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Abstract There have been marked changes in the manage-
ment of juvenile idiopathic arthritis (JIA) over recent
decades, mainly with earlier use of methotrexate (MTX).
Our aim was to describe orthopaedic interventions in a
large group of adults with JIA followed up over several
decades. This was a retrospective observational study of
adult JIA patients attending a teaching hospital clinic, with
information collated on JIA subtype, disease duration,
orthopaedic interventions, and exposure to MTX. The study
included 144 patients with median disease duration of
19 years. Survival analysis showed that joint surgery was
observed in the majority (75%) of patients with disease
duration over 40 years with a trend for less joint surgery in
patients with oligoarticular JIA. In total, 41 patients
(28.5%) had received joint surgery, and 17/41 (41%) have
required multiple procedures. Of those who have required
joint surgery, 20/41 (48%) had started MTX in their adult
years, with only 5/41 (12%), starting MTX prior to first
joint replacement and none within 5 years of disease onset.
Of the patients who have not had joint surgery to date, most

(46/103, 45%) were receiving MTX or another immuno-
suppressive agent; in the majority of cases, MTX was started
within 2 years of disease onset. Many adults with JIA require
joint replacement surgery and ongoing immunosuppressive
treatments, emphasising that JIA is not a benign disease.
Many patients who have had joint replacement surgery have
had exposure to MTX albeit after many years after disease
onset; it remains to be seen whether patients who have
received MTX therapy early in their disease course will
ultimately have less requirement for joint surgery.

Keywords DMARDs . Joint surgery . Juvenile idiopathic
arthritis . Outcome

Introduction

The term juvenile idiopathic arthritis (JIA) encompasses a
heterogeneous group of subtypes, based on clinical and
serological features and with variable prognosis and
outcome [1, 2]. Outcome studies of JIA demonstrate that
over one third of patients have ongoing active disease into
adulthood, report poorer health and functional outcomes
than healthy individuals, and many experience sequelae of
previous active disease including joint damage ultimately
requiring joint replacement surgery, osteoporosis, reduced
visual acuity, short stature, and adverse psychosocial impact
with high unemployment [1, 3–11]. Outcome from joint
replacement surgery in JIA is variable but studies report
improvement in functional outcome, range of movement,
and pain relief, although there is a high rate of complica-
tions including loosening, sepsis, periprosthetic fracture,
and persistent pain [3–11].

Clearly, JIA is not a benign disease, and joint damage
occurs early [12]; this has lead to earlier and more
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aggressive use of immunosuppressive treatments to opti-
mise functional outcome and reduce the risk of joint
damage [13]. The main therapeutic advances in JIA include
the routine use of methotrexate (MTX), [14] intra-articular
corticosteroids, and more recently, biologic and other
anticytokine therapies [13–16]. For most children present-
ing currently with incident JIA, the expected outcome is
that of remission without functional limitation albeit with
the need to take potent immunosuppressive agents for many
years. The ultimate aim of current management approaches
is to optimise disease control, reduce long-term functional
limitation, and avoid, or at least postpone, any requirement
for joint replacement. The aim of this retrospective
observational study was to describe the orthopaedic
interventions in a large group of adults with JIA, spanning
several decades of care, and to comment on the impact of
earlier use of MTX.

Patients and methods

A clinic for adults with JIA was set up in 1995 within the
adult Musculoskeletal Unit (a regional service at the
Freeman Hospital), Newcastle Hospitals NHS Trust, in
order to provide continuity of care for patients with JIA
transferring from the children’s arthritis service (within the
same NHS Trust) as well as the care for all adult patients
with JIA, who were hitherto under the care of adult
rheumatologists or orthopaedic surgeons within the same
unit. Patients in the JIA continuity clinic have been
managed by one consultant rheumatologist (Helen Foster),
with all patients being classified using the International Leagus
of Associations for Rheumatology (ILAR) criteria for JIA [2].
A previous cross-sectional study of outcome in this patient
group demonstrated that many had ongoing active disease in
adult years, with marked adverse psychosocial impact
including high unemployment despite high educational
attainment compared to healthy controls [15], and many have
evidence of osteopenia [16]. For this current study, adult
patients with JIA were identified from the departmental
database and with a piloted proforma. The following data
was collated from the case notes: patient demographics, JIA
subtype, disease duration, age of disease onset, medication
(including prior and current diseases modifying antirheumatic
agents (DMARDs) and biologic agents), and orthopaedic
surgical interventions. Data was entered into an Excel
spreadsheet, and statistical analysis was performed using
SPSS version 15.0. A Kaplan–Meier survival curve was
plotted for the whole group with the first orthopaedic surgical
intervention (invariably joint replacement) as failure point.
Cox proportional hazards regression analysis was also
performed with inclusion of age, gender, type of disease, age
at onset, and MTX exposure (within 5 years of disease onset)

as predictor variables of survival without joint surgery. A
subsequent stepwise regression analysis was performed with
inclusion of only significant (p<0.05) covariates. For the
purpose of the regression analysis, patients were grouped into
oligoarticular and “non-oligoarticular subtypes” (the latter
group being patients with a polyarticular course despite
different onset subtypes) as a pragmatic attempt to analyse
the effect ofMTX exposure in the patient group. The study was
registered with the Newcastle upon Tyne Hospitals NHS Trust
Audit Department and was exempted from ethical approval.

Results

Patients

A total of 144 patients were identified (98/144 (68%)
female), with a median age at the time of study of 25.5 years
(range 17–75) and median disease duration of 19 years
(range 1–67); notably a significant proportion (63/144,
44%) had disease duration of more than 21 years. Table 1
demonstrates that all subtypes of JIA were represented in
the patient group; the majority having oligoarticular JIA
(60/144, 42%), followed by polyarticular JIA (41/144,
28%, of whom 13/41 (32%) were rheumatoid factor (RF)
positive), systemic onset JIA (17/144, 12%), and juvenile
psoriatic arthritis (13/144, 9%), all of whom had a poly-
articular course, and enthesitis-related arthritis (10/144,
4.8%) of whom three had developed classical ankylosing
spondylitis in adult years. A further three patients were
“unclassified” having overlapping features of more than
one type (namely being HLA B27 positive, rheumatoid
factor positive with a polyarticular course, and one patient
also had psoriasis).

Orthopaedic surgery

Table 1 shows that within the total group, joint surgery has
been required in 28.5% of patients and included a variety of
procedures, namely: hip replacement(s) in 25/144 (17.4%),
knee replacement(s) in 18/144 (12.5%), hip resurfacing
(n=2), shoulder replacement (n=1), elbow replacement (n=
6), wrist arthroplasty (n=4), wrist arthrodesis (n=8), ankle
arthroplasty (n=2), ankle arthrodesis (n=6), finger meta-
carpophalangeal joint multiple arthroplasty (n=4), thumb
interphalangeal joint fusion (n=1), and talonavicular fusion
(n=1). Almost half of all patients with systemic onset and
polyarticular JIA required multiple procedures, and this was
significantly more than the other subtypes (p<0.01, Chi-
squared test); the requirement for joint surgery (any type)
was more evident in those with rheumatoid factor positive
rather than rheumatoid factor negative polyarticular JIA
(31% versus 17%). Notably, within the oligoarticular JIA
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group, seven patients (7/60, 11.7%) required hip or knee
joint replacement surgery.

The median time to first joint replacement was similar
across the JIA subtypes (median 13 (range 4–49 years)),
and the patient group who had undergone joint surgery (of
any type) were older compared to those without joint
surgery at the time of study (median age 41 years (range
27–75) and 26 years (range 17–60), respectively (p<
0.001)). Within the patient group with lower limb arthro-
plasties (n=29 patients, 43 procedures), most patients had
more severe forms of JIA (24% systemic onset JIA, 31%
RF positive polyarticular onset JIA), long disease duration
(80% being more than 21 years), and the median disease
duration to joint surgery was lower for hip replacement
compared to knee replacement (13 years (range 4–50)
versus 28 years (range 8–60), respectively, p=0.028,
Mann–Whitney U test). A subgroup of nine patients (9/29
(31%)), required both bilateral hip and knee replacements,
and joint surgery at one site was associated with require-
ment for further lower limb joint surgery (p<0.001, Fisher’s
exact test). Many patients required revision of lower limb
arthroplasty (17/41, 41%), often needing multiple proce-
dures (maximum nine hip replacements in one patient), and
most had systemic onset or polyarticular onset JIA;
although notably, two patients in this group had oligo-
articular onset JIA. The median time from first joint surgery
to revision knee replacement was 8 years (range 1 month–
26 years) and to revision hip replacement being 13 years
(range 3–20 years).

Methotrexate exposure

Within the total group, many patients (72/144, 50%) had
been exposed to DMARD therapy, mostly MTX (53/72,
74%); although many of these individuals (34/53, 64%) had
received other agents (many prior to 1995), invariably used
sequentially and including sulphasalazine (8/34, 24%),
leflunomide (5/34, 15%), gold (2/34, 6%), and penicilla-
mine (2/34, 6%); in addition, in more recent years, many
had been exposed to biologic treatments due to ongoing
active disease and included etanercept (19/34, 56%),
infliximab (6/34, 18%), and adalimumab (2/34, 6%). Many
patients have had oral corticosteroids, although it was not
possible from the case notes to establish the duration of
exposure or the doses used. The median disease duration
prior to MTX exposure was 13 years (range 0–33), which
was similar across JIA subtypes with the exception of
systemic JIA, with a shorter median of 3 years (1–30),
albeit reflecting low numbers of patients. At the time of the
study, many patients (31/144, 21.5%) were currently taking
anticytokine agents including etanercept (n=27), infliximab
(n=3), or adalimumab (n=1) and invariably in combination
with MTX. Notably, eight out of 41(19.5%) patients whoT
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had joint surgery previously were currently on MTX and
etanercept, although in all cases, etanercept had been started
many years after disease onset (89%>10 years).

Of those patients who had undergone any form of joint
surgery, many (20/41, 49%) had received MTX, including
patients who had received lower limb arthroplasty (13/29,
45%). However, most of these patients had started MTX in
their adult years with only 5/41(12%) starting MTX prior to
the first joint replacement and none within the first 5 years
of disease duration. In contrast, of the patients who have
not had any joint surgery to date (n=103), most are
receiving MTX (46/103, 45%), and in many cases 12/46
(25%), this was started within 2 years of disease onset;
notably in this group, many have prolonged disease
duration (72/103, 70%) more than 10 years, median disease
20 years (range 5–36), and almost one third have severe
forms of JIA (i.e., polyarticular and systemic onset subtypes
30/103, 29%).

Kaplan–Meier survival analysis was performed for the
whole group with the first joint surgery as endpoint (Fig. 1),
with most patients (more than 75%) requiring joint surgery
by 45 years of disease duration. Cox proportional hazards
regression analysis (Fig. 2) was performed with age at the
time of the study, gender, duration of disease, subtype of
JIA, and MTX exposure within 5 years of disease onset as
predictor variables of need for joint surgery. Stepwise
regression analysis was performed with inclusion of
significant (p<0.05) covariates—amongst the predictor
variables, none were significant other than JIA subtype
(when grouped into oligoarticular and “non-oligo articular”
types). However, a further linear stepwise regression
analysis after splitting the “non-oligoarticular” group into
various subtypes (i.e., polyarticular RF positive, polyarticular
RF negative, systemic onset, and others) did not demonstrate

the JIA subtype to be a significant factor. Joint surgery-free
survival was significantly higher (p=0.029) for the oligo-
articular patients compared to other patients (pooled
together and termed “non-oligoarticular”). Further analysis
of those patients with non-oligoarticular JIA (n=84)
explored the influence of MTX exposure and other factors
that may associate with the need for joint surgery (Table 2).
Patients in this group who required joint surgery were
significantly older at the time of the study with longer
disease duration (p<0.001), and although exposure to MTX
was similar to those without joint surgery, the median
disease duration prior to MTX exposure was significantly
longer (p<0.001). Notably, none of the non-oligoarticular
JIA patients who had joint surgery had been exposed to
MTX within 5 years of disease onset compared to 25% of
those who have not had joint surgery to date. Moreover, in
this subgroup analysis (Table 2), if disease duration is
restricted to 25 years or less (i.e., the period in which
methotrexate has been used), then the same significant
effects are noted but with larger p values mainly due to the
smaller sample sizes (particularly in the surgery group).

Discussion

JIA is a heterogeneous group of disorders with many
patients having ongoing active disease into adult life or
sequalae from previously active disease, resulting in
functional limitation and worse quality of life compared to
healthy controls [3, 9, 15, 17–23]. Most published outcome
studies, however, are prone to selection bias towards more

Fig. 2 Cox proportional hazards regression analysis. Type 1 (broken
line) “non-oligoarticular” JIA (pooled patients with polyarticular course
with various subtypes of JIA), type 2 (solid line) oligoarticular JIA

Fig. 1 Kaplan–Meier survival analysis for all JIA patients (first
episode of joint surgery taken as endpoint and plotted with 95%
confidence intervals)

1414 Clin Rheumatol (2009) 28:1411–1417



severe disease subtypes with patients recruited from
specialist centres and are difficult to compare due to
different methodologies and measures of outcome being
used and different nomenclatures (such as juvenile chronic
arthritis and juvenile rheumatoid arthritis) which have been
replaced by the term JIA. Importantly, published outcome
studies reflect management strategies from several decades
ago, prior to routine use of MTX in clinical practise and the
emergence of more potent immunosuppressive agents.
Despite these limitations, however, it is clear that chronic
arthritis starting in childhood is not a benign disease.
Furthermore, the need for joint replacement surgery,
especially lower limb arthroplasty, in adults with childhood
chronic arthritis is also well reported along with significant
complication and revision rates as a consequence of
corticosteroid use, skeletal abnormalities from disease onset
in childhood years, and osteopenia [3, 24]. Worse func-
tional outcome and increased need for joint replacement
surgery is reported in polyarticular onset JIA and prolonged
disease duration, early hip involvement, and presence of
rheumatoid factor [21, 22, 25–27]. More recent data have
shown that worse baseline functional outcome is reported in
delayed access to paediatric rheumatology care [15], and
joint damage is more likely the longer the interval to
starting MTX [1, 27]. Given the long latency from disease
onset to emergence of joint damage and potential need for
joint replacement, it is not surprising that there are no
outcome studies to determine whether early use of immuno-
suppression such as MTX ultimately reduce the need for
orthopaedic intervention.

This retrospective observational study describes adults
with JIA with particular reference to orthopaedic interven-
tions, namely joint replacement surgery, and we discuss the

potential impact of current treatment strategies. We acknowl-
edge the limitations of this study being biassed towards more
severe JIA subtypes followed up in a tertiary unit and the
patients not being an incident cohort. Furthermore, the
spread of JIA subtypes is not typical of that observed in a
regional paediatric rheumatology service, with a relatively
low proportion of oligoarticular onset JIA and high propor-
tion of patients with more severe subtypes, namely systemic
onset JIA and rheumatoid factor positive polyarticular JIA.
The data from the patient group, therefore, has to be
interpreted with caution but, nonetheless, the observations
are important; this is a large group of patients with protracted
continuity of care in the same hospital service with available
case note documentation of clinical disease course, treat-
ment, and orthopaedic interventions. MTX was first used in
Newcastle for JIA patients in 1993, and this is the first study
to our knowledge to report orthopaedic interventions in
patients spanning the decades pre- and postintroduction of
MTX in routine clinical practise.

In the total patient group, there were relatively small
numbers of patients within each JIA subtype, and pooling of
all patients with a polyarticular course was a pragmatic
attempt to analyse the data. This is logical given that the
original ILAR classification refers to the JIA subtype in the
first 6 months of disease course and has not been validated
prospectively; although, anecdotally in clinical practise,
many patients follow a polyarticular course despite the onset
subtypes. Our survival analysis demonstrates a high overall
need for joint replacement surgery within this patient group
and predictably those with oligoarticular JIA having a
significantly better prognosis with fewer joint replacements
over time. Almost one third of patients required joint
replacement surgery, predominantly lower limb arthroplasty

Table 2 Comparison of patients with “non-oligoarticular” JIA with and without joint surgery at the time of study

Joint surgery (%) No joint surgery (%) P value

Total 32 (38.1) 52 (61.9)

Male 10 (31.3) 17 (32.7) 0.62
Female 22 (68.7) 35 (67.3)

Systemic onset JIA 8 (25) 9 (17.3) 0.13
Polyarticular (RF negative) JIA 20 (62.5) 21 (40.4)

Polyarticular (RF positive) JIA 13 (40.6) 12 (23.1)

Other subtypes of JIAa 4 (12.5) 22 (42.3)

Median age at onset (range) v8 (1–21) 10 (6–16) 0.39

Median age at the time of study (range) 38 (19–75) 24 (17–60) <0.001

Median disease duration at the time of study (range) 31 (5–67) 16.5 (4–47) <0.001

Methotrexate exposure (%) 14 (43.7) 25 (48.1) 0.844

Median disease duration prior to methotrexate exposure 22 (14–30) 3 (0–29) <0.001

Methotrexate exposure within 5 years of disease onset 0 13 (25)b <0.001

a Juvenile psoriatic arthritis, enthesitis-related arthritis/juvenile ankylosing spondylitis
b Seven patients started within 2 years of disease onset
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and often, at multiple joints with high rates of revision
surgery. Patients requiring joint surgery were more likely to
be older, have longer disease duration, and more severe
disease by JIA subtypes with polyarticular course; these
findings are consistent with previous studies of poor
outcome in JIA. The interval to first joint replacement was
lower for those requiring hip replacement compared to other
joint surgery and highlights hip disease as a poor prognostic
indicator. The time to first revision lower limb arthroplasty
was shorter for knee replacements compared to hips but
similar to reported surgical outcomes for adults with JIA and
shorter than surgical outcomes for adults with rheumatoid
arthritis. The observation that a significant proportion of
oligoarticular onset JIA patients also ultimately required
joint replacement surgery and subsequent revision surgery
emphasises the reported heterogeneity within this subtype
[28] and that a benign course and outcome is not universal.

In the patient group as a whole, almost 50% had received
DMARDs and particularly MTX, often after many years of
other DMARDs beforehand. This reflects changes in
clinical practise with evidence that other agents such as
gold, penicillamine, and hydroxychloroquine have little
benefit over placebo, and their use has become obsolete
since the 1990s. In contrast to current clinical practise
where MTX is invariably commenced at diagnosis in all
subtypes except oligoarticular JIA, in the study population,
there was often a prolonged interval from disease onset
before starting MTX. A significant proportion of patients
were also taking biologic agents at the time of the study,
often in combination with MTX, and including several who
have had previously joint replacement surgery; this obser-
vation reflects severity of ongoing disease activity into
adult years, but notably, biologic therapy was started many
years after disease onset and in all cases, many years after
the first orthopaedic intervention. MTX exposure overall
was similar in patients who had received joint replacement
surgery or not (34% compared to 32%); although notably,
few patients (12%) started MTX prior to the first joint
replacement, and none started MTX within the first 5 years
following disease onset. In contrast, within the patients who
have not had joint surgery to date, many had started MTX
within 2 years of disease onset—this subgroup is of par-
ticular interest as many have potentially severe subtypes of
JIA, and already many have prolonged disease duration at
the time of the study; it is intriguing to contemplate that
their early exposure to MTX may reduce the need for joint
surgery, and further follow-up of this subgroup is in
progress. The impact of corticosteroids on the need for
orthopaedic intervention in this patient group is difficult to
ascertain given that many patients with more severe
subtypes of JIA have had some exposure to corticosteroids
at some time, and many patients are likely to have had
osteopenia to some degree. However, given that orthopaedic

intervention was required for some patients with oligo-
articular JIA (and who were much less likely to have
received oral corticosteroids), this study suggests that the
pathogenesis of joint damage in JIA is complex and may
only be addressed by long-term prospective studies.

In summary, this observational study of adults with JIA
shows that many patients required joint replacement,
usually lower limb arthroplasty, often at multiple sites,
and that subsequent early revisions are not uncommon.
Many patients reflect management prior to the routine use
of MTX early in the disease course; although due to
ongoing active disease in adult years, many have received
immunosuppressive treatment including MTX and in some
cases, combined with biologic agents. We also describe a
subset of predominantly younger adults with JIA who have
not required joint replacement surgery to date. Many of
these patients have severe subtypes of JIA and are taking
DMARDs (mainly MTX), some in combination with
anticytokine agents, and in contrast to those having had
joint surgery, they started MTX much earlier in their
disease course. It remains to be seen whether this will
ultimately result in fewer patients requiring joint replace-
ment surgery.
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