separate study
(Emery and Meachim, unpublished).

PERIPHERAL FIBROUS COVERING
Vertical sections from a representative series of the
adult patellae were examined histologically to
investigate the contribution of fibrous covering to
the data obtained for confluent or semi-confluent
blackening of the surface. A peripheral covering
layer of fibrous tissue (Fig. 10) over the cartilage at
one, two, or more poles was observed in the majority
of the patellae thus examined. Extension of the
covering for a distance of more than 1 mm. on to the
articular face was infrequent at the proximal, distal
and lateral poles; at the medial pole, in contrast,

FIG. 10 Photomicrograph of vertically-cut histological
section through the periphery of one pole of a patellar
articular surface. The cartilage (C) has a covering layer of
fibrous tissue (F) with a thin leading edge (arrows). Indian
ink preparation. Toluidine blue x150

extension for distances of from 2 to 6 mm. on to the
medial facet was not uncommon, although in other
instances no fibrous covering at this polewas apparent.
At all poles minor amounts of peripheral covering
can occur in the absence of any obvious destructive
thinning of the cartilage beneath the fibrous tissue,
but at the medial pole a more extensive cover was
usually associated with overt destructive changes in
the underlying cartilage of the medial facet.

Plaques of fibrous tissue on more central parts of
the cartilage surface were sometimes noted at sites
where the cartilage was deeply fibrillated or showed
full-thickness loss, but otherwise were exceptional.

'Minimal fibrillation'

The quantitative results will now be presented for
surface areas in which the cartilage showed various
patterns of dark ink markings against a pale grey
background. In adults this appearance can be
termed 'minimal fibrillation', since histology of
vertical sections shows that in adults it is usually
associated with minor degrees of splitting at the
cartilage surface (Meachim, 1972a). In children,
however, the significance of the appearance is
sometimes debatable, since in childhood certain
patterns of ink markings can form on surfaces which
seem to be essentially intact when subsequently
examined histologically in vertical sections at a
magnification of x150 (Meachim and Emery,
unpublished). The mean percentage areas showing
dark markings of all types, regardless of pattern, are
depicted for the left patello-femoral articulation in
Fig. 8. It will be seen that the total area showing this

.....
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X IG. 1I1 Part of femoral surface of patello-femoral
articulation from a man aged 40 years. Dark markings
against a pale grey background (A) are seen running in
approximately parallel alignments; an area of confluent
blackening is also seen, at the left of the field. Indian ink
preparation viewed en face

appearance became extensive during the earlier
age-decades; in older subjects, except on the male
opposing femoral surface, the area affected gradually
decreased, presumably because the sites concerned
were replaced or overrun by the extensive develop-
ment of overt fibrillation.
At the patello-femoral articulation the dark

markings showed two main types of patterns:
(1) Sites with macroscopic linear markings in

parallel alignments (Fig. 11);
(2) Sites with other, more complex, patterns.
For 86 of the patellar and 83 of the femoral

specimens, the quantitative results were further
subdivided according to the macroscopic pattern of
markings. The mean percentages determined separ-

ately for areas showing macro-
scopic parallel linear markings

Left patellar are depicted for the left patello-
femoral articulation in Fig. 12;
at all ages this pattern of mark-
ings is indicative of one type of
'minimal fibrillation'.

I -

20 40 60 80

Opposing femoral

20 40 90 8

Cartilage surface showing dark ink morkings against a pole grey
background: parallel linear pattern

FIG. 12 Graphs ofthe meansfor each age-decade ofthe surfacepercentages showingparallel linear macroscopicpatterns
of dark ink markings against a pale grey background, an appearance which represents one form of 'minimal fibrillation'
of the cartilage surface
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Discussion

A random series of necropsy subjects may not be
representative of comparable age and sex groups
amongst the living population. This objection applies
particularly to necropsy studies based entirely on
patients dying of disease in hospital. In the present
study an attempt was made to meet in part this
objection by including, as far as practicable, subjects
dying from accidents and subjects dying outside
hospital suddenly or unexpectedly from natural
causes. It may thus be assumed that the present
results are reasonably representative of the state of
the patello-femoral articulation amongst the popula-
tion of the Liverpool area. The study was made on
white persons only, to permit comparison with
Indian data from New Delhi (Roy, Emery, and
Meachim, unpublished).
The results indicate that destructive cartilage

lesions are extremely common at the patello-femoral
articulation amongst Liverpool adults, and that
they are often already apparent in teenagers. It is a
matter of speculation whether or not children
younger than this might develop cartilage surface
alterations which later predispose to the onset of
actual fibrillation: in this context a distinction has
to be made between hypothetical alterations of a
potentially harmful nature and alterations attribut-
able simply to cartilage maturation (Meachim,
1969). In adults, the destructive process, subject to
variation between individuals in its rate of develop-
ment, can with ageing progress in the sense of
spreading across the articular surface to involve
eventually virtually the whole of the patellar and,
particularly in women, a considerable proportion of
the opposing femoral cartilage; the destructive
process can also progress in the sense of vertical
spread to give rise to areas of full-thickness cartilage
loss with bone exposure amongst some persons aged
over 50 years. The average 'rate of progression' in
either of these senses is relatively slow in terms of the
total life span of an individual.
The present quantitative results from the patello-

femoral articulation are in line with the qualitative
observations made by Bennett and others (1942) on
changes in the knee joint at various ages. Goodfellow
and Bullough (1967) have observed similar age-
changes in the radio-humeral joint; they noted also
that the cartilage of the humero-ulnar joint, in
contrast, shows no such pattern of degeneration.
Thus the susceptibility of articular cartilage to 'wear'
(Radin and Paul, 1972) varies according to site
(Meachim, 1969), and would seem to be partly
dependent on factors such as the geometrical shape
of an articular surface and the type of movement
which takes place at the joint concerned (Goodfellow
and Bullough, 1967).
The present results are relevant to the question

of the pathogenesis of the cartilage lesions in patients
presenting clinically with patello-femoral osteo-
arthrosis. In the case of patients with morphological
changes caused by an 'osteoarthritic' factor, such
as a mechanical abnormality of the joint, acting
independently from the effects of ageing, the results
suggest that such lesions are likely often to be
superimposed on lesions caused by ageing, and that
in many such patients patello-femoral osteoarthritic
changes and age changes are unlikely to develop at
topographically independent sites. The results,
especially those from women, also support the
suggestion (Bennett and others, 1942) that in the
elderly ageing in itself may alone sometimes cause
sufficient patello-femoral damage to constitute
osteoarthrosis, since the destructive cartilage lesions
observed in the present study would seem, in their
advanced form, to be basically similar to those
observed in surgically excised femoral heads from
patients with clinical evidence of osteoarthrosis of
the hip (Meachim, 1972b). This conclusion does not
necessarily imply that patello-femoral osteoarthrosis
due solely to ageing is of any major numerical
importance in terms of its contribution to the total
amount of clinically significant patello-femoral
osteoarthrosis in the Liverpool population.
The present findings are also relevant to dis-

cussions of the pathology of chondromalacia patellae
(0wre, 1936; Wiles, Andrews, and Devas, 1956;
Outerbridge, 1961; Bentley, 1970), since they show
that the appearance of the patellar articular surface
in patients with this clinical condition needs to be
assessed in terms of how far it differs quantitatively
or qualitatively from that in specimens matched by
age and sex from amongst the general population.

Summary and conclusions

A quantitative study of destructive cartilage changes
in the patello-femoral component of the knee joint
has been made in a random series of necropsies in
Liverpool on 98 white subjects (53 male; 45 female)
whose ages ranged from 4 weeks to 94 years. Data
obtained by point-counting of indian ink prepara-
tions of the patellar and of the opposing femoral
articular surfaces was analysed separately for each
age-decade and for each sex.
The results indicate that overt destructive cartilage

changes are extremely common at the patello-
femoral articulation amongst Liverpool adults, and
that such changes are often apparent in teenagers.
Within each age-decade there is variation between
individuals in the percentage area of overt fibrillation,
and, for older subjects, in the percentage area of
full-thickness cartilage loss and in the presence or
absence of osteophytosis at the articular margin.
With increasing age, overt destructive change,
subject to the variation from individual to individual
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in its rate of development, sooner or later involves
virtually the whole of the patellar and, particularly
in women, a considerable proportion of the opposing
femoral surface. Although its average rate of develop-
ment is relatively slow in terms of the expected total
lifespan of an individual, the destructive process can
give rise to areas of full-thickness cartilage loss with
bone exposure amongst some persons aged over 50

years. These observations on necropsy material are
discussed in relation to patients presenting clinically
with patello-femoral osteoarthrosis.

We are grateful to Dr. M. J. Bouton, Dr. J. Burns, Dr.
P. H. Buxton, Dr. E. Glazowski, Dr. M. J. J. Wodzinski,
and Dr. A. S. Woodcock for their co-operation during the
collection of specimens.
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