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ABSTRACT
Objectives We studied patterns of joint inflammation in 
juvenile idiopathic arthritis (JIA) to assess whether joint 
activity recurs locally in the same joints.
Methods Joints of 91 patients of the BeSt for Kids 
study, a treat- to- target trial for children with recent- onset 
oligoarticular, rheumatoid factor- negative polyarticular and 
psoriatic JIA, were clinically assessed during 2 years (10 
study visits). The association between joint inflammation 
at baseline and later inflammation in the same joint 
was assessed using a multilevel mixed- effects logistic 
regression model at joint level. With a Poisson model, 
the association between baseline joint inflammation and 
the number of study visits at which the same joint was 
recurrently inflamed was tested.
Results Of the 6097 joints studied, 15% (897) was 
clinically inflamed at baseline. In 42% (377/897) of those 
joints, inflammation recurred during follow- up. Joint 
inflammation at baseline was statistically significantly 
associated with joint inflammation during follow- up in the 
same joint (OR 3.9, 95% CI 3.5 to 4.4) and specifically with 
the number of episodes of recurrent joint inflammation 
(IRR 1.6, 95% CI 1.2 to 2.1).
Conclusion In JIA, joint inflammation has the tendency to 
recur multiple times in joints that are clinically inflamed at 
disease onset. This indicates that local factors might play 
a role in the processes contributing to the occurrence of 
JIA flares.

INTRODUCTION
Juvenile idiopathic arthritis (JIA) describes a 
cluster of arthritides in children that persist 
for more than 6 weeks with an unknown 
origin.1 Treatment may be local, for instance 
with intra- articular glucocorticoids, or 
systemic, with disease- modifying antirheu-
matic drugs (DMARD).

Currently, guidelines recommend to start 
treatment of oligoarthritic JIA with intraar-
ticular glucocorticoids (with or without 
non- steroid anti- inflammatory drugs).2 
However, local relapses occur in up to 20% 
of joints within 3 months postinjection.3 

When systemic antirheumatic treatments are 
also used, minimal disease activity has been 
reported in 55% of patients with oligoar-
thritis after 2 years.4 For children with polyar-
thritis systemic treatment, aimed at minimal 
or no disease activity, may be sufficient. The 
use of intraarticular glucocorticoids in these 
patients is debated.5

Despite treatment, joint inflammation 
may persist or recur. Adjustment of treat-
ment strategies or even development of new 
treatments may depend on identification of 
persistent systemic inflammatory processes 
or local factors at joint level. It was previ-
ously suggested that such local factors are 
present in JIA. For example, local presence 
of tumor necrosis factor α and interleukin 
6 may promote chronic inflammation by 
hindering suppression of inflammation by 
regulatory T- cells in the joint.6 Furthermore, 
the composition of synovial fluid was found to 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Juvenile idiopathic arthritis (JIA) often has a relaps-
ing/remitting disease course. Previous assessment 
of large joint pairs suggested a tendency for local 
recurrence of joint inflammation.

WHAT THIS STUDY ADDS
 ⇒ We showed that in children with JIA, clinical joint 
inflammation is more likely to recur in initially af-
fected joints, indicating the presence of local fac-
tors influencing the susceptibility for recurrence of 
inflammation of a joint.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ These results emphasise the need for further re-
search of local factors in arthritic joints as potential 
treatment targets and imply that prevention of re-
currence of arthritis demands more intensive (local 
or systemic) treatment.
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be predictive for severity of the disease course of oligoar-
ticular JIA.7

To investigate whether joint inflammation recurs locally 
or at random locations over time in JIA, we performed 
a post hoc subanalysis at joint level in the BeSt for Kids 
study, where systemic treatment adjustments were aimed 
at achieving inactive disease. We also describe local joint 
activity in relation to joint damage.

METHODS
Patients
We used data from the BeSt for Kids study, a multicenter 
randomised, single blind treat- to- remission strategy 
study in 92 DMARD- naive patients with non- systemic JIA 
(oligoarticular, rheumatoid factor (RF)- negative polyar-
ticular and psoriatic JIA) and a symptom duration <18 
months. Treatment arms were (1) initial treatment with 
methotrexate or sulfasalazine, followed, in case of insuffi-
cient response, by dose increase and, subsequently, etan-
ercept, (2) initial treatment with methotrexate in combi-
nation with prednisolone bridging, if necessary followed 
by DMARD dose increase and subsequently etanercept 
and (3) initial combination treatment with etanercept 
and methotrexate, if necessary followed by the treatment 
choice of the treating physician. Follow- up was 2 years. 
The treatment target was an ACRPedi50 response at 
3 months and inactive disease (modified Wallace 2004 
definition4) at 6 months and further. Treatment was 
tapered after inactive disease was achieved (for at least 
3 months in oligoarticular and 6 months in polyarticular 
JIA). Clinical assessments were done at baseline, 6 weeks 
and every 3 months until end of follow- up. The BeSt for 
Kids study has been described in more detail previously.4 8

Patient and public involvement
Patients nor public were involved in the design, execu-
tion or analysis of the original study, nor in the current 
subanalysis.

Joint assessment
At each study visit, joint assessments of 67 joints were 
performed by trained research nurses or physical ther-
apists. A joint was considered clinically inflamed if it was 
scored as ‘active arthritis’.

Persistent joint inflammation was defined as active 
arthritis in the same joint at two or more subsequent 
study visits. Recurrent joint inflammation was defined 
as active arthritis in the same joint after a period (≥1 
visits) of absence of arthritis. A period of one or more 
subsequent study visits at which a joint was (persistently) 
active was called a ‘joint inflammation episode’. In case 
of missing joint assessments, the joints were considered 
non- active.

Radiographic joint damage assessment
Joint damage was measured in wrist joints with the 
Poznanski score.9 Radiographs were taken in 57 (63%) 
participants. All available radiographs were assessed by 

two observers, with an intraclass correlation coefficient 
of 0.999.10 A negative Poznanski Z- score indicates delayed 
radiometacarpal bone growth, associated with loss of 
cartilage and joint space narrowing. A positive Z- score 
is associated with early ossification of carpal bones. As 
arbitrary cut- offs to include limited damage, we used a 
Z- score of <−0.25 and >0.25, respectively. As a sensitivity 
analysis, we used <1 and >1 as cut- offs for damage that 
may be more clinically relevant.

Statistical analysis
Joint-level description of inflammation
Joint activity at baseline and during follow- up was 
described at the level of individual joints for the three 
different JIA categories.

Association between baseline joint inflammation and local joint 
inflammation during follow-up
To investigate whether joints that are clinically inflamed 
have a higher risk of later inflammation, we studied 
the association between baseline joint activity and joint 
activity in the same joint during follow- up with a multi-
level mixed- effects logistic regression model (model 1). 
Joints were clustered within patients. The model was 
adjusted for joint location and the time point (study visit) 
of the joint assessment.

To assess whether an association between baseline and 
later clinical joint inflammation was a specific within- 
joint association, a permutation test was performed.11 
Scores of baseline joint activity were permuted (shuffled) 
within each patient after which the analysis was repeated. 
The permutation was repeated 1000 times. A statistically 
significant result (p<0.05) indicates that the association 
between baseline and later joint inflammation is stronger 
in the original model (activity compared within the same 
joint) than in the permutations (activity compared across 
random other joints), suggesting a local effect. A 95% CI 
for this p value is provided to describe the uncertainty of 
the outcome, provided only a part (1000) of all possible 
combinations has been tested.12

In several exploratory analyses, we assessed possible 
factors that might influence local joint inflammation 
patterns.

Since the association between baseline and later local 
joint inflammation might be different between JIA cate-
gories, an interaction between baseline joint activity and 
JIA category was added to model 1. If the interaction 
was statistically significant, indicating a different asso-
ciation between JIA categories, a stratified analysis was 
performed, meaning we ran the model separately for 
each JIA category.

For evaluation of a possible effect of treatment on the 
association between baseline and later local joint inflam-
mation, an interaction between baseline joint activity and 
treatment group was added, with stratification in case of 
a statistically significant association.

The association between baseline joint inflammation 
and later local inflammation in the same joint might also 
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differ between joints. Therefore, an interaction between 
baseline joint activity and joint location was tested. The 
right wrist was chosen as the reference group because it 
was often assessed as active in all JIA categories.

In case of analyses in which stratification was used, joints 
in which neither at baseline nor at follow- up arthritis was 
observed were excluded from the analysis.

Association between baseline joint inflammation and recurrent 
local joint inflammation during follow-up
To study whether joint inflammation recurs in the same 
joints after absence of joint inflammation, model 1 was 
subsequently stratified for joint activity at the previous 
study visit.

In addition, a Poisson model with joints clustered within 
patients was performed to study the association between 
baseline joint inflammation and the number of recur-
rent joint inflammation episodes, adjusted for joint loca-
tion and time point. A permutation test was performed 
to assess the specificity of the results. Furthermore, we 
added an interaction term to the model between baseline 
joint inflammation and the JIA category and in a second 
modification of the model an interaction between base-
line joint inflammation and treatment group, as explor-
atory analyses. In case of a statistically significant result, 
we stratified the analysis.

Association between duration of baseline joint inflammation and 
later joint inflammation
The effect of duration of baseline joint inflammation on 
occurrence of later joint inflammation was studied in 
joints that were active at baseline. A variation of model 
1 was used, with duration of baseline joint inflammation 
instead of presence of baseline joint inflammation (yes/
no) as a dependent variable.

Sensitivity analyses
To exclude the possible effect of frequency of inflamma-
tion of certain joints, we repeated model 1 in the 25% 
most often inflamed joints (ankles, knees, wrists, elbows, 
shoulders, metacarpophalangeal joints 2–3, proximal 
interphalangeal joints 2–3). In addition, a permutation 
test was performed in the most often inflamed joints to 
further study whether an association between baseline 
and later local joint inflammation was determined by 
higher susceptibility to inflammation of certain joints or 
by higher susceptibility for inflammation after previous 
inflammation.

To further account for the differences in the general 
probability of certain joints to become inflamed at all, we 
also performed a permutation test for model 1 in which 
joint scores were permuted within strata of joint pairs 
(left and right side) of a patient.

To account for a potential influence of mechanical 
stress on susceptibility for joint inflammation, we adjusted 
model 1 for whether a joint was weight bearing (as a 
proxy for mechanical stress; hips, knees, ankles, subtalar 
joints, midtarsal joints, metatarsophalangeal joints and 

interphalangeal joints of the feet were regarded as weight 
bearing).

Sensitivity analyses accounting for missing observa-
tions in different ways were done for all models. First, 
joints were regarded as non- active in case of missing 
assessments before end of follow- up. Second, we used an 
adjusted form of last observation carried forward: the last 
observation (activity yes/no) was only carried forward 
for missing values in case the observation previous to the 
missing time point corresponded with the observation at 
the time point after the missing observation.

Joint inflammation and radiographic outcomes
Presence of joint activity during follow- up was described 
for joints with a positive and negative Poznanski Z- score 
at the last available wrist radiograph. A generalised linear 
mixed model was used to assess the association between 
joint inflammation during follow- up (yes/no) in a wrist 
joint and its Z- score. Wrist joints were clustered within 
patients and the model was adjusted for the baseline 
Z- score.

All analyses were performed in Stata V.SE 16.1.

RESULTS
Of the 92 patients of the BeSt for Kids study, one patient 
had no follow- up information available after baseline 
and was excluded from this analysis. Of the remaining 
patients, 12% (11) had oligoarticular, 79% (72) polyar-
ticular RF- negative and 9% (8) psoriatic JIA. At baseline, 
the patients had a median (IQR) age of 9 (5–13) years, 
66% (60) were female and the mean (SD) symptom dura-
tion was 8.5 (4.7) months. The mean (SD) JADAS 10 score 
at baseline was 18.0 (4.8) with median (IQR) 8 (5–12) 
active joints. All but two patients had 2- year follow- up 
joint assessment data available. During follow- up, 89 
patients (98%) had inactive disease (of whom 35 were 
drug free) at least once, and 51 patients (56%) achieved 
persistent (≥6 months) remission.

Joint-level description of inflammation
Of the 6097 joints (91 patients) studied, 897 (15%) were 
active at baseline. Of these 897 joints, 419 (47%) were 
persistently active from baseline until at least the second 
study visit (6 weeks after baseline). After the baseline 
inflammation episode, 377 joints (42%) were recurrently 
active (that is, after a period of absence of arthritis in that 
joint) during follow- up. The distribution of active joints 
at baseline and recurrence of activity during follow- up 
is illustrated in figure 1. The joint involvement pattern 
differed between the three included JIA categories.

Of the 5200 joints that were not active at baseline, 561 
(11%) became active during follow- up. In patients who 
had a flare of disease activity after (the first time) inactive 
disease was reached, 1195 (93%) of the 1280 joints that 
became inflamed had also been inflamed before the first 
period of inactive disease. Joint inflammation after the 
first period of drug- free inactive disease occurred in the 
same joint in 96% (485/507) of the joints.
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Figure 1 Joint inflammation patterns in the three JIA types (oligoarticular, n=11 ; RF- negative polyarticular, n=72, 
psoriatic, n=8) included in the BeSt for Kids study. MCP, metacarpophalangeal; PIP, proximal interphalangeal; DIP, distal 
interphalangeal; MTP, metatarsophalangeal
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Association between baseline joint inflammation and local 
joint inflammation during follow-up
We found a statistically significant association between 
baseline joint inflammation and inflammation in the 
same joint during follow- up with an OR of 3.9 (95% CI 
3.5 to 4.3), that is, the odds of joint inflammation during 
follow- up were approximately four times higher in joints 
that were already inflamed at baseline, depending on 
the time point and joint location. The permutation test 
showed that inflammation during follow- up in a certain 
joint was better predicted by baseline inflammation of the 
same joint, than by baseline inflammation of randomly 
selected other joints (p<0.001, 95% CI 0 to 0.004).

Because of a statistically significant (p<0.001) inter-
action between baseline joint inflammation and JIA 
category, a stratified analysis was performed, showing 
a positive association between baseline and later local 
joint inflammation in all three categories, although to a 
different extent (table 1).

A statistically significant interaction (p=0.02) between 
baseline joint inflammation and the treatment strategy 
arm was also found. The stratified analysis showed that 
the association between baseline and later local joint 
inflammation was present in all three arms and was stron-
gest in the arm starting with monotherapy, with a statis-
tically significant difference between the monotherapy 
arm and the treatment arm starting with methotrexate 
with prednisolone bridging (table 2).

The interaction between baseline joint activity and 
joint location was also statistically significant (p<0.001), 
indicating that the association between baseline and later 
local joint inflammation is different for different joints.

Association between baseline joint inflammation and 
recurrent local joint inflammation during follow-up
Baseline joint inflammation was not only associated with 
local joint inflammation during follow- up in general 
(persistent+recurrent inflammation) but also for recur-
rent joint inflammation in particular: stratification for 
inflammation in the joint at the previous study visit 
showed an OR of 2.6 (95% CI 2.3 to 3.1) for joints 
without inflammation at the previous study visit (recur-
rent inflammation) and an OR of 1.4 (95% CI 1.1 to 1.7) 
for joints with inflammation at the previous study visit 
(persistent inflammation).

Baseline inflammation in a joint was also associated 
with the number of joint inflammation episodes in that 
joint during follow- up (IRR 1.6, 95% CI 1.3 to 2.1), and 
specificity of this finding was confirmed by the permu-
tation test (p<0.001, 95% CI 0 to 0.004). No statistically 
significant interactions between baseline joint inflamma-
tion and JIA category or treatment group were found for 
this analysis.

Association between duration of baseline joint inflammation 
and later joint inflammation
We found no statistically significant association between 
the duration of inflammation that was present at baseline 
and later joint inflammation in the same joint (OR 1.00 
per week, 95% CI 0.98 to 1.00).

Sensitivity analyses
The association between baseline and later local joint 
inflammation in joints that were most often active (in 
other words, more susceptible for inflammation in 
general) was similar to the association in the main model 
(OR 3.3, 95% CI 2.9 to 3.8). The result of the permuta-
tion test (p<0.001, 95% CI 0 to 0.004) indicated that this 
association is local rather than general.

Permutation within joint pairs yielded the same results 
as the original permutation test, indicating that baseline 
joint inflammation of the contralateral joint was not as 
predictive for later inflammation as baseline inflamma-
tion of the joint itself.

Adjustment of model 1 for whether a joint was weight 
bearing or not yielded the same results as the unadjusted 
model.

Until end of follow- up, 3% of the observations (1673/60 
970) was missing. The results of the sensitivity analyses 
accounting for missing assessments in two different ways 
were similar to the results of the original models (online 
supplemental data 1).

Joint inflammation and radiographic outcomes
For the assessment of radiographic joint damage, 
Z- scores measured between year 1 and 2 were available 
for 94 wrist joints. Baseline assessment was available in 65 
of these joints. The median (IQR) Z- score in the 94 joints 
was −0.16 (−0.64 to 0.53). The percentage of joints that 
was ever active until the last radiographic assessment with 
an abnormal Z- score was comparable to the percentage 

Table 1 Association between baseline joint inflammation 
and joint inflammation in the same joint during follow- up 
within three different JIA categories

JIA category OR (95% CI)

Oligoarticular arthritis 3.4 (2.1 to 5.6)

Polyarticular (RF- negative) arthritis 4.1 (3.6 to 4.6)

Juvenile psoriatic arthritis 1.8 (1.2 to 2.7)

JIA, juvenile idiopathic arthritis; RF, rheumatoid factor.

Table 2 Association between baseline joint inflammation 
and joint inflammation in the same joint during follow- up 
within the three BeSt for Kids treatment strategy arms

Treatment strategy arm OR (95% CI)

Arm 1 (start with methotrexate or 
sulfasalazine)

5.2 (4.2 to 6.4)

Arm 2 (start with methotrexate in 
combination with prednisolone bridging)

3.1 (2.6 to 3.7)

Arm 3 (start with etanercept methotrexate 
combination therapy)

4.3 (3.4 to 5.3)
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of ever- active joints with a normal Z- score (table 3). 
With +/−1 as Z- score cut- offs only 22% of the joints were 
regarded as abnormal and the percentage of ever- active 
joints with an abnormal Z- score was somewhat lower than 
the percentage in joints with normal Z- scores (table 3). 
We found no statistically significant association between 
joint inflammation of a wrist joint and its Z- score (β 0.17, 
95% CI −0.06 to 0.41).

DISCUSSION
In 91 children with non- systemic JIA that were treated 
to target for up to 2 years, we showed that clinical joint 
inflammation tends to recur in the same joint. Local joint 
inflammation at baseline was associated with occurrence 
of joint inflammation in that same joint during follow- up 
as well as with the number of times that joint was recur-
rently inflamed. In 42% of the joints that were inflamed 
at baseline, joint inflammation recurred. Joint inflamma-
tion during follow- up was more strongly associated with 
baseline joint inflammation of that same joint than of 
other joints. These results indicate that in patients with 
JIA, besides systemic inflammatory effects, the occur-
rence of joint inflammation over time might be partly 
determined by local factors that are affected by previous 
inflammation.

A tendency for recurrence of joint inflammation was 
also observed in rheumatoid arthritis.13 Furthermore, in 
an observational study, in adult patients with persistent 
JIA disease activity laterality of joint inflammation was 
often preserved if unilateral joint inflammation reoc-
curred after the patient achieved inactive disease, and 
it was reported that the majority of joint regions that 
became inflamed during a flare after the disease was 
inactive had been inflamed before.14 Likewise, the type of 
joint involvement pattern in children with JIA has been 
shown to be often maintained over time.15 In contrast 
to patients with rheumatoid arthritis, where presence of 
inflammation in a joint has been linked to radiographic 
joint damage,16 17 we did not find an association between 
inflammation in a wrist joint and the Poznanski score 
for radiographic wrist damage in this JIA population. 
This might be interpreted as a success of treat- to- target 

therapy, resulting in very little damage, but the observa-
tion period of 2 years might also have been too short to 
detect an association between inflammation and damage.

In our study, joint inflammation recurrence in JIA was 
investigated at a joint level while considering the depen-
dency of joints within each patient and the overall chance 
of the joint becoming inflamed. Another strength is the 
use of clinical trial data: joints were regularly assessed, and 
the examinations were performed by a limited number 
of trained staff, limiting heterogeneity of assessments. 
Moreover, few data were missing (3/92 dropouts and 3% 
missing data points within follow- up). In case of missing 
data, sensitivity analyses were performed, confirming the 
results of the main analysis.

Limitations include the absence of long- term follow- up 
data and the fact that we only studied the association 
between baseline and later joint inflammation. Therefore, 
we cannot make a statement about recurrence of joint 
inflammation that debuted later in the disease course. 
We can also not infer the absence or presence of clinical 
joint inflammation between two study visits, although this 
probably did not affect the results considerably because 
of the frequent (3 monthly) study visits. Additionally, only 
clinical joint assessment was performed, so persistent 
subclinical joint inflammation in periods of apparent 
absence of arthritis cannot be ruled out

The fact that we found a tendency for local recurrence 
in JIA indicates that there are local aspects influencing 
joint inflammation, which are not yet all elucidated. One 
could argue that, from the beginning of the disease, 
certain specific joints could be more susceptible to 
inflammation than others. This resonates with the clin-
ical distinction between types of arthritis with different 
joint inflammation patterns. Mechanical stress has been 
associated with joint inflammation.18 However, it is not 
likely to (fully) explain the recurrence of inflammation, 
since adjustment for weight bearing did not change our 
results. Another hypothesis for local recurrence of inflam-
mation is ‘tissue priming’: in rodent arthritis models, it 
has been shown that a joint can become more prone to 
inflammation as a consequence of previous inflamma-
tion, although in these models, the effect of systemic 
inflammatory triggers was not tested.19 Synovial fibro-
blasts that acquire a more pathogenic phenotype after 
inflammatory priming are found to play an important 
role in the process of tissue priming.19 Another finding is 
that synovial resident memory T cells can remain in the 
joint during remission after previous inflammation.20 21 
These T cells may further accumulate each time a joint 
is inflamed.22

We found a stronger association between baseline and 
later local inflammation in JIA patients with polyartic-
ular arthritis than with psoriatic arthritis. Although the 
number of patients with psoriatic JIA was relatively low 
in our cohort and the analysis was of exploratory nature, 
this might indicate that local effects are less strong in 
psoriatic JIA. Since the current classification of JIA is 
partly based on clinical features, it would be interesting 

Table 3 Wrist joint activity during follow- up and 
radiographic assessment

Joint never active Joint active

Poznanski Z score (cutoff±0.25)

  Negative, n (%) 12 (28) 31 (72)

  Normal, n (%) 5 (26) 14 (74)

  Positive, n (%) 9 (28) 23 (72)

Poznanski Z score (cutoff±1)

  Negative, n (%) 3 (30) 7 (70)

  Normal, n (%) 18 (25) 55 (75)

  Positive, n (%) 5 (45) 6 (55)
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to assess whether the association between baseline and 
later inflammation differs between categories that are 
based more on pathophysiological differences. We also 
found that the association between baseline and later 
inflammation differed between the treatment arms. 
The association was strongest for the arm in which the 
patients started with monotherapy. No differences were 
found when assessing the number of joint inflammation 
episodes after baseline. Since in the latter analysis only 
recurrence, and not persistence, of joint inflammation 
is assessed, it is possible that the difference between 
treatment arms is mainly caused by the duration of joint 
inflammation from baseline, which might have been 
a consequence of a slower treatment effect in arm 1 
and, therefore, more persistence of joint inflammation. 
However, this hypothesis is based on exploratory anal-
yses. Also, the clinical outcomes at patient level were not 
statistically significantly different between the three treat-
ment arms.8

If local factors play a role in chronicity of local inflam-
mation, in addition to systemic treatment, local treatment 
may help to prevent recurrence of joint inflammation. 
However, previous research suggests that effects of 
current intra- articular treatment such as glucocorticoid 
injections and synovectomy are only temporary.14 23

In conclusion, we found that in JIA, joints that are 
previously inflamed are more likely to be inflamed 
during 2- year follow- up, indicating a local effect that 
increases the susceptibility of a joint to future inflam-
mation. Although the distribution of joint involvement 
varied between the included JIA categories, the associ-
ation between baseline and later local joint inflamma-
tion was present in oligoarticular, polyarticular as well 
as psoriatic JIA. Joint inflammation had the tendency to 
recur multiple times in the same joint after a period of 
absence of local inflammation. Therefore, there might 
be a need for even more intensive treatment of (local) 
JIA disease activity to prevent recurrent joint inflamma-
tion. Moreover, these local effects might be a target for 
new therapies.
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