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Abstract
Objective

To determine features and frequency of ultrasound (US)-detected tenosynovitis in ankles with clinically active disease 
and to investigate whether its detection may affect the achievement of inactive disease in patients with new-onset 

juvenile idiopathic arthritis (JIA). 

Methods
The study included children with new-onset JIA and clinically active disease of the ankle. Based on US, patients were 

stratified as having isolated arthritis or as having tenosynovitis irrespective of the presence of concomitant arthritis in the 
ankle. Estimation of patients who were able to achieve clinically inactive disease 6 months after starting treatment was 
assessed by the Kaplan-Meier method. Cox model was used to calculate hazard ratio (HR) and 95% confidence interval 

(CI). Reliability of US was tested using kappa statistic.

Results
Forty-five patients were recruited. On US, tenosynovitis of the ankle was detected in 28 patients (62.2%); isolated 

arthritis was found in 17 patients (37.8%). The medial and lateral tendon compartments were the tendon sites most 
frequently inflamed. Patients with tenosynovitis had similar likelihood of those without tenosynovitis to achieve clinically 
inactive disease (60.7% and 58.8%, respectively; HR 1.12, 95%CI:0.51–2.45). In the subanalysis excluding patients 

who were given biologics, the probability of experiencing inactive disease was slightly higher for patients with 
tenosynovitis compared to those without (64.7% and 54.5%, respectively; HR 1.56, 95%CI: 0.58–4.24).

 The rate of US reliability was high.

Conclusion
US-detected tenosynovitis is frequent in ankles with clinical arthritis at JIA onset but does not impair the chance 

of achieving clinically inactive disease in the early disease phase.
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Introduction
Juvenile idiopathic arthritis (JIA) is the 
most common chronic joint disease in 
paediatric rheumatology and may re-
sult in structural damage and, conse-
quently, inability in childhood when 
not timely and effectively treated (1).
It is well-known that the ankle is one 
of the more frequently affected sites 
throughout the disease course. This 
joint is also regarded as a potential hall-
mark of detrimental outcome (2). Ac-
curate assessment of the ankle in JIA 
is therefore crucial in order to rule out 
any sign of inflammation in joints and 
tendons in terms of synovitis and teno-
synovitis, respectively. 
Coupling clinical assessment with im-
aging modalities, such as ultrasound 
(US), in the ankle region has been re-
ported to increase significantly the ca-
pacity to identify precisely the exact lo-
cation of inflammation in children with 
JIA (3-7). The reason for which US is 
preferred to other imaging techniques 
in the paediatric rheumatology clini-
cal setting is explained, at least in part, 
by the fact that it is very well tolerated 
by children, can be performed at the 
bedside, does not entail exposition to 
ionising radiation, and allows to study 
several sites in the same session (8-12).
Despite all these advantages, the pre-
cise role of US in the management 
of patients with JIA is yet to be fully 
defined. In particular, there is a cur-
rent lack of knowledge on the predic-
tive significance of US findings in JIA, 
since the small body of data that has 
been published on this topic so far leads 
to clearly conflicting results (13-20). 
Taking into account that inflammation 
in JIA can be located not only in the 
joint recesses, but also at the level of 
tendon sheaths, especially in the ankle, 
and that discrimination between articu-
lar and tendon swelling is challenging 
with clinical assessment alone, it would 
be advisable to understand whether the 
detection of tenosynovitis on US may 
identify a subset of patients with a dif-
ferent burden of disease compared to 
patients without tenosynovitis. 
Of interest, in a recent study on a popu-
lation of patients with rheumatoid ar-
thritis (RA) in clinical remission US-
detected tenosynovitis of the hand and 

wrist joints, that are common targets of 
RA, has been seen to predict unstable 
disease remission (21). 
Given the fact that, unlike adults with 
RA, the ankle is the site where teno-
synovitis is by far more commonly 
detectable on US in children with JIA 
compared to the wrist (22), this ana-
tomic region may be considered as a 
“target joint” to study the prognostic 
meaning of tenosynovitis in JIA. In this 
context, in addition to the information 
on the predictive utility of US findings 
in patients with clinical disease remis-
sion, it is appropriate to investigate also 
the prognostic meaning of US-detected 
tenosynovitis in patients with new-on-
set JIA and clinical involvement of the 
ankle region. In fact, unravelling this 
topic could lead to important implica-
tions in clinical practice, such as the 
introduction of tailor-made therapies 
for patients early in the disease course, 
with the final goal to improve the out-
come of JIA.
Against this background, the aim of 
our pilot study was therefore twofold: 
1) to determine features and frequency 
of US-detected tenosynovitis in pa-
tients with new-onset JIA and clinical-
ly active disease of the ankle region; 2) 
to investigate whether the detection of 
tenosynovitis on US in the ankle region 
at JIA onset may affect the achievement 
of a state of inactive disease of patients 
after starting a therapeutic intervention 
according to standard-of-care practice.

Materials and methods
Patient selection
The study included retrospectively 
consecutive children with new-onset 
JIA, classified according to the Inter-
national League of Associations for 
Rheumatology (ILAR) criteria (23), 
who had clinically active disease in 
the ankle region and underwent US as-
sessment of the ankle, and who were 
evaluated for the first time between 
January 2020 and December 2021. The 
patients were recruited from the Paedi-
atric Rheumatology Associated Group 
of the Milan Area (PRAGMA) centres 
(the Paediatric Immunorheumatology 
Unit of the Istituto di Ricovero e Cura 
a Carattere Scientifico Ospedale Mag-
giore Policlinico of Milan, Italy, and 
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the Paediatric Rheumatology Unit of 
the Gaetano Pini Institute of Milan, Ita-
ly). A documented follow-up of at least 
6 months from the first therapeutic in-
tervention was regarded as mandatory 
for considering a patient eligible for the 
study. Informed consent was obtained 
from all children, parents or guardians, 
as appropriate. The study protocol was 
approved by the local Institutional Re-
view Board of the Milan Area.

Baseline and follow-up 
clinical assessment
At enrolment, the following baseline 
data were retrieved from the clinical 
charts and recorded for each patient: 
sex, age at disease onset and at JIA di-
agnosis, disease duration, number of 
affected joints at disease onset, anti-
nuclear antibody (ANA) status, ILAR 
category, therapy received in the first 6 
months from JIA diagnosis. Clinically 
active disease affecting the ankle was 
defined as the presence of swelling or, 
if no swelling was present, of tender-
ness/pain on motion and restricted mo-
tion of the ankle region (24). Follow-
up clinical data were collected again 
through clinical chart review to assess 
achievement of inactive disease ac-
cording to published criteria (25).

US assessment
Data concerning US assessments were 
retrieved from images of patients stored 
in the US equipments. As per routine 
practice in the enrolling centres, the US 
exam was performed after clinical as-
sessment of the ankle region, with the 
aim to confirm active disease and, then, 
to precisely identify the exact location 
of inflammation. All US evaluations 
were performed by paediatric rheuma-
tologists experienced in US assessment 
of patients with JIA (SL and ODL). Im-
aging was conducted using an Esaote 
MyLab Alpha machine (SL) or an Es-
aote MyLab 70 machine (ODL), both 
equipped with a multifrequency lin-
ear probe (3–13 MHz and 6–18 MHz 
linear transducers, respectively). The 
settings of the US machines were cali-
brated for the assessment of joints and 
tendons of children with chronic in-
flammatory arthritis. US examinations 
were performed based upon standard 

EULAR reference scans (26) and US 
findings were interpreted according to 
the OMERACT definitions of pathol-
ogy (27). Synovitis on US of the ankle 
region was defined as the presence of 
both or either joint effusion and syno-
vial hypertrophy in at least one of the 
following sites: tibiotalar joint (TTJ), 
subtalar joint (STJ) and intertarsal joint 
(ITJ) (talo-navicular and navicular-1st 

cuneiform joints assessed together). 
Ultrasound-detected tenosynovitis of 
the ankle region was defined as the 
presence of hypoechoic or anechoic 
thickened tissue with or without fluid 
within the tendon sheath, which is seen 
in two perpendicular planes and which 
may exhibit power Doppler (PD) sig-
nal, in at least one of the tendons of the 
following tendon compartments: the 
anterior tendon compartment (ATC) 
(tibialis anterior, extensor hallucis lon-
gus, extensor digitorum longus), the 
medial tendon compartment (MTC) 
(tibialis posterior, flexor digitorum 
longus, flexor hallucis longus) and 
the lateral tendon compartment (LTC) 
(peroneus longus and brevis) of the an-
kle. Each US abnormality was simply 
recorded as present/absent. 

Outcome assessment
Based on US findings of the ankle re-
gion, patients were stratified in the fol-
lowing two groups: 1) patients with 
detection of isolated arthritis (synovi-
tis) affecting at least one of the joints 
of the ankle; 2) patients with detec-
tion of tenosynovitis involving at least 
one of the tendon compartments of the 
ankle irrespective of the presence of 
concomitant arthritis. For the purpose 
of the analysis, in case of involvement 
of both ankles in a patient, US find-
ings were combined altogether in or-
der to define the patient as having or 
not having tenosynovitis of the ankle 
region. In the two groups, estimation 
of patients who were able to achieve a 
state of clinically inactive disease ac-
cording to the Wallace criteria (25) was 
assessed after 6 months from the first 
therapeutic intervention.

Reliability
Intra- and inter-observer reliability 
of US was assessed on still images. 

Stored scans of all patients included in 
the study were reassessed by both the 
sonographers who performed US ex-
aminations after 3 months from the first 
evaluation. Any discrepancies on US 
findings were then resolved through a 
discussion between the sonographers 
before data analysis.

Statistical analysis
Descriptive statistics were reported 
in terms of medians and interquartile 
ranges (IQRs) for continuous vari-
ables and as absolute frequencies and 
percentages for categorical variables. 
Mann-Whitney U-test was used to an-
alyse quantitative variables, whereas 
comparison of qualitative data was per-
formed by means of the chi-square test, 
or by Fisher’s exact test in the case of 
expected frequencies <5. Agreement 
was estimated through the unweighted 
Cohen’s kappa statistics (k) with 95% 
confidence intervals (CI) (28). The 
strength of k agreement was defined 
as follows: ≤0.20 poor, 0.21–0.40 fair, 
0.41–0.60 moderate, 0.61–0.80 good, 
and>0.81 excellent (29). Achievement 
of clinically inactive disease in each 
group was evaluated with Kaplan-Meier 
method and by calculating hazard ratio 
(HR) and CI using Cox model. Survival 
curves were compared by the log-rank 
test. Statistical analyses were performed 
with Stata 17 (StataCorp. 2021).

Results
Study population
A total of 45 patients, 29 girls (64.4%) 
and 16 boys (35.6%), with new-onset 
JIA and clinically active disease of 
the ankle region were included in the 
study. Fourteen patients (31.1%) had 
persistent oligoarthritis, 4 (8.9%) had 
extended oligoarthritis, 23 (51.1%) had 
rheumatoid factor (RF)-negative pol-
yarthritis, and 4 (8.9%) had enthesitis-
related arthritis. ANAs were positive 
in 29 patients (64.4%). At first evalu-
ation in the study centres, the median 
disease duration was 0.2 years (IQR 
0.1–0.3 years), and the median age 
was 5.5 years (IQR 3.2–9.2 years). The 
median number of joints affected at 
disease onset was 5.0 (3.0–8.0). Sev-
enteen patients had clinically active 
disease of both ankles. Forty-three pa-
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tients (95.6%) started methotrexate at 
the time of diagnosis; 17 of them added 
subsequently anti-tumour necrosis fac-
tor (TNF) agents in the first 6 months 
from the diagnosis of JIA. Two patients 
(4.4%) underwent injections in the an-
kle region alone. Table I shows the clin-
ical features of patients according to the 
presence or absence of tenosynovitis on 
US of the ankle region. Patients with 
US-detected tenosynovitis were young-
er, were more frequently females, and 
had more commonly positive ANAs. A 
polyarticular course was the most fre-
quent subtype of JIA irrespective of the 
presence of tenosynovitis of the ankle. 
Overall, number of joints affected at 
disease onset and disease duration at di-
agnosis of JIA were comparable in the 
two groups of patients. Comparing pa-
tients for treatment, slightly more than 
one third of patients belonging to each 
group received a biologic agent during 
the 6 months of follow-up. The 2 pa-
tients who underwent joint injections 
only did not have tenosynovitis of the 
ankle region.

US findings of tenosynovitis
Table II illustrates the US features of 
the 17 patients with bilateral involve-
ment of the ankle region. Seven of them 
(41.2%) did not show tenosynovitis on 
US in any of the two ankles. Of the re-
maining 10 patients with bilateral an-
kle clinical arthritis, 7 had US-detected 
tenosynovitis in both ankles, whereas 3 
patients displayed tenosynovitis on US 
in only one of their ankles.
Overall, tenosynovitis of the ankle re-
gion was detected on US in 28 patients 
(62.2%). In 26 of them (92.9%), teno-
synovitis was coupled with joint arthri-
tis on US in at least one of the articular 
recesses of the ankle region (TT, ST, 
ITJ). Absence of US-detected tenosyn-
ovitis of the ankle region (i.e. isolated 
arthritis) was found in all the remaining 
17 patients (37.8%).
Table III shows the frequency of US-
determined tenosynovitis in the study 
patients according to the involvement 
of the different tendon compartments 
of the ankle region. Overall, the LTC 
and the MTC were the most frequently 
affected tendon compartments at dis-
ease onset. The number of patients 

with concomitant US involvement of 
the ATC and the MTC was equal to that 
of patients with concomitant involve-
ment of the ATC and the LTC (1 pa-
tient in both cases). At disease onset, 
one fourth of patients displayed on 
US tenosynovitis affecting the MTC 
together with the LTC. Three patients 
had the ATC, MTC and LTC simulta-
neously inflamed. Figure 1 shows an 

example of tenosynovitis on US in the 
ankle region. 

Analysis of outcome
The survival analysis by presence or 
absence of US-detected tenosynovitis 
in the ankle region, with achievement 
of clinically inactive disease as event of 
interest, is presented in Figures 2 and 3.
In the survival analysis including the 

Table I. Clinical features of patients according to the presence or absence of tenosynovitis 
on US of the ankle region.

Feature Tenosynovitis yes Tenosynovitis no    p-value
 (n=28)  (n=17) 
  
Gender: female 20  (71.4%) 9  (52.9%) 0.21 
Age at disease onset, median (IQR), years 4.4  (2.7-9.0) 6.6  (4.2-8.5) 0.25 
Age at JIA diagnosis, median (IQR), years 4.6  (2.9-9.2) 7.0  (4.6-8.6)   0.30
Disease duration, median (IQR), years              0.2  (0.1-0.2) 0.3  (0.1-0.3) 0.54
Joints affected at disease onset, median (IQR)    5.0  (3.0-7.0) 4.0  (3.0-14.0) 0.86
Patients with positive ANA 20  (71.4%) 9  (52.9%) 0.21

ILAR category                    0.19
     Persistent oligoarthritis                            9  (32.1%) 5  (29.4%)
     Extended oligoarthritis   4  (14.3%) 0  (0.0%)
     RF-negative polyarthritis             14  (50.0%) 9  (52.9%)
     Enthesitis-related arthritis                          1  (3.6%) 3  (17.6%)

Therapy received in the first 6 months from JIA diagnosis    
     Local injection therapy                          28  (100%)                  13  (76.5%)  0.02
     Methotrexate 28  (100%) 15  (88.2%) 0.14
     Biologic agents 11  (39.3%) 6  (35.3%) 0.78
   
Data are represented as n (%), unless otherwise indicated. 
ANA: antinuclear antibody; JIA: juvenile idiopathic arthritis; ILAR: International League of Associa-
tions for Rheumatology; RF: rheumatoid factor.

Table II. US features of the 17 patients with bilateral involvement of the ankle region with 
particular focus on the tendon compartments affected by tenosynovitis.

Patient  Right ankle   Left ankle Overall ankle 
                                                                     tenosynovitis*

1                synovitis synovitis    No 
2                synovitis + ATC, MTC, LTC synovitis + ATC, MTC, LTC Yes 
3 synovitis synovitis No
4              synovitis      synovitis + LTC Yes
5                synovitis + MTC                                      synovitis + MTC Yes
6 synovitis synovitis No
7 synovitis synovitis No
8                ATC + LTC ATC + LTC         Yes
9                synovitis + ATC, MTC, LTC                   synovitis + ATC, MTC, LTC Yes
10              synovitis + ATC, MTC   synovitis Yes
11 synovitis synovitis No
12              synovitis+ MTC, LTC   synovitis + MTC, LTC Yes
13              synovitis + ATC, MTC synovitis + MTC, LTC  Yes
14 synovitis synovitis No
15              synovitis + MTC, LTC synovitis Yes
16 synovitis synovitis No
17              synovitis + MTC, LTC  synovitis + MTC Yes

ATC: anterior tendon compartment; MTC: medial tendon compartment; LTC: lateral tendon compart-
ment; synovitis refers to the presence of both or either joint effusion and synovial hypertrophy in at 
least one joint among the tibiotalar joint, the subtalar joint and intertarsal joint (talo-navicular and 
navicular-1st cuneiform joints assessed together).
*Overall ankle tenosynoivitis refers to US features of left and right ankle combined in order to stratify 
the patient as having or not having tenosynovitis. 
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entire sample of patients the cumulative 
probability of achieving clinically inac-
tive disease at 6-month follow-up was 
comparable in the two groups of pa-
tients: 17 of the 28 patients (60.7%) who 
had, and 10 of 17 patients (58.8%) who 
did not have, respectively, tenosynovitis 
of the ankle region on US exam were 
able to attain inactive disease (HR 1.12, 
95% CI: 0.51–2.45). Looking at the 
slope of the curve, it appears that the cu-
mulative probability of achieving inac-
tive disease increases steadily overtime 
for both groups of patients. However, 
patients with US-detected tenosynovi-
tis in the ankle region tended to reach 
inactive disease more precociously than 
patients without tenosynovitis on US 
of the ankle. The subanalysis includ-
ing only patients who did not receive a 
biologic agent in their first 6 months of 
treatment for JIA showed that the cumu-
lative probability of achieving clinically 
inactive disease was slightly higher for 
patients with tenosynovitis compared 
to those without tendon involvement: 
11/17 (64.7%) and 6/11 (54.5%) pa-
tients, respectively (HR 1.56, 95% CI: 
0.58–4.24). In agreement with the previ-
ous analysis, patients with tenosynovitis 
were able to attain inactive disease more 

Table III. Frequency of tenosynovitis on 
US in the 45 assessed patients*.

Tendon compartment Patients n (%)
                
ATCa  6  (13.3%)
MTCb 20  (44.4%)
LTCc 22  (48.8%)
ATC + MTC  1  (2.2%)
ATC + LTC  1  (2.2%)
MTC + LTC  12  (26.7%)
ATC + MTC + LTC  3  (6.7%)

*In patients with clinically active disease affect-
ing both their ankles, detection of tenosynovitis 
on US in the same tendon compartment of the 
two ankles led to classify the patient as having 
tenosynovitis in that specific tendon compart-
ment of the ankle.
ATC: anterior tendon compartment; MTC: me-
dial tendon compartment; LTC: lateral tendon 
compartment. 
a Patients with tenosynovitis of the ATC irrespec-
tive of the concomitant inflammation of the MTC 
and/or LTC. 
b Patients with tenosynovitis of the MTC irrespec-
tive of the concomitant inflammation of the ATC 
and/or LTC. 
c Patients with tenosynovitis of the LTC irrespec-
tive of the concomitant inflammation of the ATC 
and/or MTC.

Fig. 1. Transverse (A, C) and longitudinal (B, D) ultrasound (US) scan of the tibialis posterior tendon in 
a 7-year-old boy with JIA showing tenosynovitis on grey scale US (A, B) and power Doppler US (C, D). 
TP: tibialis posterior tendon; arrowheads: distension of the tendon sheath.

Fig. 2. Cumulative probability of achieving clinically inactive disease by presence or absence of teno-
synovitis in the ankle region (Kaplan-Meier method). The analysis refers to the entire study population 
of 45 patients irrespective of the systemic treatment received in the first 6 months from JIA diagnosis. 

Fig. 3. Cumulative probability of achieving clinically inactive disease by presence or absence of teno-
synovitis in the ankle region (Kaplan-Meier method). The analysis refers to the subgroup of 28 patients 
who did not receive a biologic agent (anti-tumour necrosis factor) in the first 6 months from JIA diagnosis.
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precociously than the group of patients 
without US-detected tendon inflamma-
tion in the ankle.

Reliability of US
Intra-observer agreement for the pres-
ence of US-determined tenosynovitis 
versus isolated arthritis of the ankle re-
gion on US was excellent for both the 
sonographers (k=1.00, 95%CI:1.00–
1.00, and k=0.95, 95%CI:0.87–1.00, 
respectively). Inter-observer agreement 
for the presence of tenosynovitis versus 
isolated arthritis of the ankle region on 
US was good (k=0.63, 95%CI:0.42–
0.85).

Discussion
Over the last few years US has gained 
an increasing application among paedi-
atric rheumatologists as a complemen-
tary tool to clinical evaluation for the 
assessment of patients with JIA (11-12). 
Among the joints that are common tar-
gets of the disease, the ankle is frequent-
ly affected and may particularly benefit 
from the US exam (3-7). This region is 
anatomically complex owing to several 
tendons running adjacent to the joints 
that are part of the ankle. Both joints 
and tendons may become inflamed in 
JIA. Accurate identification of the exact 
location of inflammation in the ankle is 
challenging in JIA by physical exami-
nation alone, because of the physiologi-
cal abundant fat, the difficulty to clearly 
perceive the bony landmarks and the 
small size of the anatomical structures 
in children (8). Hence, correct discrimi-
nation between joint and tendon disease 
often requires the use of imaging mo-
dalities, such as US. Consequently, an 
US assessment prior to local injection 
therapy, especially in the ankle region, 
can help physician to choose precisely 
the sites to inject and, in turn, improves 
potentially the efficacy of corticoster-
oid injections (30).
Despite the aforementioned advantages 
that foster the use of US in the daily 
management of patients with JIA, the 
predictive significance of US findings 
in joints and tendons is an important as-
pect of this imaging technique that still 
needs to be clarified. Until now only 
a few studies have been conducted to 
investigate the prognostic role of US-

detected abnormalities in JIA. Overall, 
these investigations were devised to ex-
plore the predictive significance of joint 
synovitis mainly, and led to conflicting 
results (13-20).
Although the current ILAR classifica-
tion for JIA defines joint involvement 
based on the presence of active arthri-
tis and does not take into consideration 
tendon inflammation (23), tenosynovitis 
is a well-recognised peri-articular mani-
festation in JIA. As such, we designed 
the present pilot study with the aim, 
first, to evaluate its prevalence at dis-
ease onset, and then, to explore wheth-
er inflammation affecting the tendon 
sheath in the earliest disease phase may 
play a key role by identifying a subset of 
patients with a different burden of dis-
ease compared to patients without US-
detected tenosynovitis. 
Unlike the previous published prog-
nostic reports in JIA (13-20), we were 
interested in investigating the predic-
tive meaning of US findings in patients 
with overt clinically active disease. In 
particular, our aim was to determine 
whether tenosynovitis could affect the 
capacity of patients to reach a state of 
inactive disease after starting treatment 
according to standard-of-care practice. 
To the best of our knowledge this is the 
first study that investigates the role of 
tenosynovitis in patients with clinically 
active JIA. 
To pursue our goal, we recruited a sam-
ple of patients with new-onset JIA and 
clinical ankle involvement. The choice 
to include patients with ankle disease in 
our study is due to the fact that this ana-
tomical region is by far the site where 
tenosynovitis is more commonly de-
tectable on US in JIA compared to other 
joints surrounded by tendons, such as 
the wrist, which is vice versa a com-
mon target of RA (21). We considered, 
therefore, the ankle region as a “target 
joint” to study the prognostic meaning 
of tenosynovitis in JIA. This assump-
tion is in line with the notion that the 
ankle is the joint where typically and 
more frequently tendon compartments 
are injected under US-guidance in JIA 
(22).
Our findings indicate that tendon in-
volvement is common in patients with 
ankle arthritis, even at JIA onset. In 

keeping with the results of a previous 
study from our group (7), we found 
that US-detected tenosynovitis is more 
frequent in the MTC and LTC than in 
the ATC. As expected, a sizeable part 
of patients had tendon inflammation af-
fecting simultaneously several tendon 
compartments of their ankles. Overall, 
these findings confirm the need to cou-
ple US to clinical evaluation in JIA for 
the assessment of anatomically com-
plex joints, such as the ankle region, 
where enlargement of tendon sheaths 
due to inflammation may mimic joint 
disease.
We examined the outcome of the dis-
ease after the first 6 months of treat-
ment for JIA according to standard-
of-care practice. Our patients had, on 
average, early disease, as shown by 
the median disease duration of 0.2 
years. Nearly all patients were given 
methotrexate; slightly more than one 
third of them started subsequently anti-
TNF agents to achieve full control of 
the disease. This finding is somehow 
expected, since ankle arthritis often 
requires a second-line therapy to pur-
sue remission in patients with JIA (2). 
On the survival analysis, we found that 
patients with tenosynovitis of the an-
kle region had the same likelihood of 
those without tenosynovitis to reach a 
state of clinically inactive disease at 6 
months from JIA diagnosis. Similarly, 
the subanalysis excluding patients who 
were given biologics showed that the 
cumulative probability of achieving 
clinically inactive disease was even 
slightly higher for the group of patients 
with tenosynovitis compared to chil-
dren without tendon inflammation on 
US. In addition, we found that patients 
with tenosynovitis tended to attain in-
active disease more precociously than 
patients without US-detected tendon 
inflammation in the ankle. Taken to-
gether, these observations suggest that 
detection on US of tenosynovitis in an-
kles with clinical evidence of arthritis 
does not impair the chance to achieve 
clinically inactive disease in the early 
phase of JIA after starting treatment.
Our findings should be interpreted 
in consideration of certain potential 
limitations, primarily its retrospective 
nature. A retrospective analysis is po-
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tentially subject to missing and possi-
bly erroneous data. Second, given the 
multicentre design of the study, there is 
a risk of differences in the US evalua-
tions and, consequently, of inaccurate 
interpretation of US data collection. In 
order to overcome this drawback, in-
tra- and inter-observer reliability were 
tested on still images by the two sonog-
raphers who performed the US exams 
and showed in both cases a high relia-
bility rate. In addition, to further reduce 
this potential risk of bias, data analysis 
was performed once the two operators 
reached consensus on discrepancies of 
US findings. We acknowledge also that 
tenosynovitis was simply recorded as 
present/absent irrespective of detect-
ing PD signal within the tenosynovial 
sheath. Therefore, we cannot exclude 
that analysis including exclusively pa-
tients with PD tenosynovitis may lead to 
different results. Furthermore, the fact 
that we studied the role of tenosynovitis 
in patients at disease onset precludes to 
generalise our findings to patients with 
longstanding disease. Finally, in our 
study tenosynovitis was interpreted ac-
cording to the OMERACT definitions 
of pathology developed for adults (27). 
However, this is not firmly in contrast 
with the recent study of the paediatric 
subgroup of the OMERACT US Task 
Force on tenosynovitis in children 
which demonstrated that the definition 
of tenosynovitis used in adults is ap-
plicable in children with only minimal 
modifications (31). 
In summary, we found that tenosynovi-
tis is a common finding on US at JIA 
onset in ankles with evidence of clini-
cally active disease, particularly in the 
MTC and in the LTC. The data from 
our retrospective pilot study suggest 
that US-detected tenosynovitis in clini-
cally active ankles does not jeopardise 
the chance to achieve clinically inactive 
disease in the early phase of JIA after 
starting treatment, compared to patients 
without tendon inflammation. Further 
prospective and larger studies are rec-
ommended to confirm our results.

Acknowledgements
This study was partially funded by the 
Italian Ministry of Health, Current re-
search IRCCS.

References
  1.  RAVELLI A, MARTINI A: Juvenile idiopathic 

arthritis. Lancet 2007; 369: 767-78. https://
doi.org/10.1016/S0140-6736(07)60363-8

  2. ESBJÖRNSSON AC, AALTO K, BROSTRÖM 
EW et al.: Ankle arthritis predicts polyarticu-
lar disease course and unfavourable outcome 
in children with juvenile idiopathic arthritis. 
Clin Exp Rheumatol 2015; 33: 751-57. 

  3. ROONEY ME, McALLISTER C, BURNS JF: 
Ankle disease in juvenile idiopathic arthritis: 
ultrasound findings in clinically swollen an-
kles. J Rheumatol 2009; 36: 1725-29. 

 https://doi.org/10.3899/jrheum.080508
  4. PASCOLI L, WRIGHT S, McALLISTER C, 

ROONEY M: Prospective evaluation of clinical 
and ultrasound findings in ankle disease in ju-
venile idiopathic arthritis: importance of ankle 
ultrasound. J Rheumatol 2010; 37: 2409-14. 

 https://doi.org/10.3899/jrheum.091262
  5. HENDRY GJ, GARDNER-MEDWIN J, STEULT-

JENS MP, WOODBURN J, STURROCK RD, 
TURNER DE: Frequent discordance between 
clinical and musculoskeletal ultrasound ex-
aminations of foot disease in juvenile idi-
opathic arthritis. Arthritis Care Res (Hobo-
ken) 2012; 64: 441-47. 

 https://doi.org/10.1002/acr.20655
  6. LANNI S, BOVIS F, RAVELLI A et al.: Delin-

eating the application of ultrasound in de-
tecting synovial abnormalities of the subtalar 
joint in juvenile idiopathic arthritis. Arthri-
tis Care Res (Hoboken) 2016; 68: 1346-53. 
https://doi.org/10.1002/acr.22846

  7. LANNI S, MARAFON DP, CIVINO A et al.: 
Comparison between clinical and ultrasound 
assessment of the ankle region in children 
with juvenile idiopathic arthritis. Arthritis 
Care Res (Hoboken) 2021; 73: 1180-86. 
https://doi.org/10.1002/acr.24241

  8. LANNI S, WOOD M, RAVELLI A, MAGNI 
MANZONI S, EMERY P, WAKEFIELD RJ: To-
wards a role of ultrasound in children with 
juvenile idiopathic arthritis. Rheumatology 
(Oxford) 2013; 52: 413-20. 

 https://doi.org/10.1093/rheumatology/kes287
  9. MAGNI-MANZONI S, MALATTIA C, LANNI S, 

RAVELLI A: Advances and challenges in im-
aging in juvenile idiopathic arthritis. Nat Rev 
Rheumatol 2012; 8: 329-36. 

 https://doi.org/10.1038/nrrheum.2012.30
10. LANNI S, MARTINI A, MALATTIA C: Heading 

toward a modern imaging approach in juve-
nile idiopathic arthritis. Curr Rheumatol Rep 
2014; 16: 416. 

 https://doi.org/10.1007/s11926-014-0416-9
11. LANNI S: The recent evolution of ultrasound 

in juvenile idiopathic arthritis. Clin Exp 
Rheumatol 2021; 39: 1413-21. https://

 doi.org/10.55563/clinexprheumatol/o4f5rk
12. ROTH J: Emergence of musculoskeletal ul-

trasound use in pediatric rheumatology. Curr 
Rheumatol Rep 2020; 22: 14. 

 https://doi.org/10.1007/s11926-020-0889-7
13. MAGNI-MANZONI S, SCIRÈ CA, RAVELLI A et 

al.: Ultrasound-detected synovial abnormali-
ties are frequent in clinically inactive juvenile 
idiopathic arthritis, but do not predict a flare of 
synovitis. Ann Rheum Dis 2013; 72: 223-28. 
https://

 doi.org/10.1136/annrheumdis-2011-201264

14. DE LUCIA O, RAVAGNANI V, PREGNOLATO 
F et al.: Baseline ultrasound examination as 
possible predictor of relapse in patients af-
fected by juvenile idiopathic arthritis (JIA). 
Ann Rheum Dis 2018; 77: 1426-31. https://
doi.org/10.1136/annrheumdis-2017-211696

15. ZHAO Y, RASCOFF NE, IYER RS et al.: Flares 
of disease in children with clinically inactive 
juvenile idiopathic arthritis were not corre-
lated with ultrasound findings. J Rheumatol 
2018; 45: 851-57. 

 https://doi.org/10.3899/jrheum.170681
16. MIOTTO E SILVA VB, MITRAUD SAV, FUR-

TADO RNV, NATOUR J, LEN CA, TERRERI 
MTSELRA: Patients with juvenile idiopathic 
arthritis in clinical remission with positive 
power Doppler signal in joint ultrasonogra-
phy have an increased rate of clinical flare: a 
prospective study. Pediatr Rheumatol Online 
J 2017; 15: 80. 

 https://doi.org/10.1186/s12969-017-0208-7
17. NIETO-GONZÁLEZ JC, RODRÍGUEZ A, 

GÁMIR-GÁMIR ML et al.: Can ultrasound-de-
tected subclinical synovitis be an indicator of 
flare recurrence in juvenile idiopathic arthritis 
remission patients on tapered TNFi? Clin Exp 
Rheumatol 2019; 37: 705-12.  

18.  FINGERHUTOVÁ Š, SRP R, HURŇÁKOVÁ J et 
al.: Can ultrasound help to overcome uncer-
tainty in clinical joint assessment in juvenile 
idiopathic arthritis? Clin Exp Rheumatol 
2023; 41: 177-85. https://

 doi.org/10.55563/clinexprheumatol/5lk4x2
19. SUN P, TONG Y, XU X, GAO M, SHI J: Evalu-

ation of synovial inflammation in juvenile 
idiopathic arthritis using superb microvas-
cular imaging compared with power Doppler 
ultrasound. Clin Exp Rheumatol 2023 Oct 5. 
https://

 doi.org/10.55563/clinexprheumatol/ksl2uy
20. D’ANGELO DM, ATTANASI M, DI DONATO 

G et al.: Serum calprotectin and joint ultra-
sound in the definition of disease relapse in 
non-systemic juvenile idiopathic arthritis: 
a prospective longitudinal study. Clin Exp 
Rheumatol 2024; 42:185-93.” https://

 doi.org/10.55563/clinexprheumatol/qumh2o
21. BELLIS E, SCIRÈ CA, CARRARA G et al.: 

Ultrasound-detected tenosynovitis indepen-
dently associates with patient-reported flare 
in patients with rheumatoid arthritis in clini-
cal remission: results from the observational 
study STARTER of the Italian Society for 
Rheumatology. Rheumatology (Oxford) 2016; 
55: 1826-36. 

 https://doi.org/10.1093/rheumatology/kew258
22. PETERS SE, LAXER RM, CONNOLLY BL,  

PARRA DA: Ultrasound-guided steroid ten-
don sheath injections in juvenile idiopathic 
arthritis: a 10-year single-center retrospec-
tive study. Pediatr Rheumatol Online J 2017; 
15: 22. 

 https://doi.org/10.1186/s12969-017-0155-3
23. PETTY RE, SOUTHWOOD TR, MANNERS P et 

al.: International League of Associations for 
Rheumatology classification of juvenile idi-
opathic arthritis: second revision, Edmonton, 
2001. J Rheumatol 2004; 31: 390-92. 

24. RAVELLI A, VIOLA S, RUPERTO N, CORSI 
B, BALLARDINI G, MARTINI A: Correlation 
between conventional disease activity meas-
ures in juvenile chronic arthritis. Ann Rheum 



1883Clinical and Experimental Rheumatology 2024

US-detected tenosynovitis of ankles at JIA onset / S. Lanni et al.

Dis 1997; 56: 197-200. 
 https://doi.org/10.1136/ard.56.3.197
25. WALLACE CA, GIANNINI EH, HUANG B, 

ITERT L, RUPERTO N: American College of 
Rheumatology provisional criteria for defin-
ing clinical inactive disease in select catego-
ries of juvenile idiopathic arthritis. Arthritis 
Care Res (Hoboken) 2011; 63: 929-36. 

 https://doi.org/10.1002/acr.20497
26. BACKHAUS M, BURMESTER GR, GERBER 

T et al.: Guidelines for musculoskeletal ul-
trasound in rheumatology. Ann Rheum Dis 
2001; 60: 641-49. 

 https://doi.org/10.1136/ard.60.7.641
27. WAKEFIELD RJ, BALINT PV, SZKUDLAREK M 

et al.: Musculoskeletal ultrasound including 
definitions for ultrasonographic pathology. J 
Rheumatol 2005; 32: 2485-87. 

28. COHEN J: A coefficient of agreement for nom-
inal scales. Educ Psychol Meas 1960; 20: 37-
46.

29. LANDIS JR, KOCH GG: The measurement of 
observer agreement for categorical data. Bio-
metrics 1977; 33: 159-74.

30. LAURELL L, COURT-PAYEN M, NIELSEN S, 
ZAK M, BOESEN M, FASTH A: Ultrasonogra-

phy and color Doppler in juvenile idiopathic 
arthritis: diagnosis and follow-up of ultra-
sound-guided steroid injection in the ankle 
region. A descriptive interventional study. 
Pediatr Rheumatol Online J 2011; 9: 4. 

 https://doi.org/10.1186/1546-0096-9-4
31. COLLADO P, MARTIRE MV, LANNI S et al.: 

OMERACT international consensus for ul-
trasound definitions of tenosynovitis in juve-
nile idiopathic arthritis: systematic literature 
review and Delphi process. Arthritis Care 
Res (Hoboken) 2023; 75: 2277-84. 

 https://doi.org/10.1002/acr.25159


