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SCIENTIFIC PAPERS

A 12 year follow up study in the general population
on prognostic factors of cartilage loss in osteoarthritis
of the knee
Jan S A G Schouten, Frank A van den Ouweland, Hans A Valkenburg

Abstract
The natural history and prognostic factors of
cartilage loss in osteoarthritis of the knee
were studied in subjects from a general
population survey on rheumatic diseases in
1975-8. Baseline data were collected by
questionnaire, physical eam ation, and
weightbearing anteroposterior knee radio-
graphs. Follow up of the subjects aged 46-8
years with radiological osteoarthritis grade
2-4 (Keligren) took place in 1988-9. Cartilage
loss was assessed by two observers who
scored the change in joint space width
between two radiographs. Thirty four per cent
had cartilage loss. Prognostic factors and
adjusted odds ratios (ORs) (95% confidence
intervals) were: body mass index OR= 11l1
(3.3 to 37.3) fourth v first quartile; body
weight OR=7-9 (2-6 to 24.0) third v first
tertile; age OR=3-8 (1.1 to 13-4) >60 v -49
years; Heberden's nodes OR=6-0 (1.5 to
23-1); clinical diagnosis of generalised osteo-
arthritis OR=3-3 (1-3 to 8.3); and previous
bow legs or knock knees OR=5-1 (1.1 to 23-1).
The relation of age with cartilage loss was
also confounded by the presence ofHeberden's
nodes or a diagnosis of generalised osteo-
arthritis. There was no statistically significant
relation for gender, meniscectomy, injury,
uric acid concentration, chondrocalcinosis,
smoking, and occupation related factors,
except possibly standing.
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Insight into the natural history and prognostic
factors of a disease is needed to influence its
course. For such a common disease as osteo-
arthritis of the knee, however, surprisingly little
is known about the natural history and prognostic
factors. '" The few longitudinal studies on the
natural history"7 have shown that the outcome
based on symptoms, signs, and radiological
changes varies greatly between subjects. These
studies included only a few subjects, however,
were retrospective in design, and most often
based on selected patients from a hospital. Few
prognostic factors were studied. Therefore they
are of limited value for the study of prognostic
factors to explain the variability in outcome. In
a large longitudinal population based study, the
National Health and Nutrition Examination
Survey-I Epidemiologic Follow-up Study, the
natural history of radiological osteoarthritis of
the knee was studied with mortality, symptoms,
and functional limitations as outcome.8 Changes

in the radiological signs of osteoarthritis,
however, were not investigated. Only pain and
swelling at baseline were evaluated as prognostic
factors for pain and functional ability as
outcome, but others were not.

Several prognostic factors could possibly
explain the variability in outcome of osteo-
arthritis of the knee. These could have an
influence on its progression through several
mechanisms. Mechanical influences, increased
joint use-for example, during work or sporting
activities and traumatic events such as a
meniscectomy-have been suggested as prog-
nostic factors for cartilage defects.9 Obesity is
also believed to be a prognostic factor, possibly
due to increased knee loading, as patients with
osteoarthritis of the knee are advised to reduce
their weight.'0 In one study it was reported that
obesity was a prognostic factor," but no
relation was found in two other studies.
Another mechanism could be increased inflam-
mation in the joint due, for example, to gout or
chondrocalcinosis. Chondrocalcinosis occurs
more often in severe osteoarthritis,12 13 though
this could not be confirmed in a population
based study.'4 There could also be a (genetic)
predisposition to develop more severe osteo-
arthritis. Generalised osteoarthritis or
Heberden's nodes may reflect a genetic pre-
disposition to the development of osteoarthritis
in several joints,'5 sometimes due to an abnor-
mality of type II collagen gene. -18
There is a need to elucidate factors that can

prevent progression of osteoarthritis of the knee
and for which longitudinal studies are preferred.
In a general population survey for the study of
rheumatic diseases that took place between 1975
and 1978 data were collected to study the
prognostic factors of osteoarthritis of the knee.
These factors are related to cartilage loss as a
measure of progression and as all subjects
studied had osteoarthritis at baseline this study
does not elucidate factors related to the occur-
rence of osteoarthritis of the knee.

Subjects and methods
POPULATION SURVEY IN 19758
From 1975 to 1978 a population survey was
undertaken in the Dutch town of Zoetermeer.
The aim of this survey was to study the
prevalence and risk factors of several chronic
diseases, especially rheumatic diseases, in
subjects aged 20 years and older. Data were
collected by a self administered questionnaire,
physical examination, radiographs, and serum
analyses.
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In the questionnaire information was obtained
about gender, age, current physical activities
(jogging or membership of a sporting club), and
smoking.

Physical examination consisted of the assess-
ment of Heberden's nodes and a diagnosis of
generalised or localised osteoarthritis, and the
measurement of body weight and length. Pre-
sence in at least one joint was considered to be
positive for Heberden's nodes. A doctor
diagnosed localised osteoarthritis or generalised
osteoarthritis based on a physical examination
without knowledge of the radiographic findings.
A diagnosis of localised osteoarthritis was made
when clinical osteoarthritis was considered to be
present in one or two joint groups; a diagnosis
of generalised osteoarthritis was made when
three or more joint groups were affected. Body
weight and length were measured with indoor
clothing without shoes. The body mass index
was calculated as weight divided by squared
height (kg/M2).

Radiographs of the knees were taken in
people aged 45 years and over as weightbearing
anteroposterior radiographs. These were scored
on a five point scale (0-4) in 1975-8 according
to Kellgren et al.'9 Two observers scored the
first half of the radiographs. As one observer
left the department during the survey, the
second part of the radiographs were scored by a
single observer (HAV). If the difference in score
between the two observers was two or more or if
one had scored 1 (doubtful) and the other had
scored 2 (definite, but mild), the radiographs
were reviewed by the two observers together
during a consensus meeting. A score of grade 2
or more was considered to be positive for
radiological osteoarthritis. If no consensus
reading was necessary the highest score of the
two observers was used in the analysis.
Serum analysis included the assessment of

serum uric acid concentrations.

FOLLOW UP IN 1988-9
In 1988-9 a follow up took place of all the
subjects born after 1909 who had a radiograph
taken of the knees and also had a score of grade
2 or more in at least one knee joint.
The subjects with a score of grade 2 or more

at baseline were asked to fill in a self admini-
stered questionnaire. This questionnaire
included questions about trauma to the knee
joint, sporting injuries to the knee joint,
meniscectomy, and the presence of bow legs or
knock knees in childhood. An occupational
history was also included with detailed questions
about the type of occupation, number of years
of employment in these jobs, lifting heavy
objects, knocking one's knee, andother questions
about knee loadings (hours ofwalking, standing,
squatting, kneeling, and crawling). These last
three aspects were combined in one question. A
score based on a scoring system developed by
another institution was given for the physical
demands of the jobs.20
The radiographs taken at baseline were re-

evaluated in 1989 independently by two observers
according to the same procedures and criteria as
in 1975-8. If the score on the radiograph was
confirmed to be 2 or more then the subject was

included in the analysis. For those who had
bilateral osteoarthritis determined radio-
graphically only one randomly assigned knee
was used in the analysis. During the second
reading in 1989 chondrocalcinosis was scored
separately on a four point scale (0-3) for the
medial and lateral joint spaces. The medial and
lateral scores were added because of the small
number of subjects, and the mean score of the
two observers combined. A mean score of 0 5 or
more was regarded as positive for chondro-
calcinosis.

In 1988-9 the radiographs of the knee joint
were taken in the same way as at baseline in
1975-8. The only outcome measure used in this
study was cartilage loss, scored as the change in
joint space width between the two radiographs
and assessed independently by two observers
without any knowledge of other data. The
observers scored the change in joint space width
between the radiograph taken at baseline and
the radiograph taken at follow up with the two
radiographs placed side by side on the screen.
The score, on a nine point scale, ranged from
-4 to +4 depending on whether there was a
decrease or increase in joint space width.
Change in joint space width was scored for the
medial and lateral side separately. The mean of
the scores of the two observers was calculated
and used in the analysis except when the
difference was 3 or more or if one had scored -2
and the other 0 or -1 and +1. These radio-
graphs were judged again during a consensus
meeting of the two observers. With this
procedure coding errors were corrected and
discrepancies around the point of whether or
not there was change were critically reviewed.
When there was a difference in change between
the two knee compartments, lateral and medial,
the compartment with the largest decrease in
joint space width or the smallest increase was
used in the analysis. The reason for this choice
was that cartilage loss in one compartment may
result in widening of the other. A mean score of
-1 or lower was considered to indicate cartilage
loss and this cutoff point was assessed before
any association was analysed. The outcome
measure was dichotomised (though it was
assessed as an ordinal variable on a nine point
scale) to compare those subjects with to those
subjects without cartilage loss and to be able to
apply a logistic regression analysis to adjust for
confounding variables.

STATISTICAL ANALYSIS
The (baseline) characteristics for the total group
were calculated and cutoff points determined
for several continuous prognostic factors. Age
was categorised in five year age intervals.
Cutoff points for body mass index were quartiles
and cutoff points for body weight and uric acid
concentrations were tertiles. The scores based
on the answers to the questionnaire for occu-
pation related factors or the score for physical
activity were multiplied with the years of
employment in that job, including the years
between the first and second radiograph, and all
these values were added for all the jobs a
respondent had had to form one sum score. In
the analysis cutoff points were based on these
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Table I Response, radiological diagnoses, and cartilage
loss in subjects with radiological osteoarthritis (ROA) of
the knee

No (%) of
subjects

ROA grade 2 or more at baseline
Died
Lost to follow 'up

Eligible for follow up
Response

Radiographs judged in 1989
ROA grade 2 after re-evaluation

Bilateral osteoarthritis
Right knee
Left knee

Radiographs from 1975 to 1978
Grade 2 (1989 score)
Grade 3 or 4 (1989 score)

Radiographs from 1988 to 1989
Grade 0 or I
Grade 2
Grade 3 or 4

Cartilage loss

422
58 (14)
36 (9)

328 (78)
239 (73)

233
142 (100)
51 (36)
95 (67)
98 (69)

121 (85)
21 (15)

15 (11)
58 (41)
69 (49)

48 (34)

Table 2 Characteristics of subjects with radiological
osteoarthritis of the knee

Mean (SD) duration of follow up (years) 12 2 (0-9)
Mean (SD) age at baseline'(years) 57 2 (6-1)
Age range at baseline (years) 46-68
Mean (SD) age at follow up (years) 68-8 (6-1)
Age range at follow up (years) 58-79
Mean (SD) body mass index (kg/m2) (B)* 26-4 (3 0)
Mean (SD) body weight (kg) (B) 73-9 (10-5)
Mean (SD) uric acid concentration (mg/I)

(B) (n= 141) 51 (14)
Gender (male/female) 58/84 (41/59)
No (%) with meniscectomy (F)* 13 (9)
No (%) with injury to the knee joint (F) 27 (19)
No (%) with injury to the knee joint

during sport (F) 19 (13)
No (%) with jogging or member of sporting

club (B) 25 (18)
No (%) with childhood bow legs or knock

knees (F) 10 (7)
No (%) with chondrocalcinosis (B) 13 (9)
No (%) with Heberden's nodes (B) 15 (11)
No (%) with diagnosis of generalised

osteoarthritis (B) 38 (27)
No (%) with diagnosis of localised

osteoarthritis (B) 47 (33)
No (%) smoking (B)
Never smoked 53 (37)
Smoked in past 44 (31)
Current smoker 45 (32)

'B=assessed at baseline; F=assessed at follow up.

sum scores and tertiles were chosen as the cutoff
point. When, however, more than one third had
a score of 0, the cutoff point was set at 0 and the
other cutoff point divided the group with a

score of more than 0 into two groups of equal
size.
The percentage of subjects with cartilage loss

was calculated for several prognostic factors.
The odds ratios (ORs) and 95% confidence
intervals were calculated as the measure of
effect and precision respectively. A logistic
regression model was used to adjust for possible
confounders. For this model it is necessary to
have a dichotomised variable (0/1) as a dependent
variable-in this study absence or presence of
cartilage loss. Every variable was adjusted for
age, gender, and body mass index.

Results
Table 1 gives the response and radiographic
findings in 1975-8 and 1988-9. Thirty four per
cent of subjects had cartilage loss in the affected
joint over a 12 year period. Table 2 gives the
characteristics of the subjects.

Tables 3 and 4 give the percentage of subjects
with cartilage loss and the unadjusted ORs
with 95% confidence intervals for several
prognostic factors. Body mass index, body
weight, uric acid concentration, chondro-
calcinosis, Heberden's nodes, and a diagnosis of
generalised osteoarthritis were all related to
cartilage loss. Age, gender, meniscectomy,
(sport) injury to the knee joint, bow legs or
knock knees, jogging or member of a sporting
club, diagnosis of localised osteoarthritis, and
smoking did not show a relation with cartilage
loss.

Tables 3 and 4 also show the results after
adjusting for the potential confounders age,
gender, and body mass index. Age, body
mass index, weight, bow legs or knock knees,
Heberden's nodes and generalised osteo-
arthritis were related to cartilage loss. Adding
Heberden's nodes or generalised osteoarthritis
to the model with gender, body mass index,

Table 3 Cumulative risks, unadjusted and adjusted odds ratios of categorised continuously distributed prognostic factors
assessed at baseline for cartilage loss in 142 subjects with radiological osteoarthritis of the knee from the general population

No (%) with Odds ratio Adjusted odds
progression/total (95%/ C,)' ratio (950/0 CI)'

Age (years) (B)14
45-49 5/22 (23) 1 1
50-54 10/,6 (28) 1-31 (0-38 to 4-50) 2-21 (0-57 to 8-66)
55-59 9/31 (29) 1 39 (0 39 to 4 92) 1-94 (0-49 to 7-61)
>60 24/53 (45) 2-82 (0-90 to 8-76) 3-84 (1-10 to 13-4)

Body mass index (kg/m2) (B)§
<24.35 5/35 (14) 1 1
24.35-25.96 7/34 (21) 1-56 (0 44 to 5 49) 1-77 (0-48 to 6-50)
25.97-27.73 14/36 (39) 3-82 (1-20 to 12-2) 5-28 (1-54 to 18-1)
>27.73 22/37 (60) 8-80 (2-78 to 27-8) 11-1 (3 28 to 37-3)

Weight (kg) (B)§
<69 7/45 (16) 1 1
69-78 16/51 (31) 2-48 (0-91 to 6-74) 2-95 (1-03 to 8-46)
>78 25/46 (54) 6-46 (2-39 to 17-5) 7 94 (2-62 to 24-0)

Uric acid concentration (mg/I) (B)M
<43 10/45 (22) 1 1
43-54 17/48 (35) 1 92 (0-77 to 4-81) 1-05 (0-36 to 3 00)
>54 21/48 (44) 2-72 (1-10 to 6-73) 1 36 (0-46 to 4 02)

*95% confidence interval.
tB=assessed at baseline.
tAdjusted for gender and body mass index.
SAdjusted for gender and age.
¶Adjusted for age, gender, body mass index; n= 141.
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Table 4 Cumulative incidence and unadjusted and adjusted odds ratios of categorised prognostic factors for cartilage loss
in 142 subjects with radiological osteoarthritis of the knee from the general population

Parameter* Culative incidence (%) Odds ratio (95% CI)t Adjusted odds ratio4
(95% CI)

Prognostic factor

Absent Present

Gender (male=0, female=1)S 40 30 0-65 (0-32 to 1-30) 0 50 (0-22 to 1-11)
Meniscectomy (F) 33 46 1-78 (0-56 to 5-61) 2-28 (0 57 to 9 03)
Injury to the knee joint (F) 30 48 2 12 (0 90 to 4-98) 2-62 (0 93 to 7-36)
Sport injury to knee joint (F) 35 26 0-66 (0-22 to 1-97) 0-62 (0-17 to 2-19)
Jogging or member of sporting club (B) 36 24 0-56 (0-21 to 1-52) 0-53 (0-17 to 1-68)
Bow legs or knock knees (F) 32 60 3-21 (0-86 to 12-0) 5-13 (1-14 to 23-1)
Chondrocalcinosis (B) 31 62 3 56 (1-10 to 11-6) 2-01 (0 55 to 7 42)
Heberden's nodes (B) 30 67 4-68 (1 50 to 14-6) 5 97 (1-54 to 23-1)
Diagnosis of generalised osteoarthritis (B) 25 58 4-13 (1-89 to 9 02) 3-28 (1-30 to 8 27)
Diagnosis of localised osteoarthritis (B) 33 36 1-17 (0-56 to 2 43) 1-17 (0-51 to 2 72)
Smoking (B)
Never smoked 32 - 1 1
Smoked in past - 39 1-33 (0 58 to 3 08) 1-07 (0-38 to 3 04)
Current smoker (at baseline) - 31 0-% (0-41 to 2 25) 0-96 (0-34 to 2-75)

*B=assessed at baseline; F=assessed at follow up.
t95% confidence interval.
fOdds ratio adjusted for age, gender, and body mass index.
SAdjusted for age and body mass index.

Table S Unadjusted and adjusted odds ratios of several occupation related prognostic
factors for cartilage loss in 105 subjects with radiological osteoarthritis of the knee from the
general population who had been or still are employed

Prognostic factor Odds ratio* (95% CI)f Adjusted (dds ratio*t
(95% CI)f

Physical activity
Medium 1-28 (0-48 to 3 38) 1 50 (0-48 to 4-69)
High 1-00 (0-37 to 2-69) 0-43 (0-11 to 1-76)

Walking
Medium 1-85 (0-67 to 5:13) 2-09 (0 61 to 7 20)
High 1 98 (0-72 to 5 44) 1-47 (0-36 to 6 03)

Standing
Medium 3 45 (1 20 to 9 95) 3-80 (1 03 to 13 96)
High 2 57 (0-87 to 7 61) 2-09 (0 43 to 10 31)

Squatting, kneeling, crawling
Medium 0-67 (0 25 to 1-81) 1-18 (0-36 to 3 89)
High 0-42 (0 15 to 1-22) 0-31 (0 09 to 1 04)

Knee knocking
Medium 051 (019 to 135) 071 (022 to 224)
High 0 56 (0-21 to 1 50) 0-36 (0 11 to 1 15)

Lifting heavy objects
Medium 0-92 (0-35 to 2 46) 1 00 (0 33 to 3 02)
High 0-% (0-36 to 2 51) 0 65 (0 19 to 2-28)

*Lowest level as reference for every prognostic factor.
195% confidence interval.
tAdjusted for age, gender, and body mass index.

and age, however, reduced the ORs for the age
strata and they lost statistical significance (OR
(95% CI): 2-05 (0-54 to 7 94), >60 years v
45-49 years). The relation between chondro-
calcinosis and cartilage loss was confounded as
was shown by the reduction of the OR after
adjusting for age, gender, and body mass index.
This relation was confounded most by the body
mass index, after adjusting for age and gender
alone the OR (95% CI) was 3-12 (0-92 to 10-5).
Of the occupation related factors only standing
(medium versus lowest tertile) was related to
cartilage loss (table 5).

Discussion
In this study osteoarthritis of the knee was
assessed in the general population according to
the methods described by Kellgren,19 which
are the most often used in epidemiological
research and recommended as the best classi-
fication method available for epidemiological

research.'9 21 22 For the study of prognostic
factors it is an improvement if false positives are
excluded and we therefore included only those
inwhom the presence ofradiologically detectable
osteoarthritis was confirmed. Although this
gives smaller numbers, the bias resulting from
studying a group with a large number of
subjects with doubtful or no osteoarthritis is
reduced. The large number excluded (91 of 233)
was partly due to the fact that half of the 233
films were read by a single observer (HAV) in
1975-8. Of these radiographs only 55% were
considered to have osteoarthritis when re-
evaluated in 1989 compared with 80% of the
radiographs read by two observers in 1975-8.
The one observer preferred to score with a high
sensitivity but with a concomitant low specificity
not to lose information. Lateral radiographs
were not taken at baseline and could therefore
not be used to study the progression of osteo-
arthritis. We have taken lateral radiographs at
follow up in 217 subjects as part of a validation
study of the American College of Rheumatology
criteria for osteoarthritis of the knee (Schouten
et al, unpublished data).23 Preliminary results
indicate that the lateral radiograph did not
contribute much to the diagnosis ofosteoarthritis
if the presence of osteophytes was not only
assessed on the anteroposterior radiograph but
also on the patella on the lateral radiograph
(Schouten et al, unpublished observations). We
think that our results are still valid but the
generalisation is limited to the femorotibial
joint. Moreover it is difficult to score cartilage
loss of the patellofemoral joint on a lateral
radiograph. Cartilage loss is regarded as the
central pathological feature of osteoarthritis and
was therefore used as the only outcome for
disease progression in this study. Cartilage loss
could be assessed by scoring the joint space
difference between two radiographs taken more
than 12 years apart. Joint space narrowing is
considered to be the most important variable
to assess the progression ofknee osteoarthritis,"l
has good inter-reader agreement, test retest
correlation and construct validity, and scoring
the joint space was found to be superior to
measuring the joint space in detecting the
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correct time sequence of two consecutive radio-
graphs. " In our study the interobserver
agreement for joint space change was 86% (x
070). Intraobserver agreement was not assessed
but is likely to be even higher. Cartilage
thickness measured on anteroposterior radio-
graphs correlated with actual cartilage thick-
ness,24 but cartilage thickness on radiographs
was found to correlate imperfectly with cartilage
defects seen during arthroscopy.25 How these
results can be applied to the detection of
cartilage loss by judging change in joint space
width remains a subject for further study. No
other method is currendy available for the study
of progression of osteoarthritic abnormalities in
epidemiological research. If non-differential
misclassification can be assumed to be present,
the observed relations would be stronger. In our
study the radiographs were read as pairs (as in
the study of Altman et al ") to detect even small
changes. The readings of change in joint space
width were performed without any knowledge
of the other data except the presence of
chondrocalcinosis on the first radiograph,
thereby excluding the possibility of information
bias.

In this study there was a relation between age
and cartilage loss after adjusting for body
mass index and gender but this relation became
less strong and non-significant after adjusting
for Heberden's nodes or generalised osteo-
arthritis. Although women had cartilage loss
less often than men, women more often had
severe progression when progression of cartilage
loss had occurred (data not shown). Of the
prognostic factors considered to have a mech-
anical influence, body mass index and body
weight were found to be related to cartilage loss
in subjects with knee osteoarthritis (table 3),
confirming the observation of Altman et al that
obesity is related to the progression of osteo-
arthritis." On the other hand injury to the knee
joint and especially meniscectomy are unrelated
to cartilage loss. As these factors were queried at
follow up it cannot be excluded that these
occurred as a result of progression. The year in
which the injury or meniscectomy had taken
place was also recorded. When the analysis was
limited to those who had an injuiy before the
first radiograph was taken (16 subjects) the OR
was 2-15 (074 to 6 24) and for meniscectomy
(11 subjects) 1-12 (031 to 4-08). Repetitive
impulse loading may lead to progressive cartilage
loss.9 In certain occupations the stress on the
joint may be increased and a kneebending
requirement in employment is related to the
occurrence of osteoarthritis of the knee.26 27 A
relation is found in this study between occu-
pation related standing and cartilage loss. A lack
ofcyclic loading or continued pressure associated
with standing possibly influences cartilage
metabolism and results in cartilage loss28 29
because cyclic loading increases production of
cartilage matrix components.30 31 It must be
realised, however, that a selection of those
subjects with a predisposition to develop
progressive osteoarthritis for jobs with activities
where knee loading is reduced might have
occurred (healthy worker effect). This could
also explain why no effect of other more

traumatic occupation related factors was found.
It is unlikely that the results are influenced by a
change in employment as a result of progression
as none of the subjects with knee pain had
changed his or her job because of knee pain and
only two subjects received social security
payments because they were unable to work as a
result of knee pain. Jogging or being a member
of a sporting club (assessed at baseline) and
sporting injury (asked at follow up) were
unrelated to cartilage loss. This may also reflect
a kind of 'healthy worker effect.' For sporting
injuries it is also possible that the question was
not accurate enough because it was not asked
which knee had sustained the injury or when it
had happened. On the other hand it may be that
these activities were all within a physiological
range as the cartilage will adapt to its require-
ments. Immobilisation leads to thinning of the
cartilage and reduced proteoglycan production
in animals32 and repetitive loading leads to
increased production of cartilage matrix
components.30 31 Valgus or varus deformity
induces cartilage and bone changes similar to
those found in osteoarthritis in animal experi-
ments.33 The results support the idea that tibial
osteotomy could be beneficial in osteoarthritis
of the knee.' As the question about bow legs or
knock knees was asked in 1988-9, however, a
recall bias cannot be completely excluded. The
question about bow legs or knock knees referred
to the early (childhood) presence of these knee
abnormalities. Inflammation, possibly mediated
by interleukin 1, could influence cartilage loss.35
Inflammation may result from uric acid deposits
(high serum concentrations of uric acid) or
chondrocalcinosis. More severe osteoarthritis
occurs in patients with chondrocalcinosis.'2 13
In this study there was a relation between
cartilage loss and chondrocalcinosis and uric
acid but this was reduced after adjusting for
age, gender, and body mass index. The relation
between cartilage loss and Heberden's nodes
and a clinical diagnosis of generalised osteo-
arthritis suggests some systemic influence
on cartilage or a cartilage abnormality that is
present in all the joints. In our study we have
chosen to include all subjects with Heberden's
nodes because of the small number of subjects
affected. At baseline the score for Heberden's
nodes was determined for the right and left
hand but not separately for every distal inter-
phalangeal joint. The OR for those 12 subjects
with Heberden's nodes in both hands was 3-28
(0-98 to 1099). At follow up the nodes were
assessed for every distal interphalangeal joint
and the OR for those subjects with nodes in
three or more joints was 2-86 (061 to 13-47) and
1-07 (030 to 3 80) for those with one or two
nodes. We only used 129 subjects seen by one
observer in this analysis to exclude a bias as
some of those with knee pain who had more
often cartilage loss were examined by other
observers as part of a validation study of criteria
for knee osteoarthritis (Schouten et al, un-
published data). It is known that Heberden's
nodes and generalised osteoarthritis cluster in
families'" and may result from type II collagen
abnormalities. 168 This finding also agrees with
the observation of Doherty et al who showed
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that primary generalised osteoarthritis pre-
disposes to the development of secondary
osteoarthritis in the knee after meniscectomy,36
confirming that generalised osteoarthritis
reflects some general influence on cartilage or a
cartilage abnormality that is present in all the
joints.
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