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Abstract

Juvenile Idiopathic Arthritis (JIA) is a major contributor to chronic diseases, affecting around 1-2 in 1000 children under
the age of 16. With modern treatments, the morbidity has been reduced; however, there is increasing evidence that
many, if not most, children with JIA will have a chronic disease with ongoing activity into adulthood. Many studies
discuss the possibility of an early window of opportunity in which patients have the best chance of responding to
therapy, thereby underscoring the importance of timely and appropriate imaging. Children typically present at 4-5
years of age with one or more stiff and painful joints. If JIA is suspected, the child should undergo an ultrasound of the
involved joint(s), performed by a radiologist with experience in paediatric imaging. If this is normal, with no abnormal
laboratory tests and low clinical suspicion of JIA, no further imaging is required. If there is inconsistency between
ultrasound and clinical findings, then they should proceed to MRI, including intravenous contrast, of the involved joint.
Additional radiographs, or low-dose CT for the axial joints to examine for potential destructive change, deformation, or
growth abnormalities, should be considered. In children presenting with monoarthritis, bacterial infection must be
ruled out.

Key Points

* Ultrasound is the initial modality in the diagnosis of JIA, and if there is inconsistency between ultrasound and clinical
findings, MRI should be performed.

* Radiography for the assessment of destructive change, deformity, and malalignment should be considered, alternatively, low-
dose CT for the temporomandibular and sacroiliac joints and the cervical spine.

* Knowledge of normal imaging features in children is mandatory.
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Key recommendations

* In the clinical setting of suspected JIA, the
appropriate initial imaging protocol is a high-
resolution ultrasound examination of the involved
joint(s) and tendons, including Doppler. In case of
monoarthritis, bacterial arthritis should be excluded.
If ultrasound is inconclusive, an additional MRI with
contrast should be performed. If a diagnosis of JIA is
reached, an MRI of the temporomandibular joints
(TM]J) should be contemplated, as involvement of
these joints is asymptomatic in a high proportion of
patients (level of evidence: moderate).

* For assessment of destructive change, deformation
or growth abnormalities, radiography, or low-dose
CT for the axial joints and the TMJs, is
recommended (level of evidence: moderate).

* Knowledge on normal references for the amount of
joint fluid and synovial thickness on ultrasound and
MR, as well as on bone marrow findings on MR, is
crucial to reduce misdiagnosis (level of evidence:
moderate).

Introduction

Juvenile idiopathic arthritis (JIA) is a major contributor to
chronic disease in childhood, affecting around 1-2 in 1000
children (fm 3:1) under the age of 16 [1]. It is characterised
by chronic synovial inflammation, with a potential risk of
developing progressive joint destruction and serious func-
tional disability. The aetiology is unknown [2]. Historically,
the disease was characterised by high morbidity, such as
physical disability and loss of mobility due to joint con-
tractures and destruction from long-standing inflamma-
tion, pain, and fatigue. In addition, drugs like
glucocorticoids add to morbidity by side effects such as
growth and metabolic disturbances (osteoporosis). With
modern treatment such as Methotrexate, introduced dur-
ing the 80s and the biologics, introduced in the late 90s, the
morbidity has been reduced, but still children are faced
with periods of active disease with pain and reduced
mobility, and the observed side effects of the new drugs are
concerning [3, 4]. Moreover, there is increasing evidence
that many, if not most, children with JIA will have a chronic
disease with ongoing activity into adulthood [5, 6], thus
underscoring the importance of early diagnosis and insti-
gation of appropriate treatment.

Diagnosis and the role of imaging

JIA is a heterogeneous disease, classified into seven dis-
tinct categories: oligoarthritis, polyarthritis, systemic
arthritis, psoriatic arthritis, enthesitis-related arthritis, and
undifferentiated arthritis, of which oligoarthritis is the
most common [7]. Although the diagnostic criteria are
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based on history and clinical and laboratory findings,
imaging has become an important tool both in narrowing
the differential diagnosis and monitoring disease activity,
development, and potential complications to treatment.
While evaluation of disease activity is performed with
ultrasound and/or magnetic resonance imaging (MRI),
joint damage and secondary growth disturbances are still
performed radiographically [8]. However, there is a lack of
comprehensive imaging guidelines across specialities.

Imaging techniques

Ultrasound with Doppler

Ultrasound is a valuable tool for evaluating inflammatory
change, such as joint effusion, thickened, hyperaemic
synovium, tenosynovitis (Fig. 1), and enthesitis, and
guiding joint injections, whilst assessment of chronic
change is less reliable [9]. To differentiate between nor-
mality and pathology, knowledge of age, gender, and
joint-related reference standards for the amount of joint
fluid and the appearances/thickness of the synovium are
required. An update on adequately sized, population-
based studies reporting on ultrasound-based references is
provided in Table 1. Of note is the wide variation in the
amount of joint fluid seen in otherwise healthy children by
age and the ultrasound technique used. Obviously, bor-
derline findings combined with equivocal clinical findings
might lead to both over and underdiagnosis of arthritis.

Several examination techniques and protocols for the
assessment of joints in children with JIA have been pro-
posed [10, 11]. The ESPR (European Society of Paediatric
Radiology) has endorsed the recommendations, including
a detailed description of transducers and main parameter
settings, given by the ESPR musculoskeletal task
force group (https://www.espr.org/app/uploads/2022-US-
Joints-in-children.pdf).

As for grading of inflammatory change, several US-
based scoring systems have been suggested; however, no
international consensus across specialities has been
reached [10]. For example, in a recent paper from the PreS
(Paediatric Rheumatology European Society) Imaging
Working Party, a combination of five views through the
knee joint were identified as being the most sensitive for
synovitis [12]. The degree of synovitis was scored in
accordance with the Paediatric Outcome Measures in
Rheumatology group [13], a consensus-driven, interna-
tional group, defining normality as the absence of effusion
without providing cut-offs between normality and
pathology. Obviously, this might introduce significant
overdiagnosis.

Ultrasound has a number of limitations. Firstly, the
reported sensitivity for detection of both acute and
chronic changes varies widely, reflecting its operator
dependency and limited visualisation of the entire joint. In


https://www.espr.org/app/uploads/2022-US-Joints-in-children.pdf
https://www.espr.org/app/uploads/2022-US-Joints-in-children.pdf

Costa Dias et al. European Radiology

Page 3 of 11

Fig. 1 Ultrasound of the wrist in a two-year-old boy with polyarticular JIA. a Axial view, dorsal wrist, visualising (b) the extensor tendons, showing (c) a
thickened (long arrows) and (d) hyperaemic synovium consistent with tenosynovitis of compartments VI and IV. e shows a longitudinal view through the
wrist, with f illustrating the radiocarpal (green arrow) and midcarpal (red arrow) recesses. g Note the appearances of the dark cartilage, which can easily
be mistaken for fluid (arrow heads). To differentiate between the two, gain might be adjusted to visualise the typical “speckles” within cartilage, as

compared to the dark/black fluid

particular, assessment and grading of chronic change
appear to be imprecise [9]. Moreover, ultrasound findings
have low prognostic value in patients in remission [14],
and the accuracy for detecting enthesitis has yet to be
standardised and further evaluated [15].

MRI

MRI plays an important role in assessing disease activity,
as well as damage to cartilage and bone in children with
JIA. However, the normal, growing skeleton often exhibits
MR findings such as bone marrow oedema-like change,
bony depressions, and irregular ossification; features that
easily can be mistaken for true marrow oedema or ero-
sions. For example, a study from 2008 indicated that MRI
might detect erosive change of the carpals with greater
sensitivity than radiography, particularly in early disease
[9]. However, during normal maturation, the carpals can
become quite irregular, thus mimicking pathology [16].
Moreover, bone marrow oedema might be a precursor of
erosive change/joint damage progression [17, 18]. But

again, since bone marrow oedema-like change, including
«kissing lesions» of the carpals is a frequent finding in
children, this feature must be interpreted with caution.
The same goes for joint fluid, as it is difficult to differ-
entiate when an effusion is present, given the wide var-
iation in normal joint fluid volume (Table 1).
Nevertheless, MRI has become a useful tool for evalu-
ating and monitoring children with JIA, particularly those
with subclinical disease [18]. It is especially valuable for
assessment of axial joints such as the cervical spine and
sacroiliac joints (SIJ), and is also the modality of choice for
assessing temporomandibular (TM]) involvement [19].
Synovial inflammation, i.e. a thickened, hyperaemic
synovium, most often, but not always combined with an
effusion, is the key indicator of disease activity in JIA. For
most joints, the use of intravenous contrast is needed to
differentiate between a pathological synovial membrane
and an effusion (Fig. 2). From previous work, taking the
influence of timing into consideration, we know that a
normal synovium is thin with barely visible enhancement
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Fig. 2 Nine-year-old girl with psoriasis-related JIA and pain in her left thigh. MRI, with (a) a coronal T2-weighted SPAIR sequence, showed a sliver of joint
fluid in her left hip, whilst the T1-weighted, fat-saturated post-contrast image (b) showed vivid synovial enhancement, consistent with arthritis,
underscoring the need for intravenous contrast administration to assess active inflammation

Fig. 3 Hip MRI (T1-weighted, fat-saturated post-contrast images) in four different children aged 12 years, showing different grades of synovial
enhancement: (@) normal, (b) mildly increased synovial enhancement, (c) moderately increased, and (d) severely increased synovial enhancement

[20, 21], and that there is a continuum towards a thick-
ened, pathologiclal membrane showing vivid enhance-
ment. To monitor disease activity, several grading systems
have been established for different joints, of which the
more robust ones are listed in Supplementary material A.
A grading system for synovial enhancement of the hips,
according to Tanturri de Horatio, is shown in Fig. 3.

Regarding the TM], there are suggestions for scoring
systems [22, 23], but as the authors state, there are chal-
lenges regarding repeatability, also shown in a recent
Dutch publication [24]. Despite its drawbacks, MRI of the
TM]J is a sensitive and specific diagnostic tool in the work-
up of the JIA patient.

Technical requirements and suggested protocols

Both 1.5-T and 3-T MR machines are feasible, given the
appropriate type and positioning of coils. Applying tech-
niques to reduce the need for sedation are mandatory.
However, the literature on child-specific reconstruction
methods is sparse [25].

Protocols for assessing the axial joints, such as the cer-
vical spine, sacroiliac and TM]Js, and the extremities, based
on previous recommendations from the ESPR-ESSR [26],
as well as published updates [19, 27], are listed in Table 2. A
basic protocol is suggested, together with joint—specific
add-ons and potential new sequences to be considered.

The basic protocol should include fluid-sensitive
sequences (e.g., short tau inversion recovery (STIR), T2-

weighted fat-saturated (T2 FS) or T2 Dixon water only
images) for the assessment of joint fluid and oedema, and
a T1l-weighted sequence for the assessment of growth
changes and chronic structural change [19, 26]. Alter-
natively, a proton density (PD)-weighted FS sequence
might replace the fluid-sensitive sequence for visualisa-
tion of cartilage, as well as fluid (Fig. 4). If another fluid-
sensitive sequence is preferred over the PD FS sequence,
an additional cartilage sequence should be considered.
Finally, recent studies have shown that the T2 Dixon fat-
only images can replace T1-weighted FS images, thus
shortening the scan time significantly [28, 29].

As mentioned above, the use of intravenous contrast is
needed to differentiate between an effusion and a hyper-
aemic and thickened synovial membrane. Due to diffusion
of contrast into the joint fluid, the timing of post-contrast
images, preferably in two planes, should be short and
standardised, for instance after a 2—3 min delay [30]. See
Table 2 for examples of child- and joint-specific protocols.
For MR imaging of the SIJ, the role of intravenous con-
trast is limited, although it might be helpful in equivocal
cases [26, 31].

Because the hips are commonly involved in children
with juvenile spondyloarthropathy, a (true) axial acquisi-
tion with a larger field of view to visualise the entire pelvis,
including the hips, has been advised [26]. This extended
view also allows for assessment of pelvic enthesitis
(Table 2).
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Future perspectives

During the past years, significant efforts have been made
to reduce the need for intravenous gadolinium adminis-
tration, both due to unwanted side effects and examina-
tion time [32]. Alternative MR sequences, such as fluid
attenuated inversion recovery with fat suppression
(FLAIR FS), dual inversion recovery (DIR) and quantita-
tive double-echo in steady-state (qDESS) [33, 34] and
diffusion-weighted sequences have been evaluated [35].
Currently, contrast-enhanced MRI is often indispensable
in the diagnostic work-up of the JIA patient.

Radiography

Although conventional radiography (CR) has its limita-
tions in detecting inflammatory change, soft tissue
involvement and early structural change, it still plays an
important role in narrowing the differentials, particularly
in children presenting with monoarthritis, and in evalu-
ating severe joint damage and growth disturbances in
children with JIA [26, 36].

Fig. 4 Knee MRI in an 11-year-old girl with JIA, (a) coronal PD-weighted
fat-saturated image showing irregular cartilage in the femorotibial medial
compartment (arrow) and (b) subtle subchondral sclerosis on a coronal

T1-weighted image (arrowhead). Note the oedema in the distal medial

femoral metaphysis, representing a cortical desmoid (circle)
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Except for the sacroiliac joints, the TM]Js and the spine
[26], CR remains the preferred modality for assessment of
chronic change [8], of which knees, ankles, hands and feet
are the most frequent sites showing radiographic change
[37]. The radiographic findings differ significantly from
those in adults and vary according to mode of onset and
age. In younger children, the initial findings might be
more developmental rather than destructive, ie. bony
overgrowth/architectural distortion, whereas in older
children and adolescents destructive changes might
supervene [38] (Fig. 5). Similar, in other appendicular
joints, accelerated bone maturation might result in
architectural distortion and remodelling, and sub-
sequent premature closure of the growth plate with
shortening of bones. Children with later-onset JIA
sometimes have destruction/erosions and narrowed
joint space as the first feature, often followed by mala-
lignment. Evaluation and grading of chronic changes can
be performed by comparing serial radiographs or by
using one of the scoring systems for hands [18-20] or
for hips [21].

Technical requirements and suggested protocols
High-resolution radiographs are advised. Currently, no
agreed recommendations or protocols exist; however, a
relatively recent systematic review [39] suggests an initial
routine CR of the wrist, hands and forefeet in poly-
articular JIA with positive rheumatoid factor (RF)/anti-
citrullinated protein antibodies (ACPA) and in new-onset
RF/ACPA-negative polyarticular JIA with adverse prog-
nostic factors. In other JIA subtypes, routine CR is not
recommended, except at the discretion of the paediatric
rheumatologist for symptomatic joints. Follow-up of
destructive change and/or malalignment should be guided
by clinical findings. For the appendicular joints, both sides
should be included to identify growth disturbances. In
contrast to the adult protocol, one front view often suf-
fices (PA of wrist/hands; AP of ankles/feet, knees, hips,
shoulders, and elbows).

Fig. 5 Serial radiographs of the hands in a boy with polyarticular JIA (initially HLA B 27 negative at presentation age 2 years, but positive at age 17) show
the development and progression of chronic degenerative change from 12 years to 18 years of age: (a) active inflammation of the carpals, with
osteoporosis and growth disturbances (left carpals > right), as well as structural change with joint space narrowing (left carpometacarpal, right
radiocarpal (arrows), (b) negative left ulnar variance at age 12 years (arrowhead) and progression of right radiocarpal joint space narrowing with
crowding of the proximal carpal bones, and (c) reduced carpal length at age 15 (double arrows), radial deviation of carpal bones and dorsal subluxation

(better seen on a lateral projection)



Costa Dias et al. European Radiology

Fig. 6 Cone-beam (T, sagittal view of the TMJ, (@) a 12-year-old boy with
a normally shaped fossa-eminence and condyle, (b) a 14-year-old girl with
a normal fossa, but subtle anterior flattening of the condyle, and (c) a
15-year-old with a moderately widened fossa-eminence and a mildly to
moderately flattened condyle. This figure has been reproduced from [46]
under the Creative Commons Attribution 4.0 International License
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Assessment of bone health

For assessment of bone health, dual-energy X-ray
absorptiometry (DXA) is the most commonly used
method, preferring the total body less head and lumbar
spine (LS 1-4) locations [40]. To adjust for skeletal size,
volume bone mineral density (or bone mineral apparent
density, in g/cm®) is calculated, or BMD Z-scores are
adjusted for height [41] or bone age [42]. A recent study
indicates that radiogrammetry based on a hand radio-
graph might provide an adjuvant tool to DXA, given that
thorough calibration is performed [43].

Child presents
with suspected

arthritis

technique wi
Doppler

Ultrasound;
high resolution

th

Verify with published

[ Normal ] [Effusnon and/or]<_ reference standards
Synovitis (Table 1)
v
If consistent fi . Polyar‘thritis,
with clinical : |r‘1c:n|§|s.teTt Mono- consistent with a
findings: W;,t dc.lmca arthritis diagnosis of JIA
STOP indings sTOP

4

A 4

[ MRI with iv. contrast ]

Inconclusive

JIA

US-guided

Findings
consistent with

aspirationto

exclude
bacterial
arthiritis

Consider MRI of the TMJ’s, and
radiography for assessment of destructive
changes, alternatively a low-dose CT for
the temporomandibular and sacroiliac

joints, and the cervical spine

Fig. 7 Suggested investigative imaging pathway for suspected JIA
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Computed tomography (CT)

Although CT, and in particular the novel photon counting
detector CT technique, provides detailed images of the
osteochondral domain, the method plays a limited role in
the evaluation of children with JIA. Non-contrast CT can
be used to evaluate structural damage, erosions, or
ankylosis, with acquisition focused on thin-section axial
images and multiplanar reconstructions. Currently, it is
used for assessment of joints that are difficult to examine
with CR, such as the TM]J, the upper cervical spine and
the sacroiliac joint [26] in cases where MRI is contra-
indicated. In addition, CT is useful for preoperative
planning, providing high-resolution imaging that serves as
a roadmap for surgical interventions such as joint repla-
cement or arthrodesis.

Technical requirements and suggested protocols

Modern CT scanners incorporate features that minimise
radiation dose, such as iterative reconstruction algo-
rithms, automated exposure modulation, and child-
specific protocols. Key technical considerations include
using multidetector CT with slice thicknesses of
0.5—-1 mm for detailed imaging of small joints, employing
dose-reduction techniques like low kiloVolt peak (kVp)
settings (e.g. 80-100 kVp) and iterative reconstruction.
Contrast is not routinely used in CT for patients with JIA
due to the limited indications [44].

CBCT of the TMJs

For TMJs, cone beam computed tomography (CBCT) is
currently accepted as the imaging modality of choice for
visualisation of bony structures [45], especially in cases
where MRI is equivocal or contraindicated. It provides
multiplanar reconstructions to a relatively low radiation
burden as compared to conventional CT, and depicts
subtle erosions, flattening of articulating surfaces, sub-
chondral cysts, subchondral sclerosis and osteophyte
formation (Fig. 6). Recently, a novel, validated scoring
system for monitoring the development of chronic change
was published [46].

Differential diagnosis

In a child with acute-onset monoarthritis, the differential
diagnosis must include septic arthritis, trauma, malig-
nancy and haematological diseases, of which leukaemia is
highly relevant. In addition, chronic non-bacterial osteo-
myelitis, postinfectious arthritis, acute rheumatic fever,
and Lyme disease, among others, should be considered.

Summary statements

JIA is not uncommon in clinical practice. The radiologist
has an essential role in the diagnostic pathway towards an
early diagnosis, to prevent chronic structural damage. An
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ultrasound of the involved peripheral joint(s) is a core
component of the assessment and should be performed in
line with the ESPR MSK task force guidelines. If incon-
sistency between clinical and ultrasound findings, addi-
tional imaging with MRI, including intravenous injection
of a gadolinium-based contrast agent, is required. For
evaluation of the axial joints, MRI is the primary diag-
nostic imaging tool. Plain radiographs for the assessment
of destructive change, deformity, and malalignment
should be considered; alternatively, a low-dose CT for the
axial skeleton and the TMJs. We have provided an
extensive overview of published ultrasound and MRI-
based reference standards for joint fluid and synovial
appearances, as well as a flow chart of imaging techniques
(Fig. 7) to facilitate differentiation between normality and
pathology, as well as available MR-based scoring systems
for disease activity. Moreover, we have suggested feasible
child- and joint-specific MRI protocols. Communication
with involved clinicians is a core component of the radi-
ological assessment.

Patient summary

JIA is the most common rheumatological disease in child-
hood. This article provides an evidence-based summary of
the appropriate imaging tests that children should undergo
when there is clinical concern for JIA. A child-specific
approach to imaging is crucial for a correct diagnosis.
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