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Rheumatoid arthritis (RA) is a chronic, inflammatory, multi-
system disease of unknown etiology. Patients have increased
morbidity and mortality and are susceptible to socioeco-
nomic hardship1-3. Many patients suffer iatrogenic compli-
cations, since the drugs used to treat RA such as
nonsteroidal antiinflammatory drugs (NSAID) and disease
modifying antirheumatic drugs (DMARD) are potentially
toxic4. Delineation of the course of disease in RA and effect
of medical intervention over protracted periods is a complex

task. In 1980, Fries categorized clinically relevant outcomes
that he designated the “Five D’s”: discomfort, disability,
drug side effects, “dollar” costs, and death5. Studies have
addressed each of these singly and often in the short term.
Few studies have attempted to define longterm RA outcome
since DMARD use became more frequent.

Recent proposals have highlighted the need for longterm
safety monitoring in RA6,7. Our center has followed a cohort
of 123 patients with RA over 20 years, having reported on
their progress at 10 years8. We have sought to apply the 5D
categories of outcomes to this patient group and have
described their baseline characteristics in terms of demo-
graphics, Ritchie Articular Index (RAI) of joint tenderness,
erythrocyte sedimentation rate (ESR) at disease onset, and
disability. These have been reassessed at 20 years and
details regarding RAI, functional index, drug therapy,
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ABSTRACT. Objective. Evaluation of a complex and variable disease such as rheumatoid arthritis (RA) poses a
challenge particularly over the medium to long term. A practical framework to evaluate clinically
relevant outcomes over the long term is the “5D” approach of Fries, described in 1980. We describe
the 20 year outcome in 52 survivors of a 123 patient cohort in terms of change in discomfort,
disability, drug side effects, dollar costs, and deaths.
Methods. We studied 123 patients with RA allocated to their first disease modifying antirheumatic
drug (DMARD) between 1977 and 1979. All were under the overall care of one physician over the
20 years and were maintained where possible taking a single DMARD. Baseline demographic vari-
ables, the Ritchie Articular Index (RAI), Lee functional index, and erythrocyte sedimentation rate
(ESR) were initially recorded. The extent to which the demographic and disease variables
contributed to need for joint replacement surgery was assessed. Therapies for comorbidity were also
documented.
Results. At cohort inception mean age was 50 years, RAI was 35, and median disease duration 5.5
years. F:M ratio was 90:33; 96% of patients were positive for rheumatoid factor (RF). Initial median
ESR was 55 mm/h. At 20 years, 9 patients (7% of original cohort, 14% of survivors) were lost to
followup and 62 (50%) had died. In the 52 survivors RAI, a surrogate for disability, showed a signif-
icant improvement (p < 0.0001), but disability measured by Lee functional index showed a deterio-
ration (p = 0.018); 50% underwent joint replacement surgery. Initial ESR and mean ESR over the
first 10 years of followup were significantly higher in those who required surgery. Nonsteroidal anti-
inflammatory drug (NSAID) use declined, but at least 2 deaths and 4 renal deaths that may have
been related to therapy were attributed to NSAID use. No unexpected DMARD toxicity or mortality
occurred. Concomitant therapy for comorbidity, in particular for cardiovascular disease, osteo-
porosis, and gastrointestinal disease, increased: more than 60% were on these therapies at 20 year
followup.
Conclusion. Strategies to improve the outcome of RA in all dimensions should include: earlier
referral for expert assessment; avoidance of NSAID gastrointestinal and nephrotoxicity; a more
intensive effort to identify effective management of comorbidity and those likely to have a poor
outcome. Such patients require sustained, intensive therapy to minimize later disability. 
(J Rheumatol 2002;29:2099–105)

Key Indexing Terms:
RHEUMATOID ARTHRITIS LONGTERM OUTCOME
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adverse drug events, control of the acute phase response as
measured by ESR, requirement for joint arthroplasty, and
treatment for comorbidity as surrogate markers for
economic costs and deaths in the intervening period have
been documented. Comorbidity was noted in the 10 year
followup and is assessed at 20 years in terms of drug therapy
requirements for cardiovascular disease, osteoporosis,
gastrointestinal (GI) involvement, and anemia.

Any longterm followup in RA inevitably has a historical
perspective. All specialties evolve and advance and manage-
ment improves substantially in the interim because of better
treatments or enhanced access to expert care. Nevertheless,
areas without rheumatology resources or individuals who
choose not to access such services run the risk of adverse
outcomes. Hence careful documentation of these cohorts
continues to provide valuable information.

At the inception of this study in 1977 there were 2.5 full-
time equivalent consultant rheumatology staff in the West of
Scotland for a population of 2.8 million. The patients seen
tended to have severe disease and were often referred late.
Hence this cohort had severe disease at the outset of the
study: entry criteria differ from current cohorts subsequently
recruited from our center. Many rheumatologists questioned
the value of DMARD available, and the repertoire of
“second-line drugs” was limited. Neither methotrexate
(MTX) nor sulfasalazine (SSZ) was in general use for RA in
the 1970s, and only in the context of a study in the early
1980s. Combination therapy was not studied in any mean-
ingful way until after 20 year followup was achieved.
Similarly, tumor necrosis factor-α (TNF-α) blockade was
not available.

Is there any value in reporting such historical series? We
believe that to know where we are, we need to know where
we have come from, hence this report.

MATERIALS AND METHODS
Study cohort. A cohort of 123 patients with RA who were prescribed their
initial DMARD between 1977 and 1979 have been followed for 20 years.
At the time of recruitment there was skepticism among many physicians
about the role of DMARD and only patients with active inflammatory
arthritis not responsive to full dose NSAID were offered this therapy. They
were entered into 2 consecutive studies: (1) 75 patients were randomly allo-
cated to gold, penicillamine, or levamisole; (2) 48 patients were random-
ized to gold or low dose levamisole. Details of these 2 studies were
published at 6 months8 and at the 10 year followup9, at which time 92
patients survived.

At outset, 96% were seropositive for RF and 44 had subcutaneous
nodules; 90 (73%) patients were female. Median age was 50 years (range
22–74), median disease duration was 5.5 years (range 1–40), median RAI
35 (4–58), median ESR 55 mm/h (range 5–139).

Drug therapy. A policy of serial single DMARD therapy was pursued. Use
of systemic corticosteroid therapy was kept to a minimum. Intraarticular
corticosteroids, intramuscular depot steroid, NSAID, and analgesics were
used as required for symptom relief.

“5D” Outcome Measures
Discomfort. Ritchie Articular Index of joint tenderness10 was performed at
time 0 and at 10 and 20 years.

Disability. The Lee functional index11, which assesses 17 activities of daily
living, was used at the outset, since at that time the Health Assessment
Questionnaire (HAQ) format had not been published. At 20 years, both the
Lee and the HAQ functional indices were performed. Relationships to
social deprivation were measured by the Carstairs score12. The Carstairs
score for a postcode area depends on census data relating to level of male
unemployment, overcrowding, car ownership in the area, and social class
within the area’s population12. For this study results from the 1981 census
were used.

Drug side effects. DMARD and other drug use was documented along with
presumed toxicity.

“Dollar” costs. Within the National Health Service in the United Kingdom
this is difficult to estimate with accuracy. Formal retrospective health
economics investigations are not possible over this time period. Two
aspects of health care were used as a surrogate marker for costs: (1)
Requirements for joint arthroplasty are a clearly defined endpoint.
Predictors of the need for surgery were evaluated, specifically age, disease
duration, number of DMARD over 20 years, median duration of DMARD
therapy, RAI, functional index and acute phase reaction (ESR) at outset,
and mean ESR measured annually over the first 10 years of followup. (2)
Drug therapy for comorbidity, in particular cardiovascular disease, osteo-
porosis, and GI disease, was also documented.

Death. Cause of death was ascertained from hospital records, death certifi-
cates, or general practitioner records over the 20 year followup. Carstairs
scores, a measure of social deprivation, were compared for those alive and
dead at 20 years12.

Statistical analysis. Appropriate nonparametric statistics were performed as
noted.

RESULTS
Summary outcome at 20 years. Followup in-clinic was
achieved in 52 patients (42%) (in 2 of these by
postal/medical practitioner/rheumatologist report only). Nine
patients (7% of original cohort and 14% of survivors) were
lost to followup and 62 (51%) were known to have died.

Characteristics of patients who survived to 20 years. Of the
52 alive at 20 years, 81% were women (compared with 73%
in the initial cohort). Median age at outset was 41 years
(range 21–62) compared with 56 years (range 33–76) in
those who died over the 20 year followup period. Initial
median disease duration was 6 years (range 1–20),
compared with 5 years (range 1–27) in the patients who
died.

Clinical and laboratory values at 0, 10, and 20 years are
shown in Table 1. In the entire group the proportion of
patients seropositive for RF was 96% at outset and 71% at
20 years.

“5D” Outcomes
Discomfort. Median RAI of joint tenderness at outset was
32, then 8 at 10 years, and 9 at 20 years. There was a signif-
icant improvement in discomfort over the first 10 years,
maintained to 20 years (Table 1): Wilcoxon p < 0.0001 for
0–10 years and 0–20 years. Comparison of 10 and 20 year
changes showed no further change (p = 0.456 Wilcoxon).

Disability. Both Lee functional index and HAQ at 20 years
reflected severe disability. HAQ was not available at outset
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and unfortunately neither Lee nor HAQ was performed at 10
years. There was a significant deterioration in function over
20 years. Function was worse in patients who had required
joint arthroplasty (Table 2). The correlation between Lee
functional index and HAQ at 20 years was 0.84. Function
was worse at outset in those with disease duration > 5 years
compared with < 5 years (Mann-Whitney p = 0.035).

Drug side effects. The median number of DMARD utilized
over the 20 years was 4 (range 1–11), median number of
months taking DMARD was 214 (range 2–240). Overall,
there was experience of 8757 DMARD-months, leading to a
total of 730 patient-years of actual treatment. Eighteen
percent of patients received one DMARD, 24% 2–3, 35%
4–6, 16% 7 or more DMARD. Sixty-six percent were taking
DMARD for > 200 months out of a possible 240 months.
Details of DMARD use are shown in Table 3, which indi-
cates extensive use of the initial 3 drugs in the study and
subsequently of SSZ, antimalarials, and MTX. All patients
were taking NSAID at outset, 78% at 20 years. At outset, no
patient was taking systemic corticosteroid; at 10 years 8%
and at 20 years 14% were using this therapy.

There were no DMARD related deaths. Two deaths were
considered to be due to NSAID related GI complications.

There were no unexpected side effects from DMARD
therapy. Late problems included thrombocytopenia with
intramuscular gold (year 8) and myasthenia gravis with
penicillamine (year 17). Chrysiasis was noted in all patients
who continued longterm intramuscular gold, but it was not
a cause for drug withdrawal.

Eighty-six percent of the patients were taking a DMARD
at 20 years. The most common DMARD therapies at 20
years in order of frequency were SSZ, intramuscular gold,
hydroxychloroquine, and MTX. One patient was taking
penicillamine, minocycline, azathioprine, and cyclophos-
phamide. One patient was taking combination therapy
(azathioprine plus SSZ).

“Dollar” costs. (1) One patient had had bilateral hip arthro-
plasties prior to entry to the study. Total proportion of
patients requiring surgery over the 20 years was 50%. For
the entire group, median surgical arthroplasty requirement
was 0 (range 0–6).

Requirements for joint arthroplasty were as follows:
upper limb 27%; lower limb 46%; revision arthroplasty
12%. Time from diagnosis to requirement for joint arthro-
plasty is shown in Figure 2.

Surgery was as commonly performed in the socially
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Table 1. Clinical and laboratory variables in 52 patients evaluated at year 20. Medians (ranges) are shown.

Year 0 10 Year 20 Year p, Wilcoxon Matched Pairs
0–10 yrs 10–20 yrs 0–20 yrs

Ritchie Articular Index 32 (14–58) 8 (0–41) 9 (0–54) < 0.0001 0.456, NS < 0.0001
Lee function index 11 (0–23) NA 19 (0–30) NA NA < 0.018
HAQ NA NA 2.5 (0–3.0) NA NA NA
ESR, mm/h 54 (5–139) 26 (2–109) 27 (4–104) < 0.0001 0.575, NS < 0.001

HAQ: Health Assessment Questionnaire. ESR: erythrocyte sedimentation rate, NA: not applicable.

Table 2. 20 Year followup: demographic features and clinical and laboratory measures at baseline in groups of
patients who did or did not require surgery. Medians (ranges) are shown.

No Arthroplasty, Arthroplasty, p, Mann-Whitney
n = 26 n = 26

Age, yrs 43 (26–62) 42 (21–61) NS
Disease durations, yrs 7 (1–20) 6 (1–19) NS
No. of DMARD over 20 yrs 3 (1–8) 5 (1–11) NS 0.0951
Months taking DMARD 209 (2–240) 221 (13–240) NS
ESR, mm/h

Year 0 41 (5–113) 66 (17–139) < 0.0029
Year 20 21 (4–104) 33 (5–83) 0.0953

Ritchie Articular Index
Year 0 30 (14–58) 38 (14–57) NS
Year 20 9 (0–27) 9 (0–54) NS

Lee function index
Year 0 9 (0–18) 17 (1–23) 0.0521
Year 20 17 (0–28) 23 (0–28) NS

HAQ,  Year 20 2.25 (0–3) 2.56 (1.25–3) 0.0078

* Mean ESR at 0 and 20 years was 74 mm/h and 39 mm/h for surgery group and 44 mm/h and 29 mm/h for the
no surgery group, respectively.
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deprived as in the affluent groups as measured by Carstairs
score (data not shown). (Within the National Health Service
in West of Scotland all patients considered eligible for
arthroplasty who agree to surgery and who are medically fit
will be operated on. Waiting lists range from 3 to 9 months.
There were no deaths related to surgery.)

Detailed data relating to clinical and laboratory features
at outset in the cohorts who died or did not require arthro-
plasty are shown in Table 2 (n = 51 for the cohort inter-
viewed in person by RH, metrologist, plus one report from
a rheumatology colleague). There were insufficient data on
one patient to allow inclusion in this analysis.

Initial age, disease duration, and RAI at time 0 and at
year 20 did not differ significantly between the 2 groups. By
contrast, those who required surgery had a significantly
higher ESR at outset (p < 0.0029, Mann-Whitney) and
worse function at 20 years despite surgery. At 20 years,
those requiring surgery had worse function as measured by
both HAQ and Lee index (p < 0.0078, Mann-Whitney).

When the mean ESR over the first 10 years of therapy
was assessed in relation to requirements for joint replace-
ment there was a striking relationship between high values
of ESR and numbers of arthroplasties required (Figure 1).
Of patients with a mean ESR < 20 mm/h, only 14% required
joint replacement surgery, whereas among patients with
mean ESR > 20 mm/h, 63% required arthroplasties.

Drug therapy data for comorbidity at 10 and 20 years are
shown in Table 4. Osteoporosis therapy seldom utilized at
10 years was prescribed in 65% of patients at 20 years.
Treatment of cardiovascular disorders increased from 14%
at 10 years to 58%. Similarly, despite a reduction in NSAID
prescription, concomitant GI therapy medication increased
from 36% at 10 years to 65% by 20 years. Most patients at
20 years were taking proton pump inhibitors, and a few used
H2 antagonists or misoprostol. By contrast, the proportion
requiring antidepressants remained unchanged at 12%, and
treatments for anemia fell from 30% to 12%, possibly
reflecting better control of inflammatory disease.
Deaths. Carstairs scores for those alive and dead at 20 years

are shown in Table 5. Carstairs scores of 1 and 2 represent
those living in affluent areas, 6 and 7 those in the most
deprived localities. There was a trend for those in deprived
areas (Carstairs 6 and 7) to die prematurely compared with
affluent areas (in keeping with trends noted in the general
population of the area).

Detailed information was missing for 6 patients. Most of
the 62 deaths in this cohort were attributable to cardiorespi-
ratory disease — 22 cardiovascular, 7 stroke, and 9 respira-
tory. There were 5 deaths related to tumor (one was a
lymphoma), one to injury, and one to hepatic disease.

Of more direct relevance to RA and treatment were one
septicemic death, one septic arthritis, one RA (complica-
tions of vasculitis), 5 renal failure, one amyloid, and 2 GI
complications (one perforation and one bleed, both consid-
ered NSAID related).

DISCUSSION

The Journal of Rheumatology 2002; 29:102102

Table 3. Details of DMARD use; 14% of the patients received systemic corticosteroids. Other DMARD (e.g.,
minocycline, auranofin, cyclophosphamide, chlorambucil, fenclofenac) were used in a few patients for short
periods of the study. The table is potentially misleading since only the 3 originally allocated drugs, i.e., IM gold,
levamisole, and penicillamine, had the potential to achieve 240 months: commonly used agents such as
sulfasalazine and methotrexate were only introduced into our practice at a later stage.

Drug Months Taking Individual DMARD, Percentage of Survivors Who Had Ever 
Median (Range) Received Each Drug

Intramuscular gold 75 (1–240) 65
Sulfasalazine 40 (1–170) 62
Penicillamine 25 (1–216) 54
Methotrexate 22 (5–89) 22
Antimalarials 11 (1–104) 42
Levamisole 10 (1–184) 37
Azathioprine 9 (1–94) 22

Figure 1. Number of joint arthroplasties by mean ESR over the first 10
years of followup. Pearson correlation 0.54 (p < 0.01); Spearman rank
0.496 (p < 0.01). Correlation coefficient for ESR at year 0 and number of
arthroplasties = 0.45 (p < 0.05); including those with no arthroplasty = 0.51
(p < 0.01).
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Total joint arthroplasty is a major health cost and contributes
significantly to “dollar” costs in RA. The most striking
finding in this 20 year prospective study was the correlation
between ESR at time 0 and mean ESR over first 10 years
and subsequent requirement for surgery. Since function was
also significantly worse in the surgery group, this represents
a 2-fold effect of both costs to the individual and to health
services. Those in the worst functional groups are known to
incur far greater costs13,14. Although arthroplasty is rightly
seen as a valuable salvage procedure effective in providing
relief of pain, this intervention alone does not “normalize”
function.

We previously reported on the value of interleukin 1 (IL-
1) gene polymorphisms in predicting requirement for joint
arthroplasty within 15 years of diagnosis of RA15. IL-1ß
allele 2 was overrepresented in patients who have required
surgery — this allele was also associated with a higher ESR.
This prospective 20 year followup has confirmed the role of
ESR in predicting who will require surgery, although the

mechanisms and possible different genetic responses have
not been elucidated. A relationship between C-reactive
protein (CRP) levels and radiologic progression has been
reported16. It is hoped that the current strategy of early inter-
vention in RA along with sustained suppression of acute
phase response will decrease the need for surgery in the
future.

We have compared cohorts of patients enrolled into
prospective studies in the 1980s and early 1990s17 and show
significant improvement in ESR median 61 versus 44 mm/h,
CRP median 40 versus 26 mg/l (both p < 0.0001, Wilcoxon).
Danish workers have followed 112 RA patients for up to 22
years18 and have shown that inflammatory variables at
outset are associated with radiographic outcome. No refer-
ence was made to requirement for joint surgery in that study.
Our followup study confirms the association that might be
expected of increasing requirement for joint arthroplasty in
those with high initial and followup inflammatory response.

Finnish investigators reported on work disability in a
cohort of 103 patients followed for 20 years19. Only 8 of
their 103 patients died during followup (7 were lost to
followup). Cumulative work disability due to RA was 80%.
This group acknowledged that work disability is dependent
on education level and profession, and in view of changes
occurring in Western societies may not be a good yardstick
for successive patient cohort studies. The mean HAQ in
their cohort at 20 years was 1.0 (95% CI 0.8–1.2), which is
considerably better than in the Glasgow group of patients
(median 2.5). As in the study from Denmark18, no mention
of joint surgery requirement is made.

In the study noted above in relation to inflammatory
markers17, the median HAQ in the 1980s and 1990s cohorts
from Glasgow improved 2.3 versus 1.0 (p < 0.001,
Wilcoxon), but even later cohorts do not demonstrate the
favorable level of 1.0.

The most definitive investigation of total joint replace-
ment in RA described a 23 year prospective longitudinal
study in 1600 patients seen in a clinical rheumatology center
in the USA20. That study estimated that 25% of patients with
RA would require total joint arthroplasty (TJA) within 21.8
years of disease onset and 12–13% required revision. The
proportion requiring TJA is lower than in our cohort, but
rates of revision are very similar. Patients with highly
abnormal values for HAQ or ESR had 3–6 times increased
risk of TJA. In that study, mean ESR was 40 mm/h, mean
HAQ 1.29, compared with a median 55 mm/h in our series
(HAQ not available at year 0 in our series). Since high initial
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Table 5. Carstairs scores for those alive and dead at 20 years.

Affluent Area Carstairs Score Deprived Area
1 & 2 3, 4 & 5 6 & 7 Missing Code

Dead, % 13 47 33 7
Alive, % 20 58 22 0

Table 4. Drug therapy for comorbidity at 10 and 20 years. Many patients
were taking combinations of therapies for osteoporosis or cardiovascular
disease. Only one of 4 diabetics survived to 20 years. Other prescriptions at
20 years were for thyroid disease (7%), respiratory disease (5%), and one
individual each taking medication for schizophrenia and tamoxifen for
breast cancer.

10 Years, % 20 Years, %

Gastrointestinal protection 36 65
Proton pump inhibitors
H2 antagonists
Misoprostol

Osteoporosis treatment 3 63
Calcium vitamin D
Bisphosphonates
Hormone replacement therapy

Therapy for cardiovascular disease 14 58
Antihypertensives
Diuretics
Digoxin
Amiodarone
Statins
Rx angina, etc.

Antidepressants 12 12
Anemia 30 12

Iron
Folic acid
Vitamin B12
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ESR (and mean ESR of first 10 years) predicts likelihood of
requiring joint surgery, the increased requirement for joint
replacements in Glasgow is in keeping with the higher
initial ESR.

Another Finnish study21 evaluated DMARD use in 135
patients over 15 years using a “sawtooth” strategy similar to
our single serial DMARD prescription, but in addition utilized
combination therapies. As in our study they found DMARD
were safe even over prolonged periods. The proportion who
were seropositive was lower in the Finnish compared with the
Glasgow cohort, and ESR at outset was lower.

A more recent 10 year followup investigation showed
excess mortality, with standardized mortality ratio 1.3, but
unlike our study failed to show significant improvement in
ESR or joint tenderness at 5 or 10 years22.

Our finding of improved process variables but deteriora-
tion in outcome variables may seem paradoxical, but is
typical in longterm RA studies. Part of the explanation may be
20 years of aging of the study cohort, with comorbidity also
making a contribution. Indeed, increasing recognition of the
role of comorbidity, particularly cardiovascular disease, GI
problems, and osteoporosis in the outcome of RA is reflected
in increased use of therapies to treat these conditions.
Managing such comorbidity is time consuming and repre-
sents an additional heavy workload for rheumatologists. The
West of Scotland has particularly high rates of cardiovascular
disease and premature mortality23. Use of NSAID declined
from 100% at outset to 78% at 20 years. Nevertheless, use of
drugs for GI protection increased to 36% by 10 years and
65% at 20 years. Paradoxically, a decline in NSAID therapy
may have an adverse effect on mortality, since the cardiopro-
tective effect of these agents is lost.

This cohort of Glasgow patients is unlikely to be repre-
sentative of new RA patients seen at rheumatology clinics in

the 21st century, as the need for early referral and interven-
tion with DMARD therapy is now recognized: 96% of this
cohort was seropositive for RF, a considerably higher
proportion than later cohorts from this unit. Resources,
although less than ideal, are considerably better than in
1977–79. Fulltime equivalent rheumatologists in the West of
Scotland17 increased from 2.5/2.8 million in 1977 to 4.2 in
the 1980s and 8.2 in the early 1990s. As well, current
DMARD strategies are more effective and more varied than
previously. However, we believe that analysis of this group
of patients aids us in identifying groups who are at higher
risk of developing joint destruction and in whom early, more
intensive therapy may be effective in preventing or reducing
the need for joint arthroplasty and improving functional
outcome. The high proportion of seropositivity for RF and
extent of elevation of ESR in this cohort at the outset have
allowed clear answers to emerge despite relatively modest
study numbers.

This study also provides a historical perspective — RA of
this severity imposes an enormous burden on individuals,
their families, and society. Scarce resources in some areas,
or reluctance to access them in individual cases, will
continue to lead to poor outcomes in some instances despite
enormous advances in the management of RA over the past
2 decades.

Strategies to improve the “5D” outcome of current and
future patients with RA should include earlier assessment
and treatment, GI protection against NSAID complications,
effective management of comorbidity, and intensive efforts
to reduce disease activity in those with high levels of
inflammatory markers and poor functional ability.
Reduction of the physical and economic burden on patients
in the longer term can be achieved with early, sustained,
appropriate interventions.
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Figure 2. Time from diagnosis to requirement for joint arthroplasty.
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