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Summary of thesis

Juvenile idiopathic arthritis (JIA) is the most common rheumatic disease in children and is
characterised by joint inflammation that begins before 16 years of age and persists for at least
6 weeks. Reliable and valid methods to detect and quantify joints with inflammation and to
assess disease activity is important in the management of patients with JIA. Ultrasound is a
non-invasive and well-accepted bedside tool that is increasingly being used in the evaluation of
synovitis (joint inflammation). However, the interpretation of ultrasound images in children can
be difficult due to the unique features of the growing skeleton. In addition, few data exist on
the assessment of Doppler findings (vascularisation) in patients with JIA, which is one of the
most difficult ultrasonographic features to interpret in children because of normal
vascularisation that must not be misinterpreted as pathological findings. Over the last few years,
there has been an increasing focus on standardising the use of ultrasound in children.
Definitions for ultrasonographic features of joints in healthy children and preliminary
ultrasound definitions for synovitis have been developed, but there is no agreement on how to
scan all paediatric joints or how to grade the severity of synovitis. Furthermore, the validity of

ultrasound detected synovitis in patients with JIA is still not well known.

The objectives of this thesis were to develop a standardised ultrasonographic scanning protocol
and a semiquantitative joint-specific scoring system for synovitis with age-divided reference
atlas for patients with JIA. Further, to explore Doppler ultrasound findings in joints with B-
mode (BM) synovitis, and to test the reliability and validity of the ultrasonographic scoring

system with reference atlas.

The project had a cross-sectional design including patient with JIA, aged 1-18 years old. First,
experienced rheumatologists developed a standardised ultrasonographic scanning protocol and
a semiquantitative (grades 0-3) joint-specific scoring system for BM synovitis for frequently
affected joints in patients with JIA. This was done through a consensus process consisting of
literature review, discussions and practical training. The joint regions included were the anterior
elbow, posterior elbow, radiocarpal, midcarpal, metacarpophalangeal 2-3 (dorsal), proximal
interphalangeal 2-3 (volar and dorsal), hip, knee (suprapatellar recess and lateral parapatellar
recess), tibiotalar, talonavicular, anterior subtalar, posterior subtalar and metatarsophalangeal

2-3 joints. Ultrasonographic images that had been collected from the in- and outpatient
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rheumatology clinic at Oslo University Hospital, were used to develop reference atlases with
images that corresponded to the joint-specific scoring system. For BM synovitis, four atlases
were developed according to age-related changes (2-4 years, 5-8 years, 9-12 years and 13-18
years). For Doppler findings, an atlas for power Doppler (PD) activity was developed without
dividing into different age-groups. The system was then tested for inter-reader and intra-reader
reliability on still images with different levels of synovitis, and in a live exercise including ten

patients with JIA.

The ultrasonographic scanning protocol and the joint-specific scoring system with reference
atlas were then used to describe ultrasound Doppler findings in joint regions with BM synovitis
in 27 patients with JIA who were assessed clinically and with ultrasound. Associations between
PD findings and BM synovitis, clinical arthritis and measures of disease activity were further

explored.

Finally, the validity of ultrasound and the novel joint-specific scoring system were examined
by comparing ultrasound findings of synovitis with findings of joint inflammation on whole-
body MRI and clinical examination, and with the disease activity measure 71-joints Juvenile
Arthritis Disease Activity Score (JADAS71). Twenty-seven patients with active JIA, who were
already referred to a magnetic resonance imaging (MRI) or whole-body MRI examination on
clinical indication, were examined clinically, with non-contrast enhanced whole-body MRI and
ultrasound. For each patient, a sum score for joint inflammation found on ultrasound (PD and
BM synovitis), on whole-body MRI (effusion/synovial thickening) and on clinical joint
examination (active joint) was calculated to examine correlations at patient level. Ultrasound
findings of synovitis at joint level were also explored using whole-body MRI or clinical joint

examination as reference.

The scanning protocol and the joint-specific scoring system with reference atlas demonstrated
moderate to excellent inter-reader reliability and good to excellent intra-reader reliability for
BM synovitis scoring, and good to excellent inter-reader and intra-reader reliability for PD
activity scoring on still images. The inter-reader reliability was moderate to excellent for both

BM synovitis and PD activity scoring in the live exercise.

Abnormal Doppler activity was most frequently found in the lateral parapatellar recess of the

knee joint. PD grade 1 was found in joints with BM grade 1, 2 and 3, but PD grade 2 and 3 were
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only found in joint regions with BM grade 2 and 3. Increasing Doppler grades were significantly

associated with greater severity BM synovitis grades and with the presence of clinical arthritis.

Ultrasound synovitis sum scores were significantly correlated with whole-body MRI
effusion/synovial thickening sum scores and with the JADAS71. Ultrasound synovitis sum
scores were moderately correlated with clinical active joint sum scores. Ultrasound findings of
synovitis demonstrated high specificity, but lower sensitivity at joint level when using whole-

body MRI or clinical joint examination as reference.

The findings presented in this thesis indicate that the developed ultrasonographic scanning
protocol and the joint-specific scoring system for synovitis with age-divided reference atlas for
patients with JIA are reliable and valid tools in the assessment of joint inflammation. Further,
that ultrasound synovitis sum scores can reflect overall disease activity in patients with JIA and

may be a useful outcome measure in future research and clinical practice.
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Norsk sammendrag

Juvenil idiopatisk artritt (JIA) er den vanligste revmatiske sykdommen hos barn, og er
karakterisert av leddbetennelse som oppstér for 16 érs alder og som varer i minst 6 uker.

Det er viktig a ha palitelige og valide metoder i1 oppfelgingen av pasienter med JIA slik at man
kan oppdage og gradere alvorligheten av ledd med betennelse, samt vurdere
sykdomsaktiviteten. Ultralyd er en ikke-invasiv og godt tolerert metode som kan gjeres ved
sengekanten, og blir i ekende grad benyttet 1 evalueringen av synovitt (leddbetennelse).
Tolkning av ultralydbilder hos barn kan imidlertid vare vanskelig fordi barn har et skjelett 1
vekst. I tillegg finnes det fa data om Dopplerfunn (vaskularisering) hos pasienter med JIA. Dette
er en av de vanskeligste funnene & vurdere pa ultralyd hos barn i vekst fordi de ogsa har normal
vaskularisering som ikke mé forveksles med patologiske funn. I lgpet av de seneste arene har
det vaert et gkende fokus pa & standardisere bruken av ultralyd hos barn. Det har blitt utviklet
definisjoner for ultralydfunn i ledd hos friske barn og forelgpige definisjoner for synovitt pa
ultralyd. Det er imidlertid ingen enighet om hvordan ultralydundersekelse av alle ledd hos barn
skal utferes, eller hvordan alvorligheten av synovitt skal graderes. Videre er validiteten av

synovittfunn pa ultralyd hos pasienter med JIA lite kjent.

Hensikten med denne avhandlingen var & utarbeide en standardisert ultralydundersekelse og et
semikvantitativt leddspesifikt skaringssystem for synovitt med aldersinndelt ultralyd
referanseatlas for pasienter med JIA. I tillegg ensket vi & undersegke ultralyd Dopplerfunn i ledd
som hadde B-mode (BM) synovitt, samt teste reliabiliteten og validiteten av skaringssystemet

med referanseatlas.

Prosjektet hadde et tverrsnitts design og inkluderte pasienter med JIA i alderen 1-18 &r. Forst
utviklet erfarne revmatologer en standardisert ultralydundersekelsesprotokoll og et
semikvantitativt (gradene 0-3) leddspesifikt skaringssystem for BM synovitt for ledd som ofte
er affisert hos pasienter med JIA. Dette ble gjort gjennom en konsensusprosess bestdende av
litteraturgjennomgang, diskusjoner og praktisk trening. Leddomradene som ble inkludert var
anteriore albue, posteriore albue, radiokarpal, midkarpal, metakarpofalangeal 2-3 (dorsal),
proksimale interphalangeal 2-3 (volar og dorsal), hofte, kne (suprapatellare recess og laterale
parapatellare recess), talokrural, talonavikular, anteriore subtalar, posteriore subtalar og

metatarsofalangeal 2-3 ledd. Til slutt ble ultralydbilder, som hadde blitt samlet fra
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revmatologisk poliklinikk og sengepost ved Oslo Universitetssykehus, brukt til & lage
referanseatlas med ultralydbilder som korresponderte til det leddspesifikke skaringssystemet.
Det ble laget fire atlas for BM synovitt 1 henhold til aldersrelaterte forandringer (2-4 r, 5-8 ér,
9-12 ér og 13-18 ér). For Dopplerfunn ble et atlas for power Dopper (PD) aktivitet laget uten &
dele inn 1 ulike aldersgrupper. Skéringssystemet ble deretter testet for interleser og intraleser
reliabilitet pa ultralydbilder med ulike grader av leddbetennelse, og 1 en «live» gvelse som

inkluderte ti pasienter med JIA.

Ultralydprotokollen og det leddspesifikke skaringssystemet med referanseatlas ble deretter
benyttet til & beskrive Dopplerfunn i ledd med BM synovitt hos 27 pasienter med JIA som ble
undersegkt med klinisk leddundersekelse og med ultralyd. Assosiasjoner mellom PD aktivitet

og BM synovitt, klinisk artritt og mél pa sykdomsaktivitet ble deretter underseokt.

Validiteten av ultralyd og det nye leddspesifikke skéringssystemet ble undersekt ved a
sammenligne funn av synovitt pa ultralyd med funn av leddbetennelse pa helkropps magnetiske
resonans (MR) og klinisk leddundersgkelse, og med 71-ledds «Juvenile Arthritis Disease
Activity Score» (JADAS71), som er et validert mal pa sykdomsaktivitet. Tjuesyv pasienter med
aktiv JIA, som allerede var henvist til en MR eller helkropps-MR undersgkelse pa klinisk
indikasjon, ble undersekt med klinisk leddundersgkelse, ultralyd og helkropps-MR uten
kontrast. For hver pasient ble en sumskér for leddinflammasjon funnet pd ultralyd (PD og BM
synovitt), helkropps-MR (effusjon/synovial fortykning) og ved klinisk leddundersokelse
(aktive ledd) kalkulert. De ulike sumskérene ble sammenlignet for & underseke om de var
korrelert pa pasientnivd. Funn av synovitt pa ultralyd ble ogsa undersekt pd leddnivd ved a

bruke helkropps-MR eller klinisk leddundersekelse som referanse.

Ultralydunderseokelsesprotokollen og det leddspesifikke skaringssystemet med referanseatlas
viste moderat til perfekt interleser reliabilitet, og god til perfekt intraleser reliabilitet for skaring
av BM synovitt, og god til perfekt intra- og interleser reliabilitet for skaring av PD aktivitet pa
ultralydbilder. Interleser reliabilitet for skiring av bade BM synovitt og PD aktivitet var

moderat til perfekt 1 gvelsen der pasienter med JIA ble undersokt.

Vi fant at unormal Doppler aktivitet var mest hyppig i kneleddet, neermere bestemt den laterale

parapatellare recess. PD grad 1 ble sett i leddregioner med BM grad 1, 2 og 3, men PD grad 2
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og 3 ble kun funnet i leddregioner med BM grad 2 og 3. Okende Doppler grad var signifikant

assosiert med heyere BM alvorlighetsgrad og med tilstedevarelse av klinisk artritt.

Ultralyd synovitt sumskar var signifikant korrelert med helkropps-MR effusjon/synovial
fortykning sumskar og med JADAS71. Ultralyd synovitt sumskar var moderat korrelert med
klinisk aktiv ledd sumskér. Funn av synovitt pa ultralyd viste hey spesifisitet, men lavere
sensitivitet pa leddniva nar helkropps-MR eller klinisk leddundersgkelse ble brukt som

referanse.

Funnene som er presentert i1 denne avhandlingen indikerer at den nyutviklede
ultralydundersekelsesprotokollen og det leddspesifikke skéringssystemet med aldersinndelt
referanseatlas for pasienter med JIA er pélitelige og valide verktey i evalueringen av
leddinflammasjon. I tillegg tyder funnene pad at en ultralyd synovitt sumskar reflekterer
sykdomsaktivitet hos pasienter med JIA og kan vere et nyttig utfallsméil 1 fremtidig forskning

og klinisk praksis.
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1. Introduction and background

1.1 Juvenile idiopathic arthritis

Juvenile Idiopathic Arthritis (JIA) is a chronic inflammatory disease characterised by joint
inflammation (arthritis) that leads to pain, swelling and stiffness of the affected joint with
subsequent joint damage and functional loss. Extra-articular manifestations such as uveitis and
psoriasis are also seen (1). The distribution and the number of affected joints, laboratory
measurements such as C-reactive protein (CRP), erythrocyte sedimentation rate (ESR),
antinuclear antibodies (ANA) and rheumatoid factor (RF) play important roles in the diagnosis,
evaluation of disease activity, treatment, and prognosis of JIA (1-3). Today, clinical joint
examination is considered the standard evaluation of arthritis but can be challenging in children
due to vague symptoms and complex anatomical regions (4, 5). Ultrasound and magnetic
resonance imaging (MRI) have shown to be more sensitive in the detection of arthritis than
clinical joint examination, and during the last decades there has been an increasing focus on

these imaging modalities in the evaluation of disease activity in patients with JIA (6, 7).

1.1.1 Diagnosis and classification

There are no diagnostic criteria for JIA, but classification criteria are often used for diagnosis
and treatment stratification. Classification criteria aim to get homogenous populations for
research purposes (8). However, it is important to emphasise that classification criteria are not
synonymous with diagnostic criteria which strive to be correct at the patient level. JIA is a
heterogeneous disease and to be able to conduct studies and compare cohorts, a common
nomenclature is important. The International League of Associations for Rheumatology (ILAR)
developed classification criteria for JIA in 1997 by consensus based on expert opinion (9). The
classification has later been modified. According to the most recent revision, JIA is defined as
arthritis of unknown aetiology that starts before 16 years of age and last for at least 6 weeks,
and is further classified into seven subgroups based on clinical characteristics and specific
exclusion criteria during the first 6 months: systemic arthritis, oligoarthritis, RF positive
polyarthritis, RF negative polyarthritis, psoriatic arthritis, enthesitis related arthritis and
undifferentiated arthritis, (Table 1) (8).
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Table 1. The International League of Associations for Rheumatology (ILAR) classification

criteria for juvenile idiopathic arthritis (JIA) (8).

JIA subgroup

Classification criteria

Exclusion criteria

Systemic arthritis

Oligoarthritis persistent
Oligoarthritis extended
Rheumatoid factor
negative polyarthritis
Rheumatoid factor

positive polyarthritis

Psoriatic arthritis

Enthesitis-related
arthritis

Undifferentiated
arthritis

Arthritis with or preceded by quotidian fever of at least 2
weeks duration and one or more of the following:

1. Evanescent erythematous rash, 2. Lymph node
enlargement, 3. Hepatomegaly and/or splenomegaly,

4. Serositis

Arthritis affecting 4 or fewer joints during first 6 months

Arthritis affecting 4 or fewer joints during first 6 months,
extending to more than 4 joints after 6 months

Arthritis affecting 5 or more joints during the first 6
months. Rheumatoid factor negative

Arthritis affecting 5 or more joints during the first 6
months. Rheumatoid factor positive on at least two
occasions taken more than 3 months apart

Arthritis and psoriasis, or arthritis and at least two of:
1. Dactylitis, 2. Nail pitting or onycholysis, 3. Psoriasis in
first-degree relative

Arthritis and enthesitis, or arthritis or enthesitis with at
least two of:

1. History of sacroiliac joint tenderness and/or
inflammatory lumbosacral pain, 2. HLA-B27 positive, 3.

Arthritis in male over 6 years of age, 4. Anterior uveitis, 5.

History of ankylosing spondylitis, enthesitis related
arthritis, sacroiliitis with inflammatory bowel disease,
Reiter’s syndrome, or acute anterior uveitis in first-degree
relative

Arthritis that does not fulfil the criteria in any category or
in 2 or more of the categories

a,b,c,d

a,b,c,d, e

a,b,c,d, e

a,b,c,d, e

a,b,c, e

b,c,d, e

a, d, e

Exclusion criteria:

a. Psoriasis or a history of psoriasis in the patient or first-degree relative

b. Arthritis in an HLA-B27 positive male beginning after the 6™ birthday
c. Ankylosing spondylitis, enthesitis related arthritis, sacroiliitis with inflammatory bowel disease,
Reiter’s syndrome, or acute anterior uveitis, or a history of one of these disorders in a first-degree

relative

d. The presence of IgM rheumatoid factor on at least 2 occasions at least 3 months apart

e. The presence of systemic JIA in the patient.

The Paediatric Rheumatology International Trials Organisation (PRINTO) has started a process

to revise the current ILAR classification criteria. The aim is to use an evidence-based approach
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to distinguish the types of arthritis seen only in children from those with a similar disease

observed in adults (10).

1.1.2 Epidemiology

JIA 1s the most common chronic rheumatic disease in childhood (1). An overall incidence rate
of 7.8/100 000 and prevalence of 32.6/100 000 have been reported in Caucasians (11). In
Norway, the annual incidence rate of JIA has varied from 14.0 to 22.6/100 000 (12-14). The
pooled incidence has been reported to be 10/100 000 for girls and 5.7/100 000 for boys, and the
pooled prevalence to be 19.4/100 000 for girls and 11/100 000 for boys (11). JIA is generally
more common in girls than in boys except for systemic arthritis, where the distribution between
boys and girls is equal, and for enthesitis-related arthritis which is more common in boys than
in girls (1). The most common subgroup in western European countries is oligoarthritis. The
percentage distribution between the different subtypes of JIA is: systemic arthritis (4-17%),
oligoarthritis (27-56%), RF positive polyarthritis (2-7%), RF negative polyarthritis (11-28%),
enthesitis-related arthritis (3-11%), psoriatic arthritis (2-11%) and undifferentiated arthritis (11-
21%) (1).

The most frequently affected joints in JIA are the knee, ankle, wrist and finger joints (14-16).
However, the number of joints with arthritis and the pattern of joint involvement vary in the
different subgroups. Patients with oligoarthritis often have asymmetric arthritis that mainly
affects the knee and ankle joints. Patients with RF positive polyarthritis often present with
symmetric arthritis affecting the small joints in the finger and toes but can also affect large
joints, while RF negative polyarthritis has a more heterogenous joint involvement. In psoriatic
arthritis, both small and large joints can be affected. Patients with enthesitis-related arthritis
often have affection of the lower extremities and entheses, but arthritis can also be found in the
sacroiliac joint and the spine. In systemic arthritis, the joint distribution is often polyarticular

and symmetric (1, 2, 17).

1.1.3 Pathogenesis
JIA is a complex multifactorial disease where the exact cause and pathogenesis are unknown

but probably include both genetic and environmental risk factors (Figure 1) (2).
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Associations between human leucocyte antigen (HLA) class I and HLA class II alleles and JIA
have been reported, and T-cells have been shown to be important in the disease course (18-20).

This indicates that the patient’s biology is important in the pathogenesis.

Environmental factors are also believed to be significant contributors to the development of
JIA. Breastfeeding and household siblings have been proposed as protective factors, but the
results are conflicting, and the studies conducted are of variable quality (21). Vaccinations,
infections, antibiotic exposure and caesarean section delivery have been suggested as potential
triggers of the disease or harmful factors but have not been properly confirmed due to lack of

controlled, prospective studies (19, 21).

Arthritis is characterised by joint swelling caused by increased synovial fluid and hyperplasia
of the synovial lining. This inflammation can finally lead to cartilage damage and bone erosions
(1). The pathogenic process in the joints involves infiltration of inflammatory cells and
activation of different molecules, including cytokines and chemokines, that act as key mediators
of inflammation (2, 18, 19). The cytokine pattern varies in the different JIA subgroups but are
not subgroup specific. Knowledge about the wide range of cells and molecules involved in the

pathogenesis of JIA have become important in the development of new drugs (2, 22).
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Figure 1. Illustration of the proposed pathogenesis of juvenile idiopathic arthritis (2).
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Published by Prakken et al in the Lancet, 2011 (2). Reprinted with permission from Elsevier.

1.1.4 Management

Over the last decades there has been a significant development in the treatment of JIA (Figure
2) (23, 24). First with the conventional synthetic disease modifying antirheumatic drug
(DMARD) Methotrexate (25, 26), and later with selective immune inhibitors (biologic
DMARD:s) targeting tumour necrosis factor-alfa (TNF-alfa), interleukin -1 (IL-1), IL-6, and T-
cell co-stimulation (27-33). In addition to systemic treatment, intra-articular glucocorticoid
injections are often used to relieve symptoms and reduce swelling (34-36). In patients with
moderate to high disease activity, a limited course of oral glucocorticoids (< 3 months) can also
be used as adjunctive therapy (34). Since JIA is a heterogeneous disease divided into seven
subgroups, the treatment recommendations vary, and both national and international treatment

recommendations have been developed (34, 37). In all subgroups, increasing evidence suggests
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that early initiation of aggressive treatment with tight control and treating to target is of great

importance to improve outcome and to avoid permanent damage (23, 38-42).

Figure 2. Development of new drugs in the treatment of juvenile idiopathic arthritis (23).
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Published by Hinze et al in Nature Reviews Rheumatology, 2015 (23). Reprinted with permission from Springer
Nature.

1.1.5 Prognosis and prognostic factors

The prognosis in JIA is related to outcomes such as physical function, pain, disability and
growth disturbances. Over the last decades JIA prognosis has improved, largely due to the
development of new effective drugs (23, 43). However, still less than 50% achieve sustained
remission (44). The evaluation of prognostic factors is therefore of importance in the treatment
decisions. Young age and greater extension of arthritis at onset, high disease activity, diagnostic
delay, presence of RF, ANA, HLA-B27, CRP, long duration of elevated ESR, and morning
stiffness are negative prognostic factors (45-49). The autoantibodies ANA and RF also have a

prognostic value. A positive ANA is often associated with uveitis, while RF, that is only found
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in RF positive polyarthritis, is associated with a more severe course of the disease (2, 3, 50). In
addition, early radiographic changes, patterns of joint involvement, including the hip, ankle,
wrist, finger joints and cervical spine, are indicators of poor outcome (16, 46, 51-53). Some
studies suggest that subclinical arthritis on ultrasound is a predictor of flare, but the results are

conflicting (54-56).

1.2 Assessment of disease activity

Assessment of disease activity is important in treatment stratification and in the follow-up of

patients with JIA to evaluate treatment effect and to monitor the course of the disease.

1.2.1 Clinical joint examination

Evaluation of arthritis in patients with JIA is traditionally assessed by clinical joint examination.
A clinically inflamed joint is often referred to as active arthritis, and defined as the presence of
swelling or, if swelling is not present, limitation of motion (LOM) accompanied by pain,
tenderness or both (57). However, the interpretation of active arthritis (an active joint) in
children with JIA can be difficult due to complex anatomic regions and subcutaneous adipose
tissue that can mask anatomical landmarks. In addition, the child can have difficulties
expressing and localising pain, and it can be challenging for the physician to distinguish joint
pain caused by arthritis from other diseases or injuries. The reliability of clinical joint
examination in children with JIA has been shown to be poor (58). In clinical trials, it is
recommended to examine the following joints: the temporomandibular, sternoclavicular,
acromioclavicular, shoulder, elbow, wrist, metacarpophalangeal (MCP)1-5, proximal
interphalangeal (PIP)1-5, distal interphalangeal (DIP)2-5, hip, knee, ankle, subtalar, intertarsal,
metatarsophalangeal (MTP)1-5, toe 1-5, and the sacroiliac joints bilaterally, the cervical spine,
thoracic spine and lumbar spine (59-62). However, the sacroiliac joint and the thoracic and
lumbar spine are often excluded, and reduced joint counts to be used in clinical trials as
surrogates for the whole joint count have been proposed (63). The number of joints with clinical
active arthritis (as defined by the American College of Rheumatology (ACR) criteria: presence
of swelling (not due to currently inactive synovitis or due to bony enlargement) or, if no

swelling is present, LOM accompanied by heat, pain or tenderness, and the number of joints

23



with LOM) are considered core outcome variables to be included in the evaluation of patients

with JIA in clinical trials (59).

1.2.2 Biochemical and immunological markers

The most often measured inflammatory markers are CRP and ESR. They are often, but not
always, elevated in JIA patients with active disease (3). CRP and ESR are also included in
composite disease activity scores for patients with JIA (64, 65). However, these markers are

not specific for JIA and can be elevated in other inflammatory disorders and infections.

ANA, RF and HLA-B27 are important immunological markers in the classification and
prognosis of JIA (3). Anti-cyclic citrullinated peptide (anti-CCP) antibody plays an important
diagnostic and predictive role in rheumatoid arthritis (RA) (66, 67). Anti-CCP has also been
found in different JIA subgroups, most often in RF positive polyarthritis (68-70). RF positive
polyarthritis is regarded to be much like adult RA (2). However, the reported prevalence of
anti-CCP in JIA varies (70), and a negative test does not exclude the diagnosis. In addition,

anti-CCP is not included in the classification criteria.

1.2.3 Paediatric core set outcome variables

The ACR has developed a core set of outcome variables that should be used in clinical trials
(59). These variables are considered as the core set variables in the evaluation of patients with
JIA who receive a treatment intervention, to define if there has been any improvement of the

disease course (Table 2).

Table 2. Core set of outcome variables in juvenile idiopathic arthritis to be used in clinical trials
(59).

Core variables

e Physician global assessment of disease activity (PhGA)

e Patient/parent global assessment of overall well-being (PGA)
e The Childhood Health Assessment Questionnaire (CHAQ)

e Erythrocyte sedimentation rate (ESR)

e Number of joints with active arthritis

e Number of joints with limited range of motion (LOM)
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The physician’s evaluation of disease activity is important in the management of patients with
JIA and in the choice and adjustment of medications. In clinical trials, this is reported as the
physician global assessment of disease activity (PhGA) measured on a 0-10 cm visual analogue
scale (VAS) where 0 = no activity and 10 = maximum activity (59). The patient’s perspective,
including factors that are not measured by the physician, such as quality of life, fatigue and
pain, has gained more focus and is important in medical decision-making and patient
compliance. The patient/parent’s perception of health in JIA, is reported as the patient/parent
global assessment of overall well-being (PGA), measured on a 0-10 cm VAS where 0 = very
well, and 10 = very poor (59). The Childhood Health Assessment Questionnaire (CHAQ) is a
questionnaire to measure the functional and physical ability of a child with JIA. The CHAQ
assess the patient’s function in eight different areas and consists of 30 questions, each scored
from 0-3 (0 = no difficulty, 1 = some difficulty, 2 = much difficulty, 3 = unable to do). A higher
score indicates worse disability (71). A Norwegian version of the CHAQ has been developed
and has proven to be a reliable and valid instrument (72). The ESR is used as a biochemical
marker of response. ESR can be elevated in other conditions than JIA and can even be normal
during a study period. However, since there are no biochemical markers of inflammation in
JIA, the ESR is often used in clinical trials. The last two core outcome variables have been
discussed previously in this thesis (section 1.2.1) and include the number of joints with active

arthritis and the number of joints with LOM.

The use of these six core variables help to standardise the evaluation of patients with JIA in
clinical trials and makes it possible to compare results in studies. In addition, many of the

variables are used in composite scores to assess disease activity.

1.2.4 Composite measures of disease activity

No single marker can reflect all aspects of JIA. Composite scores have therefore been
developed, where individual measures of inflammation are combined into a composite index.
Composite scores for assessment of disease activity enable the clinicians to evaluate and to

quantify the disease activity.

The Juvenile Arthritis Disease Activity Score (JADAS) was developed in 2009 and was the
first composite score for disease activity in patients with JIA (64). The JADAS consists of four
measurements: total active joint count, PhAGA (0-10 cm VAS), PGA (0-10 cm VAS), and ESR

normalised to a 0-10 scale. The normalised ESR is calculated using this formula: (measured
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ESR (mm/hour) — 20) / 10, where values <20 mm/hour = 0 points and values >120 mm/hour =
10 points. The JADAS is calculated as the sum of the scores of these four measurements. During

the last few years, several versions of the JADAS have been developed (73):

1.The JADAS10 is based on the count of active joints up to a maximum of 10 joints, any joint
count higher than 10, still only gives 10 points in the score. Range scores 0-40 (64).

2. The JADAS27, where selected joints (the cervical spine, elbow, wrist, MCP 1-3, PIP 1-5,
hip, knee and ankle joints) are included. Range scores 0-57 (64).

3. The JADAS71 includes 71 joints, the thoracic and lumbar spine and sacroiliac joint are not
included. Range scores 0-101 (64).

4. The JADAS-CRP where ESR is substituted with CRP (65).

5. The clinical JADAS (¢JADAS) (first named the JADAS3), including total active joint count,
PhGA and PGA (74).

6. The Juvenile Spondyloarthritis Disease Activity (JSpADA) index where eight items are
included; arthritis, enthesitis, patient assessment of pain, acute phase reactants, morning

stiffness, clinical sacroiliitis, uveitis and back mobility. Range scores: 0-8 (75).
The cut-off values for disease activity states in the JADAS10 have been discussed and new cut-

off values have been proposed for the inactive, minimal, moderate and high disease activity

states in JIA based on subjective disease assessment by the treating physician (Table 3) (76).
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Table 3. An overview of the Juvenile Arthritis Disease Activity Score for 10 joints
(JADASI10) and the JADAS71 cut-off values for different disease activity states in
oligoarthritis and polyarthritis (76-78).

JADAS10* JADAS10** JADAS71*
cut-off values cut off values cut off values
(77,78) (76) (77,78)
Oligoarthritis disease activity state
Inactive disease <l <14 <1
Minimal disease activity 1.1-2.0 1.5-4 1.1-2.0
Moderate disease activity 2.1-42 4.1-13 2.1-42
High disease activity >4.2 >13 >4.2
Polyarthritis disease activity state
Inactive disease <1 <2.7 <1
Minimal disease activity 1.1-3.8 2.8-6 1.1-3.8
Moderate disease activity 39-10.5 6.1-17 39-10.5
High disease activity >10.5 >17 >10.5

*(2012-2014), **(2021)
Abbreviations: JADASI10: Juvenile Arthritis Disease Activity Score for 10 joints, JADAS71: Juvenile Arthritis
Disease Activity Score for 71 joints.

1.2.5 Imaging in JIA

Imaging has become an important tool in the evaluation of patients with JIA. The European
League Against Rheumatism (EULAR) Paediatric Rheumatology European Society (PReS) has
developed points to consider for the use of imaging in diagnosis and follow-up of patients with

JIA (6).

Conventional radiography

Conventional radiography (CR) has traditionally been an important imaging modality in JIA.
CR is useful in the exclusion of other diagnoses causing joint pain, and radiography is cheap
and readily available. In the evaluation of joint inflammation, CR findings include soft tissue
swelling, joint effusion, growth disturbances, joint damage and osteopenia but these finding are
nonspecific (79-81). In addition, CR expose the child to ionising radiation which is a great

limitation.
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Ultrasound

Ultrasound is useful in the evaluation of inflammatory arthritis and has become an important
tool in the assessment of joints in patients with JIA. The imaging modality is well accepted by
children, there is no ionising radiation, ultrasound does not require sedation or general
anaesthesia and there is no need for intravenous contrast. Ultrasound can be performed bedside
in the clinic, and many joints can be assessed at the same visit. Important structures like soft
tissue, cartilage, synovial membrane, tendons, bursae and entheses can be evaluated, and joint
effusion can be clearly visualised (7, 80, 82). In addition, ultrasound can improve intra-articular
glucocorticoid injections by directly visualising the inflamed joint or tendinitis and the position
of the needle, and thereby reduce side effects and improve the treatment effect (83-86). In the
evaluation of arthritis, ultrasound is superior to clinical joint examination (87-90). However,
ultrasound waves cannot penetrate bone and are therefore unable to assess bone marrow oedema
(BME) and certain joints like the cervical spine. In addition, ultrasound has shown to have

limited ability to evaluate the sacroiliac joint and the temporomandibular joint (6, 91, 92).

During the last decades there has been an increasing focus on ultrasound in the assessment of
joints in children with JIA (7, 80, 93-97), and a process to standardise the use of ultrasound in

the evaluation of the paediatric joints has started.

Magnetic Resonance Imaging (MRI)

MRI is a tomographic imaging technique. Contrast enhanced MRI is considered the gold
standard in the evaluation of joint inflammation as it allows the study of all relevant structures
involved in the inflammatory process (7, 80, 98). MRI is the only imaging modality that can
detect BME which may indicate active inflammation in the bone and has shown to be a predictor
of joint damage progression in patients with RA (99, 100). However, the exact meaning of BME
in children is still uncertain (7, 101, 102). MRI is superior in the evaluation of active
inflammation in joints like the temporomandibular joint, the sacroiliac joint and the cervical
spine (6, 91, 92, 103). In addition, MRI findings of subclinical synovitis in patients with JIA

who are in remission may be a predictor of disease flare (104).
In JIA, synovial hypertrophy on MRI is defined as enhancing thickened synovium (105).

Contrast-enhanced MRI has shown to have an important diagnostic value and is considered

superior in the evaluation of synovitis compared to non-contrast enhanced MRI (101, 106).
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MRI is favourable in children because there is no ionising radiation. However, important
limitations are that MRI requires sedation in younger children and is time-consuming,
especially when using contrast that prolongs the examination time. In addition, there is a risk
of allergic reactions to contrast, and some studies have suggested that repeated contrast
(gadolinium)-enhanced MRI examinations may lead to gadolinium deposition in the brain
(107). Other limitations are high costs and low availability, and that only one joint or joint area

is evaluated in each session.

Whole-body MRI is often used in the assessment of vasculopathies, and in neoplastic, infectious
and inflammatory conditions in children (108-110). Whole-body MRI techniques can depicture
the entire axial skeleton and peripheral joints in one scan with the possibility to evaluate the
activity and extent of rheumatological diseases in the same session (Figure 3) (111, 112). The
use of contrast in whole-body MRI is demanding due to variable post-injection delay in the
body that can lead to different synovial contrast enhancement and misinterpretation of findings

(113).

A consensus-driven whole-body MRI proposal for image acquisition and scoring of disease
activity in JIA has recently been developed (113, 114). Images include water sensitive
sequences without contrast enhancement. The scoring system is divided in three: for peripheral
and chest joints, for axial joints, and for entheses. The chosen key findings for scoring
peripheral and chest joints are effusion/synovial thickening, BME and pericapsular soft tissue
inflammation. Effusion and synovial thickening are proposed to be scored altogether as it is

difficult to separate these findings without intravenous contrast (114).
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Figure 3. Non-contrast enhanced whole-body magnetic resonance imaging (MRI)
examination (T2 turbo spin echo Dixon sequence) in a 2-year old. Illustration of the whole-
body MRI examination (A). Sagittal MRI scan of the right knee (B). Sagittal MRI scan of the
left knee showing effusion (C). Sagittal MRI scan of the right ankle showing synovial
effusion in the tibiotalar and the subtalar joints (D). Sagittal MRI scan of the left ankle

showing synovial effusion in the tibiotalar and subtalar joints (E).

Images courtesy of Department of Radiology, Oslo University Hospital

1.3 Ultrasound

The first clinically important description of musculoskeletal ultrasound was published in 1972
where ultrasound was used to distinguish between Baker’s cysts and thrombophlebitis (115).
In 1978, the first use of ultrasound to demonstrate synovitis in the knee joint in patients with
RA was published (116). However, it was not until about thirty years ago that ultrasound was

used to evaluate joints in children with JIA (117).
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1.3.1 Ultrasound physics

Ultrasound technology is based on sound waves. Sound can be described as longitudinal
mechanical waves that travel through a medium such as water, air, and tissue. The medium is
needed to propagate the sound wave, and therefore sound cannot travel through vacuum (118).
Ultrasonographic images are formed by a three-step process: First the production of sound
waves, then the reflection of the sound waves (echoes), and finally the conversion of these

echoes into an image (119, 120).

Ultrasound waves are produced from piezoelectric crystals of the ultrasound transducer. The
quality of the ultrasound waves can be influenced by the frequency of waves, and the size and
form of the transducer (121). The reflection of an ultrasound wave is called an echo. The
ultrasound wave will interact with tissue as it travels through a medium caused by the acoustic
property of the tissue it passes. The acoustic impedance of a tissue is the product of the density
and the speed of sound. The difference in acoustic impedance of adjacent tissues will determine
the amount of the reflected echo (122). Strong echoes will be white (echoic or hypoechoic) on
an ultrasonographic image, weaker echoes will be grey (hypoechoic), and if there are no echoes,

the ultrasound image will be black (anechoic) (Figure 4) (119, 123).

Figure 4. Ultrasonographic image of the elbow, anterior scan showing different echogenicity.
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Image courtesy of Department of Rheumatology, Oslo University Hospital

The ultrasound beam energy is also attenuated, or weakened, as it passes through tissue. The
attenuation varies with the frequency of ultrasound. A high frequency ultrasound beam gives

better resolution but are attenuated more than a low frequency beam and are therefore not as
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penetrating (122, 123). In musculoskeletal ultrasound, high frequencies are suitable for
superficial joints like the finger and toe joints, but lower frequencies are needed to visualise
joints like the knee and hip joints. The frequencies used in musculoskeletal ultrasound ranges

from 3.5 to 20 Megahertz (MHz) (124).

Brightness mode and Doppler mode

Brightness mode or B-mode (BM) is the basic mode used for converting echoes into images in
medical ultrasound. The BM provides a two dimensional black and white image seen on the
ultrasound screen (121). In musculoskeletal ultrasound, the BM is well suited for the evaluation

of synovitis, tenosynovitis, enthesitis, bone erosions and cartilage (82).

The vascularisation in joints and tissues is detected with Doppler ultrasonography. The Doppler
effect is a change in frequency of the ultrasound wave caused by a moving reflector. In the
human body, the moving reflectors are the blood cells (122). There are two main types of
Doppler modes used in musculoskeletal ultrasound: colour Doppler (CD) and power Doppler
(PD). The direction of blood flow (movement) is shown in CD, where flow away from the
probe is coloured blue and towards the probe is coloured red. PD displays the strength or power
of the Doppler signal, and not the direction or the velocity of flow (122, 125). Doppler signals
can be present in inflamed joints in children, but Doppler activity can also be seen in normal

joints in healthy children (126).

1.3.2 Musculoskeletal ultrasound in healthy children

Ultrasound is well suited for the use in children as it is non-invasive and easily repeatable.
The use of ultrasound requires training, especially in children due to the unique features of the
growing skeleton (96, 103). Children have a different skeleton than adults because their bones
are not entirely ossified yet (Figure 5). In addition to the hyaline cartilage in the articular
cartilage, the child’s skeleton consists of different amounts of unossified hyaline cartilage in
the epiphysis (127). The cartilage thickness and the degree of ossification varies according to
the age and stage of maturity and must be considered when performing ultrasound in children
(Figure 6) (127-130). It is important that these structural differences between adults and

children are not misinterpreted as pathological findings.
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Figure 5. Illustration of a growing bone showing different levels of vascularisation and

ossification.

Secondary Articular cartilage
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Hyaline cartilage

Primary
ossification centre
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Figure modified with text and markings (arrows) after adaption of “Bone growth” from Servier Medical Art by
Servier, licensed under a Creative Commons Attribution 3-0 unported license.

Figure 6. Ultrasound images of the wrist joint (radiocarpal and midcarpal joints) in four

different age groups showing varying degrees of ossification.

12-year-old 16-year-old

Images courtesy of Department of Rheumatology, Oslo University Hospital.

Standardisation of musculoskeletal ultrasound in healthy children

A thorough knowledge of the age-dependent variability in joints is important to be able to
interpret and distinguish the different components on ultrasound in children (Figure 7). An
early approach was the description of the joint recess of the hip, knee, wrist, MCP and PIP
joints and of the finger flexor tendon sheets in healthy children (131). Then, the establishment

of age- and sex-related normal reference values for cartilage thickness of the knee, wrist, MCP2
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and PIP2 joints (128). In recent years, the Outcome Measures of Rheumatology (OMERACT)
ultrasound paediatric group has started a process of standardising ultrasound in children. The
group first developed BM definitions for ultrasound findings in joints in healthy children
through a consensus process that was validated in practical exercises (Table 4) (127). Further,

age-related vascularisation and ossification of joints in healthy children have been described

(126).

Table 4. The definitions of the ultrasonographic features of joints in healthy children
developed by the OMERACT (127).

Component Definitions

Hyaline cartilage = The hyaline cartilage will present as a well-defined anechoic structure
(with/without bright echoes/dots) that is non-compressible. The cartilage surface
can (but does not have to) be detected as a hyperechoic line.

Secondary With advancing maturity, the epiphyseal secondary ossification centre will

ossification centre  appear as a hyperechoic structure, with a smooth or irregular surface within the
cartilage.

Normal joint A hyperechoic structure which can (but does not have to) be seen over bone,

capsule cartilage and other intraarticular tissue of the joint.

Normal synovial ~ Under normal circumstances, the thin synovial membrane is undetectable.
membrane

Growth plate The ossified portion of articular bone is detected as a hyperechoic line.
Interruptions of this hyperechoic line may be detected at the growth plate and at
the junction of two or more ossification centres.

Figure 7. Ultrasonographic image of a metacarpophalangeal joint showing the cartilage

surface, the growth plate and the epiphyseal secondary ossification centre.
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Image courtesy of Department of Rheumatology, Oslo University Hospital.
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Scanning protocols in healthy children

One of the major limitations of ultrasound is that the method is operator dependent. To be able
to understand and to compare findings, it is important that the sonographer knows how to
conduct an ultrasonographic joint examination and that different sonographers do it similarly.
In the standardisation process, the OMERACT ultrasound paediatric group developed a
standardised scanning approach for the paediatric knee, ankle, wrist and MCP2 joints (132).
The scanning protocol describes the positioning of the patient and the transducer placement and
movement (from medial to lateral in longitudinal scan, and proximal to distal in transverse). In
addition, important anatomic landmarks that must be present in the ultrasonographic image to

ensure a similar scanning of the joints are described (132).

Vascularisation in joints in healthy children

In a growing child, physiological vascularisation will be present in many joint structures
including the fat pad, short bone, epiphysis and physis, and can be detected as Doppler signals
on ultrasound (126, 132). Development of a clear definition of physiological vascularisation on
ultrasound has shown to be difficult, especially because of the changes in the skeleton during
maturation. Instead, descriptions and statements of normal Doppler findings in healthy children
have been developed and include for instance that physiological vascularisation can be seen as
Doppler signals in the joint structures at all ages during growth, and that its intraarticular

anatomical position is joint- and age-dependent (133).

1.3.3 Musculoskeletal ultrasound in patients with JIA

Musculoskeletal ultrasound has been shown to be more sensitive than clinical examination in
the evaluation of joint inflammation (6). During the last decades there has been an increasing
focus on ultrasound when assessing joints in patients with JIA and thus also a need for

standardisation of the use of this imaging modality in these patients (134).

Standardisation of musculoskeletal ultrasound in JIA

As previously described, the interpretation of ultrasound findings in children is challenging. To
be able to assess synovitis in children with JIA, there must be clear definitions of what is
pathological. The OMERACT paediatric ultrasound group has developed preliminary
definitions for sonographic features of synovitis in children through a consensus process, the
overarching principle is that synovitis in children includes BM and Doppler (colour or power

Doppler) findings (Table 5) (135).
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Table 5. The preliminary ultrasound definitions for synovitis in children developed by the

OMERACT paediatric ultrasound group (135).

Component Definition

Synovitis Can be detected based on B-mode findings alone, but not on Doppler
findings alone.

B-mode findings Include synovial effusion and synovial hypertrophy.

Synovial effusion Abnormal, intraarticular, anechoic or hypoechoic material that is
displaceable.

Synovial hypertrophy Abnormal, intraarticular, anechoic or hypoechoic material that is
nondisplaceable.

Doppler findings Must be found within synovial hypertrophy to be considered as a sign of
synovitis.

Scanning protocols in JIA:

Ultrasonographic scanning protocols are necessary to be able to perform ultrasound
examinations reliably and comparably. Many studies involving children with JIA have used
scanning approaches developed for adults, but they may not be applicable to growing children
(6, 94). As previously described, a scanning protocol for some joints (knee, ankle, wrist and
second MCP joints), that can be used in children regardless of age, has been developed (132).
In addition, an image acquisition protocol for the paediatric knee has been established (136).
However, patients with JIA can have affection of many other joints, and a joint-specific

scanning protocol for multiple joints is needed.

Vascularisation in joints in JIA

One of the most challenging joint components to interpret on ultrasound in children is Doppler
signals. It is essential to distinguish between normal vascularisation and pathological Doppler
signals as a sign of synovitis (Figure 8). The preliminary OMERACT ultrasound definitions
for synovitis in children state that only Doppler signals present within synovial hypertrophy are
pathological (135). There are limited data on the evaluation of Doppler findings in children

with JIA (83, 84, 89, 137, 138).
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Figure 8. Ultrasound image of the third proximal interphalangeal joint showing abnormal

power Doppler signals.

Image courtesy of Department of Rheumatology, Oslo University Hospital.

Which joints to assess

Children do not always report pain and some, especially the youngest, have difficulty in
expressing and localising pain. It is well known that children are often impatient, and it is
therefore not feasible to assess all joints with ultrasound at each clinical visit. Findings of
synovitis on ultrasound in patients with JIA have been described to be most common in the

knee, elbow, wrist, MCP, PIP, ankle, and MTP-joints (89, 138, 139).

In adults with RA many reduced joint scores for assessing synovitis on ultrasound have been
developed to increase feasibility (140, 141). However, it is difficult to implement these scores
in patients with JIA since the pattern of joint involvement vary in the different subgroups.
Collado et al. found that ultrasound of 10 joints (knee, ankle, elbow, wrist, second MCP joints
bilaterally) in patients with JIA, reflected the inflammatory activity equally well as a 44 joint
ultrasound assessment (138). However, which joints that should by examined by ultrasound to

assess overall disease activity in JIA is not clear.

1.3.5 Ultrasonographic scoring systems for synovitis in JIA

To quantify findings on ultrasound and to evaluate the extent of the disease, a scoring system
for synovitis is needed. Ultrasonographic scoring systems and reference atlas in adults with RA
have been developed (142-144). However, they cannot be directly applied to children because
of the changing skeleton during growth.

37



Single standard scoring system

There has been a lack of consensus on an ultrasonographic scoring system for patients with JIA.
Collado et al. developed a single standard semiquantitative scoring system (grades 0-3) for
synovitis (PedSyns) for the elbow, radiocarpal, tibiotalar, mid-foot and finger joints (138). This
scoring system includes scoring for BM and Doppler findings without being joint specific. The
BM scoring system uses the shape and the extension of the joint recess in relation to the
diaphysis of articulating bones to score the different grades of synovitis. The PedSyns scores
Doppler findings as no flow (grade 0), single-vessels (grade 1), confluent vessels (grade 2) and

vessels in more than half of the intraarticular area (grade 3) (138).

Joint-specific scoring system

A joint-specific scoring system for the paediatric knee joint was recently developed and
includes a scoring system for the suprapatellar view and the parapatellar view for BM and
Doppler findings (136). The BM scoring system uses the quadriceps tendon as an important
anatomic landmark to describe the extension of the effusion/synovial hypertrophy. For instance,
the difference between grade 1 and grade 2 is whether the effusion/synovial hypertrophy
extends < 50% or > 50% of the visualised portion of the quadriceps tendon. That is, the
extension is measured as the distance of the tendon, and not an intraarticular area. When scoring
BM findings in the parapatellar recess, the entire intraarticular space is divided by thirds, and
then graded according to how much of that intraarticular space is taken up by the synovial
distention. The Doppler signals are scored as no Doppler signals (grade 0), 1-3 signals within
the area of synovial hypertrophy (grade 1), > 3 or confluent signals in <50% of the area of the
synovial hypertrophy (grade 2), and confluent signals present in >50% of the area of synovial

hypertrophy (grade 3) (136).
The two scoring systems described do not fully cover all the different joints that can be affected

in patients with JIA. To reliably quantify ultrasound findings in multiple joints, there is a need

for reliable and valid joint-specific scoring system.
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2. General aim and research questions

2.1 General aim

The general aim of this thesis was to evaluate ultrasound in patients with JIA by developing a

standardised ultrasonographic scanning protocol and a semiquantitative joint-specific scoring

system for synovitis with age-divided reference atlas, and to test the reliability and the validity

of the system.

2.2 Research questions

At joint level, can ultrasound assessment of synovitis in patients with JIA be performed
reliably when using a semiquantitative joint-specific ultrasonographic scoring system
with reference atlas? (Paper 1)

At patient level, can ultrasound assessment of synovitis in patients with JIA be
performed reliably when using a semiquantitative joint-specific ultrasonographic
scoring system with reference atlas? (Paper I)

Are PD findings associated with B-mode synovitis and clinical arthritis at joint level?
(Paper 1)

Are PD findings associated with age, JIA subgroups and the JADAS10 at joint level?
(Paper 1)

Are ultrasound synovitis sum scores correlated with whole-body MRI effusion/synovial
thickening sum scores? (Paper III)

Are ultrasound synovitis sum scores correlated with measures of disease activity?
(Paper I1I)

What is the diagnostic performance of ultrasound in detecting synovitis using whole-

body MRI or clinical joint examination as reference? (Paper I1I)
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3. Material and methods

3.1 Study design

The analysis and results in this thesis are based on cross-sectional studies involving ultrasound

from three different projects.

In the first project, an image acquisition protocol and a semiquantitative joint-specific scoring
system with reference atlas were developed through a consensus process. Inter-reader and intra-
reader reliability tests of the scoring system with reference atlas were performed on still images
for BM scoring with four readers and for PD scoring with three readers. Then, a cross-sectional

live reliability exercise including patients with JIA with three readers was conducted.

The second project was a cross-sectional study including 27 patients with JIA with suspected
clinical arthritis. Associations between PD ultrasound findings and BM synovitis, clinical

arthritis, patient characteristics, and measures of disease activity were explored.

In the third project, ultrasound detected synovitis was compared with whole-body MRI findings
of effusion/synovial thickening and clinical assessment of disease activity in a cross-sectional

study including 27 patients with active JIA.

3.2 Study population

The images used in the development of the ultrasonographic age-divided reference atlases and
in the still-images exercises were collected during routine ultrasound examination of patients
with JIA attending the paediatric rheumatology clinic at Oslo University Hospital (OUH) as

part of clinical practice.

The participants in the live reliability exercise in paper I, and the participants in paper II and
III, were recruited from the in-and outpatient paediatric rheumatology clinic at OUH in the
period September 2020 to December 2022. Inclusion criteria were patients fulfilling the ILAR

criteria for JIA (8), age between 1 and 18 years old and presence of active arthritis or suspected
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clinical arthritis, that is an assumed flare that needed treatment adjustment. In the third project,
the participants also had to be referred to an MRI or whole-body MRI examination on clinical
indication to be included. Overview of the study populations in each paper are presented in
Table 6. The only exclusion criteria were serious comorbidity or contraindication to general
anaesthesia. Signed informed consent was obtained by parents, and from patients when aged

16 years and older.

Table 6. Overview of the study populations included in papers I, 1T and III.

Anonymised images

from JIA patients JIA pgtients JIA patients at‘_tenc.ling

attending the OUH attenfiln_g the OUH  the OUH paedla‘FrlF:

pacdiatric paediatric N rheumatology clinic

rheumatology clinic rheumatology clinic and referred to MRI
(n=10) (n=27)

n~5000

Development of the
ultrasonographic atlas and
still-images reliability
exercise

(Paper I)

Live exercise to test
reliability (Paper I)

Associations between PD
and BM and clinical
assessment (Paper II)

Correlations between

ultrasound and whole-
body MRI and clinical
assessment (Paper I11)

Abbreviations: JIA: Juvenile Idiopathic Arthritis, OUH: Oslo University Hospital, N: number, MRI: Magnetic
Resonance Imaging, PD: Power Doppler, BM: B-mode

3.3 Data collection

3.3.1 Demographic variables and laboratory measures

Demographic variables such as diagnose, age, sex, duration of JIA and medications used were
collected in the live exercise and in the second and third projects. Blood samples including CRP
and SR were measured, and RF, Anti-CCP and ANA status were reported. The blood samples
were taken as part of routine clinical evaluation. No blood samples were taken only for the

cause of the project.
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3.3.2 Clinical variables

Experienced rheumatologists performed 71-joints clinical examination in each patient,
assessing joint tenderness, swollen joint count and limitation of motion. Active uveitis, duration
of morning stiffness and symptoms of systemic JIA were also recorded. PhGA and PGA, both
measured on a 0-10 cm VAS, were registered. The JADAS was calculated for 10 joints

(JADAS10) and 71 joints (JADAS71) .

3.3.3 Ultrasound
In the first project, an ultrasonographic image acquisition protocol and a semiquantitative joint-

specific scoring system with age-divided reference atlas were developed.

Image acquisition protocol

Seven rheumatologists (NKS, PB, ABA, HBH, BF, JR, VL) developed an ultrasonographic
image acquisition protocol for joints that are frequently affected in children with JIA. This was
done through a consensus process including literature review, discussions, face-to-face
meetings and training exercises. Important anatomic landmarks and positioning of the patient
during the examination were key issues that were discussed. The joint regions included in the
final protocol were the anterior elbow, posterior elbow, radiocarpal, midcarpal, MCP2-3
(dorsal), PIP2-3 (dorsal and volar), hip, knee (suprapatellar recess and lateral parapatellar
recess), tibiotalar, talonavicular, anterior subtalar, posterior subtalar and MTP2-3 (dorsal). Two
views were included for some joints to provide a better understanding of the pathology in the

joint.

Image collection

Ultrasound images of joints from patients with JIA attending the paediatric rheumatology clinic
at OUH had been collected and stored on two General Electric (GE) Logiq S8 ultrasound
machines with linear probes (6-15 MHz) and hockey sticks (8-18 MHz) as part of daily clinical
practice. Approximately 5000 ultrasound images were then selected and categorised joint-wise
in four different age groups (2-3 years, 5-8 years, 9-12 years, 13-18 years) according to age-
related changes (132). The images were stored anonymously and served as a database to be

used in the project.
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Development of an ultrasonographic scoring system

After literature review and discussions among the seven rheumatologists related to synovitis
findings and severity, a semiquantitative (grades 0-3) joint-specific scoring system for BM-
synovitis was developed. Scoring of BM synovitis of the knee joint followed a recently
published scoring system for this joint that had shown good reliability (136). Synovitis findings
were defined according to the preliminary definitions for sonographic features of synovitis in
children (135). The scoring system for Doppler findings followed a scoring system developed
for Doppler activity that we found applicable to all joints (136).

Development of reference atlases

BM images that corresponded to the image acquisition protocol and scoring system for each
joint were selected to develop four age-divided reference atlases for BM synovitis (2-4 years,
5-8 years, 9-12 years and 13-18 years). PD images were also selected for each joint, without
taking age into account, to create a reference atlas for PD activity. Two BM images and seven
PD images, that we could not find on our machines, were added to the atlases from a
collaborating centre (Division of Paediatric Dermatology and Rheumatology, Children’s
Hospital of Eastern Ontario) who used GE Logiq E9 ultrasound machines with linear probes

(6-15 MHz) or hockey sticks (8-18 MHz).

Still images reliability testing

Inter-reader and intra-reader reliability were tested on still images. For BM synovitis scoring,
370 BM images from the database of 5000 images were used. The images had varying degrees
of BM findings, and all age-groups were represented. The images were scored joint wise by
four rheumatologists (NKS, PB, JR, VL). Inter-reader and intra-reader reliability exercises for
PD activity were performed by three rheumatologists (NKS, PB, VL) scoring 37 images with

different degrees of PD activity, that also were selected from the database of 5000 images.

Live reliability testing

Three rheumatologists (NKS, PB, VL) performed a live inter-reader reliability exercise
including ten patients with JIA. One GE Logiq S8 machine with linear probe (6-15 MHz) and
hockey stick (8-18 MHz) and standardised settings for BM and PD (pulse repetition frequency
(PRF) 0.6 kHz, frequency 7.7 MHz and low wall filter) was used. The 19 joint regions included
in the image acquisition protocol were assessed bilaterally with ultrasound in each patient. BM

and PD findings were scored semiquantitatively (grades 0-3) at the time of acquisition.
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Doppler findings and validity

In the second and third project, the ultrasound examinations were performed by one
rheumatologist (NKS) using the new image acquisition protocol and joint-specific scoring
system for synovitis with age-divided reference atlas as reference. In the second project, 18
joint regions were assessed bilaterally (the hip joint was excluded since Doppler findings were
not assessed in the hip). In the third project, the joint regions assessed were the same 19 joint
regions (14 joints) as in the first project. The ultrasound examinations were done bilaterally and
scored semiquantitatively (grades 0-3) for BM and PD-findings in both projects. The same
ultrasound machine, a GE Logiq S8 with linear probe (6-15 MHz) and hockey stick (8-18 MHz)

and the same settings for BM and PD used in the first project, were used in both projects.

3.3.4 Whole-body Magnetic Resonance Imaging

In the third project, the included patients also underwent a whole-body MRI examination.

Image acquisition protocol

Non-contrast enhanced whole-body MRI was performed using Avanto fit 1.5Tesla (T), Aera
1.5T and Vida Fit 3T (Siemens Healthineers, Erlangen, Germany), with local receiver coils
covering the whole body. General anaesthesia was given to patients under five years of age to
avoid motion artefacts during the examination, which is routine practice at our clinic. The
protocol comprised T2 Turbo spin echo (TSE) Dixon sequences: coronal plane from the skull
base to the thighs, oblique coronal plane in the sacroiliac joints, and sagittal plane in the spine
and in both knees and ankles. The image acquisition parameters were preset: repetition time
(TR) >2000ms/echo time (TE) 92-111ms, Field of View (FOV) 15-35 cm, slice thickness 3-4

mm, and in-plane resolution 0.39-0.55 mm?.

Scoring of whole-body MRI findings

All images were deidentified and analysed using Sectra Picture Archiving and Communications
Systems (PACS). The whole-body MRI images were scored by one radiologist (EK) with broad
experience in musculoskeletal MRI (over 20 years) according to a newly developed whole-
body MRI scoring system for JIA (114). Effusion/synovial thickening was defined as
hyperintense signal intensity within the joint space distending the joint capsule on fluid
sensitive sequence, according to the MRI in JIA (JAMRI) OMERACT working group (114).
Findings of effusion/synovial thickening in 14 joints (elbow, radiocarpal, midcarpal, MCP2-3,
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PIP2-3, hip, knee, tibiotalar, talonavicular, subtalar, MTP2-3) were scored as absent, mild or
moderate (grades 0-2) in large joints including the elbows, hips and knees, and as absent or

present (grades 0-1) in small joints (114).

3.4 Statistics

Statistical Package for the Social Sciences (SPSS) version 27 was used for analyses in the first
paper. Stata version 17 was used in the second paper, and SPSS version 29 was used in the third
paper. P-values < 0.05 were considered statistically significant. Statisticians David Swanson,
Cathrine Brunborg and Lien My Diep at Oslo Centre for Biostatistics and Epidemiology were

consulted regarding the use of statistical methods and analyses.

3.4.1 Descriptive statistics
Continuous data were presented as mean (range), median (range) or median with interquartile
range (IQR), as appropriate. Categorical variables were presented as numbers with percentages

of total.

3.4.2 Reliability

In paper I, we explored the reliability of the developed semiquantitative joint-specific scoring
system with reference atlas. First, in a still images inter-reader and intra-reader reliability
exercise at joint level for BM synovitis scoring with four readers. Then, in a still images inter-
reader and intra-reader reliability exercise for PD activity scoring at joint level with three
readers. Finally, in a real-time live scoring exercise at patient level using ultrasound sum scores
to test inter-reader reliability with three readers. In the calculation of the sum score, one view
was selected from joints that were assessed from two views to avoid increased weighting of
these joints. The sum scores included the following joint regions: anterior elbow, radiocarpal,
midcarpal, MCP2-3 dorsal, PIP2-3 wvolar, hip, knee (suprapatellar recess), tibiotalar,
talonavicular, anterior subtalar, MTP2-3 dorsal (28 joints in total). Separate BM synovitis and

PD activity sum scores (range 0-84) were calculated for each patient.
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To assess the reliability, intraclass correlation coefficient (ICC, absolute-agreement, two-way
mixed-effects model) and weighted kappa were calculated (145, 146). For inter-reader
reliability, we used average measure ICC (avmICC) and Light’s weighted kappa. For intra-
reader reliability, we used single measure ICC (smICC), and Cohens weighted kappa. ICC and
kappa values were interpreted as fair: 0.20-0.40, moderate: 0.41-0.6, good: 0.61-0.8 and
excellent: >0.81 (147).

Missing data
In the live reliability exercise, the anterior elbow was not assessed with ultrasound in one of the
patients and therefore missing. Sum scores for each patient were calculated without any missing

values.

3.4.3 Associations

In paper 11, we investigated if increasing PD grades were associated with increasing BM grades
and with the presence of clinical arthritis at joint level. In addition, we explored if PD findings
were associated with age, sex, JIA subgroup, disease duration and with the JADASI10 at joint
level. Eighteen joint regions (anterior elbow, posterior elbow, radiocarpal, midcarpal, MCP2-3
(dorsal), PIP2-3 (volar and dorsal), knee (suprapatellar recess and lateral parapatellar recess),
tibiotalar, talonavicular, anterior subtalar, posterior subtalar and MTP2-3 (dorsal) were
evaluated. To capture all PD findings within synovial hypertrophy (135), the chosen cut-off for
abnormal BM and PD findings was grade > 1.

To assess the associations, we used multilevel mixed effects ordered logistic regression model
to account for the within-patient (random intercept) effect. All analyses were adjusted for joint
regions and side (left and right). Further adjustments, including age and sex were done to

examine if the associations were altered.

Missing data
One joint region (anterior elbow) was not examined with ultrasound, but no other joints that
were assessed with ultrasound were missing. Missing values for other variables were not

included in the calculations.
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3.4.4 Validity
In paper III, we examined the validity of ultrasound detected synovitis by comparing ultrasound

with whole-body MRI and clinical assessment of disease activity.

At patient level, we compared sum scores from ultrasound, whole-body MRI and clinical joint
examinations. The joints included in the sum score were the elbow, radiocarpal, midcarpal,
MCP2-3, PIP2-3, hip, knee, tibiotalar, talonavicular, subtalar, MTP2-3 bilaterally (28 joints in
total). For joints assessed from two views with ultrasound, the scan with the highest BM and
PD score were used in the sum score. For ultrasound, a synovitis sum score was calculated for
BM scores and PD scores (range 0-84) and for a combined score (BM + PD scores (range 0-
168)) for each patient. For whole-body MRI an effusion/synovial thickening sum score was
calculated (range 0-34), and for clinical examination an active joint sum score (range 0-71) was

calculated for each patient.

We used Spearman correlation coefficient (rs) to calculate associations between ultrasound
synovitis sum scores, whole-body MRI effusion/synovial thickening sum scores and active joint
sum scores. We also compared ultrasound synovitis sum scores with JADAS71, CPR, ESR,
PhGA and PGA. We defined the strength of the Spearman’s correlation coefficient (rs) as: very
weak: 0.0-0.19, weak: 0.2-0.39, moderate: 0.4-0.59, strong: 0.6-0.79, very strong: 0.8-1.0, in
line with other studies evaluating ultrasound (148, 149).

At joint level, we calculated sensitivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV) for findings of synovitis on ultrasound using effusion/synovial
thickening on whole-body MRI or active joints on clinical examination as reference. The
chosen cut-off for abnormality was BM grade > 2 for ultrasound findings, and grade > 1 for

whole-body MRI effusion/synovial thickening findings.

Missing data

At patient level, sum scores were calculated without any missing values. The JADAS71 was
not calculated if data from any of the four components included in the JADAS were missing (n
= 2, one PhGA/one PGA). At joint level, only joints with complete ultrasound, whole-body
MRI and clinical joint examination data were included in the analyses. If a joint was missing

(n =32 for whole-body MRI, and n=4 for ultrasound) the joint was excluded from the analyses.
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3.5 Ethical considerations

This project involved children and adolescents with JIA. Children are often referred to as a
vulnerable group in research ethics and therefore require special ethical considerations. The
Declaration of Helsinki emphasises that research on vulnerable groups can only be justified if
their needs are taken into account and the research cannot be carried out on a non-vulnerable
group (150). The primary aim of this project was to evaluate ultrasound in children and
adolescents with JIA and the ultrasound examinations could therefore not be done in adults

because of the special anatomy in the growing child.

The project was approved by the Norwegian Regional Committee for Medical and Health
Research Ethics (REK 2018/805) and the Data Protection Office at OUH (18/11742 and
18/12493). The study was conducted in accordance with the Declaration of Helsinki.

An important aspect in research is that participation is voluntary and informed consent is
required. In the Declaration of Helsinki, it is accepted that informed consent can be given by
authorised representatives for persons who cannot give informed consent themselves. However,
it is emphasised that even though the main objective with medical research is to generate new
knowledge, the rights of the individual participants must come first (150). According to the
Patient and User Rights Act (Pasient- og brukerrettighetsloven), a child who has reached the
age of 7 years should receive information and state their opinion before decisions about
personal matters. When a child is 12 years old, great emphasis must be placed on what the child

says (151).

In this project, information sheets, with text adjusted for children and adolescents in different
age groups (under 12 years of age, 12-16 years of age, over 16 years of age and to parents) were
made and signed informed consent was obtained by parents, and patients when aged 16 years
and older. In addition, all participant and parents were thoroughly informed about the project
orally and we were available to answer any questions related to the project. We talked to the
participants about the ultrasound and the whole-body MRI examinations, and they could visit
the MRI suite before the examination if they wanted to. For all participants, and especially
children who were not able to express their opinion (many young children were included), it
was important for us to inform and talk to the parents about the project so that they could be

comfortable giving an informed consent for their child. The participants and their parents were
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told that they could withdraw their consent at any time if they wanted to, without giving any

reason, and that this would not affect their treatment.

Research involving children can only be performed if there is a reason to believe that the results
may be of use to the participants or other individuals with the same age-specific disease (152).
As previously described, there is a need for knowledge about ultrasound in patients with JIA to
be able to standardise the method with reliable and valid scanning protocols and scoring
systems. The thorough ultrasound examinations that were done in this project could potentially
discover more findings than a normal clinical examination and might therefore be useful in the
further treatment decisions of the patient. In addition, if the image acquisition protocol and
scoring system proved to be reliable and valid tools it could provide a more homogenous and
accurate interpretation of ultrasonographic findings in patients with JIA. Then the results could
also be of benefit for other children and adolescents with JIA who are examined with ultrasound

in future clinical practice.
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4. Summary of results

4.1 Paper I

Development and reliability of a novel ultrasonographic joint-specific scoring system for

synovitis with reference atlas for patients with juvenile idiopathic arthritis

The objectives of this study were to develop a standardised ultrasonographic image acquisition
protocol and a joint-specific scoring system for synovitis with age-divided reference atlas in
patients with JIA. Then to assess the reliability of the system on still images and in a live

exercise.

Through literature review, discussions, practical training and consensus, an image acquisition
protocol for frequently affected joints in JIA was developed. The joints included were the
anterior elbow, posterior elbow, radiocarpal, midcarpal, MCP2-3 (dorsal), PIP2-3 (dorsal and
volar), hip, knee (suprapatellar and lateral parapatellar recess), tibiotalar, talonavicular, anterior
subtalar, posterior subtalar and MTP2-3 (dorsal) joints. Then a semiquantitative joint-specific
scoring system, ranging from grade 0 (normal findings) to grade 3 (severe findings), was
established. Finally, ultrasonographic reference atlases, corresponding to the joint-specific
scoring system for BM synovitis, were developed for four age groups (2-4 years, 5-8 years, 9-
12 years and 13-18 years) according to age-related changes. In addition, a reference atlas for

PD activity was formed.

BM synovitis scoring on still images at joint level showed good to excellent intra-reader
reliability (smICC range 0.75-0.95, weighted kappa range 0.63-0.91), and moderate to excellent
inter-reader reliability (avmICC range 0.89-0.99, weighted kappa range 0.50-0.91). Intra-reader
reliability for PD activity scoring on still images from all joints included in the scoring exercise
combined was excellent, and inter-reader reliability was good to excellent. In the live scoring
exercise, the inter-reader reliability was moderate to excellent for both BM synovitis and PD

activity scoring.

Our findings suggest that a standardised ultrasound examination and a joint-specific scoring
system with reference atlas can be valuable in the evaluation of joint inflammation in patients

with JIA in clinical practice and in research.
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4.2 Paper 11

Associations between power Doppler ultrasound findings and B-mode synovitis and
clinical arthritis in juvenile idiopathic arthritis using a standardised scanning approach

and scoring system

The objectives of this study were to describe PD findings in patients with JIA with suspected
clinical arthritis, and to examine if PD ultrasound findings were associated with BM synovitis
and clinical arthritis, using a standardised ultrasound examination protocol and a

semiquantitative joint-specific scoring system.

Ultrasound was performed in 27 patients with JIA. Twenty-one of the patients (77.8%) were
girls. Seventeen patients had oligoarthritis (63.0%), five had RF negative polyarthritis (18.5%),
three had RF positive polyarthritis (11.1%) and two patients had psoriatic arthritis (7.4%). The

median number of joints with clinical arthritis was 2 (IQR 1-4).

A total 0of 971 joint regions were evaluated with ultrasound. BM synovitis (grade > 1) was found
in 129 joint regions, and abnormal PD signals were detected in 45 of these (34.9%). In joint
regions with BM synovitis, PD grade 1 was detected in 18 joint regions, PD grade 2 in 20 joint
regions and PD grade 3 in 7 joint regions. PD grade 1 was found in 4/48 (8.3%) joint regions
with BM grade 1, in 7/47 (14.9%) joint regions with BM grade 2, and in 7/34 (20.6%) joint
regions with BM grade 3. PD grades 2 and 3 were only found in joint regions that had BM
grades 2 or 3.

We found that increasing PD grades were associated with higher BM grades (OR = 5.0, 95%
CI: 2.7 -9.1, p<0.001) and with clinical arthritis (OR = 7.4, 95% CI: 2.6 - 21.0, p < 0.001).

Our findings suggest that the use of a standardised ultrasound examination and a

semiquantitative joint-specific scoring system can make the assessment of abnormal Doppler

signals more accurate in children and may reflect disease activity in patients with JIA.
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4.3 Paper 111

Validity of ultrasound synovitis in juvenile idiopathic arthritis: comparison with whole-

body magnetic resonance imaging and clinical assessment

The objective of this paper was to assess the construct validity of ultrasound in patients with
JIA by comparing findings of synovitis on ultrasound with non-contrast enhanced whole-body

MRI findings of effusion/synovial thickening and clinical assessment of disease activity.

A total of 27 patients with JIA were included. Twenty-four patients (89%) were girls. Thirteen
patients had oligoarthritis (48.1%), five had RF negative polyarthritis (18.5%), five had RF
positive polyarthritis (18.5%), three had psoriatic arthritis (11.1%) and one patient had
undifferentiated arthritis (3.7%). The median number of active joints was 4 (IQR 2-6) and the
median JADAS71 was 13.4 (IQR 9.4-28.6).

At patient level, sum scores for ultrasound synovitis and whole-body MRI effusion/synovial
thickening showed strong correlation (rs= 0.74, p<0.01). Ultrasound synovitis sum scores were
also strongly correlated with JADAS71 (rs= 0.71, p<0.01). Ultrasound synovitis sum scores

and active joint sum scores were moderately correlated (rs= 0.57, p<0.01).

At joint level, a total of 692 joints were assessed with ultrasound, whole-body MRI and clinical
examination. On ultrasound and whole-body MRI, 58/692 joints (8.4%) had findings of
synovitis or effusion/synovial thickening, whereas 566/692 joints (81.8%) had normal finding
on both imaging modalities. On ultrasound and clinical joint examination, 58/692 joints (8.4%)
had findings of joint inflammation, while 562/692 joints (81.2%) had normal findings.
Ultrasound assessed synovitis at joint level showed high specificity, but lower sensitivity using
effusion/synovial thickening on whole-body MRI or active joints on clinical examination as

reference.

These findings suggest that ultrasound synovitis sum scores can reflect disease activity and may

be a valuable outcome measure in clinical practice and research.
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5. Discussion

5.1 Methodological aspects
In this section, the strengths and limitations of the study design and the statistical methods used

in this project will be discussed.

5.1.1 Study design

All three papers are based on cross-sectional data and the project had an observational design.
The focus of this project was to develop an ultrasonographic scanning protocol and a
semiquantitative joint-specific scoring system with age-divided reference atlas in patients with
JIA. Further to test the reliability of the system and the validity of ultrasound assessed synovitis,
and to explore associations and frequencies of abnormal ultrasound findings in patients with

JIA.

The cross-sectional design is well suited to assess frequencies, reliability, associations, and
correlations. However, because we did not have longitudinal data, we could not explore risk,
causal relationships or make conclusions about the prognostic meaning of ultrasound findings

over time.

Observational studies can be influenced by selection bias, information bias and confounding
factors (153). We performed reliability testing in multiple joints on still images and in a live
exercise including patients with JIA. In the still images reliability exercise, a test-retest was
performed with at least two weeks apart. Before the second scoring the images were rearranged
by a person that did not participate in the exercise. All readers were blinded for the
rearrangement, thus limiting recall bias. Only ten patients were assessed by three
rheumatologists for inter-reader reliability in the live exercise in paper I, and we did not perform
intra-reader reliability testing, which is a limitation. This was done for feasibility reasons in a
challenging clinical setting during the COVID-19 pandemic. However, there are few ultrasound
studies that test reliability in a real time setting in patients with JIA (89, 154). It is difficult to
perform both inter-reader and intra-reader live reliability ultrasound exercises in children as
they are often impatient. In addition, one must consider the ethical aspects of performing many

examinations by several physicians when the participants are children.
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5.1.2 Representativeness of study population

The methods used to select participants in a study can give selection bias that can affect the
implementation of the results to the general population (153). If the participants are not
representative of the population you want to study, the external validity can be reduced. All the
patients that participated in this project fulfilled the ILAR classification criteria for JIA (8).
Patients were consecutively included from the paediatric rheumatology clinic at OUH. We
included boys and girls in all age-groups (1-18 years old) with clinical active arthritis or with
suspected clinical arthritis. The one-centre design may limit the generalisability, but the
paediatric theumatology unit at OUH treats patients from all over the South-Eastern region of
Norway. We therefore believe that the study population is representative of patients with JIA
seen in clinical practice. In addition, the broad inclusion criteria and few exclusion criteria
enabled this project to include patients with different levels of disease activity and with
established or newly onset JIA which strengthen the external validity. In the third paper, all
patients had to be referred to an MRI or whole-body MRI on clinical indication to be included.
Since some joints are more difficult to evaluate than others, both clinically and with ultrasound,
patients with symptoms from these joint regions are often referred to an MRI for further
evaluation. This could have led to inclusion of more patients with affection of specific joints in

our study and given a selection bias.

The low number of included patients is a limitation. This is often seen in ultrasound studies
involving children (139, 155-158). Most patients in our study were girls and had oligoarthritis.
However, oligoarthritis is the most common JIA subgroup and JIA is more common in girls
than in boys (1). The low number of patients made us unable to stratify analyses for subgroups
separately, which is a limitation, but synovitis findings are not known to be specific for JIA
subgroups and is less likely to influence the generalisability. If we had included more patients,
we might have seen more of the different JIA subgroups and perhaps detected additional
findings in some joints. However, we had enough strength to find significant associations in
this project, which means that we had an adequate number of patients to be able to answer the

research questions.

Another limitation is that we did not include healthy controls. In the first project, our main aim
was to develop a scoring system with reference atlas for patients with JIA, not to compare
findings between healthy children and patients with JIA. However, in the development of the

scoring system, we considered relevant studies in which ultrasound findings in healthy children
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were described (126, 127, 129, 132, 133, 159). In the second paper, the aim was to describe PD
findings in joints with BM synovitis in patients with JIA. By doing this, we excluded joints that
had BM grade 0. If we had included healthy children, the results from the ultrasound findings
in the joints of these children would probably be omitted in the analysis since we would expect
normal findings. However, since there is no defined cut-off level for pathology on ultrasound
in children, it can be difficult to conclude with what is a normal finding, and by including
healthy children this might have been highlighted better. In the third paper the aim was not to
define what is normal and what is pathological, but to validate the system by comparing
findings on ultrasound with findings on whole-body MRI and clinical examination in patients

with JIA. Healthy children were therefore not included.

5.1.3 Data collection

Ultrasound

A strength of this project is the extensive collection of ultrasonographic images, and that many
joints were examined with ultrasound. Two GE Logiq S8 and one GE Logiq E9 ultrasound
machines were used to collect the still images that were used in the reliability exercises on still
images and in the reference atlases. However, the same ultrasound machine, a GE Logiq S8,
was used in the live reliability exercise in paper I and in all ultrasound examinations in paper II
and III. The preliminary definitions for ultrasound features of synovitis in children were used

in all papers (135).

In paper I and 111, sum scores were calculated for each patient. Since some joints were evaluated
from more than one view with ultrasound, we decided to use one of the views in the calculations
to avoid increased weighting of these joints. In paper I we used the view we believed to be most
sensitive. In paper III we used the view with the highest BM and PD score to assess the overall
disease activity in each patient. We may have found other results if we for instance had used

the average score from the two views in the calculations as done by others (149).

Room temperature and pre or post examinations were not standardised and could have had an
impact on our findings, especially concerning PD activity since a change in temperature can
cause variability in the vascularisation with less flow in cold temperatures. It has been shown
that low skin temperature can result in reduced Doppler activity in the wrist joint in RA patients
(160). Other factors that can influence the interpretation of PD findings are tension in the

muscles or movement of the patient (motion artefacts), or if the examiner has too much pressure
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applied to the transducer as this will lead to decreased flow (125). Motion of the patient could
have made us register more PD activity than it was, whereas cold temperatures and too much
pressure could have made us register less PD activity. However, we strived to make the
examination as comfortable as possible and made sure that the patients were not cold. The use
of different ultrasound machines and settings has been shown to affect Doppler findings in
patients with RA (161). We used the same ultrasound machine in all examinations with
standardised settings for PD with low PRF and low wall filter and the ultrasonographer tried to
use as little pressure as possible on the probe. In addition, the colour box was always placed at

the top of the image to avoid reverberation artefacts, as recommended by others (125).

A strength of the study is that the rheumatologist was blinded to clinical and whole-body MRI
findings. In addition, in paper II and III the same ultrasonographer performed all ultrasound
examinations and used the same ultrasound machine with standardised settings and a
standardised scanning protocol. We did not perform reliability studies in these papers, but the
ultrasonographer had shown moderate to excellent reliability in paper 1 and has broad

experience in musculoskeletal ultrasound.

Clinical assessment, measures of disease activity and laboratory analyses

Several rheumatologists performed the clinical joint examinations. No practical training or
reliability exercises were done prior to this study, which is a limitation. However, all were
experienced physicians and used to perform standardised joint examinations in a research
setting. The lack of reliability testing means that the between-scorer variability is not known in

this study and may have affected the number of reported active joints.

It was the treating rheumatologist who performed the clinical joint examination and was
therefore informed about the medical history and clinical symptoms of the patients. The lack of
blinding is a limitation and may have affected their interpretation of findings. Especially in
paper III where the participants already were referred to an MRI. This may have led to a higher
number of joints being scored as active because the rheumatologist might have expected to find
arthritis there. This may have given a performance bias that could have influenced the study

results.

In paper II and III the treating rheumatologists assessed the PhGA. It has been discussed if the

interpretation of disease activity can be influenced by other factors, and that some physicians
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do not always score 0 (in the VAS) even in the presence of disease remission (162). However,
the PhGA and PGA are part of the core set of outcome variables used in clinical trials in patients
with JIA and are also part of the JADAS. We therefore wanted to assess both the PhGA and
PGA in this study. We only included patients with suspected clinical arthritis or active arthritis,
and this may have led to better utilisation of the VAS scale by the physicians. In addition, the
treating physicians, who scored the PhGA, were experienced rheumatologists and had all
clinical data available. The PGA was completed by the participants or the parents. There are
many factors affecting a patient’s symptoms, for instance the sensation of pain. It can be
difficult to distinguish if the pain is caused by active arthritis or other causes (163). These
factors could potentially have led to a misinterpretation and inaccurate scoring of PGA, and
subsequently the calculation of JADAS. This could have affected the results in paper II

(association with PD activity) and paper I1I (correlation with ultrasound).

The JADAS is a validated and often used disease activity measurement in JIA. Our results can
therefore easily be compared with other studies. In paper II, we chose to use the JADAS10 with
the 2021 cut-offs for disease activity states (76). The JADAS10 is widely used and is easy to
perform in the clinic. We also believe that the new cut-offs for disease activity states are more
relevant and useful in clinical practice. We used the JADAS71 in paper III since we wanted to
include all the joints that were assessed by clinical joint examination to evaluate the overall

disease activity in the patients.

Blood samples and the laboratory analysis were done on clinical indication and performed by
trained personnel. The blood samples were analysed at the same laboratory using nationally

accredited analyses. This could have reduced the effect of random errors.

Whole-body MRI

Contrast-enhanced MRI is considered the gold standard in the evaluation of joint inflammation
(80, 164). Because we wanted to assess many joints in each patient, whole-body MRI was
chosen as the comparator to ultrasound as it can depicter the entire body in one session (164).
Using contrast in whole-body MRI to assess multiple joints is challenging as the prolonged
scan time can lead to incorrect interpretation of synovial contrast enhancement (113). We
therefore did not use contrast, which might have affected our findings since MRI without
contrast has been shown to have lower ability to evaluate synovitis (106). The JAMRI

OMERACT working group has proposed effusion/synovial thickening, BME, and pericapsular
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soft tissue inflammation as inflammatory items for scoring peripheral and chest joints in a
recently developed whole-body MRI scoring system (114). In this study, we used
effusion/synovial thickening as the inflammatory item on whole-body MRI as we found this

most comparable to findings of synovitis on ultrasound.

MRI is time consuming and general anaesthesia is required for the youngest patients so they
can remain still during the session. This is a great limitation. Another challenge in this study
was that some joints were outside the field of view and was therefore not depicted (elbow
joints), and some joints were difficult to evaluate due to the small size (PIP joints). Ultrasound
and clinical joint examination could have detected synovitis in these joints, but since missing
joints for any modality (ultrasound, whole-body MRI or clinical examination) were excluded
in the analysis, the joints were not included in the calculations at joint level. We could therefore

have missed many findings, and this may have affected the sensitivity and specificity.

For feasibility reasons, one experienced musculoskeletal radiologist scored the whole-body
MRI images only once. A strength is that she was blinded to clinical and ultrasound findings,
but the single assessment of the images may have caused poorer data quality and lower

associations with ultrasound findings.

5.1.4 Statistical considerations

Reliability

The Kappa is a statistical measure of agreement between readers or among repeated measures
by a single reader. Kappa takes the possibility of the agreement occurring by chance into
account (165). The ICC is another method for assessing agreement where the extent of the
disagreement is included, meaning that larger sizes of disagreement, gives lower ICC than

smaller (145, 146).

To test intra-reader reliability, we used the Cohen’s weighted kappa, that allocates weights to
different categories to reflect the degree of disagreement between readers (166, 167). We
evaluated pairs of scoring by the same reader that were scored with two to three weeks in
between. The two-way mixed effects model ICC was used to test the reliability of the specific

readers that participated in the exercise (146). Since the Cohen’s kappa is suitable for two
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readers and we had three or four readers in the inter-reader reliability exercise, we used the

Light’s weighted kappa by calculating the mean kappa for all reader pairs (145).

We chose to include both ICC and Kappa as measures of reliability seeing that they are both
commonly used in papers examining reliability in musculoskeletal ultrasound. In this way the
results are easily understood and comparable to studies that have chosen to use one of the two

methods.

Associations

Standard statistical methods assume independent observations. However, sometimes the
observations are not independent of each other. Multilevel analyses take dependency of the
observations into account (168). This is useful in settings where you have repeated or correlated

measurements.

We explored associations between PD activity grades and BM synovitis grades and clinical
arthritis. Since we evaluated many joints in the same patient (repeated measurements on the
same individual), the data was not independent, and we had to take this into consideration in
the calculations. In cooperation with a statistician, we used multilevel mixed-effects ordered
logistic regression analyses with random intercept for patients to account for within-patient

effect, and because we had an ordinal endpoint.

Validity

Validity tells you how accurately a method measures something. There exist four main types
of validity: content, face, criterion and construct validity (169, 170). We tested the construct
validity, meaning that the test (ultrasound) was compared with other tests (whole-body MRI,
clinical assessment) measuring the same concept (joint inflammation). To explore the validity

of ultrasound detected synovitis we used correlation, sensitivity and specificity.

At patient level we used correlation analyses to evaluate the associations between joint
inflammation sum scores. Since the data in our study was not normally distributed, we used
Spearman’s correlation coefficient (rs). This correlation is calculated by replacing the actual
values from the included variables with ranks (171, 172). At joint level, we used sensitivity and
specificity to assess the diagnostic performance of ultrasound. We used binary outcomes

(presence/absence) for findings of synovitis, effusion/synovial thickening and active joints in
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the calculations. The sensitivity reflects the true positive rate, while specificity reflects the true

negative rate. Sensitivity and specificity are inversely related (173, 174).

5.2 Main results

In this section, the main results according to the specific research questions in this thesis will

be interpreted, discussed, and compared to other related studies.

5.2.1 Development of an image acquisition protocol
In this project an image acquisition protocol for frequently affected joints in JIA was first
established. The protocol was built upon existing approaches but adjusted to be suitable for the

different paediatric joints (124, 132, 136).

Previous scanning approaches used in ultrasound studies with children have mainly used
protocols developed for adults with RA (124). However, there was a need for a scanning
approach specially designed for children. Prior to the development of our protocol, two
protocols for children had been developed, but only for a limited number of joints (knee, wrist,
MCP2 and ankle joints) (132, 136). We decided to use the scans of the wrist (radiocarpal and
midcarpal) and the knee joint from these scanning protocols as we found them applicable. For
the remaining joints the scanning protocol was developed through the consensus process
described in section 3.3.3. For some joints, we decided to include two views to provide a better
understanding of the pathology in the joint and seeing that two views could have an added
value, as also suggested by others (136). The consensus process was not done by a Delphi (175).
Since we did not use this validated method, it can be difficult to reproduce the consensus
process. A bias could have occurred if the participants were worried about how their opinions
would be viewed by the others since proposals were not shared anonymously. However, a
Delphi can be time consuming, and it can be difficult to define what is meant by consensus and
when this is reached. The rheumatologists involved in our consensus process had considerable
experience (5-20 years) in musculoskeletal ultrasound and methodological experience from the
OMERACT. In addition, the development of the protocol was dynamic where the different

proposals were tested in practical exercises to assess the applicability.
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Another ultrasonographic scanning approach for multiple joints in children was recently
published (149). The protocol is very comprehensive (52 different views in BM, whereas 19
views in ours) and may not be feasible in daily clinical practice. Most of the joints included in
the scanning protocol are the same as ours, but they have included the shoulder and the
radioulnar joints. They have also included the interphalangeal (IP) joint, and all MCP, PIP and
MTP joints. In addition, several joints are assessed from more than one view. The biceps- and
the ankle tendons are also included in their scanning protocol. A limitation in our study is that
we did not include the shoulder and the radioulnar joints in our protocol. This was done because
we only included the most frequently affected joints in JIA, but since there are patients with
arthritis in these joints it would have been favourable to have included them in our protocol.
The optimal number of joints that needs to be assessed to evaluate disease activity is not
standardised. Collado et al. evaluated a 44 joint model versus a 10 joint model (bilateral knee,
ankle, wrist, elbow and MCP2 joints) and found the 10 joint model to be valid and to have a
higher responsiveness to change than the 44 joint model (138). However, it is uncertain how

well this model will work in other patient samples.

5.2.2 Development of a joint-specific scoring system and reference atlas

Scoring system

An ultrasonographic semiquantitative joint-specific scoring system for synovitis in patients
with JIA was presented in paper 1. A specific scoring of BM findings ranging from grade 0
(normal) to grade 3 (severe) was developed for each joint. The scoring system for Doppler
activity followed a newly developed semiquantitative scoring system that could be applied to

all joints (136).

The choice of a semiquantitative score was done in accordance with what had been done
previously (89, 136, 138). In addition, a semiquantitative scoring has shown to have better
reliability than a binary scoring (143). Prior to our study, only one joint-specific scoring system
for the paediatric knee joint existed (136). The OMERACT paediatric ultrasound group had
proposed a single standard scoring system, but this has not been published (176). In a recent
study, Rossi-Semerano et al., used a modified version of this scoring system to account for the
different anatomy in the joints they evaluated (177). Another single standard scoring system
had been published prior to our study, but this scoring system did not seem to be applicable to
all joints either (138). As previously described (section 1.3.5), the BM scoring in this system is

based on the shape and extension of the joint recess in relation to the bone diaphysis and is
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therefore not applicable to joins where an articulating bone does not have a diaphysis, like for
instance the ankle joint. Our joint-specific scoring system for synovitis in JIA allows for a clear

assessment of the specific paediatric joint that is being evaluated.

Shortly after the publication of our scoring system, another joint-specific scoring system for
children was published (149). There are many similarities in these scoring systems, including
the descriptions of BM grades (0-3) in some joints and the Doppler scoring. The main
differences are that they also have included scoring of the shoulder, IP and radioulnar joints,
and scoring from more views for the wrist and the MCP joints. In addition, scoring of the biceps
and ankle tendons are included. However, the scoring of the tendons in the ankle is not tendon-
specific, and the scoring is binary (presence/absence). In addition, it does not consider the newly
published consensus for ultrasound definitions of tenosynovitis in JIA (178). Other differences
are that they use the terminology “a-line” and “B-line”, and we use “imaginary line”, but the
descriptions of the lines are almost the same in the two scoring systems. When developing our
scoring system, we especially focused on the distribution of synovial hypertrophy/effusion in
the joints and discovered that the use of an imaginary line could help to distinguish different
degrees of synovitis. In some joints this line complied to the joint capsule, but in others it did
not (for instance the elbow), and to harmonise the scoring system we chose to implement the
“imaginary line”. We included the nomenclature “mild, moderate and severe” (for grades 1, 2,
and 3) to elaborate the severity of the findings in each joint. This is also included in the other
scoring system but only for some joints, and they use “mild, moderate and marked”. The many
similarities between the systems may indicate that the international ultrasound communities

have similar interpretation of findings in the paediatric joint.

Reference atlas
Four reference atlases for BM scoring of synovitis, comprising of 224 distinctive BM images,
divided in four age-groups (2-4 years, 5-8 years, 9-12 years and 13-18 years), and a reference

atlas for scoring of PD activity, comprising of 51 PD images were produced in paper 1.

Because interpretation of ultrasound images in the growing skeleton is difficult, we saw the
importance of a reference atlas. The joint-specific ultrasonographic atlas developed by Hammer
et al. for patients with RA has shown high reliability (142), but cannot be directly applied to
children because of the unique growing skeleton. The differences seen in the skeleton during

growth were also the reason why we decided to make four reference atlases in accordance with
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age-related changes (132). Our reference atlas can provide an additional tool when scoring
synovitis in children of different ages by finding the best matching image in the reference atlas.
The reference atlas for PD activity is not age-divided. This was done because our intention was
to have images of the different PD signals corresponding to the scoring system, not the age-
variability. In addition, since PD signals need to be found within synovial hypertrophy to be
considered as a sign of synovitis (135), evaluation of BM findings must be performed first. This
can be done by using the scoring system with age-divided reference atlas for BM synovitis

where the age-related changes can be clearly identified.

A limitation is that we could not find representative images of all grades for all joints in the
atlases (anterior elbow for PD grade 3, MCP2-3 and MTP2-3 for BM grade 2 and 3 in the age-
group 2-4 years, and MCP2-3 for BM grade 3 in the age group 5-8 years). However, we added
images of these grades from other age-groups (5-8 years and 9-12 years), so the sonographer

can be able to compare images.

5.2.3 Reliability of the joint-specific scoring system with reference atlas
We demonstrated moderate to excellent reliability for BM synovitis scoring, and good to
excellent reliability for PD activity scoring on still images. The reliability for BM synovitis and

PD activity scoring in a live exercise, was moderate to excellent.

The readers in the reliability exercises were all experienced rheumatologists and had
participated in the development of the scoring system, which could have affected the results.
However, it is recommended to perform calibration before reliability exercises. In addition,
others who have evaluated scoring systems, have performed several reliability tests during the
study period where modifications of the system have been done until acceptable reliability is

achieved (136, 149, 179). We therefore believe that our results are representative.

A strength of this study is that reliability testing was performed on many joints from all age
groups (2-18 years), and that reliability was performed on both still images and in a live
exercise. Our results from the still image reliability exercises are comparable with results from
other ultrasound studies testing reliability on still images in patients with JIA (136, 149, 177,
179, 180). In ultrasound reliability studies in adult patients with RA, both inter-reader and intra-
reader reliability testing in patients are often performed (142-144, 181). A limitation in our

study is that we did not perform an intra-reader reliability live scoring. As previously described
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(section 5.1.1.) this was done for feasibility reasons in a clinical setting during the COVID-19
pandemic. To the best of our knowledge, only one ultrasound study in children has tested both
inter-reader and intra-reader reliability in live exercises, but only a few joints were examined
(154). Another ultrasound study that performed a live reliability exercise in children reported

inter-reader reliability (89). The results presented in this study are comparable to our results.

Another limitation in our study is that only ten patients with JIA were assessed in the live
exercise. However, we had power to show moderate to excellent reliability and others have
shown that the same number of patients may give enough power to test reliability (142, 181,

182).

5.2.5 Associations between PD findings and BM synovitis, and clinical arthritis
In this study we found that at joint level, increasing PD grades were significantly associated

with higher BM grades and with clinical arthritis.

To our knowledge, no other studies have explored the associations between ultrasound PD
grades and BM grades in patients with JIA. As previously discussed in this thesis, interpretation
of Doppler signals in paediatric joints is challenging, but it is very important to distinguish
between normal and pathological findings. To help distinguish between these findings, the
proposed definitions for synovitis in children underline that abnormal Doppler signals must be

intrasynovial, not just intraarticular (135).

We detected abnormal PD signals in 45 of 129 joint regions that had BM synovitis (grade >1).
PD grades 0 and 1 were found in in joint regions with BM grade 1, 2 and 3, but PD grade 2 and
3 were only detected in joint regions that had BM grade 2 or 3. This may indicate that the joint-

specific scoring system harmonises with the severity of synovitis.

The preliminary definitions for sonographic features of synovitis in children emphasise that
Doppler signals must be detected within synovial hypertrophy to be considered as a sign of
synovitis. In addition, that synovitis can be based on BM findings alone but not Doppler
findings alone (135). There were many joint regions that had BM synovitis where we did not
find abnormal PD signals in our study, suggesting that BM synovitis without PD findings could
be more common in patients with JIA. Other explanations to our findings could be that our

patients had a low-grade disease, or that the BM findings were remnants of previous synovitis
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(158). It could also be that synovial effusion is more common than synovial hypertrophy in
patients with JIA. Doppler signals cannot be detected in synovial effusion, whereas BM
synovitis can be based on synovial effusion alone (135). However, since we did not distinguish
between synovial effusion and synovial hypertrophy in our scoring of BM synovitis, we could
not explore this further. Another possible explanation could be that BM grade 1 represents
normal findings since there are no defined cut-off grade for what is pathological. However,
there were some joints with BM grade 1 that also had PD grade 1, and since PD signals only
were scored within synovial hypertrophy, we believe that our findings represent abnormal PD

signals.

We did not find synovial hypertrophy or effusion in any MCP joints and could therefore not
look for PD signals there. As the MCP2 joint is known to be frequently affected in JIA (132,
156, 177), our results could have been affected by the limited number of patients, but most JIA
subgroups were represented. It could also be because of the small size of the joint or that the
joint was assessed from one view, as opposed to the PIP joints that were assessed from two
views and synovitis was detected in those joints. The use of a dorsal or a volar ultrasound scan
of the MCP joints is inconsistent in children (135, 154, 156, 177). In our study, the knee joint
was also assessed from two views according to our scanning protocol. A high number of
abnormal PD signals were detected in the lateral parapatellar recess, while BM synovitis
without PD findings were more common in the suprapatellar recess. To assess the joints from
more than one view may seem to have an added value. However, in a clinical setting it can be

difficult to evaluate several joints from more views because young children are often impatient.

The number of patients is also a limitation in this study. As previously mentioned, this is a
challenge in paediatric ultrasound studies, especially when evaluating more than one joint.
However, as many as 971 joint regions were examined clinically and with ultrasound, and the
associations were explored at joint level. In addition, we used the same ultrasound machine

with standardised settings in all examinations.

5.2.6 Correlations between ultrasound and whole-body MRI and clinical assessment

At patient level, we found a strong correlation between ultrasound synovitis sum scores and
whole-body MRI effusion/synovial thickening sum scores. We also detected a strong
correlation between ultrasound synovitis sum scores and the JADAS71. The correlation

between ultrasound synovitis sum scores and clinical active joint sum score was moderate.
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To the best of our knowledge, this is the first study comparing ultrasound detected synovitis in
multiple joints with MRI in patients with JIA. Interestingly many joints with effusion/synovial
thickening were detected on whole-body MRI even though we did not use contrast and had
lower resolution than a standard MRI examination. We therefore believe that the MRI images
acquired in this study enabled a comparison between ultrasound and whole-body MRI findings

of joint inflammation.

We found a strong correlation between ultrasound synovitis sum scores and the JADAS71.
Others have reported a poor or moderate correlation between ultrasound and the JADAS (89,
149). The JADAS consists of four items (number of active joints, PhGA, PGA and ESR) that
all can affect the final score. We found a strong correlation between ultrasound synovitis sum
scores and PhGA. Vega-Fernandez et al. reported a variable correlation between ultrasound and
PhGA, finding weak correlation at a baseline visit, and moderate to strong correlation at follow
up (183). Others have reported a poor correlation (89). A poor agreement in scoring PhGA
among physicians in JIA patients with low or no disease activity have been reported (184), and
physicians around the world tend to score the PhGA differently (185). In our study, there were
experienced rheumatologists that had clinical information available and were used to evaluate
PhGA in a research setting, that scored the PhGA. In addition, we only had patients with
suspected or active arthritis. This could have contributed to the strong correlation between
ultrasound and PhGA found in our study. We found a week, not statistically significant
correlation between PGA and ultrasound synovitis sum scores. A poor correlation has also been
reported by others (89). As previously described (section 5.1.3) the PGA can be challenging to
score. It can be difficult to distinguish between symptoms of JIA and symptoms from other
causes. It has been shown that the parents and physicians often disagree in the evaluation of
disease activity, especially if the patient has pain as this can affect the parent’s evaluation of
the child’s well-being (186-188). While ultrasound evaluate the inflammation at a precise
location, the PGA may be affected by other confounding factors. This may have affected the

scoring of PGA and could be a reason to the low correlation found in our study.
It is important to emphasise these issues since both PhGA and PGA are part of the core set of

outcome variables used in clinical trials and part of the JADAS that is often used as a disease

activity measurement in patients with JIA. One may consider if ultrasound can provide a more
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unbiased evaluation of the total inflammatory activity and be used as an outcome measure of

disease activity. However, a limitation of ultrasound is that it is operator dependent.

At joint level, the sensitivity was low, which may indicate that ultrasound is too cautious in
finding synovitis and could miss pathology in a joint. This again may lead to treatment delay
and potential joint damage. On the other hand, we found a high specificity, which means that if
ultrasound does not detect synovitis in a joint, one can be quite certain that there is no pathology
in that joint. The PPV and NPV is related to the prevalence of the disease (174). In general,
there were few joints with inflammatory findings in our study which may have resulted in high
NPV and lower PPV. The participants in this study were all referred to an MRI or whole-body
MRI on clinical indication. Joints that are difficult to evaluate clinically or with ultrasound are
often referred to a contrast enhanced MRI for further evaluation. The affected joints could
therefore have been complex and difficult to evaluate with ultrasound, and this may have
contributed to the low sensitivity between ultrasound and whole-body MRI in our study. We
also found a low sensitivity between ultrasound and clinical joint examination. The
rheumatologist who performed the clinical joint examination was not blinded to the patient’s
symptoms, medical history, or previous findings, but the sonographer was blinded to all clinical
information except for the age. This could have influenced the findings, and thus also the

results.

Whole-body MRI detected abnormalities in some joints more frequently than ultrasound, while
ultrasound found abnormalities more often than whole-body MRI in other joints. This might
have been because of the complex anatomy in some joints (189-191), and that the positioning
of the joints differed in the two examinations which could have altered the distribution of the
effusion, as also suggested by others (157). We used non-contrast enhanced whole-body MRI
findings of joint inflammation as reference to validate ultrasound findings of synovitis. At
present, contrast enhanced MRI is considered the gold standard in the evaluation of synovitis
and considered to be more sensitive in detecting joint inflammation than non-contrast enhanced
MRI (80, 106, 164). It is therefore possible that the whole-body MRI examination may have

underestimated the overall disease burden.

Our findings of a strong correlation between ultrasound synovitis sum scores and whole-body

MRI effusion/synovial thickening sum scores at patient level and low sensitivity between
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ultrasound and whole-body MRI at joint level suggest that these modalities can measure the

overall disease activity, but the imaging properties are different.
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6. Conclusions

6.1 Answer to research questions

Regarding the specific research questions of this thesis presented in section 2.2 we were able

to draw the following conclusions:

e Atjoint level, ultrasound assessment of synovitis in patients with JIA can be performed
reliably when using a semiquantitative joint-specific ultrasonographic scoring system
with reference atlas (Paper I)

e At patient level, ultrasound assessment of synovitis in patients with JIA can be
performed reliably when using a semiquantitative joint-specific ultrasonographic
scoring system with reference atlas (Paper 1)

e PD findings are associated with BM-synovitis and with the presence of clinical arthritis
at joint level (Paper II)

e PD findings are not associated with age, JIA subgroups or the JADAS10 at joint level
(Paper 1)

e Ultrasound synovitis sum scores are strongly correlated with whole-body MRI
effusion/synovial thickening sum scores (Paper I1I)

e Ultrasound synovitis sum scores are strongly correlated with the JADAS71 and
moderately with clinical active joint sum scores (Paper III)

e Ultrasound showed high specificity but lower sensitivity in detecting synovitis using

whole-body MRI or clinical joint examination as reference (Paper I11)
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6.2 Clinical implications and further research

Detection of joints with inflammation is important in the diagnosis, treatment, and follow-up
of patients with JIA. Clinical joint examination can be challenging in children and reliable and

valid measures to evaluate disease activity are needed.

Our results suggest that the use of a standardised ultrasound examination and a semiquantitative
joint-specific scoring system with age-divided reference atlas can be useful when evaluating

disease activity, and that ultrasound may be a valuable outcome measure in patients with JIA.

Since the use of ultrasound in JIA has evolved in recent years, it would have been a great
advantage if the international community could work together to establish scanning protocols
and a scoring system that could be used worldwide. The EULAR-PReS has developed points
to consider for the use of imaging in diagnosis and follow-up of patients with JIA (6). In
addition, the European Society of Musculoskeletal Radiology (ESSR) arthritis subcommittee
and the European Society of Paediatric Radiology (ESPR) have proposed points to consider
concerning imaging in children with suspected or known JIA (192). There are still many
countries where ultrasound is being performed by radiologists, but this could potentially lead
to diagnostic and treatment delay. There seems to be a growing interest to educate
rheumatologists in paediatric ultrasound, and procedures for the content, conduct and format of

EULAR/PReS paediatric ultrasound courses have recently been published (193).

6.3 Dissemination

The image acquisition protocol and ultrasonographic joint-specific scoring system with age-
divided reference atlas developed in this thesis are already being used in clinical practice and
research in Norway. Ultrasound courses and training in the scoring system have been held for
medical doctors in all health-regions in Norway. In addition, instructional videos for ultrasound
joint examination in children have been developed with both Norwegian and English audio and

are available online.
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The image acquisition protocol and scoring system are being used by study personnel in the
“MylJIA trial” which is a randomised, open, prospective, multi-centre clinical study involving
patients with JIA starting biologic treatment. The ultrasound data will be analysed to explore
baseline and longitudinal changes in ultrasound assessed synovitis in patients treated with
biological medications. In addition, the ability of ultrasound to discriminate between treatment

arms will be assessed.

The image acquisition protocol and scoring system will also be implemented in the “MOVE
JIA trial”. This is a 3-armed randomised, prospective, multi-centre clinical trial involving
patients with JIA in sustained remission who either continue stable dose methotrexate and TNF-
alfa inhibitors or withdraw either methotrexate or TNF-alfa inhibitors. Ultrasound data will be

used to explore if ultrasound findings can predict a flare.
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7. Errata

Paper II

In the caption to Figure 2 it is incorrectly written “Longitudinal dorsal scan of the knee joint

(lateral parapatellar recess) showing BM synovitis (C), and BM synovitis with abnormal PD

signals (grade 3) (D).” The correct is “Transverse scan of the knee joint (lateral parapatellar

recess) showing BM synovitis (C), and BM synovitis with abnormal PD signals (grade 3)

(D).”

Errata list

Page | Line | Original text Corrected text

Abbreviations | Added: PRF  Pulse Repetition Frequency

22 2 (23, 38-42) (23, 38-42).

24 7 ..patients JIA.. ..patients with JIA..

29 5 ..may led to.. ..may lead to..

43 31 ..pulse repetition frequency.. ..pulse repetition frequency (PRF)..

44 4 In the second, project.. In the second project,..

51 . ..five had RF negative polyarthritis | ..five had RF negative polyarthritis
(33.3%).. (18.5%)..

55 15 GE Logic S8.. GE Logiq S8..

56 22 ..1s not known in.. ..1s not known in this study..

60 21 ..developed thorough.. ..developed through..

63 21 ..experienced rheumatologist.. ..experienced rheumatologists..

65 33 ..sum scores the JADAS71.. ..sum scores and the JADAS71..

66 16 ..score tend to score.. ..tend to score..

69 5 ..precented.. ..presented..

70 13 ..scoring system.. ..a scoring system..
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Development and reliability of a novel
ultrasonographic joint-specific scoring
system for synovitis with reference atlas
for patients with juvenile

idiopathic arthritis
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Hilde Berner Hammer

ABSTRACT

Objective To develop an ultrasonographic image
acquisition protocol and a joint-specific scoring system
for synovitis with reference atlas in patients with juvenile
idiopathic arthritis (JIA) and to assess the reliability of the
system.

Methods Seven rheumatologists with extensive
ultrasound experience developed a scanning protocol

and a semiquantitative joint-specific scoring system

for B-mode (BM) synovitis for the elbow, wrist,
metacarpophalangeal 2—3, proximal interphalangeal 2-3,
hip, knee, ankle and metatarsophalangeal 2-3 joints. An
ultrasonographic reference atlas for BM synovitis, divided
in four age groups (2—4, 5-8, 9-12, 13—18 years), and
power Doppler (PD) activity was then developed. Reliability
was assessed for all joints on still images and in a live
exercise including 10 patients with JIA, calculated by
intraclass correlation coefficient (ICC) and weighted kappa.
Results A scanning protocol and scoring system for
multiple joints with reference atlas composed of images
with four different score levels for BM and PD were
developed. Still image scoring for BM synovitis on joint
level showed good to excellent intra-reader reliability (ICC/
kappa ranges: 0.75-0.95/0.63-0.91) and moderate to
excellent inter-reader reliability (ICC/kappa ranges: 0.89-
0.99/0.50-0.91). Still image scoring for PD activity showed
excellent intra-reader and inter-reader reliability (ICC/
kappa: 0.96/0.91 and ICC/kappa: 0.97/0.80, respectively).
In the live scoring, inter-reader reliability (ICC/kappa) was
moderate to excellent for BM synovitis (0.94/0.51) and PD
activity (0.91/0.60).

Conclusion An ultrasonographic image acquisition
protocol and joint-specific scoring system with reference
atlas were developed and demonstrated moderate to
excellent reliability for scoring of synovitis in patients with
JIA. This can be a valuable tool in clinical practice and
future research.

INTRODUCTION
Persistent joint inflammation is the hall-
mark feature in juvenile idiopathic arthritis

,' Anna-Birgitte Aga,’

23 Berit Flatg,"® Johannes Roth,* Vibke Lilleby'

Key messages

What is already known about this subject?

» Ultrasound is an important tool in the evaluation of
joint inflammation but can be difficult to interpret in
children.

What does this study add?

» Anovel, reliable joint-specific scoring system for sy-
novitis with reference atlas for frequently affected
joints in JIA was developed.

How might this impact on clinical practice or

further developments?

» The combination of a defined joint-specific scoring
system with reference atlas for assessing synovitis
may introduce an intuitive and feasible implementa-
tion of ultrasound in patients with JIA.

(]IA).l If not properly reversed by treatment
this inflammation can ultimately destroy the
joints, explaining why JIA used to be one of
the most disabling childhood diseases." Over
the last 20 years the development of new
effective drugs has improved the outcome
of JIA and reduced the burden of disease for
the afflicted children.” * Still, less than half
of these patients achieve sustained inactive
disease.”

The challenge of achieving inactive disease
in JIA relates closely to the challenge of moni-
toring disease activity to detect persistent
jointinflammation, and step up therapy when
required. Symptoms and clinical signs of joint
inflammation can be difficult to assess and
interpret in children due to vague complaints
and clinically challenging anatomical
regions.”® This emphasises the need for sensi-
tive measures of joint inflammation to assess
disease activity and treatment response.7
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Ultrasound is an important tool in the evaluation of
joint inflammation and provides a unique possibility for
systematically assessing all joints in one single bedside
examination.”? Ultrasound is well suited for use in chil-
dren, is relatively cheap and feasible, and does not require
sedation or exposure to ionising radiation. However, ultra-
sound interpretation in children requires thorough knowl-
edge of the age-dependent variability in the maturing
skeleton.® '"'? The Outcome Measures in Rheumatology
(OMERACT) ultrasound paediatric group has started the
process of standardising ultrasound assessments in chil-
dren. The group has developed definitions of sonographic
features of joints and descriptions of scanning approaches
for the knee, ankle, wrist and second metacarpophalan-
geal (MCP) joints in healthy children, and preliminary
ultrasound definitions of synovitis.ll B However, an ultra-
sonographic scoring system has so far not been published
by OMERACT. The use of an ultrasonographic atlas as
reference for scoring of synovitis in patients with rheu-
matoid arthritis has shown high reliability,15 but cannot
be directly applied to children due to their distinctive
anatomy during growth. To our knowledge, two scoring
systems in JIA exist.'® 7 One, the scoring system of paedi-
atric synovitis (PedSynS), proposes a single standard
scoring system but does not clearly apply to all joints.'®
The second offers jointspecific scoring for the knee
but cannot be applied to other joints.17 The two scoring
systems have made important contributions to standardise
the use of ultrasound in patients with JIA. However, they
do not fully encompass the heterogeneous joint distribu-
tion in these patients. In an effort to further broaden the
application and feasibility of musculoskeletal ultrasound
in JIA, we wanted to examine if a joint-specific approach
and an ultrasonographic reference atlas for patients with
JIA could improve the feasibility of ultrasound examina-
tion and scoring of synovitis in these patients.

The objectives of this study were to develop an ultraso-
nographic image acquisition protocol and a semiquan-
titative joint-specific scoring system with an age-divided
reference atlas for scoring of synovitis in patients with
JIA, and to assess the reliability of the scoring system.

METHODS

The study was performed at Oslo University Hospital
(OUH) at the Department of Rheumatology from
January 2018 to October 2020 and conducted through
the following six steps: Development of an ultrasono-
graphic image acquisition protocol and still image collec-
tion (step 1 and 2), development of a semiquantitative
joint-specific scoring system with reference atlas (step 3
and 4), reliability testing of the scoring system with refer-
ence atlas including a still image scoring (step 5) and a
live exercise (step 6), (flowchart in online supplemental
figure 1).

Development of an image acquisition protocol
In the first step, one adult and six paediatric rheuma-
tologists with extensive experience in musculoskeletal

ultrasound (5-20 years) developed an image acquisition
protocol for frequently affected joints in JIA (anterior
elbow, posterior elbow, radiocarpal, midcarpal, MCP2-3
(dorsal), proximal interphalangeal (PIP) 2-3 (dorsal and
volar), hip, knee (suprapatellar recess and lateral parap-
atellar recess), tibiotalar, talonavicular, anterior subtalar,
posterior subtalar and metatarsophalangeal (MTP) 2-3
(dorsal)). Different views for some joints were chosen to
provide additional information when scoring synovitis,
i.e. the anterior and posterior elbow were considered
to be recesses of the same joint. The protocol was built
on established scanning approaches.” '” 718 However,
since only a few scanning procedures have previously
been described for children,'® 17 the image acquisition
protocol was adjusted and further specified to be appli-
cable for paediatric joints through a consensus process
driven by literature review, discussions and face-to-
face meetings including two live exercises where seven
patients with JIA (ages 3-16 years), who volunteered to
participate, were assessed. The first session was held in
May 2018 (NKS, A-BA, HBH, VL), the second in June
2018 (NKS, A-BA, HBH, BF, JR, VL). General aspects
like defining important anatomical landmarks and the
optimal position of the patient to acquire a good image
were discussed. Joint-specific landmarks were included as
part of the image acquisition protocol to ensure a stand-
ardised scanning position. For the wrist, the validated
scanning procedure by Collado et al was applied.]3 For
the knee, the scanning procedure published by Ting et
al was used."” For the remaining joints, the image acqui-
sition protocol including landmarks was developed
through the consensus process described above. Finally,
a protocol with specific instructions for each joint was
developed and full consensus among the rheumatolo-
gists was reached.

Collection of still images

In the second step, ultrasonographic images of joints with
different degrees of pathology were collected from the
inpatient and outpatient rheumatology clinics at OUH
according to the predefined image acquisitions. The
images were collected during routine ultrasound exam-
ination as part of daily clinical practice. Two GE Logiq
S8 ultrasound machines with linear probes (6-15 MHz)
and hockey sticks (8-18 MHz) were used to acquire and
collect the images. Approximately 5000 images were
obtained and categorised jointwise in four age groups
according to age-related changes; 2—-4, 5-8, 9-12, 13-18
years."” The images served as a database for the third step.

Development of an ultrasonographic scoring system and
reference atlas

In the third step, the rheumatologists performed a liter-
ature review and discussed important aspects related to
synovitis in different joints in patients with JIA. They also
reviewed ultrasonographic images (obtained from the
database of 5000 images) with different degrees of B-mode
(BM) synovitis. They decided for a joint-specific scoring
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8 Paediatric rheumatology

system because a single standard system did not clearly
apply to all joints. A semiquantitative scoring system
(0-3) was chosen in accordance with what has previously
been done.'® 71 Sonographic features of synovitis were
defined according to the OMERACT ultrasound group.14
Based on this, the rheumatologists proposed scores for
different grades and joints and discussed the suggestions
on teleconferences, mail correspondence and face-to-
face meetings. The nomenclature ‘mild, moderate and
severe’ was included in the joint-specific scoring system
to further elaborate the severity of the findings. Through
this dynamic process a preliminary four-point semiquan-
titative joint-specific scoring system for BM synovitis,
ranging from grade 0 (normal) to grade 3 (severe) for
each joint was developed and full consensus reached
among the rheumatologists. The scoring system for the
knee was built on a newly published system that displayed
good reliability, and was in accordance with our aim of
developing a joint-specific scoring system.17

Scoring of Doppler activity was applied to Doppler
signals detected within synovial hypertrophy (BM score
>grade 0), harmonising with the joint-specific scoring
system for BM synovitis, and in accordance with the defi-
nitions developed by the OMERACT ultrasound group
where Doppler signals must be detected within synovial
hypertrophy to be considered as a sign of synovitis.14
The scoring system for Doppler activity followed Ting et
al'” Power Doppler (PD) was chosen instead of colour
Doppler because the participating rheumatologists used
PD in their daily clinical practice and had more experi-
ence with this method.

In the fourth step, NKS selected BM images from the
collection of 5000 images in the database that best corre-
sponded to the scoring system for each joint in the four
age ranges to establish an age-divided reference atlas for
scoring of BM synovitis. All selected images were reviewed
and approved by the research group. The reference atlas
was finally composed of 224 characteristic BM images (14
joint regions with four different score levels in four age-
groups). Representative PD images were selected by NKS
from the database of 5000 images without accounting for
an equal distribution of images from all age groups to
develop a reference atlas for scoring of PD activity. Even-
tually, the reference atlas consisted of 51 distinctive PD
images (13 joint regions (the hip was not included as PD
signals are rarely found in this joint) with four different
score levels). Due to missing images for some grades in
our database, two BM and seven PD images were added
to the atlas by JR working at a collaborating centre using
GE Logiq E9 ultrasound machines with linear probes
(6-15 MHz) or hockey sticks (8-18 MHz).

During a meeting in October 2019 the feasibility and
face validity of the system with reference atlas were tested
by four rheumatologists (NKS, PB, VL, JR) in a scoring
exercise consisting of 69 ultrasonographic still images of
joints with different degrees of pathology from patients
with JIA (ages 2-18 years). The images were randomly
selected by NKS from the database of 5000 images.

Then a live exercise performing ultrasound of the joints
included in the image acquisition protocol was done
bilaterally in four patients with JIA (ages 2-15 years). The
assessors were blinded to each other’s scoring and clin-
ical information, but the patient’s age was known. The
images were scored individually according to the system
and saved for a following discussion concerning the
scoring of the images obtained. Feasibility was assessed by
the time spent performing the ultrasound examination
and scoring of pathology defined to be within 30min,
and the tolerance of the examined children.

The definitions and scores were thoroughly discussed
during the still image scoring and live scoring exercises.
The main sources of initial disagreement concerned the
development of suitable scores for the subtalar, wrist
and finger joints, where the distribution of synovial
hypertrophy/effusion was discussed in detail. The rheu-
matologists agreed on the use of percentages to differ-
entiate grades in some joints and that the terms ‘without
overall convex shape’ and ‘clearly convex shape’ could
distinguish between grades 2 and 3 in the MCP, PIP and
MTP joints. They also found that scoring of the knee
joint (suprapatellar recess) in the youngest children
could underestimate the degree of pathology due to
their relatively shorter femur and made adjustments in
the protocol. In case of disagreement, ultrasonographic
images were reviewed and scoring feasibility discussed to
reach harmonisation of the scoring definitions. During
these exercises the system was adjusted, and the refer-
ence atlas improved accordingly by including images that
satisfied the criteria to the scoring system. Finally, 100%
consensus was reached among the rheumatologists for
the scoring system and atlas.

Reliability testing of the scoring system with reference atlas
on still images

The fifth step was conducted in December 2019 /January
2020 where the same group (NKS, PB, VL, JR) performed
an intra-reader and interreader reliability study. From
the database of 5000 images, NKS selected 370 ultra-
sonographic still images of joints with different degrees
of BM synovitis from patients with JIA (ages 2-18 years),
consisting of at least 20 images from each joint included
in the scoring system for BM synovitis. The number of
images per age varied for each joint, but every joint had
images from all four age groups. The images were scored
jointwise with the novel scoring system and atlas for BM
synovitis as reference. The rheumatologists were blinded
to each other’s scoring and clinical information. The
images were rearranged for a second round of scoring
that was done at least 2weeks later. To assess reliability of
the scoring system and atlas for PD activity, three rheu-
matologists (NKS, PB, VL) scored 37 ultrasonographic
still images of joints with different degrees of PD activity
selected by NKS from the database of 5000 images. After
3weeks, the images were rearranged, and a second PD
scoring was performed.
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Reliability testing of the scoring system with reference atlas
in a live exercise

The sixth step was a live scoring exercise including 10
consecutive patients fulfilling the International League
of Associations for Rheumatology (ILAR) criteria for
JIA,*® attending the paediatric rheumatology clinic at
OUH in the period September/October 2020. Signed
informed consent was obtained by patients and/
or parents. Each patient was assessed bilaterally by
three rheumatologists (NKS, PB, VL) within 1-2days,
performing ultrasound of the joints included in the
image acquisition protocol using a GE Logiq S8 machine
with linear probe (6-15 MHz) and standardised settings
for BM and PD (pulse repetition frequency 0.6kHz,
frequency 7.7 MHz and low wall filter). The rheumatol-
ogists were blinded to each other’s scoring and clinical
information and had digital and printed versions of the
scoring system and atlas available during the examina-
tions. The assessed joints were used to derive separate
BM synovitis and PD activity sum scores. For the joints
assessed from two views, one view was selected to avoid
increased weighting of these joints. The ultrasound
sum score included the anterior elbow, radiocarpal,
midcarpal, MCP2-3 dorsal, PIP2-3 volar, hip, knee
(suprapatellar recess), tibiotalar, talonavicular, anterior
subtalar and MTP2-3 dorsal joints.

Patient and public involvement

Patients have not actively participated in the planning of
this study. However, the patients included in the study and
the Norwegian Rheumatism Association have endorsed
the project and voiced that this is of true interest to the
patient community, especially concerning the national
and international disparity in the use of ultrasound.
Study results will be disseminated to patients and the
public through the patient organisation’s website and
newsletter.

Statistics

Descriptive statistics were calculated as mean (range)
and median (range), as appropriate. Reliability testing
in the still image exercise was performed on a joint level
for BM scoring, and on all joints included in the scoring
exercise combined for PD scoring. In the live exercise,
separate ultrasound sum scores for BM synovitis and PD
activity were calculated and used for reliability testing.
Reliability was calculated by intraclass correlation coef-
ficient (ICC, absolute-agreement, two-way mixed-effects
model) and weighted kappa with linear weights.21 Intra-
reader reliability was calculated as single measure (sm)
ICC and Cohen’s weighted kappa, reported as mean
(SD) between readers. Inter-reader reliability was calcu-
lated as average measure (avm) ICC, with 95% CI and
Light’s weighted kappa (SD). ICC and kappa values
0.2-0.4 were considered fair, 0.41-0.6 moderate, 0.61-
0.8 good and >0.81 excellent. Analyses were performed
using SPSS V.27.

RESULTS

An ultrasonographic image acquisition protocol for
frequently affected joints in JIA was first established
(table 1). A semiquantitative joint-specific scoring system
(table 2) with an age-divided reference atlas for scoring
of BM synovitis and a reference atlas for scoring of PD
activity in patients with JIA was then developed. The
atlas is shown with example illustrations in figure 1A-D
and figure 2. For the full scoring system and atlas see
online supplementary file. Feasibility assessment showed
that the time spent on the ultrasound examination and
scoring of pathology was attainable within 30 min and was
well tolerated by the participants.

Reliability for BM synovitis scoring on still images
Intra-reader reliability for BM synovitis scoring on still
images on a joint level was good to excellent (smICC
range 0.75-0.95 and weighted kappa range 0.63-0.91).
Inter-reader reliability for BM synovitis scoring on still
images, assessed by avmICC (range) for each joint was
excellent (0.89-0.99) and weighted kappa (range) was
moderate to excellent (0.50-0.91). Jointwise results for
the BM synovitis still image scoring are presented in
table 3.

Reliability for PD activity scoring on still images

Intra-reader reliability for PD activity scoring on still
images from all joints included in the scoring exercise
combined was excellent (smICC (SD) 0.96 (0.03) and
weighted kappa (SD) 0.91 (0.06)). Interreader relia-
bility for PD activity scoring on still images from all joints
included in the scoring exercise combined, was good
to excellent (avmICC (95% CI) 0.97 (0.94 to 0.98) and
weighted kappa (SD) 0.80 (0.06)).

Reliability for BM synovitis and PD activity scoring in live
exercise

Ten patients, seven girls and three boys were included
in the live scoring exercise with a median age (range)
7.5 years (3-10 years). Seven patients had oligoarthritis
(70%), three patients had rheumatoid factor-negative
polyarthritis (30%). Median disease duration (range) was
10 months (0-65 months). Five patients were treated with
methotrexate, one with etanercept, one with nonsteroidal
anti-inflammatory drug (NSAID)s and three patients
were without systemic treatment. The number of patients
assessed in each age group was two in group 1 (ages
2—4 years), five in group 2 (ages 58 years) and three in
group 3 (ages 9-12 years). Ultrasound findings of a BM
synovitis score 21 were present in 29 of 280 joint regions
(10.4%) and a PD activity score =1 in 13 of the 29 joints
with BM synovitis (44.8%). The most frequently affected
joints (number) were the knee (9), anterior elbow (5)
and anterior subtalar (3) for BM synovitis, and the radi-
ocarpal (4) and knee (3) for PD activity. Mean (range)
ultrasound sum scores for BM synovitis and PD activity
were 7.5 (5.8-9.6) and 2.2 (1.8-2.9), respectively. Inter-
reader reliability (avmICC (95% CI)) for BM synovitis
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8 Paediatric rheumatology

Table 1 Ultrasonographic image acquisition protocol for frequently affected joints in juvenile idiopathic arthritis

Regions Image acquisition protocol
General The scanning will be done bilaterally. The left side of the screen is proximal, the right side distal. The probe will
remarks be moved across the joint for the specified scans. Scoring of BM and PD should be done at the area of the

maximal distension of the synovial recess and the maximum amount of PD while keeping the bony landmarks
clearly in view. PD will only be done when the BM score is 1 or more. The Doppler box should be placed to
cover the entire joint and extend to the top of the image to be aware of reverberation artefacts.

Anterior The subject will be in a supine position, but the scanning can also be done with the subject on the parents’
elbow lap. The elbow should be in full extension and supination of the lower arm for a longitudinal anterior scan of
the elbow (humeroradial) joint.
Landmarks: (1) The distal humerus and (2) The radius

Posterior The subject will be in a supine position, but the scanning can also be done with the subject on the parents’
elbow lap. The elbow should be flexed at 90 degrees with the forearm resting on the stomach. A longitudinal
posterior scan of the elbow (humeroulnar) joint.
Landmarks: (1) The distal humerus and (2) The olecranon (ulna)

Radiocarpal The subject will be in a sitting position, the hands palm-side down in a neutral position on an examination
and midcarpal table and resting the elbow on the table. A longitudinal dorsal scan of the radiocarpal and midcarpal joints at
the sagittal midline of the wrist, including the distal radius, the lunate and the capitate bone.

Landmarks: (1) The distal end of diaphysis and epiphysial cartilage of radius and (2) The dorsal recess of the
radiocarpal and midcarpal joints and over them (3) A compartment of the extensor tendons according to the
1asrea imaged

MCP2-3, The subject will be in a sitting position with the hands palm-side down in a neutral position on an examination
dorsal table. A longitudinal dorsal scan of the MCP2 and MCPS3 joints.
Landmarks: (1) The head of metacarpal bone (2/3 of the image) and (2) The base of proximal phalanx (1/3 of
the image)

PIP2-3, dorsal The subject will be in a sitting position with the hands palm-side down in a neutral position on an examination
table. A longitudinal dorsal scan of the PIP2 and PIP3 joints.
Landmarks: (1) The head of proximal phalanx (2/3 of the image) and (2) The base of middle phalanx (1/3 of
the image)

PIP2-3, volar The subject will be in a sitting position with the hands palm-side up in a neutral position on an examination
table.
A longitudinal volar scan of the PIP2 and PIP3 joints.
Landmarks: (1) The head of the proximal phalanx, (2) The base of the middle phalanx and (3) The flexor
tendon
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Hip The subject will be in a supine position with the hip in a neutral position, slightly externally rotated. A
longitudinal anterior scan parallel to the femoral neck of the hip joint.
Landmarks: (1) The femoral head and (2) The femoral neck.

Knee, The subject will be in a supine position. The knee should be flexed at 30 degrees, and images taken after the
suprapatellar subject completes flexion and extension three times. A longitudinal scan of the suprapatellar joint space. For
recess the youngest subjects the patella should fill 1/3 of the image to compensate for the relatively shorter femur (to

not underestimate the scoring).
Landmarks: (1) The proximal third of the patella and (2) A clearly visualised quadriceps tendon
17

Knee, lateral The subject will be in a supine position. The knee should be flexed at 30 degrees. For the lateral parapatellar
parapatellar recess the image will be obtained with the probe in transverse position over the mid-patella with both the
recess patella and femur in view.

{.7andmarks: (1) The superior edge of the patella and (2) The femoral condyle

Tibiotalar The subject will be in a supine position with the knee at 90 degrees flexion and the foot sole-side down. A
longitudinal scan of the tibiotalar joint.
Landmarks: (1) The distal end of the tibia and (2) The talus

Talonavicular The subject will be in a supine position with the knee at 90 degrees flexion and the foot sole-side down. A
longitudinal scan of the talonavicular joint.
Landmarks: (1) The talus and (2) The navicular bone

Continued
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Table 1 Continued

Regions Image acquisition protocol

Anterior The subject will be in a supine position with the forefoot/ankle in slight eversion. The probe will be positioned

subtalar at 45 degrees pointing to the heel and then moved proximally and distally. A medial scan of the anterior
subtalar joint.
Landmarks: (1) The talus and (2) The sustentaculum tali (calcaneus)

Posterior The subject will be in a supine position with the forefoot/ankle in slight inversion. The probe will be positioned

subtalar along the sinus tarsi perpendicular to the sole, and then moved posteriorly. If no distension is seen, the image
will be taken visualising the joint with the peroneus tendons. A lateral scan of the posterior subtalar joint.
Landmarks: (1) The talus and (2) The calcaneus

MTP2-3 The subject will be in a supine position with the knee at 90 degrees flexion and the foot sole-side down. A

dorsal longitudinal dorsal scan of the MTP2 and MTP3 joints.

Landmarks: (1) The head of metatarsal bone (2/3 or the image) and (2) The base of the proximal phalanx (1/3

of the image)

BM, B-mode; MCP, metacarpophalangeal; MTP, metatarsophalangeal; PD, power Doppler; PIP, proximal interphalangeal.

and PD activity ultrasound sum scores were 0.94 (0.72
to 0.99) and 0.91 (0.74 to 0.97), respectively. Weighted
kappa (SD) was 0.51 (0.09) for BM synovitis and 0.60
(0.12) for PD activity.

DISCUSSION

For the first time we present an ultrasonographic image
acquisition protocol and a semiquantitative joint-specific
scoring system for synovitis with an age-divided reference
atlas for BM synovitis and a reference atlas for PD activity
for frequently affected joints in patients with JIA. The
present study demonstrated overall moderate to excel-
lent reliability.

The image acquisition protocol ensured a standardised
ultrasound examination in the practical sessions and live
scoring exercises. Some of the views were adapted and
adjusted from the OMERACT ultrasound paediatric
group.'? Their scanning approaches showed to be appli-
cable in children regardless of age. In our study, the image
acquisition protocol was easily learnt and highly feasible,
probably because of the thorough descriptions and illus-
trative ultrasound images with important anatomical
landmarks for each joint. As the pattern of joint involve-
ment seems to be of prognostic importance,” * a stan-
dardised and systematic ultrasound examination might
be able to improve assessment of disease activity and indi-
vidualise treatment in patients with JIA.

The novel scoring system proposes joint-specific scores
for frequently affected joints in JIA. A single standard
paediatric scoring system may have some limitations in
that it does not clearly apply to all joints.'® For instance,
grade 2 and grade 3 BM synovitis in the PedSynS is partly
defined by whether or not the joint recess is extending
over the bone diaphysis.'"® The score may be difficult to
use for joints adjacent to short bones without diaphysial
bone structures. A joint-specific scoring system for the
knee in patients with JIA was recently developed and
demonstrated good reliability.17 This provided the basis
for our further development of joint-specific scores for
frequently affected joints in JIA. The suprapatellar recess

was first scored with the scoring system presented by
Ting et al."” However, in the smallest children we discov-
ered that this system could underestimate the degree of
pathology due to their relatively shorter femur. In the
image acquisition protocol, we therefore added that for
the youngest children the patella should fill a third of
the image on the ultrasound screen when scoring for
pathology.

The variable sonoanatomy in the growing child may
lead to pitfalls even when performed by experienced
rheumatologists, and there is a lack of published age-
specific and jointspecific imaging data in the litera-
ture. The images used in this study were selected from
our database consisting of approximately 5000 ultraso-
nographic images. These images were collected during
routine ultrasound examination as part of daily clinical
practice from patients with JIA attending our inpatient
and outpatient clinics. We therefore believe that our
selection of images is representative of the patients with
JIA seen in clinical practice. The comprehensive ultraso-
nographic atlas consisting of 224 BM images of normal
and inflamed joints divided in four age groups and 51
images with semiquantitative scores for the presence of
PD activity, enables the sonographer to recognise age-
specific and jointspecific ultrasonographic findings of
synovitis and to score ultrasound images according to the
best possible match in the reference atlas. The combi-
nation of a defined jointspecific scoring system with
reference atlas for assessing synovitis may introduce an
intuitive and feasible implementation of ultrasound in
patients with JIA.

The still image scoring exercise demonstrated
moderate to excellent reliability for all joints. At joint
level, the scoring of BM synovitis in our study showed the
highest ICC and kappa values for the posterior elbow,
knee, tibiotalar, anterior subtalar and the MTP joints
(table 3). The good reliability for the scoring of the knee
was in accordance with data reported by Ting et al.”’

The subtalar joint is one of the most difficult joints
to assess clinically in the ankle, but this joint is often
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Table 2 Ultrasonographic semiquantitative joint-specific scoring system for BM in juvenile idiopathic arthritis

Joint Semiquantitative scoring system, BM

Anterior elbow 0: No or minimal synovial hypertrophy/effusion
1: Mild synovial hypertrophy/effusion
2: Moderate synovial hypertrophy/effusion up to, but not beyond the imaginary line*
3: Severe synovial hypertrophy/effusion beyond the imaginary line* and a clearly convex shape
* The line above the radial fossa; between the proximal end of the fossa to the top of the cartilage over the
capitulum humeri

Posterior elbow 0: No or minimal synovial hypertrophy/effusion
1: Mild synovial hypertrophy/effusion, filling up to 25% of the fossa
2: Moderate synovial hypertrophy/effusion filling up to 50% of the fossa, but not beyond the imaginary line*
3: Severe synovial hypertrophy/effusion filling more than 50% of the fossa and/or extending beyond the
imaginary line*
* The line above the fossa olecrani; between the proximal end of the fossa to the top of the cartilage of the
trochlea humeri

Radiocarpal 0: No sign of synovial hypertrophy/effusion

and midcarpal 1: Mild synovial hypertrophy/effusion
2: Moderate synovial hypertrophy/effusion up to, but not beyond the imaginary line*
3: Severe synovial hypertrophy/effusion with a convex shape extending beyond the imaginary line* and can
push up the extensor tendons
* The line between the top of the cartilage of the distal end of the radius to the top of the cartilage of the
capitate (just proximal to the CMC joint)

MCP2-3, dorsal 0: No sign of synovial hypertrophy/effusion
1: Mild synovial hypertrophy/effusion but not beyond the imaginary line*
2: Moderate synovial hypertrophy/effusion extending beyond the imaginary line*, but without overall convex
shape
3: Severe synovial hypertrophy/effusion extending beyond the imaginary line* with a clearly convex shape
* The line between the top of the cartilage of the distal end of the metacarpal to the top of the cartilage of
the proximal end of the phalanx

PIP2-3, dorsal 0: No sign of synovial hypertrophy/effusion
1: Mild synovial hypertrophy/effusion but not beyond the imaginary line*
2: Moderate synovial hypertrophy/effusion extending beyond the imaginary line*, but without overall convex
shape
3: Severe synovial hypertrophy/effusion extending beyond the imaginary line* with a clearly convex shape
*The line between the top of the cartilage of the distal end of the proximal phalanx to the top of the cartilage
of the proximal end of the middle phalanx

PIP2-3, volar 0: No sign of synovial hypertrophy/effusion
1: Mild synovial hypertrophy/effusion, possible to extend proximally but without convex shape
2: Moderate synovial hypertrophy/effusion extending over the proximal phalanx with convex shape, but not
filling the joint space between proximal and middle phalanx
3: Severe synovial hypertrophy/effusion extending over the proximal phalanx and filling the joint space
between proximal and middle phalanx with an overall convex shape

Hip 0: No sign of synovial hypertrophy/effusion
1: Mild synovial hypertrophy/effusion, but just a ‘slit’ of fluid between the two layers of the capsule
2: Moderate synovial hypertrophy/effusion leading to a straight line/minimal convex shape of the capsule
3: Severe synovial hypertrophy/effusion with a clearly convex shape, the effusion can also extend proximally
over the femoral head

Knee, 0: ‘Slit’ of fluid/synovium without elevation of the prepatellar fat pad but with only minimal extension beyond
suprapatellar the prepatellar fat pad
recess 1: Mild synovial hypertrophy/effusion with elevation of the prepatellar fat pad and extension proximally

<50% of the visualised portion of the quadriceps tendon

2: Moderate synovial hypertrophy/effusion elevating the prepatellar fat pad with extension proximally >50%
of the visualised portion of the quadriceps tendon

3: Significant distension of the suprapatellar recess throughout the image, and with the most proximal
1p7ortion of the synovial recess being >50% of the maximum distension of the recess

Continued
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Table 2 Continued

Joint Semiquantitative scoring system, BM
Knee, lateral 0: Empty parapatellar recess but a minimal bulge of synovial hypertrophy/effusion may be found extending
parapatellar to the patellofemoral joint line
recess 1: Synovial hypertrophy/effusion filling <1/3 of the full area of the parapatellar recess
2: Synovial hypertrophy/effusion filing between 1/3 to 2/3 of the full area of the parapatellar recess
3: Synovial hypertrophy/effusion that fills >2/3 of the full area of the parapatellar recess and clearly pushing
up the retinaculum
17
Tibiotalar 0: No sign of synovial hypertrophy/effusion in the tibiotalar joint, but possible to have a minimal amount of

Talonavicular

fluid in the concave neck of the talus

1: Mild synovial hypertrophy/effusion filling the gap between the tibia and the talus and in the concave neck
of the talus, but not continuously over the talus

2: Moderate synovial hypertrophy/effusion filling <50% of the area between the tibia, the talus and the
imaginary line* and continuously over the talus

3: Severe synovial hypertrophy/effusion filling >50% of the area between the tibia, the talus and the
imaginary line* or beyond the imaginary line*

* The line between the top of the cartilage of the distal end of the tibia and the top of the cartilage of the
talar head

0: No sign of synovial hypertrophy/effusion

1: Mild synovial hypertrophy/effusion but not beyond the imaginary line*

2: Moderate synovial hypertrophy/effusion extending beyond the imaginary line* and proximal with a
concave or straight shape

3: Severe synovial hypertrophy/effusion extending beyond the imaginary line* and over the talus with a
convex shape clearly pushing up the joint capsule

* The line between the top of the cartilage of the head of the talus to the top of the cartilage of the navicular
bone

: Mild synovial hypertrophy/effusion covering up to 25% of the straight part of the talus
: Moderate synovial hypertrophy/effusion covering up to 50% of the straight part of the talus

Anterior : No sign of synovial hypertrophy/effusion
subtalar
Posterior : No sign of synovial hypertrophy/effusion
subtalar

MTP2-3 dorsal

: Mild synovial hypertrophy/effusion filling the gap between the talus and the calcaneus

: Moderate synovial hypertrophy/effusion extending beyond the talus and the calcaneus but not with a
convex shape
3: Severe synovial hypertrophy/effusion extending beyond the talus and the calcaneus with a convex shape

0: No sign of synovial hypertrophy/effusion

1: Mild synovial hypertrophy/effusion but not beyond the imaginary line*

2: Moderate synovial hypertrophy/effusion extending beyond the imaginary line*, but without overall convex
shape

3: Severe synovial hypertrophy/effusion extending beyond the imaginary line* with a clearly convex shape

* The line between the top of the cartilage of the distal end of the metatarsal to the top of the cartilage of the
proximal end of the phalanx

0
1
2
3: Severe synovial hypertrophy/effusion covering more than 50% of the straight part of the talus
0
1
2

BM, B-mode; CMC, carpometacarpal; MCP, metacarpophalangeal; MTP, metatarsophalangeal; PIP, proximal interphalangeal.

involved in patients with ]I
image acquisitions and scoring systems for the paedi-

A.G 24 25

To our knowledge, process of defining age-related vascularisation of joints

in healthy children," % and developed preliminary defi-

atric anterior and posterior subtalar joints have not been
published before. We therefore included them in our
scanning protocol and scoring system, which is also in
accordance with suggestions by others.” In our study, the
joint-specific scoring with illustrative images in the refer-
ence atlas of the anterior and posterior subtalar joints
showed good to excellent reliability.

Interpretation of PD signals in children is complicated
due to avariable degree of physiological blood flow within
the joint that can easily be misinterpreted as inflamma-
tion. The OMERACT ultrasound group has started the

nitions of synovitis in children which define that Doppler
signals must be detected within synovial hypertrophy to
be considered as a sign of synovitis.'* Our reference atlas
for scoring of PD activity might improve the feasibility
of this ultrasonographic feature, but further studies are
needed regarding the detection of abnormal vascularisa-
tion in the paediatric joint.

Inter-reader reliability on live scoring has only been
reported in few JIA studies. The live scoring of 10 patients
with JIA in this study demonstrated good reliability, which
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The subject will be in a supine position, but the
scanning can also be done with the subject on the
parents’ lap. The elbow should be in full extension
and supination of the lower arm. A longitudinal
anterior scan of the elbow (humeroradial) joint.
Landmarks: 1) the distal humerus and 2) the radius.

B *\L\}

The subject will be in a supine position, but the
scanning can also be done with the subject on the
parents’ lap. The elbow should be flexed at 90 degrees
with the forearm resting on the stomach. A longitudinal
posterior scan of the elbow (humeroulnar) joint.
Landmarks: 1) the distal humerus and 2) the olecranon
(ulna).

Figure 1

BM scoring for the anterior elbow, the humeroradial joint
0: No or minimal synovial hypertrophy/effusion

1: Mild synovial hypertrophy/effusion

2: Moderate synovial hypertrophy/effusion up to, but not beyond the
imaginary line*

3: Severe synovial hypertrophy/effusion beyond the imaginary line*
and/or a clearly convex shape

* The line above the radial fossa; between the proximal end of the fossa
to the top of the cartilage over the capitulum humeri

BM scoring for the posterior elbow, the humeroulnar joint
0: No or minimal synovial hypertrophy/effusion

1: Mild synovial hypertrophy/effusion, filling up to 25% of the fossa
2: Moderate synovial hypertrophy/effusion filling up to 50% of the
fossa, but not beyond the imaginary line*

3: Severe synovial hypertrophy/effusion filling more than 50% of the
fossa and/or extending beyond the imaginary line*

* The line above the fossa olecrani; between the proximal top of the
fossa to the top of the cartilage of the trochlea humeri

The subject will be in a supine position with the leg
straight and the forefoot/ankle in slight eversion. The
probe will be positioned at 45 degrees pointing to the
heel and then moved proximally and distally. A medial
scan of the anterior subtalar joint.

Landmarks: 1) the talus and 2) the sustentaculum tali
(calcaneus).

BM scoring for the anterior subtalar joint
0: No sign of synovial hypertrophy/effusion

1: Mild synovial hypertrophy/effusion covering up to 25% of the straight
part of the talus

2: Moderate synovial hypertrophy/effusion covering up to 50% of the
straight part of the talus

3: Severe synovial hypertrophy/effusion covering more than 50% of the
straight part of the talus

DI NN ]
»—\‘ :}p'-—\:vrt“
" o \\\é—‘—’)

SIS

The subject will be in a sitting position with the hands palm-
side up in a neutral position on an examination table.
Alongitudinal volar scan of the PIP2 and PIP3 joints.
Landmarks: 1) the head of the proximal phalan and 2) the
base of the middle phalanx and 3) the flexor tendon.

BM scoring for the PIP2 and PIP3 joints, volar

0: No sign of synovial hypertrophy/effusion

1: Mild synovial hypertrophy/effusion, possible to extend proximally but
without convex shape

2: Moderate synovial hypertrophy/effusion extending over the proximal
phalanx with convex shape, but not filling the joint space between
proximal and middle phalanx

3: Severe synovial hypertrophy/effusion extending over the proximal
phalanx and filling the joint space between proximal and middle phalanx

Middle phalanx with an overall convex shape

(A-D) Description of ultrasound examination and scoring of B-mode (BM) synovitis from the ultrasonographic

BM reference atlas in juvenile idiopathic arthritis (JIA). (A) The elbow joint, longitudinal anterior scan (2-4 years). (B) The
elbow joint, longitudinal posterior scan (5-8 years). (C) The anterior subtalar joint, medial scan (9-12 years). (D) The proximal
interphalangeal (PIP)2 and PIP3 joints, longitudinal volar scan (13-18 years).

is comparable to the results presented by Magni-Manzoni

et al.’

Limitations of this study are the low number of patients
included in the live scoring exercise, that only three
sonographers participated and that they only scanned
the patients once. At the time of our live scoring exercise,

N s

The subject will be in a sitting position, the hands palm-side
down in a neutral position on an examination table and resting
the elbow on the table. A longitudinal dorsal scan of the
radiocarpal and midcarpal joints at the sagittal midline of the
wrist, including the distal radius, the lunate and the capitate

bone.

Landmarks: 1) the distal end of diaphysis and epiphyseal
cartilage of radius and 2) the dorsal recess of the radiocarpal
and midcarpal joints and over them 3) a compartment of the
extensor tendons according to the area imaged.

(Collado et al. 2016)

Extensor tenden~ S
b

Radius
Lunate

Capitate

we experienced that the COVID-19 situation made it
impossible to conduct a large scoring exercise including
more patients and readers. However, we wished to test the
scoring system in a live setting and made adaptations to
our project within these limitations. Previous studies have
shown that inclusion of 10 patients may yield sufficient

PD scoring for the radiocarpal and midcarpal joints

0: No Doppler signal

1: 1-3 signals within the area of synovial hypertrophy only

2: > 3 signals or confluent signals present in < 50% of the area of
synovial hypertrophy

3: Confluent signals present in > 50% of the area of synovial
hypertrophy

(Ting et al. 2019)

Figure 2 Description of ultrasound examination and scoring of power Doppler (PD) activity for the wrist; radiocarpal and
midcarpal joints (longitudinal dorsal scan) from the ultrasonographic PD reference atlas in juvenile idiopathic arthritis (JIA).
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Table 3 Intra-reader and inter-reader reliability for B-mode (BM) synovitis scoring on still images in juvenile idiopathic arthritis
JIA)
Intra-reader reliability Inter-reader reliability
Cohen’s weighted Light’s weighted
smICC kappa kappa

Regions No. images Mean (SD) Mean (SD) avmlICC (95% Cl) Mean (SD)
Anterior elbow 25 0.90 (0.03) 0.81 (0.06) 0.96 (0.921t00.98) 0.72 (0.09)
Posterior elbow 27 0.93 (0.04) 0.88 (0.06) 0.96 (0.93t0 0.98) 0.76 (0.05)
Radiocarpal 28 0.79 (0.10) 0.67 (0.12) 0.93 (0.87t0 0.96) 0.61 (0.10)
Midcarpal 28 0.89 (0.05) 0.79 (0.08) 0.96 (0.931t0 0.98) 0.73 (0.11)
MCP2-3, dorsal 20 0.75 (0.07) 0.63 (0.07) 0.89 (0.79t0 0.95)  0.50 (0.10)
PIP2-3, dorsal 20 0.87 (0.05) 0.77 (0.07) 0.94 (0.88t00.98) 0.64 (0.11)
PIP2-3, volar 30 0.85 (0.07) 0.72 (0.10) 0.95(0.921t0 0.98) 0.72 (0.10)
Hip 26 0.92 (0.05) 0.84 (0.08) 0.96 (0.93t00.98) 0.75(0.08)
Knee, suprapatellar recess 24 0.95 (0.01) 0.91 (0.02) 0.98 (0.96t0 0.99) 0.86 (0.05)
Knee, lateral parapatellar recess 27 0.88 (0.09) 0.81 (0.13) 0.95(0.91t00.98) 0.70 (0.04)
Tibiotalar 26 0.94 (0.04) 0.90 (0.07) 0.98 (0.96t0 0.99) 0.83 (0.05)
Talonavicular 22 0.87 (0.12) 0.83 (0.13) 0.95(0.90t0 0.98) 0.69 (0.09)
Anterior subtalar 27 0.95 (0.04) 0.91 (0.07) 0.99 (0.97 t0 0.99) 0.91 (0.04)
Posterior subtalar 20 0.86 (0.09) 0.74 (0.08) 0.95(0.90t0 0.98) 0.75(0.10)
MTP2-3, dorsal 20 0.94 (0.04) 0.89 (0.08) 0.96 (0.93t00.99) 0.79 (0.11)

avmlICC, average measure ICC; ; ICC, intraclass correlation coefficient; MCP, metacarpophalangeal; MTP, metatarsophalangeal; PIP, proximal

interphalangeal; smICC, single measure ICC.

power for reliability testing.15 ?" We found it feasible for
three dedicated rheumatologists to do a live scoring exer-
cise implemented in our daily clinical practice by consec-
utively including 10 patients with JIA disease flare in need
of hospital admission. In this setting, the inter-reader reli-
ability was good, suggesting that the scoring system with
atlas is a reliable tool. Examination of potential variability
in the reliability of the scoring system with respect to age
or disease activity was beyond the scope of this study and
should be addressed in future research.

Another limitation is the lack of comparison with
healthy subjects. The main target of this study was to
develop an ultrasonographic scoring system with refer-
ence atlas for patients with JIA and to test the reliability of
the system. The study was not designed to compare ultra-
sonographic findings in healthy children with patients
with JIA. However, results from available musculoskel-
etal ultrasound studies highlighting findings in healthy
children were taken into account in the process.“_ls B A
comparison of ultrasonographic findings in healthy chil-
dren with patients with JIA according to the presented
scoring system could be a future study of interest.

Other limitations are that we did not have images of
all grades in the atlas, and that the reference atlas for
scoring of PD activity was not age-divided. However,
the main goal for the PD reference atlas is to illustrate
different grades of PD signals for each joint and not the
age variability. Furthermore, in accordance with the defi-
nitions developed by the OMERACT ultrasound group,'*
PD signals must be detected within synovial hypertrophy

to be considered as a sign of synovitis, which will be
clearly identified first by using the scoring system and
age-divided atlas for BM synovitis as reference. In addi-
tion, we will continuously include images in our database
and aspire to include the best possible reference images
for all grades in the reference atlas.

The strengths of the study are the unique collection
of ultrasonographic images with different degrees of
pathology in four age ranges and the approach to define
individual scores for a substantial number of joints in
patients with JIA.

In conclusion, this study presents an ultrasonographic
image acquisition protocol and a semiquantitative joint-
specific scoring system for synovitis with reference atlas
in patients with JIA. The study demonstrated moderate
to excellent reliability when used in assessments on still
images as well as on patients. We expect that the system
can be a valuable tool for clinicians and future research.
Future studies are needed for further validation of the
scoring system with atlas, such as association to clinical
measures of disease activity and the system’s sensitivity to
change.
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Supplementary Figure 1: The study was conducted through the following six steps

Step 1
Development of an ultrasonographic image acquisition
protocol

Step 2

Collection of approximately 5000 ultrasonographic
images of joints with different degrees of pathology

v

Step 3
Development of a semiquantitative joint-specific scoring
system
Step 4

Development of an age-divided reference atlas
corresponding to the scoring system

Step 5

Reliability (intra-reader and inter-reader) testing of the
scoring system with atlas on 370 still-images assessed by

4 readers
Step 6
Reliability (inter-reader) testing of the scoring system

with atlas in a live exercise including 10 JIA patients
assessed by 3 readers

Sande NK, et al. RMD Open 2021; 7:€001581. doi: 10.1136/rmdopen-2021-001581
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ORIGINAL RESEARCH

Associations between power Doppler
ultrasound findings and B-mode synovitis
and clinical arthritis in juvenile idiopathic
arthritis using a standardised scanning
approach and scoring system

Nina Krafft Sande

Berit Flatg,"? Pernille Boyesen © '

ABSTRACT

Objectives To describe power Doppler (PD) ultrasound
findings in joint regions with B-mode (BM) synovitis using
a standardised scanning protocol and scoring system in
patients with juvenile idiopathic arthritis (JIA). Further,

to examine associations between PD findings and BM
synovitis, clinical arthritis, patient characteristics and
disease activity.

Methods In this cross-sectional study, one experienced
ultrasonographer, blinded to clinical findings, performed
ultrasound examinations in 27 JIA patients with suspected
clinical arthritis. The elbow, wrist, metacarpophalangeal
2-3, proximal interphalangeal 2-3, knee, ankle and
metatarsophalangeal 2-3 joints were assessed bilaterally
and scored semiquantitatively (grades 0-3) for BM

and PD findings using a joint-specific scoring system
with reference atlas. Multilevel mixed-effects ordered
regression models were used to explore associations
between PD findings and BM synovitis, clinical arthritis,
age, sex, JIA subgroups, disease duration and 10-joint
Juvenile Arthritis Disease Activity Score (JADAS10).
Results Twenty-one girls and six boys, median age

(IQR) 8 years (6—12 years) were included. Overall, 971
joint regions were evaluated by ultrasound, 129 had

BM synovitis and were assessed for PD. PD findings
were detected in 45 joint regions (34.9%), most
frequently in the parapatellar recess of the knee (24.4%).
Increasing PD grades were associated with higher BM
grades (OR=5.0,p<0.001) and with clinical arthritis
(OR=7.4,p<0.001) but not with age, sex, JIA subgroups,
disease duration or JADAS10.

Conclusion Increasing severity of PD findings were
significantly associated with BM synovitis and with clinical
arthritis. This suggests that PD signals detected using a
standardised ultrasound examination and scoring system
can reflect active disease in JIA patients.

INTRODUCTION

Ultrasound is a well-tolerated, non-invasive
and easily accessible imaging technique that
is well suited for use in children. However, the

,"2 Vibke Lilleby," Anna-Birgitte Aga

,! Eva Kirkhus,®

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Ultrasound is a valuable tool in the evaluation of
synovitis in patients with juvenile idiopathic arthri-
tis (JIA), but the interpretation of Doppler signals in
children is challenging due to physiological vascu-
larisation that can be misinterpreted as pathological
findings.

WHAT THIS STUDY ADDS

= Power Doppler (PD) findings in multiple joint regions
with B-mode (BM) synovitis in patients with JIA were
described using a standardised scanning approach
and scoring system. Increasing PD grades were
significantly associated with higher BM grades and
with the presence of clinical arthritis.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Doppler signal assessment using a standardised
ultrasound examination and a joint-specific scoring
system can establish a feasible and more accurate
interpretation of disease activity in patients with JIA.

interpretation of ultrasonographic images
in children can be challenging due to the
unique features of the growing skeleton.!™
The interpretation of Doppler signals in
children is especially challenging because of
physiological vascularisation during growth.
Doppler signals in healthy children can be
detected in fat pads, epiphysis, physis and in
intracartilaginous regions of small bones.*
It is important that physiological vascularisa-
tion on ultrasound in children is not misin-
terpreted as pathological vascularisation and
a sign of synovitis.

Few data exist on the evaluation of Doppler
findings in patients with juvenile idiopathic
arthritis (JIA). The studies conducted have

BM)
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used different scanning approaches, definitions for
abnormal Doppler signals and scoring systems.7_11 In
addition, previous studies have mostly used ultrasound
definitions developed for adults with rheumatoid arthritis
(RA), which may not be suitable for use in children.™!

The Outcome Measures in Rheumatology (OMERACT)
ultrasound group has made preliminary ultrasound defi-
nitions for synovitis in children, including B-mode (BM)
and Doppler ﬁndings.12 Only Doppler signals detected
within synovial hypertrophy are considered pathologic.12
The fact that Doppler signals need to be intrasynovial
and not just intraarticular is an important differentiation
from the definition in adults."

A standardised ultrasound examination and scoring
system for Doppler signals are needed to clarify the
role of Doppler findings in monitoring disease activity
and treatment effects in patients with JIA. A scanning
protocol and an ultrasonographic jointspecific semi-
quantitative scoring system for BM synovitis and power
Doppler (PD) activity with reference atlas for patients
with JIA have recently been developed and have shown
moderate to excellent reliability."*

As ultrasound is increasingly being used in the evalua-
tion of synovitis in children and has become an important
tool in the management of patients with JIA," '®itis essen-
tial to understand the significance of Doppler findings in
these patients. A description of abnormal Doppler signals
and an evaluation of whether these findings reflect active
disease are needed.

The objectives of this study were, first, to describe PD
ultrasound findings in joint regions with BM synovitis
using a standardised scanning protocol and a joint-
specific scoring system for synovitis with reference atlas
for patients with JIA. Second, to explore whether PD
grades were associated with BM grades and with the pres-
ence of clinical arthritis. Further, to examine associations
between PD grades and age, sex, JIA subgroups, disease
duration and measures of disease activity.

METHODS

In this cross-sectional study, 27 patients with JIA, classi-
fied according to the International League of Associa-
tions for Rheumatology (ILAR),17 who had suspected
clinical arthritis, that is, an assumed flare that required
treatment adjustment, were consecutively recruited from
the inpatient and outpatient clinic at the Department
of Rheumatology at Oslo University Hospital, Norway
between September 2020 and May 2022.

Clinical and laboratory assessment

The patient’s age, sex, JIA subgroup, disease duration
and medications used were registered at the study visit.
Clinical 71 joint evaluation'® was performed by experi-
enced rheumatologists who were blinded to ultrasound
findings. Clinical arthritis was defined as the presence of
joint swelling, or of joint tenderness and limited range of
motion.'? Disease activity was assessed using the 10-joint

Juvenile Arthritis Disease Activity Score (JADASI10),
(range 0-40) with the new cutoffs for disease activity
states in JIA."® * The JADAS10 includes the following
four measures; the number of joints with clinical
arthritis (the count of joints with clinical arthritis up to
a maximum of ten joints, any joint count higher than 10
gives 10 points in the score), physician global assessment
(PhGA) of disease activity (0-10cm Visual Analogue
Scale (VAS) where 0O=no activity and l0=maximum
activity), parent/patient global assessment (PGA) of
the patients well-being (0-10cm VAS where O=verywell,
10=verypoor) and the normalised erythrocyte sedimen-
tation rate (0—10).18 2

Ultrasound examination

All patients underwent an ultrasound examination
within 2days after the clinical assessment. The ultra-
sound examinations were performed by the same rheu-
matologist (NKS) with extensive ultrasound experience.
Inter-reader and intra-reader reliability evaluation have
been reported in a previous study.'* The ultrasonogra-
pher was blinded to clinical findings, but the patient’s age
was known. The same ultrasound machine, a GE Logiq
S8 machine with linear probe (6-15 MHz) and hockey
stick (8-18MHz), with standardised settings for BM and
PD (pulse repetition frequency 0.6kHz, frequency 7.7
MHz and low wall filter) was used in all examinations.
PD was chosen instead of colour Doppler because the
ultrasonographer had most experience with PD. The
ultrasound examinations were done in 18 joint regions
bilaterally according to an image acquisition protocol for
patients with JIA including the anterior elbow, posterior
elbow, radiocarpal, midcarpal, metacarpophalangeal
(MCP)2 and MCP3 (dorsal), proximal interphalangeal
(PIP)2 and PIP3 (dorsal and volar), knee (suprapatellar
and lateral parapatellar recess), tibiotalar, talonavicular,
anterior subtalar, posterior subtalar, metatarsophalan-
geal (MTP)2 and MTP3 (dorsal) joints.14 Synovitis
detection on ultrasound was defined according to the
preliminary ultrasound definitions for synovitis in chil-
dren."” The ultrasound findings were scored at the time
of acquisition according to a joint-specific semiquantita-
tive scoring system for BM synovitis and PD activity with
reference atlas for patients with JIA ranging from grade
0 (normal) to grade 3 (severe) for each joint region."
PD activity was scored accordingly: grade 0: no Doppler
signal. Grade 1: 1-3 signals within the area of syno-
vial hypertrophy only. Grade 2: >3 signals or confluent
signals present in <50% of the area of synovial hyper-
trophy. Grade 3: confluent signals present in >50% of
the area of synovial hypertrophy.”' The synovial abnor-
malities threshold for BM and PD findings was chosen
to be grade >1. PD findings were only scored within
synovial hypertrophy in joint regions with BM synovitis
(grade>1). The EULAR recommendations checklist for
reporting of ultrasound studies in rheumatic and muscu-
loskeletal diseases was used.”
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Statistical analysis

Baseline patient characteristics were expressed as the
number (%) or median (IQR). Further analyses were
performed on a joint level. This included the 18 joint
regions that were examined with ultrasound (anterior
elbow, posterior elbow, radiocarpal, midcarpal, MCP2-3
(dorsal), PIP2-3 (dorsal and volar), knee (suprapatellar
and lateral parapatellar recess), tibiotalar, talonavic-
ular, anterior subtalar, posterior subtalar and MTP2-3
(dorsal)). Only joint regions with BM synovitis (grade>1)
were included in the analyses. The proportion of PD find-
ings (grades 0-3) in joint regions with BM synovitis and
in joint regions with clinical arthritis was described. Joint
regions within the same clinically assessed joint (elbow
anterior/posterior, knee suprapatellar/lateral parap-
atellar recess, subtalar anterior/posterior, PIP dorsal/
volar) were attributed to the same clinical finding. To
account for within-patient effect (random intercept),
we used multilevel mixed-effects ordered logistic regres-
sion analyses. Cross-sectional associations between PD
grades and BM grades and clinical arthritis were exam-
ined with adjustment for joint regions and side (left and
right). We also performed analysis with further adjust-
ment for age and sex to examine if the associations were
altered. Associations between PD grades and age, sex,
JIA subgroups, disease duration and measures of disease
activity (JADAS10) were also explored. P values <0.05
were regarded as statistically significant. For missing
PhGA, PGA and biochemical values, the JADAS10 was
not estimated. One joint region (anterior elbow) was not
assessed by ultrasound because of band-aid in the elbow,
but for joint regions assessed by ultrasound there were
no missing values for BM grades, PD grades or findings
of clinical arthritis. Statistical analyses were performed
using STATA V.17.

Patient and public involvement

Patients did not actively participate in the planning of
this study. However, the participants and the Norwegian
Rheumatism Association have communicated that this is
of interest to the patient community, especially due to the
difference in the use and interpretation of ultrasound in
children. Study results will be disseminated to patients
and the public through the patient organisation’s website
and newsletter.

RESULTS

Table 1 shows demographic and clinical characteristics
of the 27 patients. A total of 971 joint regions were eval-
uated by ultrasound. Of these, 129 joint regions had BM
synovitis and were included in further analyses (flowchart
of joint region assessment in online supplemental figure
1).

Abnormal PD signals were present in 45 of 129 joint
regions with BM synovitis (34.9%), of which 18, 20 and
7 joint regions had PD grades 1, 2 and 3, respectively. Of
the 129 joint regions with BM synovitis, 84 of 129 joint

Paediatric rheumatology

Table 1 Demographic and clinical characteristics of the 27
patients with JIA
Characteristics Value
Girls, n (%) 21 (77.8)
Age, median years (IQR) 8 (6-12)
Age groups, n (%)
2-4 years 6 (22.2)
5-8 years 9 (33.3)
9-12 years 6 (22.2)
13-18 years 6 (22.2)
JIA subgroups, n (%)
Oligoarthritis 17 (63.0)
Polyarthritis RF negative 5(18.5)
Polyarthritis RF positive 3(11.1)
Psoriatic arthritis 2(7.4)
Disease duration, median months (IQR) 2 (0-50)
JADAS10, median (IQR) 9.8 (6.9-12.8)
Disease activity group, n (%)
Minimal 3(11.1)
Moderate 15 (55.6)
High 4 (14.8)
Missing 5(18.5)
ESR, mm/hour, median (IQR) 12 (4.5-24)
CRP, mg/L, median (IQR) 1.2 (0-6.6)
Medication, n (%)
Methotrexate 12 (44.4)
TNF alfa inhibitor 4 (14.8)
NSAIDS 7 (25.9)
No medication 6 (22.2)
Patient/parent global, median VAS 4.8 (1.1-6.1)
0-10cm (IQR)
Physician global, median VAS 0-10cm 3.6 (2.5-5.4)
(IQR)
Joints with clinical arthritis, median 2(1-4)
number (IQR)

CRP, C reactive protein; ESR, erythrocyte sedimentation rate;
JADAS10, 10-joint Juvenile Arthritis Disease Activity Score;

JIA, juvenile idiopathic arthritis; NSAIDS, non-steroidal anti-
inflammatory drugs; RF, rheumatoid factor; TNF, tumour necrosis
factor; VAS, Visual Analogue Scale.

regions (65.1%) did not have PD findings (PD grade=0).
PD grade 1 was found in 4 of 48 (8.3%), 7 of 47 (14.9%)
and 7 of 34 (20.6%) joint regions with BM grades 1, 2
and 3, respectively. PD grades 2 and 3 were only present
in joint regions with BM grades 2 and 3(figure 1A).
Increasing PD grades were associated with higher BM
grades (OR 5.0, 95% CI 2.7 to 9.1, p<0.001). Additional
adjustment for age and sex did not alter the results (data
not shown).
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Figure 1A.
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Figure 1 (A). Power Doppler (PD) ultrasound findings (grades 0-3) in 129 joint regions with B-mode (BM) synovitis (grades
1-3) in patients with juvenile idiopathic arthritis (JIA). (B). Distribution of PD ultrasound findings (grades 0-3) in 129 joint regions
with BM synovitis in patients with JIA. ant, anterior; MCP, metacarpophalangeal; MTP, metatarsophalangeal; para, parapatellar
recess; PIP, proximal interphalangeal; Post, posterior; supra, suprapatellar recess.

Converted

The lateral parapatellar recess of the knee was the  joint regions (13.3%)). The joint region with most find-
joint region with most PD findings (11 of 45 joint regions  ings of BM synovitis without abnormal PD signals was the
(24.4%)), followed by the radiocarpal (6 of 45 joint  suprapatellar recess of the knee (19 of 84 joint regions
regions (13.3%)), the midcarpal (6 of 45 joint regions (22.6%)). Synovitis based on BM findings without PD
(13.3%)) and the suprapatellar recess of the knee (6 of 45 findings and synovitis based on BM and PD findings are
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Figure 2

Paediatric rheumatology

lllustration of variations in power Doppler (PD) ultrasound findings in two joint regions of the knee in a 10-year-old

with juvenile idiopathic arthritis (JIA). Longitudinal dorsal scan of the knee joint (suprapatellar recess) showing B-mode (BM)
synovitis (A), and BM synovitis without abnormal PD signals (grade 0) (B). Longitudinal dorsal scan of the knee joint (lateral
parapatellar recess) showing BM synovitis (C), and BM synovitis with abnormal PD signals (grade 3) (D).

illustrated in figure 2. There were no BM or PD findings
in the MCP2 or MCP3 joints. Distribution of PD findings
(grades 0-3) in the 129 joint regions with BM synovitis
are illustrated in figure 1B.

Of joint regions with PD grades 1, 2 and 3, clinical
arthritis was present in 13 of 18 (72.2%), 17 of 20
(85.0%) and 7 of 7 (100.0%), respectively. Of joint
regions considered as clinical arthritis, 37 of 78 joint
regions (47.4%) had PD findings. The lateral para-
patellar recess of the knee had the highest frequency
of PD findings (10 of 37 (27.0%)), followed by the
radiocarpal (6 of 37 (16.2%)), the midcarpal (6 of 37
(16.2%)) and the suprapatellar recess of the knee (6 of
37 (16.2%)) in joints with clinical arthritis. Increasing
PD grades were significantly associated with the pres-
ence of clinical arthritis (OR 7.4, 95% CI 2.6 to 21.0,
p<0.001). Additional adjustment for age and sex did not
alter the results (data not shown).

Abnormal PD signals were present in all age groups.
Joint regions with PD findings were seen in 9 of 27
(33.3%), 11 of 35 (31.4%), 14 of 27 (51.9%) and 11 of
40 (27.5%) in the age groups 2-4, 5-8, 9-12 and 13-18
years, respectively. Boys had PD findings in 13 of 32
joint regions (40.6%) whereas girls had PD findings in
32 of 97 joint regions (33.0%). Oligoarthritis was the
JIA subgroup that had most PD findings (29 of 73 joint
regions (39.7%)), followed by polyarthritis rheumatoid
factor (RF) positive (10 of 33 joint regions (30.3%), poly-
arthritis RF negative (5 of 17 joint regions (29.4%) and
psoriatic arthritis (1 of 6 joint regions (16.7%)). Joint
regions with PD findings were seen in 1 of 6 (16,7%),
27 of 68 (39.7%) and 9 of 33 (27.3 %) in the minimal,
moderate and high disease activity groups, respectively.
Cross-sectional associations were not found between PD
findings and age, sex, JIA subgroups, disease duration or
JADASIO.

DISCUSSION
This is the first study to investigate associations between
PD grades and BM grades and the presence of clinical
arthritis in multiple joint regions using a standardised
scanning protocol and a joint-specific scoring system for
synovitis with reference atlas for patients with JIA. On
joint level, increasing PD grades were strongly associated
with higher BM grades. We also demonstrated a clear
association between increasing PD grades and the pres-
ence of clinical arthritis. This suggests that the scoring
system corresponds well with the severity of synovitis.
The preliminary ultrasound definitions for synovitis in
children emphasise that synovitis can include BM find-
ings alone, but not PD findings alone.'? In our study,
we found many joint regions with BM synovitis without
abnormal PD signals. This could represent residual find-
ings of previous active arthritis,23 or that our patients had
a low-grade severity arthritis. It could also indicate that
BM synovitis alone without PD findings is more common
in patients with JIA, or that synovial effusion without
synovial hypertrophy is a prominent feature in joints with
active arthritis since Doppler signals must be detected
within synovial hypertrophy to be considered as a sign of
synovitis.

In joint regions that had PD findings, most had
findings of clinical arthritis. The knee, radiocarpal and
midcarpal joints had the highest frequency of PD find-
ings in joints with clinical arthritis. The wrist joint is
difficult to evaluate clinically and has been identified as
an indicator of poor outcome and a vulnerable site of
structural darnage.24 * Ultrasound can be an important
and helpful tool in the evaluation of this joint as ultra-
sound has been shown to be more sensitive than clinical
examination in the evaluation of joint inflammation in
peripheral joints.”® Our findings might suggest that the
presence of abnormal PD signals is a sign of disease
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severity, but longitudinal studies are needed to examine
this further.

We found that increasing PD signals were associated
with the presence of clinical arthritis, but not with the
composite disease activity score JADASI0. This could be
because clinical joint examination and ultrasound eval-
uate the precise site of inflammation, while the JADAS
measures the disease activity more widely and may also
be affected by confounding factors. Other studies have
reported poor correlation between ultrasound findings
and ]ADAS.7 In this study, we explored associations on
joint level, if we had investigated on patient level with
ultrasound sum scores, we might have obtained other
results. This could be addressed in a future study.

We found a high number of PD findings in the lateral
parapatellar recess of the knee joint. The highest
number of BM synovitis without PD findings was found
in the suprapatellar recess of the knee joint. This may be
because the parapatellar recess is more superficial than
the suprapatellar recess and therefore easier to detect
Doppler signals there. This supports the added value
of scanning both the suprapatellar and the parapatellar
recess when evaluating the knee joint with ultrasound in
children, as has also been suggested by others.”'

We did not find BM synovitis, and therefore, no
abnormal PD signals, in the MCP joints. This was unex-
pected since these joints are superficial and PD findings
are then often easier to interpret, in addition, the MCP2
joint is often affected in patients with JIA.® 273 This
could be a random finding in our sample, but the small
size of the joint, few vessels and slow blood flow velocity
could have made it difficult to evaluate. However, we did
find synovitis in the PIP joints which are even smaller.
The PIP joints were assessed from both the dorsal and
volar views. The MCP joints were only evaluated from
the dorsal view. In adults with RA, a dorsal approach is
recommended over the volar approach to evaluate finger
joints with ultrasound.” To our knowledge, this has not
been investigated in children, and the use of only the
dorsal or both the dorsal and the volar approaches are
inconsistent.'**”#** In a clinical setting it can be difficult
to evaluate several joints from more views because young
children are often impatient. Larger studies to evaluate
the different views to include for each joint are needed.

A clear definition of abnormal Doppler signals and
a scoring system for Doppler findings is important to
discriminate between physiological and pathological
vascularisation in children.' '* Magni-Manzoni et al eval-
uated patients with JIA in remission and found that
patients with PD findings had less flares than patients
without PD ﬁndings.?’1 However, most of the PD signals
were found in the youngest patients and were scored as
a grade 1 and may have represented normal vascularisa-
tion. In a study evaluating physiological Doppler signals
in healthy children, most Doppler signals were detected
in the age group 2-12 years.” We were concerned that
physiological Doppler signals in the youngest age groups
could affect our interpretation of abnormal PD signals.

However, when performing the ultrasound examinations
this was not an issue. This could be because the ultraso-
nographer only considered Doppler signals within syno-
vial hypertrophy as pathologic in accordance with the
preliminary definitions for synovitis in children,12 and
because a standardised scanning approach and scoring
system with reference atlas were used during the exam-
inations.'* In this study, most PD findings were seen in
the age group 9-12 years old, but no significant associa-
tion between PD findings and age was found.

There are some limitations in this study. First, the
study was cross-sectional. Consequently, we cannot say
anything about the longitudinal associations between
PD findings and measures of disease activity, but this
was outside the scope of this study. Second, we did not
include healthy controls to investigate BM and PD find-
ings in healthy children. It can, therefore, be difficult
to conclude with what is a normal finding. However, the
purpose of this study was to describe PD findings in joint
regions with BM synovitis on ultrasound in patients with
JIA, and since Doppler signals must be within synovial
hypertrophy to be considered as a sign of synovitis, joint
regions without BM synovitis were excluded. Another
limitation is that only one rheumatologist performed
the ultrasound examinations. The ultrasonographer in
this study has shown moderate to excellent inter-reader
reliability in a previous ultrasound study.'* In addition,
it is challenging and not feasible to perform several
ultrasound examinations in children. Another limita-
tion of this study is the limited number of patients.
This might explain why we did not detect pathological
ultrasound findings in the MCP2-3 joints, and that there
were few findings in some joints. Since the patients in
this study were consecutively included from our inpa-
tient and outpatient clinic, we believe that our sample is
representative of patients with JIA seen in clinical prac-
tice. However, larger studies are needed to explore all
joints that can be affected in JIA. Finally, we did not use
other modalities like dynamic contrast-enhanced MRI
to compare our findings. This should be addressed in a
future study.

The strengths of this study include the use of the same
ultrasound machine in all assessments, that the ultra-
sonographer was blinded to clinical findings, and that
multiple joint regions were evaluated in a live-exercise.
In addition, the image acquisition protocol and the joint-
specific scoring system for synovitis with reference atlas
ensured a standardised examination and scoring in all
patients.

In conclusion, we found that increasing PD grades
were significantly associated with higher BM grades and
with the presence of clinical arthritis, suggesting that PD
signals detected using a standardised ultrasound exam-
ination and scoring system can reflect active disease in
patients with JIA. However, further studies are needed
to understand more about the clinical implications of
Doppler findings in these patients.
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ABSTRACT:

Objective: To assess the validity of ultrasound in juvenile idiopathic arthritis (JIA) by
comparing ultrasound detected synovitis with whole-body magnetic resonance imaging (MRI)
and clinical assessment of disease activity.

Methods: In a cross-sectional study, 27 patients with active JIA underwent clinical 71-joints
examination, non-contrast enhanced whole-body MRI and ultrasound evaluation of 28 joints
(elbow, radiocarpal, midcarpal, metacarpophalangeal 2-3, proximal interphalangeal 2-3, hip,
knee, tibiotalar, talonavicular, subtalar and metatarsophalangeal 2-3). One rheumatologist,
blinded to clinical findings, performed ultrasound and scored synovitis (B-mode and power
Doppler) findings using a semiquantitative joint-specific scoring system for synovitis in JIA.
A radiologist scored effusion/synovial thickening on whole-body MRI using a scoring system
for whole-body MRI in JIA. At patient level, associations between ultrasound synovitis sum
scores, whole-body MRI effusion/synovial thickening sum scores, clinical arthritis sum
scores, and the 71-joints Juvenile Arthritis Disease Activity Score (JADAS71) were calculated
using Spearman’s correlation coefficients (rs). To explore associations at joint level, sensitivity
and specificity were calculated for ultrasound using whole-body MRI or clinical joint
examination as reference.

Results: Ultrasound synovitis sum scores correlated strongly with whole-body MRI
effusion/synovial thickening sum scores (rs=0.74, p<0.01) and the JADAS71 (r~=0.71,
p<0.01), and moderately with clinical arthritis sum scores (rs=57, p<0.01).
Sensitivity/specificity of ultrasound in detecting synovitis were 0.57/0.96 and 0.55/0.96 using

whole-body MRI or clinical joint examination as reference, respectively.



44  Conclusion: Our findings suggest that ultrasound is a valid instrument to detect synovitis, and
45  that ultrasound synovitis sum scores can reflect disease activity and may be an outcome

46  measure in JIA.
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Key messages

What is already known on this topic

Ultrasound is increasingly being used in the management of patients with juvenile idiopathic
arthritis (JIA). However, the correlation between ultrasound findings and other imaging
modalities and the validity of ultrasound detected synovitis in patients with JIA is not well

known.

What this study adds

Ultrasound synovitis sum scores correlated strongly with whole-body MRI effusion/synovial
thickening sum scores and the 71-joints Juvenile Arthritis Disease Activity Score (JADAS71).
A novel ultrasonographic joint-specific scoring system with age-divided reference atlas may

provide a valid assessment of synovitis in patients with JIA.

How this study might affect research, practice or policy
Our findings suggest that ultrasound synovitis sum scores can reflect overall disease activity

and may be an important outcome measure in clinical practice and research.
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INTRODUCTION

Patients with juvenile idiopathic arthritis (JIA) demonstrate a wide range of disease
manifestations and the clinical symptoms and signs can be variable. The number of joints with
inflammation and the pattern of joint involvement are known to be of prognostic importance
and guide the physician in treatment decisions.(1, 2) Detection of joints with inflammation is
therefore important for the diagnosis, treatment and follow up of these patients.(3)
Consequently, valid methods to detect and quantify joints with inflammation, and to assess

disease activity in patients with JIA are needed.

Traditionally, clinical joint examination with the evaluation of joint swelling, tenderness and
limited range of motion in 71 joints is the standard disease activity assessment in patients with
JIA, but can be challenging in children due to vague symptoms and complex anatomic
regions.(4-6) Contrast enhanced magnetic resonance imaging (MRI) is considered to be the
gold standard in detecting synovitis when imaging a target joint,(7, 8) but a limitation is that
only one joint or a limited number of joints can be evaluated in each session. Ultrasound is a
readily available imaging modality that can assess many joints, is well accepted by children,
and has demonstrated to be more sensitive in the evaluation of joint inflammation than clinical

examination.(9)

The process of standardising the use of ultrasound in children has evolved in recent years.(10-
15) Standardised ultrasound scanning approaches and scoring systems have shown to provide
reliable findings of synovitis.(13-15) However, it is less known whether ultrasound detected
synovitis in children correlates with other imaging modalities and validated measures of

disease activity.
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Few studies validating ultrasound findings of synovitis in children are available, and the
studies conducted are difficult to compare as they vary in ultrasound definitions of synovitis,
number of joints assessed, scoring systems, and type of comparator used.(5, 6, 16-23) Most
previous studies evaluating the validity of ultrasound have assessed single joints with
ultrasound using clinical examination or contrast enhanced MRI as comparators.(5, 16, 17, 20,
23) Other studies have examined multiple joints with ultrasound using clinical examination as
a comparator.(18, 21, 22) To our knowledge, no studies have examined multiple joints with
ultrasound using MRI as a comparator. This is now possible with whole-body MRI, which can
depicture the entire axial skeleton and peripheral joints in each session.(8) The use of contrast
in whole-body MRI is challenging as prolonged scan time can lead to incorrect interpretation
of synovial contrast enhancement.(24) However, inflammation can be evaluated without

contrast by detecting and quantifying effusion and synovial thickening.

The objective of this study was to assess the construct validity of ultrasound in patients with
JIA, using a standardised scanning approach and a joint-specific semiquantitative scoring
system for synovitis with age-divided reference atlas, by comparing ultrasound detected
synovitis with non-contrast enhanced whole-body MRI findings of effusion/synovial

thickening and clinical assessment of disease activity.

METHODS

This cross-sectional study was conducted at the Department of Rheumatology, Oslo
University Hospital (OUH) Rikshospitalet from September 2021 to December 2022. Patients
fulfilling the International League of Associations for Rheumatology (ILAR) criteria for
JIA,(25) who were referred to an MRI of a joint or a whole-body MRI on clinical indication

and attending the paediatric rheumatology clinic at OUH were consecutively included. Signed
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informed consent was obtained from parents and from patients when aged 16 years and older.
The study was done in accordance with the Declaration of Helsinki and approved by the

Norwegian Regional Committee for Medical and Health Research Ethics (REK 2018/805).

Study assessment

Upon study inclusion, the assigned MRI examination was converted to a non-contrast
enhanced whole-body MRI since the intention was to evaluate many joints. Each patient was
first assessed clinically by their treating rheumatologist, then ultrasound and whole-body MRI
examinations were performed within an average of 1-2 days. No changes were made to the
patient’s medications between the clinical, ultrasound and whole-body MRI assessments. The
rheumatologists, the ultrasonographer and the radiologist were blinded to each other’s
findings, but the age of the patient was known to all assessors. The ultrasonographer and the

radiologist were also blinded to clinical information.

Clinical and laboratory assessment

Each patient was assessed by experienced rheumatologists who performed clinical 71-joints
examination including the following joints: the temporomandibular, sternoclavicular,
acromioclavicular, shoulder, elbow, wrist, metacarpophalangeal (MCP) 1-5, proximal
interphalangeal (PIP) 1-5, distal interphalangeal (DIP) 2-5, hip, knee, ankle, subtalar,
intertarsal, metatarsophalangeal (MTP) 1-5, toe 1-5, and the cervical spine. Clinical active
arthritis (active joint) was defined as the presence of joint swelling or, if no swelling was
present, the presence of joint pain/tenderness and limited range of motion.(26) Presence or
absence of active joints was recorded and an active joint sum score was calculated for each
patient (range 0-71). Patient and disease variables including age, sex, JIA subgroup, disease

duration, medications, duration of morning stiffness (minutes), patient/parent global
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assessment (PGA) of well-being (0-10 cm visual analogue scale (VAS), 0 = very well and 10
= very poor) and the physician global assessment (PhGA) of disease activity (0-10 cm VAS,
0 = no activity and 10 = maximum activity) were recorded. Biochemical analyses included
erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), Antinuclear antibody (ANA),
Rheumatoid factor (RF) and Anti-cyclic citrullinated peptide (Anti-CCP). Disease activity was
measured using the 71-joints Juvenile Arthritis Disease Activity Score (JADAS71), with a
total score of 0-101.(27) The JADAS71 is calculated as the sum of the score of the four
following components: the number of joints with active arthritis up to a maximum of 71 joints,

PGA (0-10 cm VAS), PhGA (0-10 cm VAS) and the normalised ESR (0-10).(27)

Ultrasound assessment

One rheumatologist (NKS), with broad experience in musculoskeletal ultrasound (9 years),
performed the ultrasound examinations according to a recently published standardised
scanning protocol for patients with JIA.(14) The following 14 joints (19 joint regions) were
assessed bilaterally: anterior elbow, posterior elbow, radiocarpal, midcarpal, MCP2-3 (dorsal),
PIP2-3 (dorsal and volar), hip, knee (suprapatellar recess and lateral parapatellar recess),
tibiotalar, talonavicular, anterior subtalar, posterior subtalar, and MTP2-3 (dorsal). Synovitis
detection by ultrasound included B-mode (BM) and power Doppler (PD) findings. BM
findings included synovial effusion and/or synovial hypertrophy, defined according to the
preliminary definitions for synovitis in children, and PD signals had to be detected within
synovial hypertrophy to be considered as a sign of synovitis.(12) The images were scored at
the time of acquisition for BM and PD findings according to a semiquantitative joint-specific
scoring system for BM synovitis (grades 0-3) and PD activity (grades 0-3) with age-divided
reference atlas for patients with JIA for each joint region.(14) A printed version of the scoring

system with reference atlas was available during the ultrasound assessment and the
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examination took an average of 27 minutes (range 13-39 minutes). Ultrasound synovitis sum
scores were calculated for each patient for BM scores and PD scores (range 0-84) and for a
combined score (BM + PD scores (range 0-168)). To avoid increased weighting of joints that
were assessed from more than one view by ultrasound (elbow anterior/posterior, PIP2-3
dorsal/volar, knee suprapatellar/lateral parapatellar recess, subtalar anterior/posterior), the
highest BM and PD value for each joint region was selected. The rheumatologist used the
same ultrasound machine, a GE Logiq S8 machine with multifrequency linear probe (6-15
MHz) and hockey stick (8-18 MHz), and standardised settings for BM and PD (pulse repetition
frequency (PRF) 0,6 kHz, frequency 7,7 MHz and low wall filter) in all examinations. To
ensure a clear description of the study, the European Alliance of Associations for
Rheumatology (EULAR) recommendations checklist for the reporting of ultrasound studies

in theumatic and musculoskeletal diseases was used.(28)

Whole-body MRI acquisition and assessment

Non-contrast enhanced whole-body MRI was performed using Avanto fit 1.5T, Aera 1.5T and
Vida Fit 3T (Siemens Healthineers, Erlangen, Germany), with local receiver coils covering
the entire body. General anaesthesia was given to the youngest patients (under 5 years of age)
to avoid motion artefacts during the examination. The protocol included T2 Turbo spin echo
(TSE) Dixon sequences: coronal plane from the skull base to the thighs; sagittal plane in both
knees and ankles; oblique coronal plane in the sacroiliac joints; and sagittal plane in the spine.
The image acquisition parameters were preset: repetition time (TR) >2000ms/echo time (TE)
92-111ms, field of view (FOV) 15-35 cm, slice thickness 3-4 mm, and in-plane resolution
0.39-0.55 mm?. Acquisition time was approximately 30 minutes. Images were deidentified
and analysed using Sectra Picture Archiving and Communications Systems (PACS). Joint

inflammation on whole-body MRI included effusion/synovial thickening defined as
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hyperintense signal intensity within the joint space distending the joint capsule on fluid
sensitive sequence, as suggested by the MRI in JIA (JAMRI) Outcome Measures in
Rheumatology (OMERACT) working group.(29) The whole-body MRI images were scored
by a radiologist (EK) with extensive experience in musculoskeletal MRI (more than 20 years).
Effusion/synovial thickening was scored as absent, mild or moderate (grades 0-2) in large
joints (elbows, hips and knees) and as absent or present (grades 0-1) in small joints according
to a newly developed semiquantitative whole-body MRI scoring system for JIA.(29)
Effusion/synovial thickening scores from the same 28 joints that were assessed with
ultrasound were included in the analyses, and a whole-body MRI effusion/synovial thickening
sum score was calculated for each patient (range 0-34). Whole-body MRI was performed in

all patients except for one where the consent to the examination was withdrawn by the parents.

Patient and public involvement

Patients did not actively participate in the planning of this study, but the participants and the
Norwegian Rheumatism Association have shown great interest in the study and supported the
project. Study results will be disseminated to patients and the public through the patient

organisation’s website and newsletter.

Statistical analysis

Descriptive statistics were calculated as number (%), mean (range) or median (interquartile
range (IQR)) as appropriate. At patient level, Spearman’s correlation coefficient (rs) was used
to calculate associations between ultrasound synovitis sum scores and whole-body MRI
effusion/synovial thickening sum scores, and clinical active joint sum scores. In addition,
associations between ultrasound synovitis sum scores and the JADAS71, CRP, ESR, PhGA,

and PGA were calculated. The strength of rs was defined as: very weak 0.0-0.19; weak 0.20-
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0.39; moderate 0.40-0.59; strong 0.60-0.79 and very strong 0.80-1.0. P-values < 0.05 were
regarded as statistically significant. Sum scores for ultrasound, whole-body MRI and clinical
joint examination were calculated without any missing values. The JADAS71 was not

calculated for patients missing PhGA or PGA (n=2 in total).

At joint level, the 28 joints (elbow, radiocarpal, midcarpal, MCP2-3, PIP2-3, hip, knee,
tibiotalar, talonavicular, subtalar, and MTP2-3 joints) assessed in each patient, with complete
ultrasound, whole-body MRI and clinical joint examination data, were included in the
analyses, whereas joints with missing data were excluded. Findings in the wrist joint was
recorded as one joint in the clinical assessment but in the analysis at joint level, this finding
was allocated to both the radiocarpal and the midcarpal joints. Semiquantitative scores on
ultrasound and whole-body MRI were dichotomised for further analyses. The threshold for
abnormality was chosen to be BM grade > 2 for ultrasound findings, and grade > 1 for whole-
body MRI findings. Sensitivity, specificity, positive predictive value and negative predictive
value were calculated for findings of synovitis on ultrasound using whole-body MRI or

clinical joint examination as reference. Analyses were performed using SPSS V29.

RESULTS
Twenty-seven patients (89% girls), with a median age 12 years (IQR 3-14) were included. The
median number of active joints was 4 (IQR 2-6) and the median JADAS71 was 13.4 (IQR 9.4-

28.6). Demographic and clinical characteristics are described in Table 1.
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Table 1. Demographic and clinical characteristics of the patients with juvenile idiopathic

arthritis (n=27).

Characteristics Value
Sex
Girls, n (%) 24 (89)
Age, median years (IQR) 12 (3-14)
JIA subgroups, n (%)
Oligoarthritis 13 (48.1)
Polyarthritis RF negative 5(18.5)
Polyarthritis RF positive 5(18.5)
Psoriatic arthritis 3(11.1)
Undifferentiated arthritis 13.7)
Disease duration, median months (IQR) 0 (0-9)
ESR, mm/hour, median (IQR) 17 (7-59)
CRP, mg/L, median (IQR) 2.1(0.6-13)
ANA positive, n (%) 14 (51.9)
RF positive, n (%) 5(18.5)
Anti-CCP positive, n (%) 7(25.9)
Medications, n (%)
Methotrexate 11 (40.7)
TNF alfa inhibitor 3(11.1)
NSAIDS 13 (48.1)
No medication 3(11.1)
Morning stiffness, minutes (IQR) 30 (15-120)
Patient/parent global, median VAS 0-10 cm (IQR) 5.1 (2.1-6.9)
Physician global, median VAS 0-10 cm (IQR) 4.8 (2.8-6.8)
Active joints, median number (IQR) 4 (2-6)
JADAS71, median (IQR) 13.4 (9.4-28.6)

N, number; IQR, interquartile range; JIA, juvenile idiopathic arthritis; RF, theumatoid factor; ESR, erythrocyte
sedimentation rate; CRP, C-reactive protein; ANA, antinuclear antibody; Anti-CCP, anti-cyclic citrullinated
peptide; TNF, tumour necrosis factor; NSAIDS, non-steroidal anti-inflammatory drugs; VAS, Visual Analogue
Scale; JADAS71, Juvenile Arthritis Disease Activity Score for 71 joints.

Patient level

The median ultrasound synovitis sum score was 7.0 (IQR 4.0-12.0), 1.0 (IQR 0.0-5.0) and 9.0
(IQR 4.0-17.0), for BM synovitis sum scores, PD synovitis sum scores and combined synovitis
sum scores, respectively. The median whole-body MRI effusion/synovial thickening sum
score was 2.5 (IQR 0.8-7.0). Ultrasound combined synovitis sum scores correlated strongly
with whole-body MRI effusion/synovial thickening sum scores (rs = 0.74, p<0.01), and

moderately with clinical active joint sum scores (rs= 0.57, p<0.01). The correlation between
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ultrasound combined synovitis sum scores and the JADAS71 was also strong (rs = 0.71,
p<0.01). Correlations between ultrasound synovitis sum scores and measures of disease

activity are presented in Table 2.

Table 2. Spearman’s correlations (rs) between ultrasound synovitis sum scores ((B-mode
(BM), power Doppler (PD) and combined (BM + PD) synovitis sum score) and whole-body
magnetic resonance imaging (MRI) effusion/synovial thickening sum scores, active joint sum

scores and other measures of disease activity at patient level.

Ultrasound BM Ultrasound PD Ultrasound combined
synovitis sum scores synovitis sum scores synovitis sum scores
(p-value) (p-value) (p-value)

Whole-body MRI
effusion/synovial 0.72 (p<0.01) 0.60 (p<0.01) 0.74 (p<0.01)
thickening sum scores
Active joint sum scores 0.61 (p<0.01) 0.39 (p=0.04) 0.57 (p<0.01)
JADAS71 0.68 (p<0.01) 0.54 (p=0.01) 0.71 (p<0.01)
ESR 0.55 (p<0.01) 0.53 (p=0.01) 0.59 (p<0.01)
CRP 0.70 (p<0.01) 0.51 (p=0.01) 0.70 (p<0.01)
PhGA VAS 0.63 (p<0.01) 0.58 (p<0.01) 0.68 (p<0.01)
PGA VAS 0.32 (p=0.11) 0.20 (p=0.34) 0.36 (p=0.07)

BM, B-mode; PD, power Doppler; MRI, magnetic resonance imaging; JADAS71, Juvenile Arthritis Disease
Activity Score for 71 joints; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; PhGA, physician
global assessment of disease activity; VAS, 0-10 Visual Analogue Scale; PGA, patient/parent global
assessment of well-being. Strength of Spearman’s correlation defined as: very weak 0.0-0.19; weak 0.20-0.39;
moderate 0.40-0.59; strong 0.60-0.79; very strong 0.80-1.0. P-value <0.05 considered significant.

Joint level

A total of 1017 joint regions were assessed with ultrasound, 1917 joints were examined
clinically, and 2605 joints were examined with whole-body MRI. In total, 692 joints were
assessed with ultrasound, whole-body MRI and clinical examination, identifying 533 joints

with normal findings.
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For whole-body MRI, 32 joints were missing as they were outside the field of view (elbows)
or of poor image quality (PIP and MTP joints). For ultrasound, one MCP2, one MCP3, one
PIP2 and one PIP3 joint were missing due to a venous catheter in the hand of a small patient

(2 years old) that made it impossible to assess these joints.

Ultrasound findings of synovitis at joint level demonstrated a sensitivity of 0.57 and a
specificity of 0.96, a positive predictive value of 0.71 and a negative predictive value of 0.93
using whole-body MRI findings of effusion/synovial thickening as reference. When using
active joints found on clinical examination as reference, ultrasound findings of synovitis at
joint level had a sensitivity and specificity of 0.55 and 0.96, respectively, while the positive

predictive value was 0.71 and the negative predictive value was 0.92.

Synovitis was most frequently found in the knee (n=16) and the tibiotalar (n=12) joints with
ultrasound, while effusion/synovial thickening was most frequently seen in the knee (n=19)
and the subtalar joints (n=17) with whole-body MRI (Figure 1). Active joints were most
frequently found in the knee (n=18) and the subtalar joints (n=14). The overall frequency of
normal and inflammatory findings in the 14 joints assessed with ultrasound, whole-body MRI

and clinical examination, are presented in Figure 2.

On ultrasound and whole-body MRI, 58/692 joints (8.4%) had findings of synovitis or
effusion/synovial thickening, while 566/692 joints (81.8%) had normal findings on both
modalities. Ultrasound detected synovitis in 24/590 joints (4.1%) that were normal on whole-
body MRI, while effusion/synovial thickening was found in 44/610 joints (7.2%) on whole-

body MRI that were considered normal on ultrasound.
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In total, 534/571 joints (93.5%) that were scored as BM grade 0 on ultrasound had normal
findings on whole-body MRI. Of the joints scored as BM grade 1 on ultrasound, 32/39 joints
(82.1%) were scored as normal on whole-body MRI. Of all joints scored as BM grade 2 or
BM grade 3 on ultrasound, 21/38 (55.3%) and 37/44 joints (84.1%) were scored with findings
of effusion/synovial thickening on whole-body MRI, respectively. In large joints (the elbow,
hip and knee) scored as BM grade 3 on ultrasound, 8/12 joints (66.7%) were scored as grade
2 on whole-body MRI and 4/12 joints (33.3%) were scored as grade 1 on whole-body MRI.
No joint scored as BM grade 3 on ultrasound had normal findings on whole-body MRI for

these joints.

Joint inflammation was found in 58/692 joints (8.4%) on both ultrasound and clinical
examination, whereas 562/692 joints (81.2%) had normal findings. Ultrasound detected
synovitis in 24/586 joints (4.1%) that were normal on clinical examination. In joints deemed

normal on ultrasound, 48/610 (7.9%) were considered as active on clinical examination.

DISCUSSION

To our knowledge, this is the first study comparing ultrasound assessment of multiple joints
with non-contrast enhanced whole-body MRI and clinical assessment of disease activity in
patients with JIA. Our study shows that ultrasound synovitis sum scores are strongly correlated
with whole-body MRI effusion/synovial thickening sum scores and clinical measures of

disease activity in children and adolescents with JIA.

A strong association between ultrasound synovitis sum scores and whole-body MRI joint

inflammation sum scores has also been reported in adults with rheumatoid arthritis.(30) To

the best of our knowledge, no study has compared ultrasound findings of synovitis in multiple
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joints with MRI in patients with JIA. Laurell et al. compared ultrasound with contrast
enhanced MRI of the wrist, knee and ankle joints to evaluate disease activity in JIA, but only
one joint was assessed with MRI in each patient. Their results were descriptive but indicated

that MRI and ultrasound might be valuable in the evaluation of disease activity in JIA.(31)

Reliable and validated tools to assess disease activity are needed for optimal management of
patients with JIA. The ultrasonographic scoring system for synovitis with age-divided
reference atlas used in this study has previously shown moderate to excellent reliability. The
next step in the validation process was therefore to test the scoring system in relation to other
imaging modalities and measures of disease activity. We found a strong correlation between
ultrasound synovitis sum scores and whole-body MRI effusion/synovial thickening sum
scores, CRP, PhGA and the JADAS71. Magni-Manzoni et al. found a poor correlation
between ultrasound synovitis findings and the JADAS,(18) others have found a moderate
correlation.(15) The weak correlation between ultrasound synovitis findings and PGA in our
study is in line with previously published findings.(18) While ultrasound evaluates the level

of inflammation, PGA might also be affected by other confounding factors.

Ultrasound demonstrated high specificity, but lower sensitivity in detecting synovitis using
whole-body MRI or clinical joint examination as reference. It has previously been shown that
ultrasound is more sensitive than clinical examination in the evaluation of joint
inflammation.(9) Vega-Fernandez et al. found that ultrasound had a sensitivity of 0.83 for
diagnosing synovitis in the knee joint when using contrast-enhanced MRI as reference.(23)
The sensitivity demonstrated in this study may have many contributing explanations. The
participants were referred to an MRI or whole-body MRI on clinical indication prior to

inclusion. MRI is most often performed when there is diagnostic doubt, and this usually
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applies to joints or joint regions that are difficult to assess clinically and with ultrasound. The
affected joints could therefore have been complex and challenging to evaluate. The treating
rheumatologist that performed the clinical joint examination was not blinded to the medical
history, reason for admission or clinical symptoms of the patients. The ultrasonographer was
blinded to all clinical information except for the age of the patient, which was known. This
may have influenced the findings. Additional explanations may be involvement of several

complex joints, the age of the patient and cooperation during the examinations.

Contrast enhanced MRI is considered the gold standard for assessing synovitis,(7, 8) and since
whole-body MRI can assess many joints in each examination we found it suitable as a
comparator to ultrasound and our joint-specific scoring system where many joints are being
evaluated. The most frequently detected joint with inflammation on ultrasound, whole-body
MRI and clinical examination was the knee joint, which is also the most commonly affected
joint in JIA.(3) Whole-body MRI detected inflammation in the knee joint more often than
ultrasound. This is in line with others who found that contrast enhanced MRI was superior to
ultrasound in the evaluation of the knee joint.(16) Whole-body MRI also detected
effusion/synovial thickening more often in the subtalar and the talonavicular joints than
ultrasound detected synovitis, but ultrasound found more frequently synovitis in the tibiotalar
joint. This may be due to the complex anatomy in the ankle joint.(5, 6, 32, 33) In addition, the
positioning of the knee and the ankle joint during the ultrasound and whole-body MRI
examinations differed, which may have affected the distribution and organisation of the

effusion, as also suggested by others.(31)

Most of the joints with severe findings on ultrasound (BM grade 3) were also scored with

effusion/synovial thickening findings on whole-body MRI (84.1%), and a high number of
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joints with BM grade 0 and BM grade 1 on ultrasound had normal findings on whole-body
MRI. For large joints (the elbow, hip and knee), all joints scored as a BM grade 3 on ultrasound
had corresponding effusion/synovial thickening on whole-body MRI. This suggests that the
scoring system corresponds well with the severity of synovitis. Interestingly, 32/39 joints
(82.1%) with a BM grade 1 on ultrasound (defined as normal in this study) were scored as
normal on whole-body MRI. However, if PD signals are detected within synovial hypertrophy
in a joint scored as BM grade 1 on ultrasound, it is considered abnormal.(12, 34) This was not
an issue in this study, but it can be discussed whether a BM grade 1 on ultrasound represents
a normal finding or mild synovitis since there is a lack of defined cut-off levels. In addition,
most of the joints were scored binary on whole-body MRI potentially leading to the loss of

minimal findings, as also indicated by others.(35)

Limitations of this study include that only one rheumatologist performed the ultrasound
examinations. However, this was done for feasibility reasons and the rheumatologist has
shown moderate to excellent reliability in a previous study.(14) Another limitation is that only
one radiologist scored the whole-body MRI images. The radiologist has extensive experience
in musculoskeletal MRI in children. Not all ultrasound and whole-body MRI examinations
were performed on the same day, which may have caused discrepancies in the findings.
However, there were no adjustments in the patients’ medications in the time between the
examinations. The whole-body MRI missed many elbow joints because the joint often was
outside the field of view. In addition, small joints (PIP) were difficult to visualise on whole-
body MRI compared to standard MRI. Further, we did not use contrast during the whole-body
MRI examinations, which might have made it more difficult to evaluate joint pathology.
However, since we wanted to assess many joints in one session, this was not possible. The

small number of patients in this study may also provide uncertain results. Lastly, since this
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was not a longitudinal study, we cannot say if ultrasound is responsive to change, this should

be addressed in a future study.

The strengths of this study are that many joints were assessed with the same ultrasound
machine, using a standardised scanning approach. In addition, that ultrasound definitions for
synovitis in children were used and findings scored semiquantitatively with a joint-specific
scoring system for synovitis with reference atlas for patients with JIA. Further, that the whole-
body MRI images were scored according to a newly developed whole-body MRI scoring

system for patients with JIA and that a standardised scanning method was used.

In summary, our findings provide a validation of ultrasound in JIA showing that ultrasound
synovitis sum scores correlate strongly with non-contrast enhanced whole-body MRI
effusion/synovial thickening sum scores and clinical measures of disease activity. This
indicates that the scanning protocol and scoring system provides a valid assessment of
synovitis and suggests that ultrasound synovitis sum scores can reflect overall disease activity

and may be a useful outcome measure in clinical practice and research.
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Figure 1.

Figure 1. Illustration of ultrasound detected synovitis (images A and C) (arrows) and non-contrast
enhanced whole-body magnetic resonance imaging (MRI) findings of effusion/synovial thickening (images
B and D) (arrows) in three joints in a 15-year old with juvenile idiopathic arthritis. Longitudinal
(suprapatellar recess) and transverse (lateral parapatellar recess) ultrasound scan of the knee joint showing
B-mode (BM) grade 3 (A). Sagittal MRI scan showing effusion in the knee joint (B). Longitudinal dorsal
ultrasound scan of the tibiotalar joint showing BM grade 2, and lateral ultrasound scan of the posterior

subtalar joint showing BM grade 3 (C). Sagittal MRI scan showing effusion in the tibiotalar and subtalar
joints (D).



Figure 2A.

60
50 . _
2 40
=
2 -
< 30
g
E
5 20
4
10
0
& > > Q’\* Q’\» Q") Q qf# » & e Q'» Qﬁ)
o Q N S W N NG
FT AT TF ST ES
S N &§° & N
& &
E Ultrasound normal findings @ Whole-body MRI normal finding = Clinical normal findings
2B.
20

Number of joints
k. k. . . .
[} [ 5] -~ (=)} =2} <> [ ] -~ (=)} =2}
|
- ]

“ |II||. L1
AN Q'\'

& > v > Q & RS NS >
& & @ F&TE SIS
'\0 O -*Q\ %4\ %Q
S & &
§ &

m Ultrasound synovitis = Whole-body MRI effusion/synovial thickening = Active joints

Figure 2. (A)Frequency of normal findings in 14 joints assessed with ultrasound, non-contrast
enhanced whole-body magnetic resonance imaging (MRI) and clinical joint examination. (B)
Frequency of joint inflammation in 14 joints assessed with ultrasound, non-contrast enhanced
whole-body MRI and clinical joint examination. MCP, metacarpophalangeal; PIP, proximal
interphalangeal; MTP, metatarsophalangeal; MRI, magnetic resonance imaging



