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1. Wykaz stosowanych skrotow

ASAS — The Assessment of Spondyloarthritis International Society

CAS - conjoint analysis survey — ankieta analizy wspolnej

ERA — enthesitis-related arthritis

ILAR — International League Against Rheumatism

JAMRIS — juvenile arthritis MRI scoring

JAMRIS-SIJ — juvenile arthritis MRI sacroiliac joint scoring

JS — juvenile sacroiliitis — mlodziencze zapalenie stawdw krzyzowo-biodrowych
JSpA — juvenile spondyloarthritis — mtodziencza spondyloartropatia

MIZS — mtodziencze idiopatyczne zapalenie stawow

modNY — modified New York criteria — zmodyfikowane kryteria nowojorskie
MR - rezonans magnetyczny

MSpA — mtodziencze spondyloartropatie

NIGRIR — Narodowy Instytut Geriatrii, Reumatologii i Rehabilitacji

NY — New York criteria — kryteria nowojorskie

RTG - zdjecie rentgenowskie

SKB — stawy krzyzowo-biodrowe

SpA — spondyloartropatia

USG — ultrasonografia



2. Streszczenie w jezyku polskim

Mtodziencze zapalenie stawoéw krzyzowo-biodrowych (juvenile sacroiliitis, JS)
jest elementem obrazu chorobowego miodzienczego idiopatycznego zapalenia stawow
(MIZS), ktore stanowi najczestsza chorobe zapalng stawow wieku rozwojowego (1).

Zgodnie z kryteriami klasyfikacyjnymi ILAR (International League of
Associations for Rheumatology) mtodziencze spondyloartropatie, tym samym JS, zostaty
wlaczone do 3 podtypow MIZS, tj. zapalenia stawoéw zwigzanego z entezopatig
(enthesitis related arthritis, ERA), tuszczycowego zapalenia stawdw (psoriatic arthritis,
PsA) oraz niezréznicowanego zapalenie stawow (undifferentiated arthritis, UA).
Rozpoznanie cech spondyloartropatii (SpA), w tym zapalenia stawoéw krzyzowo-
biodrowych (SKB) i/lub kregostupa (spondylitis), ma istotne znaczenie w kontekscie
leczenia, poniewaz zmiany te nie reaguja na leki pierwszego rzutu stosowane w leczeniu
zapalenia stawow obwodowych, takie jak metotreksat (2).

Wecezesniejsze badania wykazaly, ze u jednej trzeciej dzieci z milodziencza
spondyloartropatig (juvenile SpA, JSpA) w ciagu kilku lat od diagnozy rozwija si¢
sacroiliitis (1, 3, 4). W jednym z kolejnych badan az u 80% pacjentow z podtypem ERA,
u ktorych wystepowaty bole plecow w okresie od 0 do 68 miesigcy od postawienia
diagnozy, stwierdzono nieprawidlowy obraz SKB w badaniu MR (4). Zapalenie SKB w
JSpA moze réwniez przebiegac¢ bezobjawowo (2, 5). W retrospektywnym badaniu dzieci
z ustalong chorobg u jedne;j trzeciej pacjentdw z nieprawidlowym obrazem SKB w MR
nie stwierdzono w wywiadzie bolu plecoOw ani sztywnosci porannej, a badanie kliniczne
byto prawidlowe (1). Na podstawie tych badan ustalono, ze dzieci z JSpA sg narazone na
ryzyko rozwoju sacroiliitis, za§ diagnoza oparta jedynie na badaniu klinicznym jest
zawodna 1 powinna by¢ wsparta badaniami obrazowymi.

U chorych dorostych ze SpA, zgodnie z kryteriami ASAS (The Assessment of
Spondyloarthritis international Society), zapalny bol plecow jest kryterium klinicznym
stosowanym w celu rozpoznawania sacroiliitis (6). Na badania obrazowe SKB, tj. zdjecia
RTG 1 MR, kierowani sg pacjenci z bolem plecow trwajacym co najmniej 3 miesigce,
ktory zmniejsza si¢ po wysitku fizycznym, ale nie po odpoczynku. Bol czesto pojawia si¢
w nocy 1 stabnie po wstaniu z t6zka, ma podstepny poczatek. Wystepuje tkliwosé

palpacyjna okolicy SKB.



W przypadku pacjentow wieku rozwojowego przez wiele lat nie opracowano
kryteriow diagnostycznych przeznaczonych dla tej grupy wiekowej, stad w praktyce
dzieci z sacroiliitis byly kierowane na badania na podstawie objawu zapalnego bélu
plecow wystepujacego u dorostych. Jednak u dzieci 1 mtodziezy zapalny bol plecow
wystepuje rzadziej niz u dorostych (7, 8), wrecz jest nieobecny na poczatku choroby
nawet u tych pacjentow, u ktérych we wczesnym stadium wykryto cechy sacroiliitis
w badaniu MR.

Kryteria rozpoznawania sacroiliitis w badaniu RTG 1 MR u dorostych zostaty
opracowane i zwalidowane kilkanascie lat temu. Ich wykorzystanie w diagnostyce
pacjentdw pediatrycznych, wedtug Spondyloarthritis Research Consortium of Canada,
jest mozliwe, jednak nie uwzgledniaja one zmian dojrzewania ko$¢ca zwigzanych
z wiekiem (9).

Z tego powodu w 2018 roku migedzynarodowa grupa ekspertow, w tym osrodek
wlasny, rozpoczeta wspdlprace naukowa, ktérej celem byly opracowanie, a nastgpnie
walidacja kryteriow rozpoznawania sacroiliitis przeznaczonych dla pacjentow
pediatrycznych z JSpA.

W ramach miedzynarodowego projektu grupa OMERACT (OQutcome Measures in
Rheumatology and Clinical Trials) opracowata definicje 1 kryteria rozpoznawania
w badaniu MR zmian tzw. zapalnych aktywnych 1 przewlektych. Nastgpnie opracowane
kryteria staly si¢ podstawa stworzonego przez grup¢ systemu oceny potilosciowej
zaawansowania choroby, tzw. JAMRIS-SIJ (10).

Celem pracy wlasnej bylto przedstawienie obrazu klinicznego 1 radiologicznego
JSpA, z uwzglednieniem radiograméw i1 badania MR. Kolejny cel stanowito omowienie
spektrum zmian zapalnych w badaniu MR stawoéw krzyzowo-biodrowych oraz zmian
przypadkowo stwierdzanych w trakcie tego badania w miednicy, w materiale
pochodzacym z 3 osrodkéw zagranicznych, w ramach migdzynarodowej wspotpracy.
Dodatkowo zaprezentowano wyniki wieloosrodkowego badania, z wtasnym udziatem,
ktérego celem byta walidacja skali JAMRIS-SIJ oceny sacroiliitis u dzieci i mtodziezy.

W dwoch pierwszych pracach pogladowych powstatych w ramach
miedzynarodowej wspdipracy omowiono klasyfikacje JSpA oraz metody diagnostyczne
wykorzystywane w diagnostyce JSpA, tj. USG, MR oraz RTG. Przedstawiono w nich

spektrum zmian zapalnych widocznych w badaniach obrazowych (tabele 11 2).



Podkreslono wiodacg role badania MR w porownaniu z RTG we wczesnej
diagnostyce sacroiliitis. Zwroécono uwage na nadrz¢dng role kryterium obrzgku szpiku
kostnego, ktory jest wymagany w celu postawienia rozpoznania sacroiliitis.

Ponadto MR wykazuje wyzszg czuto$¢ w ocenie zarowno zmian zapalnych,
jak 1 destrukcyjnych niz badanie fizykalne czy radiogramy.

Radiografia konwencjonalna odgrywa duza role w diagnostyce rdéznicowej,
w wykluczaniu nowotwordéw, urazéw lub specyficznych zapalen i nadal pozostaje
standardem w procesie diagnostycznym zmian zapalnych w SKB. We wczesnych
stadiach sacroiliitis radiogramy sg zazwyczaj negatywne lub przedstawiaja wczesne etapy
choroby w postaci zatarcia zarysow powierzchni stawowych. Jak wykazaty poréwnawcze
badania MR (11), specyfika budowy SKB w wieku rozwojowym odpowiada za wysoki
odsetek blednych rozpoznan saroiliitis w badaniu RTG (wyniki zaréwno fatszywie
ujemne, jak dodatnie).

W kolejnej publikacji, zatytulowanej Juvenile spondyloarthritis and chronic
recurrent multifocal osteomyelitis overlap syndromein a 16 y.o. adolescent. A case report
and literature review, omowiono rzadki przypadek zespotu naktadania mtodzienczej
spondyloartropatii 1 przewleklego nawracajgcego wieloogniskowego zapalenia kos$ci
1 szpiku (chronic recurrent multifocal osteomyelitis, CRMO) u 16-letniej dziewczynki
diagnozowanej w naszym o$rodku oraz trudnos$ci diagnostyczne zwigzane z
rozpoznaniem tej choroby. Przyktad ten ilustruje ztoZony proces rozpoznawania chorob
reumatycznych u pacjentow wieku rozwojowego, szczegéOlnie skomplikowany w
przypadku wspotistnienia kilku jednostek u jednego pacjenta. Scista wspotpraca
klinicystéw 1 radiologdéw jest w takich przypadkach konieczna, jednak nawet wowczas
nierzadko dochodzi do opdznien diagnostycznych — dzieje si¢ tak ze wzgledu na brak
jednoznacznych objawdw oraz specyficznych markeréow serologicznych, koniecznos¢
wykluczania kolejno innych artropatii i poszerzania diagnostyki o nastepne badania.
Skutkuje to wyjsciowo brakiem optymalnego leczenia, co prowadzi do progresji choroby.

Czwarta uwzgledniona w cyklu praca oryginalna pt. Common incidental findings
on sacroiliac joint MRI in children clinically suspected of juvenile spondyloarthritis
powstata w ramach miedzynarodowej wspotpracy pomiedzy osrodkami polskim (osrodek
wlasny), belgijskim (Szpital Uniwersytecki w Gandawie) 1 kanadyjskim (Szpital
Uniwersytetu Alberty).

W ramach retrospektywnego wieloosrodkowego badania stworzono repozytorium

badan pochodzacych z trzech osrodkoéw z lat 2012-2018. Zgromadzono 540 badanh MR



stawow krzyzowo-biodrowych dzieci z klinicznym podejrzeniem JS. Celem analizy byto
okreslenie spektrum zmian zapalnych w SKB oraz zmian przypadkowo rozpoznawanych
w miednicy w trakcie diagnostyki MR sacroiliitis.

W przeprowadzonym badaniu cechy sacroiliitis stwierdzono w MR u 106/540
(20%) dzieci. Co ciekawe, u dwukrotnie wickszej liczby chorych, tj. u 228 (42%)
pacjentow, badanie = MRI  wykazalo co najmniej jedng przypadkowsa
zmiang/nieprawidlowos$¢ inng niz sacroiliitis — tgcznie stwierdzono 271 nieprawidiowych
»zhalezisk”. Najczestsze zmiany wystepowaly w kregostupie lgdzwiowo-krzyzowym
(158 pacjentoéw, 29%) i w stawach biodrowych (43 pacjentéw, 8%). Najliczniejsze
przypadki obejmowaty: zmiany zwyrodnieniowe odcinka ledzwiowego kregostupa
(94 pacjentow, 17%), prosta (kostng) torbiel (15 pacjentdw, 2,8%), enthesitis
u 16 pacjentow (3%), niespecyficzny ogniskowy BME w lokalizacji pozastawowe;j
(nietypowy dla JSpA) u 10 pacjentéw (1,9%), torbiele jajnikéw u 7 pacjentek (1,3%),
BME w przebiegu CRMO u 4 pacjentow (0,7%), patologie migs$ni u 4 pacjentow (0,7%),
zmiany ogniskowe o charakterze fagodnym u 3 pacjentow (0,6%), przebyte ztamania u 3
pacjentow (0,6%), przebyte urazy awulsyjne kostnego wyrostka nasady u 2 pacjentow
(0,4%) oraz guzy ztosliwe u 2 pacjentow (0,4%).

Przeprowadzone badania wykazaty, ze u wielu pacjentéw diagnozowanych pod
katem sacroiliitis w badaniu MR wykrywane sg przypadkowo inne nieprawidlowosci,
ktérych czgsto$¢ przewyzsza liczbg rozpoznawanych przypadkow sacroiliitis, przy czym
wiele wymaga pilnej interwencji.

Cykl prac zamyka kolejna publikacja oryginalna podsumowujaca efekty
wieloletniej migdzynarodowej wspotpracy naszego osrodka, ktorej celem bylo
opracowanie kryteridw oceny sacroiliitis u dzieci i mtodziezy. Celem pracy zatytutowane;j
Determination of Relative Weightings for the Component Pathologies of the OMERACT
Juvenile Arthritis Magnetic Resonance Imaging Sacroiliac Joint Score byto dokonanie
walidacji skali JAMRIS-SIJ na materiale 14 badan MR stawéw krzyzowo-biodrowych,
ktore zostaty poddane wnikliwej analizie przez 17 migdzynarodowych ekspertow. Ocenie
podlegaly zmiany zapalne aktywne (zapalenie szpiku kostnego (osteitis) — BME,
zapalenie w nadzerce, wzmocnienie w szparze stawu, wysiek w stawie, zapalenie torebki
stawowej, zapalenie wi¢zadel) oraz przewlekle/destrukcyjne (sklerotyzacja, thuszczowa
przebudowa szpiku oraz metaplazja ttuszczowa w nadzerkach, nadzerki, ankyloza).
Ocena  polegata na  przyporzadkowaniu uwidocznionym zmianom  wag

(weights)/udziatéw, istotnych pod katem rozpoznania sacroiliitis.



Dwa najbardziej istotne pod katem diagnostyki sacroiliitis elementy obrazu
chorobowego w MR, tj. zapalenie szpiku kostnego (czyli osteitis, rozpoznawany
w badaniu MR po dozylnym podaniu $rodka kontrastujagcego) i BME uzyskaly
rownowazne warto$ci wag/udzialdw w opinii eksperckiej: osteitis (24,7%) 1 BME
(24,3%) Ich $rednie wagi procentowe byly wyzsze w poréwnaniu z uzyskanymi dla
pozostatych cech chorobowych, jak zapalenie w nadzerce (16,9%), wzmocnienie w jamie
stawu (13,1%), wysieck w jamie stawu (9,1%), zapalenie torebki (7,3%) i zapalenie
przyczepow (4,6%). Podobnie w domenie uszkodzen ankyloza (41,3%) 1nadzerka
(25,1%) wykazaly wyzsze $rednie wagi w poréwnaniu z metaplazja tluszczowa w
nadzerce (13,9%), sklerotyzacja (10,7%) i metaplazja thuszczowa szpiku kostnego (9,1%)
(tabela 1).

Przeprowadzone badanie potwierdzito przydatnos¢ skali JAMRIS-SIJ do
diagnostyki JS, okreslenia aktywnos$ci choroby i oceny skutecznos$ci leczenia.

Ponadto najwyzsza zgodno$¢ oceny eksperckiej 14 badan MR (winiet JAMRIS-
S1J) obliczona wedlug CAS (comjoint analysis survey — ankieta analizy wspdlnej)
uzyskano w przypadku najmniej 1 najbardziej zaawansowanego sacroiliitis, podczas gdy
dla mniej zaawansowanych przypadkéw ocena byta znacznie zroznicowana (rysunki 1A,
B).

Nasze badanie potwierdzito przydatnos¢ skali do oceny SKB.

Na podstawie powyzszych prac sformutowano nastepujace wnioski:

1. Mtlodziencze zapalenie stawdéw krzyzowo-biodrowych jest czestym problemem
klinicznym, niejednokrotnie o niespecyficznej symptomatologii, wymagajagcym
poszerzenia diagnostyki o badania obrazowe w celu uzyskania wczesnej diagnozy.

2. Badanie MR jest metoda o wyzszej czulo$ci niz badanie RTG w diagnostyce
1 monitorowaniu zmian zapalnych w stawach krzyzowo-biodrowych u dzieci
z klinicznym rozpoznaniem sacroiliitis.

3. Zmiany zapalne w SKB sg w badaniu MR stwierdzane u 20% dzieci 1 mlodziezy
z klinicznym rozpoznaniem sacroiliitis.

4. U istotnego odsetka dzieci (42%) z klinicznym podejrzeniem sacroiliitis w badaniu
MR wykrywane sa przypadkowe zmiany, ktorych czestos¢ przewyzsza liczbe
rozpoznawanych przypadkow sacroiliitis (20%) 1 w wielu przypadkach wymaga
interwencji.

5. Zaproponowana skala oceny zmian zapalnych SKB w MR (skala JAMRIS-SIJ),

uwzgledniajagca  kryteria  sacroiliitis, przeznaczona dla pacjentdéw  wieku
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rozwojowego, jest uzyteczna w diagnostyce sacroiliitis, w ocenie aktywno$ci choroby

1 moze by¢ wykorzystana do monitorowania skutecznosci leczenia.
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3. Streszczenie w jezyku angielskim

Juvenile sacroiliitis (JS) is a component of the clinical picture of juvenile
idiopathic arthritis (JIA), which is the most common inflammatory joint disease in
childhood (1).

According to the ILAR (International League of Associations for Rheumatology)
classification criteria, juvenile spondyloarthropathies, including JS, are included in three
subtypes of JIA: Enthesitis Related Arthritis (ERA), Psoriatic Arthritis (PsA), and
Undifferentiated Arthritis (UA). Recognizing features of spondyloarthropathy (SpA),
including sacroiliitis (SI) and/or spinal involvement (spondylitis), is crucial in the context
of treatment, as these conditions do not respond to first-line medications used for
peripheral arthritis, such as methotrexate (2).

Previous studies have shown that one-third of children with juvenile
spondyloarthropathy (Juvenile SpA — JSpA) develop sacroiliitis within a few years of
diagnosis (1, 3, 4). In one subsequent study, abnormal sacroiliac joint (SIJ) findings on
MRI were observed in up to 80% of patients with the ERA subtype who experienced back
pain within 0 to 68 months after diagnosis (4). Sacroiliitis in JSpA can also be
asymptomatic (2, 5). In a retrospective study of children with established disease, one-
third of patients with abnormal S1J findings on MRI reported no history of back pain or
morning stiftness, and their clinical examination was normal (1). Based on these studies,
it was concluded that children with JSpA are at risk of developing sacroiliitis, and
diagnosis based solely on clinical examination is unreliable and should be supported by
imaging studies.

In adult patients with SpA, according to the ASAS (The Assessment of
Spondyloarthritis International Society) criteria, inflammatory back pain is a clinical
criterion used to diagnose sacroiliitis (6). Imaging studies of the sacroiliac joints, such as
X-rays and MRI, are recommended for patients with back pain lasting at least 3 months,
which improves with physical activity but not with rest. The pain often occurs at night
and decreases after getting out of bed, having an insidious onset. There is also tenderness
upon palpation of the sacroiliac joint area.

For many years, no diagnostic criteria were developed specifically for the
pediatric population, which is why, in practice, children with sacroiliitis were referred for

testing based on the symptom of inflammatory back pain observed in adults. However,
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inflammatory back pain occurs less frequently in children and adolescents than in adults
(7, 8), and it may even be absent at the onset of the disease, even in those patients who
show early features of sacroiliitis on MRI.

The criteria for diagnosing sacroiliitis on X-ray and MRI in adults were developed
and validated over a decade ago. Their use in the diagnosis of pediatric patients, according
to the Spondyloarthritis Research Consortium of Canada, is possible; however, they do
not account for age-related skeletal maturation changes (9).

For this reason, in 2018, an international group of experts, including our own
center, initiated a scientific collaboration aimed at developing and subsequently
validating criteria for diagnosing sacroiliitis specifically tailored to pediatric patients with
JSpA.

As part of this international project, the OMERACT group (Outcome Measures in
Rheumatology and Clinical Trials) developed definitions and criteria for detecting active
inflammatory and chronic changes on MRI. These criteria then formed the basis for the
semi-quantitative disease assessment system created by the group, known as JAMRIS-
S1J (10).

The aim of this study was to present the clinical and radiological picture of JSpA,
including radiographs and MRI examinations. Another objective was to discuss the
spectrum of inflammatory changes observed on MRI of the sacroiliac joints, as well as
incidental findings in the pelvis during these examinations, based on material from three
foreign centers as part of an international collaboration. Additionally, the results of a
multicenter study, in which our center participated, are presented, focusing on the
validation of the JAMRIS-SIJ scale for assessing sacroiliitis in children and adolescents.

The first two review papers resulting from the international collaboration discuss
the classification of JSpA and the diagnostic methods used in JSpA diagnosis, including
ultrasound (US), MRI, and X-ray. They present the spectrum of inflammatory changes
visible in imaging studies (Tables 1 and 2). The leading role of MRI compared to X-ray
in the early diagnosis of sacroiliitis is emphasized. Particular attention is drawn to the
primary role of bone marrow edema, which is required to diagnose sacroiliitis.

Moreover, MRI demonstrates higher sensitivity in assessing both inflammatory
and destructive changes than physical examination or X-rays. Conventional radiography
plays a significant role in differential diagnosis, excluding tumors, injuries, or specific
inflammations, and it remains the standard in the diagnostic process for inflammatory

changes in the sacroiliac joints. In the early stages of sacroiliitis, radiographs are typically
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negative or show early signs of the disease, such as blurred joint surface outlines. As
shown by comparative MRI studies (11), the specific anatomy of the sacroiliac joints
during development accounts for the high rate of misdiagnosis of sacroiliitis on X-rays
(both false negatives and positives).

Another publication titled "Juvenile spondyloarthritis and CRMO overlap
syndrome in a 16-year-old adolescent" discusses a rare case of overlap syndrome
involving juvenile spondyloarthropathy and Chronic Recurrent Multifocal Osteomyelitis
(CRMO) in a 16-year-old girl diagnosed in our center, and the diagnostic challenges
associated with recognizing this disease. This case illustrates the complex process of
diagnosing rheumatic diseases in pediatric patients, particularly complicated when
multiple conditions coexist in a single patient. Close collaboration between clinicians and
radiologists is essential in such cases; however, even then, diagnostic delays are not
uncommon due to the absence of clear symptoms, specific serological markers, and the
need to sequentially exclude other arthropathies while expanding the diagnostic process
with further tests. As a result, there is an initial lack of optimal treatment, leading to
disease progression.

The fourth original study included in the cycle, titled "Common incidental
findings on sacroiliac joint MRI in children clinically suspected of juvenile
spondyloarthritis," was conducted as part of an international collaboration between Polish
(our center), Belgian (Ghent University Hospital), and Canadian (University of Alberta
Hospital) centers.

As part of a retrospective multicenter study, a repository of examinations from the
three centers was created, covering the years 2012-2018. A total of 540 MRI scans of the
sacroiliac joints of children with clinical suspicion of JS were collected. The aim of the
analysis was to determine the spectrum of inflammatory changes in the sacroiliac joints
and incidental findings in the pelvis during MRI diagnostics of sacroiliitis.

In the study, MRI features of sacroiliitis were identified in 106 out of 540 (20%)
children. Interestingly, in twice as many patients, i.e., 228 (42%), the MRI revealed at
least one incidental finding unrelated to sacroiliitis; a total of 271 abnormal findings were
noted. The most common abnormalities were found in the lumbosacral spine
(158 patients, 29%) and the hip joints (43 patients, 8%). The most frequent cases
included: degenerative changes in the lumbar spine (94 patients — 17%), simple (bone)
cysts (15 patients — 2.8%), enthesitis in 16 patients (3%), nonspecific focal BME in extra-

articular locations (atypical for JSpA) in 10 patients (1.9%), ovarian cysts in 7 female
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patients (1.3%), BME in the course of CRMO in 4 patients (0.7%), muscle pathologies in
4 patients (0.7%), benign focal lesions in 3 patients (0.6%), healed fractures in 3 patients
(0.6%), prior avulsion injuries of bony apophyses in 2 patients (0.4%), and malignant
tumors in 2 patients (0.4%).

The study showed that many patients being diagnosed for sacroiliitis have
incidental findings on MRI, which occur more frequently than diagnosed cases of
sacroiliitis, with many requiring urgent intervention.

The cycle of works concludes with another original publication summarizing the
outcomes of years of international collaboration at our center, aimed at developing criteria
for assessing sacroiliitis in children and adolescents. The goal of the study, titled
"Determination of Relative Weightings for the Component Pathologies of the OMERACT
Juvenile Arthritis Magnetic Resonance Imaging Sacroiliac Joint Score," was to validate
the JAMRIS-SIJ scale using data from 14 MRI scans of sacroiliac joints, which were
thoroughly analyzed by 17 international experts. The assessment focused on active
inflammatory changes (BME, osteitis, erosion-associated inflammation, joint space
enhancement, joint effusion, capsulitis, ligament inflammation) as well as
chronic/destructive changes (sclerosis, fatty marrow replacement, fat metaplasia in
erosions, erosions, ankylosis). The evaluation involved assigning weights to the identified
changes, reflecting their significance in the diagnosis of sacroiliitis.

The two most significant elements for diagnosing sacroiliitis on MRI—osteitis
(recognized in MRI after intravenous contrast administration) and bone marrow edema
(BME)—were assigned equivalent weightings by expert opinion: osteitis (24.7%) and
BME (24.3%). Their average percentage weightings were higher compared to those of
other disease features, such as erosion-associated inflammation (16.9%), joint space
enhancement (13.1%), joint effusion (9.1%), capsulitis (7.3%), and enthesitis (4.6%).
Similarly, in the damage domain, ankylosis (41.3%) and erosions (25.1%) had higher
average weightings compared to fat metaplasia in erosions (13.9%), sclerosis (10.7%),
and bone marrow fat metaplasia (9.1%) (Table 1).

The study confirmed the utility of the JAMRIS-SIJ scale for diagnosing JSpA,
assessing disease activity, and evaluating treatment effectiveness.

Moreover, the highest agreement in expert evaluation of the 14 MRI studies
(JAMRIS-SIJ vignettes), calculated using CAS (conjoint analysis survey), was observed
for the least and most advanced cases of sacroiliitis, while evaluations for less advanced

cases showed significantly more variability (Figure 1A, B).
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Our study confirmed the utility of the scale for assessing the sacroiliac joints.
Based on the above works, the following conclusions were drawn:
Juvenile sacroiliitis is a common clinical issue, often presenting with nonspecific
symptoms, requiring the extension of diagnostics with imaging studies to achieve an
early diagnosis.
MRI is a more sensitive method than X-ray in diagnosing and monitoring
inflammatory changes in the sacroiliac joints of children with a clinical diagnosis of
sacroiliitis.
Inflammatory changes in the sacroiliac joints are detected on MRI in 20% of children
and adolescents with a clinical diagnosis of sacroiliitis.
A significant proportion of children (42%) with a clinical suspicion of sacroiliitis have
incidental findings on MRI, which occur more frequently than diagnosed cases of
sacroiliitis (20%) and, in many cases, require intervention.
The proposed scale for assessing inflammatory changes in the sacroiliac joints on
MRI (JAMRIS-SIJ scale), which includes criteria for sacroiliitis tailored to pediatric
patients, is useful for diagnosing sacroiliitis, assessing disease activity, and can be

used to monitor treatment effectiveness.
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4. Wstep

Mtodziencze zapalenie stawoéw krzyzowo-biodrowych (juvenile sacroiliitis, JS)
jest elementem chorobowym tzw. mlodzienczych spondyloartropatii  (JSpA),
wystepujacych u dzieci do 16 r.z. 1 stanowigcych do 1/5 przypadkow spondyloartropatii
(SpA) (11).

Wedtug ILAR (International League of Associations for Rheumatology) JSpA nie
stanowig oddzielnej jednostki, ale zaliczane s3 do 3 podtypow mitodzienczego
idiopatycznego zapalenia stawow (MIZS), tj. zapalenia stawéw zwigzanego z entezopatia
(enthesitis-related arthritis, ERA), luszczycowego zapalenia stawow (psoriatic arthritis,
PsA) oraz niezroznicowanego zapalenia stawow (undifferentiated arthritis, UA).

Rozpoznanie cech SpA, tj. zapalenia stawdéw krzyzowo-biodrowych (sacroiliitis)
i/lub kregostupa (spondylitis) ma istotne znaczenie w konteks$cie leczenia, poniewaz
zmiany te nie reagujg na leki pierwszego rzutu stosowane w leczeniu zapalenia stawow
obwodowych, takie jak metotreksat (2).

Diagnostyka JS przez wiele lat pozostawata problematyczna z uwagi na brak
specyficznych kryteridow klinicznych 1 markeréw serologicznych, co prowadzilo do
postepu choroby i istotnych powiktan.

Zgodnie z kryteriami ASAS u chorych dorostych ze SpA podstawowym kryterium
klinicznym rozpoznawania sacroiliitis jest tzw. zapalny bol plecow. Jest on definiowany
jako bol okolicy stawdw krzyzowo-biodrowych (SKB) o podstepnym poczatku, trwajacy
co najmniej 3 miesigce, nieustepujacy po odpoczynku, zmniejszajacy si¢ po wysitku
fizycznym, cze¢sto pojawiajacy sie¢ w nocy 1 stabnacy po przebudzeniu (6).

Pacjenci dorosli z bolem o takim charakterze sg kierowaniu na badanie RTG
stawow krzyzowo-biodrowych z podejrzeniem sacroiliitis. Zgodnie z kryteriami ASAS
w przypadku negatywnego radiogramu albo sacroiliitis w RTG w stopniu 1 badz
jednostronnym stopniu 2 (zgodnie ze zmodyfikowanymi kryteriami nowojorskimi,
modNY) u oso6b dorostych wykonywane jest badanie MR SKB (6).

U dzieci 1 miodziezy z JSpA przez lata nie stworzono oddzielnego,
przeznaczonego dla populacji wieku rozwojowego kryterium diagnostycznego i w celu
kwalifikacji do badan obrazowych nadal stosowany jest zapalny bol krzyza, jak u oséb

dorostych.
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Nie dokonano takze wnikliwej analizy warto$ci diagnostycznej kryteriow
nowojorskich (NY) i modNY w badaniu RTG tej grupy wiekowej. Przez lata nie
stworzono kryteriow ropoznawania sacroiliitis w badaniu MR przeznaczonych dla
populacji wieku rozwojowego — mimo wprowadzenia i walidacji takowych dla chorych
dorostych.

Zmiany widoczne w badaniach RTG SKB u dzieci i mtodziezy sa takie same jak
u pacjentow dorostych.

W poczatkowym etapie zarysy stawOw sag nieostre, nastepnie, wraz z postgpem
choroby, obserwuje si¢ ptytkie nadzerki i podchrzestne obszary sklerotyczne, przestrzen
stawowa ulega nieregularnemu poszerzeniu, zaj¢ta przez coraz liczniejsze nadzerki.
W koncowym etapie choroby obserwuje si¢ segmentalne zwezenia przestrzeni stawowej
z tworzeniem mostkow kostnych. Ankyloza u dzieci jest stwierdzana bardzo rzadko.

Wsérod zmian zapalnych w badaniu MR o typie sacroiliitis wyrdznia si¢
tzw. zmiany aktywne i przewlekte (strukturalne). Do pierwszej grupy zaliczane s3: obrzek
szpiku kostnego (bone marrow edema, BME), wysick w jamie stawu, zapalenie w jamie
stawu, zapalenie torebki stawowej (caspulitis), zapalenie przyczepdéw wigzadel
(enthesitis). Do zmian przewlektych naleza: podchrzestna sklerotyzacja, nadzerki,
przebudowa thuszczowa w nadzerce (backfill), thuszczowa przebudowa szpiku kostnego,
mostki kostne, ankyloza.

W porownaniu z badaniem RTG MR cechuje wyzsza czulo$¢ w diagnozowaniu
sacroiliitis  (9-11). MR pozwala na rozpoznanie wczesnych zmian zapalnych
niewidocznych w RTG. Ostatnie prace poréwnujace obie modalnos$ci wykazujg ponadto,
ze w MR dobrze widoczne sg rowniez zmiany przewlekte (7), w zwiazku z czym istnieje
duze prawdopodobienstwo, ze w przysztosci MR zastapi takze w tym zakresie badanie
RTG.

W poréwnaniu z dorostymi JSpA sg trudne do rozpoznania. Po pierwsze, u dzieci
rzadko choroba zaczyna si¢ od zajecia SKB czy kregostupa i w poczatkowych latach
choroba zazwyczaj obejmuje stawy konczyn dolnych (12). Po drugie, spetnienie
kryterium zapalnego bolu krzyza u dzieci i mtodziezy jest problematyczne, gdyz w tej
grupie wiekowej pacjentow objaw ten rzadko wystepuje w poczatkowym okresie choroby
albo nie jest zglaszany przez dzieci (2, 5). Niektore publikacje wykazuja przydatnos¢ MR
w wykrywaniu poczatkowych etapoéw sacroiliitis, ktore sa bezobjawowe w badaniu
klinicznym i nie s3 widoczne w RTG (13). Ponadto radiogramy SKB u dzieci i mtodziezy

cechuje duza liczba btednych wynikow zawansowania sacroiliitis wg kryteriow NY. To
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powoduje, ze jedynym w petni warto§ciowym badaniem obrazowym SKB jest RM (5,
11, 14). Takie postgpowanie diagnostyczne ma olbrzymie znaczenie w rozpoznawaniu
zwlaszcza wczesnych zmian zapalnych SKB, gdyz bezposrednio przektada si¢ na
bezzwloczne wprowadzenie skutecznych form terapii, a tym samym poprawia prognoze.

W przeciwienstwie do powszechnie stosowanych w praktyce, zwalidowanych
kryteriow oceny MRI stawow krzyzowo-biodrowych u dorostych nie opracowano jednak
kryteriow oceny MR dla pacjentow wieku rozwojowego z sacroiliitis. W diagnostyce
obrazowej przez lata kierowano si¢ takimi samymi parametrami jak u chorych dorostych.
Wedtug Spondyloarthritis Research Consortium of Canada kryteria zmian aktywnych i
przewlektych sa mozliwe do wykorzystania w obrazowaniu dzieci i mlodziezy, ale nie
uwzgledniajg zmian w ko$¢cu zwigzanych z procesem jego dojrzewania (9, 10).

Z tego powodu w 2018 roku migedzynarodowa grupa ekspertow, w tym osrodek
wlasny, rozpoczeta wspdlprace naukowa, ktérej celem byly opracowanie, a nastgpnie
walidacja kryteriow rozpoznawania sacroiliitis przeznaczonych dla pacjentow
pediatrycznych z JSpA. W ramach miedzynarodowego projektu grupa OMERACT
(Outcome Measures in Rheumatology and Clinical Trials) opracowata definicje 1 kryteria
rozpoznawania w badaniu MR zmian zapalnych tzw. aktywnych 1 przewlektych.
Nastepnie opracowane kryteria staty si¢ podstawg stworzonego przez grupe systemu

oceny poétilosciowej zaawansowania choroby, tzw. JAMRIS-SIJ (10).
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5. Zalozenia i cel pracy

Zapalenie SKB w przebiegu JSpA pozostaje istotnym klinicznie problemem ze
wzgledu na pézne wystepowanie objawdw przedmiotowych, powigzane z tym problemy
diagnostyczne 1 opdznione rozpoznanie, a poprzez to pogorszenie prognozy stanu
zdrowia. Obecnie w wielu przypadkach, dzieki lekom modyfikujgcym przebieg choroby,
w tym lekom biologicznym, mozliwe jest znaczne spowolnienie choroby oraz
zmniejszenie ryzyka wystgpienia zmian destrukcyjnych i zaburzeh rozwojowych
(14, 15).

Wprowadzenie metod obrazowania SKB, zwlaszcza we wezesnym etapie choroby
badania MR, pozwala na wczesne rozpoznanie choroby i jej skuteczne monitorowanie.

Celem pracy wtasnej byto przedstawienie obrazu klinicznego i radiologicznego
JSpA, z uwzglednieniem radiogramoéw i1 badania MR. Kolejnym celem byto omdwienie
spektrum zmian zapalnych w badaniu MR stawow krzyzowo-biodrowych oraz zmian
przypadkowo stwierdzanych w trakcie tego badania w miednicy, w materiale
pochodzacym z 3 osrodkow zagranicznych, w ramach miedzynarodowej wspotpracy.
Dodatkowo zaprezentowano wyniki wieloosrodkowego badania, z wlasnym udziatem,

ktérego celem byta walidacja skali JAMRIS-SIJ oceny sacroiliitis u dzieci 1 mtodziezy.
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6. Material i metody

6.1. Material

Retrospektywnej analizie poddano wyniki badan MR 1 RTG stawoéw krzyzowo-
biodrowych wykonanych w latach 2013-2015 u pacjentéw Kliniki 1 Polikliniki
Reumatologii Wieku Rozwojowego Narodowego Instytutu Geriatrii, Reumatologii
1 Rehabilitacji w Warszawie.

180 badan MR z wyjsciowej liczby 217, ilustrujacych poszczegdlne typy zmian
zapalnych w MR o charakterze sacroiliitis, wiaczono do miedzynarodowego
repozytorium.

Lacznie zgromadzono w nim 540 badan MR stawdw krzyzowo-biodrowych
wykonanych w latach 2013-2018 u pacjentow w wieku 4-18 lat z klinicznym
podejrzeniem sacroiliitis, pochodzacych z trzech o$rodkéw: polskiego (Narodowy
Instytut Geriatrii, Reumatologii 1 Rehabilitacji w Warszawie), belgijskiego (Szpital
Uniwersytecki w Gandawie), Kanadyjskiego (Szpital Uniwersytetu Alberty).

Badanie zostato przeprowadzone zgodnie z deklaracja helsinska i zatwierdzone
przez lokalng komisj¢ bioetyczng (nr KBT-2/1/2018 z dn. 22.02.2018 r.)

Rodzice/opiekunowie prawni wszystkich pacjentow wyrazili §$wiadomg zgode na

udziat dziecka w badaniu.

6.2. Metody

Rezonans magnetyczny

Wszyscy pacjenci mieli oznaczone stezenie kreatyniny we krwi oraz wyliczony
wskaznik eGFR.

Badania MR wykonywano na aparacie o mocy 1,5 T (Avanto, Siemens Medical,
Erlangen, Niemcy). Stawy krzyzowo-biodrowe byly obrazowane za pomocag cewki
elastycznej na ciato (Siemens Medical, Erlangen, Niemcy).

Protokét MR SKB obejmowat projekcje:

— czolowa skos$na (wzdluz dilugiej osi kosci krzyzowej, rownolegle do tylnej
powierzchni trzonu kregu S2) w sekwencjach T1-zaleznej turbo spin echo (TSE);

— Tlz z saturacja tkanki ttuszczowej (fat sat, FS);
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— T2z z FS (short tau inversion recovery sequence, STIR);
— poprzeczng skosng w sekwencji PD (proton density) FS;
— strzatkowa w sekwencji T2z TSE.

Z osrodka belgijskiego uzyskano dodatkowo sekwencje czotowa skosng T1z FS
ze wzmocnieniem kontrastowym po dozylnym (IV) podaniu kontrastu z gadolinium —
DTPA (Gd) (T1/Gd) (Dotarem, 0,1 mmol/kg masy ciata).

Na uzyskanych obrazach ocenianie byty cechy obecnosci zmian zapalnych
aktywnych 1 przewlektych (tabela 1). Zgodnie z kryteriami ASAS wymaganym
warunkiem rozpoznania sacroiliitis jest stwierdzenie BME w typowej przystawowe;j
lokalizacji, w warstwie podchrzestnej kosci krzyzowej lub biodrowej (16,17). BME,
zgodnie z kryterium, musi by¢ widoczny albo na jednej warstwie w co najmniej dwoch
réznych kwadrantach stawowych, albo na co najmniej dwoch rownoleglych warstwach
w jednej lokalizacji (16, 17). Pozostate aktywne zmiany bez obecnosci BME nie

pozwalaja na postawienie rozpoznania sacroiliitis (16, 17).

Tabela 1. Aktywne i przewlekle zmiany zapalne w przebiegu zapalenia stawow
krzyzowo-biodrowych, stwierdzane w badaniu MR wedtug kryteriow ASAS

Aktywne zmiany zapalne Przewlekle zmiany zapalne
Obrzek szpiku kostnego Podchrzestna sklerotyzacja
Zapalenie w jamie stawu Nadzerki
Wysigk w jamie stawu Thuszczowa przebudowa szpiku kostnego
Zapalenie torebki stawowej Ttuszczowa przebudowa w nadzerce
Zapalenie przyczepu wigzadet (backfill)

Mostki kostne, ankyloza

Wyniki badania MR skorelowano z podstawowymi danymi klinicznymi, przede
wszystkim informacjami o ostatecznym rozpoznaniu, ktore przestawiono w publikacji nr
4 nalezacej do cyklu przedtozonych prac, zatytutowanej Common incidental findings on
sacroiliac joint MRI in children clinically suspected of juvenile spondyloarthritis.

W nastepnej publikacji zawartej w cyklu, pt. Determination of Relative
Weightings for the Component Pathologies of the OMERACT Juvenile Arthritis Magnetic
Resonance Imaging Sacroiliac Joint Score, badania wilasne zostalty wykorzystane do

kolejnej analizy przy wspotudziale innych 16 migdzynarodowych ekspertow.
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Jej cel stanowila walidacja systemu potilosciowej analizy zaawansowania zmian
o charakterze sacroiliitis w przebiegu JS — skali JAMRIS-SIJ (9), ktora powstata
z potrzeby standaryzacji interpretacji obrazow SKB w badaniach MR. W ramach tego
badania przeprowadzono adaptacyjng analize wielokryterialng (multicriteria decision
analysis, MCDA) za pomocg aplikacji internetowej 1000minds, aby okresli¢ wzgledne
wagi (weights) elementow w domenach zapalenia i uszkodzenia wg skali JAMRIS-SIJ.
Eksperci w dziedzinie obrazowania i reumatologii niezaleznie wypeknili ankiete analizy
wspolnej (conjoint analysis survey, CAS) w celu okre§lenia wartosci punktowej
kryteriow zapalnych zawartych w skali JAMRIS-SIJ. Kazde pytanie ankiety CAS
polegato na poréwnaniu dwoéch hipotetycznych profili pacjentow, ktore byly podobne,
z wyjatkiem dwoch elementow, 1 na wybraniu elementu wskazujacego bardziej
zaawansowane stadium zapalenia lub uszkodzenia (ryc. Al, A2 w publikacji).
Dodatkowo eksperci uszeregowali 14 winiet pacjentoéw JAMRIS-SIJ zawierajacych tylko

ocen¢ badz oceng wraz z obrazem, bez wiedzy odno$nie do wag pochodzacych z CAS.

RTG

Radiogramy wykonywane byly aparatem firmy Quantum. Kazdy pacjent miat
wykonane badanie miednicy w projekcji przod—tyt oraz odcinka ledzwiowego kregostupa
w projekcji bocznej. Do badania wymagane bylo przygotowanie: 48 godzin przed
badaniem — dieta ubogoresztkowa, 24 godzin przed badaniem — dieta ptynna: woda
niegazowana, przecedzony bulion, galaretki owocowe, staba herbata bez cukru oraz
przyjmowanie Espumisanu 3 razy dziennie po 2 kapsutki. W dniu badania nalezato
pozostac na czczo.

Podstawa oceny radiograméw byly kryteria NY z 1966 r. z uwzglednieniem
zmodyfikowanych kryteriow nowojorskich z 1984 r. modNY dla zesztywniajacego
zapalenia stawow kregostupa. Zapalenie stawow krzyzowo-biodrowych jest
rozpoznawane w przypadku uwidocznienia zmian zapalnych w stopniu co najmniej

drugim obustronnie lub trzecim jednostronnie (16).
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Tabela 2. Kryteria nowojorskie zapalenia stawow krzyzowo-biodrowych

Stopien 0 bez zmian (stawy krzyzowo-biodrowe prawidtowe)

Stopien 1 podejrzenie zmian (zatarte zarysy szpar stawowych)

Stopien 2 minimalne zmiany (pojedyncze nadzerki i przystawowa
sklerotyzacja)

Stopien 3 zaawansowane zmiany (wyrazna przystawowa sklerotyzacja,
liczne nadzerki z poszerzeniem szpary stawowej, pojedyncze
mostki kostne)

Stopien 4 catkowita ankyloza

Badania wlasne zostaly uzupelione trzema artykutami przegladowymi

opublikowanymi w recenzowanych czasopismach w ramach mi¢dzynarodowej

wspotpracy, dotyczacymi klasyfikacji klinicznych i1 diagnostyki obrazowej JSpA.
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7. Wyniki

Wyniki badan przedstawiono w cyklu prac opublikowanych w recenzowanych

czasopismach:

1. Imaging of Juvenile Spondyloarthritis. Part I: Classifications and Radiographs.
Sudot-Szopinska I, Gietka P, Znajdek M, Matuszewska G, Bogucevska M,
Damjanovska-Krstikj L, Ivanoski S.

J Ultrason. 2017 Sep;17(70):167—-175. doi: 10.15557/J0U.2017.0025. Epub 2017
Sep 29. PMID: 29075521; PMCID: PMC5647611.
Punktacja MNiSW: 10 pkt

2. Imaging of Juvenile Spondyloarthritis. Part II: Ultrasonography and Magnetic
Resonance Imaging.
Sudot-Szopinska I, Znajdek M, Gietka P, Vasilevska-Nikodinovska V, Patrovic L,
Salapura V.
J Ultrason. 2017 Sep;17(70):176—181. doi: 10.15557/JoU.2017.0026. Epub 2017
Sep 29. PMID: 29075522; PMCID: PMC5647612.
Punktacja MNiSW: 10 pkt

3. Juvenile spondyloarthritis and chronic recurrent multifocal
osteomyelitisoverlap syndrome in a 16 y.o. adolescent. A case report and
literature review.

Znajdek M, Gazda A, Gietka P, Wysmotek M, Sudot-Szopinska I.

J Ultrason. 2019;19(77):152—157. doi: 10.15557/J0U.2019.0022. Epub 2019 Jun 28.
PMID: 31355588; PMCID: PMC6750310.

Punktacja MNiSW: 20 pkt

4. Common incidental findings on sacroiliac joint MRI in children clinically
suspected of juvenile spondyloarthritis.
Schiettecatte E, Jaremko JL, Sudot-Szopinska I, Znajdek M, Mandegaran R,
Swami V, Jans L, Herregods N.
Eur J Radiol Open. 2020 Mar 4;7:100225. doi: 10.1016/.ejr0.2020.100225.
PMID: 32154331; PMCID: PMC7058907.
Punktacja MNiSW: 70 pkt
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5. Determination of Relative Weightings for the Component Pathologies of the
OMERACT Juvenile Arthritis Magnetic Resonance Imaging Sacroiliac Joint
Score.

Otobo TM, Tolend M, Meyers AB, Sudol-Szopinska I, Joshi S, Stimec J,

Herregods N, Jaremko JL, Tse SML, Haroon N, Moineddin R, Tzaribachev N,
Appenzeller S, Znajdek M, Perez M, Ligha AE, Jans L, Inarejos Clemente EJ,
Weiss P, Papakonstantinou O, Kirkhus E, van Rossum MAJ, Rumsey DG, Carrino J,
Akikusa JD, Conaghan PG, Doria AS. J Clin Med. 2023 Apr 6;12(7):2729.

doi: 10.3390/jcm12072729. PMID: 37048812; PMCID: PMC10095587.

Punktacja MNiSW: 140 pkt, IF 4,964

W pierwszej z cyklu publikacji wprowadzajacych w tematyke pracy,
zatytutowanej Imaging of Juvenile Spondyloarthritis. Part I: Classifications and
Radiographs, przedstawiono klasyfikpA oraz obraz radiograficzny JS.

JSpA stanowig ok. 10-20% przypadkéw (SpA). Wedlug ILAR naleza, jak
wspomniano powyzej, do obrazu klinicznego MIZS (1).

Kryterium rozpoznania JSpA jest obecno$¢ zapalenia stawow 1 przyczepoOw
sciggien albo zapalenia stawdw lub zapalenie przyczepow Scigegien oraz obecno$¢ co
najmniej dwoch ponizszych kryteriow. Sa to:

1. bolesnos¢ SKB lub zapalny bol krzyza;

2. obecnos¢ antygenu HLA-B27;

3. wywiad rodzinny wskazujacy na co najmniej jednego krewnego I lub II stopnia
z choroba zwigzang z obecnos$cig antygenu HLA-B27;

4. zapalenie przedniego odcinka blony naczyniowej oka;

5. wystapienie zapalenia stawdéw u chlopca po ukonczeniu 6. roku Zycia.

Ponadto warunkiem koniecznym do postawienia diagnozy jest wykluczenie
tuszczycy u chorego lub krewnego I lub II stopnia, a takze obecno$¢ uktadowego
zapalenia stawOw.

Najczestsze objawy JSpA to zapalenie przyczepow Sciggnistych oraz kliniczne
cechy zapalenia stawow typu oligo- i polyarthritis z przewaga zajecia stawow konczyn
dolnych (najczesciej staw kolanowy, biodrowy, skokowy, $rodstopno-paliczkowy

1 migdzypaliczkowy palucha) (12).
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U okoto 30-40% dzieci choroba postepuje, dochodzi do zajecia SKB, a u czgsci
takze do zajecia kregostupa, ktore — inaczej niz u dorostych — zazwyczaj nie sa objete
procesem zapalnym w poczatkowym etapie choroby (15-17).

Wspoélczesny proces diagnostyki obrazowej osiowych postaci SpA u oséb
dorostych opiera si¢ na radiografii konwencjonalnej i MR, zgodnie z kryteriami z ASAS
z 2009 roku, stosowanymi u pacjentow z tzw. przewlektym lub zapalnym bolem plecoéw
(krzyza) (9).

U pacjentow w wieku rozwojowym, podobnie jak u dorostych, wiarygodna
diagnoza sacroiliitis na podstawie zdjecia RTG jest mozliwa dopiero po kilku miesigcach
lub nawet latach od poczatku choroby. Wczesne etapy sacroiliitis nie sg widoczne na
radiogramach albo ich diagnoza jest obarczona duzym odsetkiem pomytek. Podobna
sytuacja dotyczy zmian zapalnych w kregostupie, ktore we wczesnym etapie nie sg
widoczne na radiogramach i1 zwykle rozwijaja si¢ po6zniej niz sacroiliitis (14). Mimo tych
ograniczen radiografia szkieletu osiowego i stawow obwodowych jest nadal w wielu
osrodkach podstawg diagnozy JSpA.

W badaniu radiograficznym w przypadku sacroiliitis:

— mogg by¢ zajete zardwno czgsci chrzestne, jak 1 czgs¢ wigzadtowa stawu;

— cze$¢ biodrowa SKB jest zajeta wczesniej, prawdopodobnie z powodu czynnikow
mechanicznych i anatomicznych;

— poczatkowo zarysy powierzchni stawowych sa nieostre (utrata linearnego brzegu
kosci korowej), nastepnie widoczne sg ptytkie nadzerki 1 podchrzgstne obszary
sklerotyczne;

— wraz ze zwigkszeniem liczby nadzerek powierzchnia kostna staje si¢ wyraznie
nier6wna, szpara stawowa ulega poszerzeniu;

— kolejnym etapem choroby jest odcinkowe zwezenie przestrzeni stawowej
z tworzeniem si¢ mostkow kostnych.

Ankyloza u dzieci wystepuje bardzo rzadko (gtéwnie u miodych dorostych).
Zazwyczaj rozpoznawany jest stopien 1, 2 lub 3 sacroiliitis wedlug kryteriow
nowojorskich (NY) (17, 18).

W drugiej publikacji wiaczonej do cyklu prac, pt. Imaging of Juvenile
Spondyloarthritis. Part II: Ultrasonography and Magnetic Resonance Imaging,

omoOwiono wykorzystanie ultrasonografii (USG) oraz badania MR w diagnostyce JS.

27



Badanie MR jest obecnie szeroko stosowang metoda w celu wczesnej diagnostyki
JS, cho¢, jak wspomniano wczesniej, dopiero w 2021 r. opracowano kryteria MR
rozpoznawania sacroiliitis u dzieci.

Zmiany widoczne w MR podzielono na tzw. aktywne i1 przewlekte (strukturalne)
(9). Zgodnie z JAMRIS-SIJ do zmian zapalnych tzw. aktywnych zaliczane sa:

— obrzek szpiku kostnego (bone marrow edema, BME);
— zapalenie w jamie stawu,
—  wysigk;
— zapalenie torebki stawowej (capsulitis);
— zapalenie przyczepow wiezadet (enthesitis).
Do zmian tzw. przewlektych naleza:
— podchrzgstna sklerotyzacja;
— nadzerki;
— metaplazja thuszczowa w nadzerce (backfill);
— thuszczowa przebudowa (metaplazja) szpiku kostnego;
— mostki kostne, ankyloza.

W pordéwnaniu z badaniem RTG badanie MR cechuje wyzsza czutos¢
w diagnozowaniu sacroiliitis (5, 11, 14). MR pozwala na rozpoznanie wczesnych zmian
zapalnych niewidocznych w RTG. Ostatnie prace poréwnujace obie modalno$ci
wykazuja ponadto, ze w MR dobrze widoczne sg zmiany przewlekte (6), w zwigzku
z czym istnieje duze prawdopodobienstwo, ze w przysztosci MR zastapi takze w tym
zakresie badanie RTG.

W artykule podkreslono ponadto istotng role badania USG w diagnostyce
zapalenia stawéw obwodowych i entez, ktore cechujg jSpA. Natomiast nie jest to metoda
pozwalajaca na diagnostyke sacroiliitis.

W kolejnej publikacji, Juvenile spondyloarthritis and chronic recurrent multifocal
osteomyelitisoverlap syndrome in a 16 y.o. adolescent. A case report and literature
review, omowiono rzadki przypadek zespotu naktadania mtodzienczej spondyloartropatii
1 przewlekltego nawracajacego wieloogniskowego zapalenia koS$ci i szpiku (chronic
recurrent multifocal osteomyelitis, CRMO) u 16-letniej dziewczynki diagnozowanej w
naszym o$rodku i trudnosci diagnostyczne zwigzane z rozpoznaniem tej choroby.

Przyklad ten ilustruje ztozony proces rozpoznawania chordéb reumatycznych
u pacjentéw wieku rozwojowego, szczegéOlnie skomplikowany w przypadku

wspolistnienia kilku jednostek u jednego pacjenta. Scista wspotpraca klinicystow
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i radiologdéw jest w takich przypadkach konieczna, jednak nawet wowczas nierzadko
dochodzi do opdznien diagnostycznych (w omawianym przypadku 4 lata) — dzieje si¢ tak
z uwagi na brak jednoznacznych objawow oraz specyficznych markeréw serologicznych,
konieczno$¢ wykluczania kolejno innych artropatii i poszerzania diagnostyki o kolejne
badania. Skutkuje to wyjsciowo brakiem optymalnego leczenia, co prowadzi do progresji
choroby. U naszej chorej rozpoznanie ustalono w badaniu MR na podstawie obecnosci
mnogich obszarow BME, ognisk litycznych oraz zmian sklerotycznych w
charakterystycznych dla obu jednostek chorobowych lokalizacjach, ktore korelowaty z
objawami klinicznymi: bdlami kostno-stawowymi oraz obrzekami. Ponadto badania
laboratoryjne wykazaly miernie podwyzszony poziom CRP oraz obecno$¢ antygenu
HLA-B27. W poczatkowym etapie choroby wykonywano badania RTG i MR, nastepnie
wyltacznie w MR, pod katem monitorowania skutecznos$ci leczenia i aktywnosci choroby.

Czwarta uwzgledniona w cyklu praca oryginalna, pt. Common incidental findings
on sacroiliac joint MRI in children clinically suspected of juvenile spondyloarthritis,
powstata w ramach miedzynarodowej wspotpracy pomig¢dzy osrodkami polskim (o$rodek
wlasny), belgijskim (Szpital Uniwersytecki w Gandawie) ikanadyjskim (Szpital
Uniwersytetu Alberty).

W ramach retrospektywnego wieloosrodkowego badania stworzono repozytorium
badan pochodzacych z trzech o$rodkéw z lat 2012-2018. Zgromadzono w nim 540 badan
MR stawow krzyzowo-biodrowych dzieci z klinicznym podejrzeniem JS, po 180 badan
z kazdego osrodka. Material obejmowat 267 (51%) badan MR SKB chlopcow i 264
(49%) badania dziewczynek, ze srednig wieku, odpowiednio, 14,8 roku oraz 14,4 roku
(zakres 0,9-23,1). W o$rodku belgijskim (BEL) mediana wieku pacjentow wynosita 13,5
roku, $rednia wieku 13,4 roku, zakres 4,3-23. Mediana wieku pacjentow z osrodka w
Kanadzie (CAN) wynosita 15,5 roku, §rednia wieku 14,8 roku, zakres 0,9-20,6. W grupie
pacjentow wilasnych (POL) mediana wieku pacjentow wynosita 15,3 roku, srednia wieku
14,8 roku, zakres 4,8—18.4.

Celem analizy bylo okreslenie spektrum zmian zapalnych w SKB oraz zmian
przypadkowo rozpoznawanych w miednicy w trakcie diagnostyki MR sacroiliitis.

W przeprowadzonym badaniu cechy sacroiliitis stwierdzono w MR u 106/540
(20%) dzieci. Co ciekawe, u dwukrotnie wigkszej liczby chorych, tj. u 228 (42%)
pacjentow, badanie = MRI  wykazalo co najmniej jedng przypadkowa
zmiang/nieprawidlowos$¢ inng niz sacroiliitis. L.acznie stwierdzono 271 nieprawidtowych

»znalezisk”. Najczestsze zmiany wystepowaly w kregostupie ledzwiowo-krzyzowym
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(158 pacjentdéw, 29%) i w stawach biodrowych (43 pacjentow, 8%). Najliczniejsze
przypadki obejmowaty: zmiany zwyrodnieniowe odcinka ledzwiowego kregostupa (94
pacjentow, 17%), prosta (kostna) torbiel (15 pacjentdw, 2,8%), enthesitis u 16 pacjentow
(3%), niespecyticzny ogniskowy BME w lokalizacji pozastawowej (nietypowy dla JSpA)
u 10 pacjentow (1,9%), torbiele jajnikow u 7 pacjentek (1,3%), BME w przebiegu CRMO
u 4 pacjentéw (0,7%), patologie migsni u 4 pacjentow (0,7%), zmiany ogniskowe o
charakterze tagodnym u 3 pacjentow (0,6%), przebyte ztamania u 3 pacjentow (0,6%),
przebyte urazy awulsyjne kostnego wyrostka nasady u 2 pacjentow (0,4%) oraz guzy
ztosliwe u 2 pacjentéw (0,4%). Co istotne, u 7,5% pacjentéw stwierdzono w MR
zapalenie stawu biodrowego i entezopatie, co u pacjentdw z podejrzenie JSpA moze by¢
Scisle powigzane z choroba podstawowa, zwlaszcza ze JS czg$ciej przebiega z objawami
zapalenia stawow obwodowych 1 entezopatii, podczas gdy sacroiliitis i spondylitis z
reguly rozwijajg si¢ w okresie pozniejszym (11, 12, 16, 17).

Przeprowadzone badanie wykazato, ze u wielu pacjentow diagnozowanych pod
katem sacroiliitis w badaniu MR wykrywane s3a przypadkowo inne nieprawidtowosci,
ktorych czgsto$¢ przewyzsza liczbg rozpoznawanych przypadkow sacroiliitis, przy czym
wiele wymaga pilnej interwencji.

Ostatnig w cyklu zgloszonych prac jest publikacja oryginalna podsumowujaca
efekty wieloletniej migdzynarodowej wspolpracy naszego osrodka, ktorej celem byto
opracowanie kryteribw oceny sacroiliitis u dzieci i mlodziezy (10). Celem pracy
zatytutowanej Determination of Relative Weightings for the Component Pathologies of
the OMERACT Juvenile Arthritis Magnetic Resonance Imaging Sacroiliac Joint Score
byto dokonanie walidacji skali JAMRIS-SIJ na materiale 14 badan MR stawow
krzyzowo-biodrowych,  ktére  zostaly poddane  wnikliwej analizie przez
17 migdzynarodowych ekspertéw. Ocenie podlegaty zmiany zapalne aktywne (zapalenie
szpiku kostnego (osteitis), BME, zapalenie w nadzerce, wzmocnienie w szparze stawu,
wysiek w stawie, =zapalenie torebki stawowej, zapalenie wi¢zadel) oraz
przewlekte/destrukcyjne (sklerotyzacja, tluszczowa przebudowa szpiku, metaplazja
thuszczowa w nadzerkach, nadzerki, ankyloza). Ocena polegata na przyporzadkowaniu
uwidocznionym zmianom wag(weights)/udzialow, istotnych pod katem rozpoznania
sacroiliitis.

Dwa najbardziej istotne pod wzgledem diagnostyki sacroiliitis elementy obrazu
chorobowego w MR, tj. zapalenie szpiku kostnego (tzn. osteitis, rozpoznawany

w badaniu MR po dozylnym podaniu $rodka kontrastujacego) i BME uzyskaly
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rownowazne warto$ci wag w opinii eksperckiej: osteitis (24,7%) 1 BME (24,3%).
Ich $rednie wagi procentowe byly wyzsze w porownaniu z uzyskanymi dla pozostatych
cech chorobowych, jak zapalenie w nadzerce (16,9%), wzmocnienie w jamie stawu
(13,1%), wysiek w jamie stawu (9,1%), zapalenie torebki (7,3%) 1 zapalenie przyczepow
(4,6%). Podobnie w domenie uszkodzen ankyloza (41,3%) i nadzerka (25,1%) wykazaty
wyzsze $rednie wagi w poréwnaniu z metaplazja tluszczowa w nadzerce (13,9%),
sklerotyzacja (10,7%) 1 metaplazja ttuszczowa szpiku kostnego (9,1%) (tabela 1).
Podczas gdy ankyloza jest zaawansowanym, nieodwracalnym powiklaniem
zapalenia, BME 1 nadzerka zostaly uznane za preferowane elementy obrazu
chorobowego, ktore nalezy monitorowa¢ w MR, oceniajac skutecznos¢ leczenia JSpA.
Obecnos¢ BME jest wskaznikiem aktywnos$ci choroby, dowodem umozliwiajagcym
rozpoczecie terapii. Nadzerka z kolei zostala uznana za negatywny czynnik
prognostyczny, ktory wymaga stosowania bardziej agresywnej terapii w JSpA, takiej jak
biologiczne $rodki lecznicze (19).
Ponadto wspolczynnik korelacji Spearmana dla kolejnosci winiet wazonych CAS
1 niewazonych ocen JAMRIS-SIJ dla wszystkich ekspertoéw wynidst 0,79 dla domeny
aktywnego zapalenia 1 0,80 dla uszkodzen. Korelacje migdzy winietami obrazow
ekspertoéw w dziedzinie obrazowania a wynikami CAS wynosity 0,75 dla zapalenia i 0,90
dla uszkodzen. Analiza wielokryterialna zidentyfikowala roznice we wzglednych wagach
migdzy elementami pomiarowymi JAMRIS-SIJ. Najwyzsza zgodno$¢ oceny eksperckiej
14 badan MR (winiet JAMRIS-SIJ), obliczong wedlug CAS, uzyskano w przypadku
najmniej 1 najbardziej zaawansowanego sacroiliitis, podczas gdy dla mniej
zaawansowanych przypadkéw ocena byta znacznie zréznicowania (ryc. 1A, B).
Uzyskane réznice wag elementéw pomiarowych w JAMRIS-SIJ byty podobne
jak w przypadku systemu oceny MRI stawow skroniowo-zuchwowych w MIZS (20).
Przeprowadzone badanie udowodnito przydatnosc¢ skali JAMRIS-SIJ, tym samym
badania MR do diagnostyki JS, okreslania aktywnosci choroby i oceny skuteczno$ci
leczenia (21). Badanie potwierdzito, ze w celu obiektywnej oceny aktywnos$ci JS i
monitorowania skuteczno$ci terapii mozna wykorzysta¢ wieloskladnikowy wynik
JAMRIS-SIJ bez wazenia kazdego sktadnika. Jednak pozadane jest rowniez
wygenerowanie pojedynczego ztozonego wyniku jako biomarkera. Takie podejscie, tj.
wazenie, czyli przyporzadkowanie wartosci punktowych poszczegdlnych elementow
pomiarowych pod wzgledem ich znaczenia klinicznego, wplywa na optymalizacje

ostatecznego wyniku, ktory uwzglednia czutos¢ 1 specyficzno$¢ poszczegdlnych zmian
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w kontekscie diagnostyki JS, poprawiajac trafno$¢ konstrukcyjng ztozonego wyniku
domeny poprzez zwigkszenie wazenia zmian, ktdre sg bardziej specyficzne i/lub czute na

JIA.
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8. Whnioski

1. Mlodziencze zapalenie stawdéw krzyzowo-biodrowych jest czestym problemem
klinicznym, niejednokrotnie o niespecyficznej symptomatologii, wymagajacym

poszerzenia diagnostyki o badania obrazowe w celu uzyskania wczesnej diagnozy.

2. Badanie MR jest metoda o wyzszej czulo$ci niz badanie RTG w diagnostyce
i monitorowaniu zmian zapalnych w stawach krzyzowo-biodrowych u dzieci

z klinicznym rozpoznaniem sacroiliitis.

3. Zmiany zapalne w SKB s3 w badaniu MR stwierdzane u 20% dzieci 1 mtodziezy

z klinicznym rozpoznaniem sacroiliitis.

4. U istotnego odsetka dzieci (42%) z klinicznym podejrzeniem sacroiliitis w badaniu
MR wykrywane sg przypadkowe zmiany, ktorych czgsto$¢ przewyzsza liczbe
rozpoznawanych przypadkow sacroiliitis (20%) 1 w wielu przypadkach wymaga

interwencji.

5. Zaproponowana skala oceny zmian zapalnych SKB w MR (skala JAMRIS-SIJ),
uwzgledniajagca  kryteria sacroiliitis, przeznaczona dla pacjentow wieku
rozwojowego, jest uzyteczna w diagnostyce sacroiliitis, w ocenie aktywnos$ci choroby

1 moze by¢ wykorzystana do monitorowania skutecznosci leczenia.

33



9. Przedstawienie opublikowanych prac

1. Imaging of Juvenile Spondyloarthritis. Part I:
Classifications and Radiographs.
Sudot-Szopinska I, Gietka P, Znajdek M, Matuszewska G,
Bogucevska M, Damjanovska-Krstikj L, Ivanoski S.
J Ultrason. 2017 Sep;17(70):167-175.
doi: 10.15557/JoU.2017.0025. Epub 2017 Sep 29.
PMID: 29075521; PMCID: PMC5647611.
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are conducted to diagnose inflammatory lesions in peripheral joints, tendon sheaths, ten-
dons and bursae. Moreover, magnetic resonance imaging alvo visualizes early inflanuma-
tory changes in the axial skeleton and subchondral bone marrow edema, which is consid-
B cred an carly sign of inflammation,
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Introduction

Juvenile-onset spondyloarthropathies (1SpAs) account for 15~
20% of all forms of arthritis occcwrring in the developmental
ape'". They belong to rheumatic diseases with first svimptoms,
in the form of peripheral arthritis and enthesitis of non-sym-
wetrical localization as well an axial skeleton inflammation,
appearing prior to the age of 16, Apart from musculoskeletal
symptoms, the disease may also affect the eves, bowels, skin as
well as (although very rarely) heart and lungs',

The etiopathogenesis of JSpA has not been fully explained.
The development of the disease depends on genetic and
infections lactors. The presence of HLA-B27 antigen, with
its most common- subtype HLA-B27°05, is characteristic
of ISpA™. The [gM rheumataid Lactor (IgM-RF) and anit-
nuclear antibodies (ANA) are not detected fn the serum'™,
TNFa cyvtokine is said to play an important role in the etio.
pathogenesis. [t takes part in neutrophil and lymphocyte
activation and upregulation of adhesion molecules, stimu-
lates production of other proinflammatory cytokines and
promotes the production of matrix metalloproteinases. All
these effects have an impact on bone and cartilage resorp-
tion'™. As in adults, increased intestinal permeability is un-
derlined also in JSpA. It enables transition of enterobacte-
rial antigens that induce arthritis'. In the initial phase of
the disease, inflammatory infiltrates and vascular changes
prevail in the synoviom. Later, extensive fibrosis of the
Joint capsule is observed. The changes within the sacrolliae
jolnts, i.e. inflammatory infiltrates in the subchondral bone
tissue, synovitis with subsequent destructive lesions (ero.
siony) of the articular surfaces or syndesmosis inflamma-
tlon, are identical to those observed in spondvioarthropa-
thies in adult patients. The inflammatory reaction may be
observed in only one sacroiliac joint, particularly in the
initial stage of the disease, and only later in the other. In-
flammation can also involve joints of the spine,

Clinical classifications

Juvenile spendyloarthropathies can be divided into undif-
ferentinted and differentiated forms (Tab. 1),

In many patients®’. By contrast with adults with spandylo.
arthropathics™ ", the disease in children rarely starts with
invelvement of the sacroiliac joints or spine. Moreover,
children rarely meet the modified New York criteria (for
radiographs), used in diagnosing SpA In adults™.

Currently, there are several classifications and diagnostic
criteria for JSpA, including those used in adult patients
and validated for children (Amor, ESSG, ASAS criteria for
periphetal spondyloarthropathy) as well as critetia pre-
pared specifically for JSpA (SEA, Garmisch-Partenkirch-
en, ILAR

According 1o TLAR (International League of Assoclations
for Rheumatology), JSpAs are classificd as one of TIA enti-
ties, called ERA (enthesitis-related arthritis) (Tab. 2), How-
ever, this definition excludes cases of reactive arthritis, en-
teropathy-related arthritis, juvenile ankylosing spodylitis
and juvenile psoriatic arthritis!! =%,

JIA category

Systamic arthritls

OQligoarthritls (persistent o extended]
Polyartheitts (RF negative)
Polyarthritls (RF positave)

Psorlatic arthitis
Emthesitis-related antheits [ERA)
Undifferentiated arthritls

Tob. 2, [nternational Leagie of A for Ry logy
(HLAR) classification of mvenile idiopativie arthrins

“lplwirlw]r]=

According to the ESSG (European Spondyloarthropathy
Study Group), JSpAs are a separate group of discases, di-
vided into entities as in adult paticnts. In the initial stage
of the disease, most of JSpA cases are classified as undiffer-
entiated, so-called seronegative enthesopathy and arthri-
tis syndrome (SEA). Differentiated forms encompass four
entities (Tub. 3), A classification criterion is, according to
ESSG, the presenve of so<called inflammatory back pain
(an in adults) (Tab, 4), but identification of this symptom in
children is frequently problematic’! =",

Unditferantiated forms
e | e e
P mr— forms of ISpA is specified, as shown in Tab. 3.

1. | Juvende ankylosing spondylitis UAS) Undifferentiated forms

2. | Psariatic arthritis (PsAl 1. | Seronegative snthesopathy and arthetis syndrome {SEA}

3 | Reactive artheitia (ReA) Difforentiated forms

4. | Arthritis associated with inflamenatory bowed diseases (BD) L | Jventie spondylitts LIAS)
Tab. 1. Classification of usveile spondvioartfropathies™ 2 IR heitis (h by Inchuding Retiars )
ISpAs are difficult to disgnose and differentiate particular. | | Adhitis assocsted with inf y bowel Siseeies 110}
Iy from juvenile idiopathic arthritis (JIA), Apart from un- | 4 | Juvenile psodatic arthritis (PsA)**

differentiated forms (seronegative ones - absence of rheu-
matoid factor), which are sometimes initially included in
the group of JIA, the symptoms of JSpAs develop gradually

Tub. 3, Juvenile spoedvioarthropatios divided inte differentiated and
usdifferentinted forms avconting o ESSG
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sacral pain or asymmetrical synovitis in the lower
extremities plus at least one of the follawing:
1. | Positive family history
1 | Psordash
i | inflammatory bowel disease
a Urethritis, cervicitis or acute diarrhes occurring within ons
month befoes anet of arthritis
5. | Pain alternating between the right and left buttock
6 | Emthesopathy*
% Sacrolinis**
Exceptions: none

* Enthesopathy — past of present pan in an enthesis on physical exami-
nation

** Sacrolliitls that meets so-called modified New York critesia™ =1
Tab, 4. ESSG eriteria for the elasxification of spondyloartivopathie

Seroncgative enthesopathy and arthritis syndrome (SEA)
was first described in 1982 by Jacobs et al, who found
signs of enthesitis in 75% of children with positive HLA-
B27 in the sernm'" ', Other authors demonstrated that this
syndrome can reflect initial pauciarticular (oligoarticular)
form of reactive arthritis or the onset of childhood arthrop-
athios associated with HLA-B27 antigen. Moreover, Bur-
gos-Vargas et al.''", reported that 75% of children with an
initinl diagnosis of SEA developed JAS within 5 years. The
dingnosis of SEA in the articles guoted above was based
on a clinfeal examination. At present, such data must be
verified in imagiog, Le. by ultraspnography (US) and mag-
netic resonance imaging (MRD), Coates et al ™ admitted
that clinical assessment of enthesitis (edema and pain at
the site of an enthesis subsiding upon mobilization) does
not display o sufficient correlation with a US and MR im-
age. Our own observations and prospective studies based
on the ealcaneal niberosity in adults™ did not confirm that
US features visible in patients with clinically suspected en-
thesitis of the Achilles tendon and plantar fascia enable
confirmation of the clinical diagnosis of enthesitis. We did
not find any signs of increased vascularization of the en-
theses, Tnntead there were scars at various levels of orga-
nization, deluminated tears, shallow irregularities or ero-
sions and cysts in the bony component of the entheses. In
adults, they are usually a sign of chronic microinjuries and
degeneration. The spectrum of changes in children has not
been published thus far

Moreover, statistical data on the number of children with
a changed diagnosis in the conrse of the disease are not
known either'™. According to some reporty, the verification
of the diagnosis from JIA 10 JSpA takes place in 0-4% 10
oven 36% of patients with chronic peripheral arthritis® "
This results from the fact that most patients with JSpA ini-
tially suffer from periphecal arthritis, which is impossible
to distinguish from JIAY. Such an inflammation is per-
sistent and non-destructive (persisterts nor-destriective)™,
According 1o Rosenbery and Petty's hypothesis concern-
ing enthesopathic arthropathy, ERA (i.e. ISpA according
1o ILAR) and enthesitis in particular, may be a prodiomal

manifestation of seronegative spondyloarthropathies ™.
Thin hypothesis is not confirmed by all reports: according
1o vavious authors™, JSpA (or more precisely JAS) was di-
agnosed in 9% 1w 92% of cases within 5 years in patients
with enthesitis at the onset of the disease.

Factors of poor prognosis

The predictors of TSpA progression are; involvement of
the tarsal joints, presence of HLA-B27 antigen, absence
of HLA-DPB1'02, involvement of the hip joint in the fyst
6 months of the discase and the onset after the age of 87,
Flato et al. analyzed data of children vegistered during the
firat visit and their records after 10 vears from the onset.
They demonstrated that risk factors of progression and
disability were persistently active discase und polyvartiou-
lar course 5 years after the first visit (p<0.050*. The pre-
dictors of erosions (articular destruction) were: elevated
erythrocyte sedimentation vate (ESR) persisting for a long
time, delayed decision 1o see a doctor and delayed treat.
ment with socalled  disease-modifying  antivheumatic
drugs (DMARD=Y". The analvsis revealed that early diag-
nosks and treatent are significant in discase preventing
progression and its complications™.

Difficulties in carly diagnosis

As has been mentioned above, an carly diagnosis of JSpA
is difficult and frequently delayed by several years (average
8.3 vears) due to a different picture in the initial stage of the
discase than in ankylosing spondylitis (AS) in adults' e,
In children, peripheral joints are usually involved whereas
axial skeletan nvolvement prevails in adults™ ™. Sacroi-
liitis and spodylitis can be observed in children usually
510 years after the onset™ . Typically, joints of the lower
extremities are involved. Changes in the upper limbs are
rarely observed; in such cases, humeral joint is usually in-
Named, and slight joints of the hand are spared™.

Tarsitis, diagnosed in 1/3 of patients at the initial stage of
the discase, is a unique sign of JISpA™. Moreover, enthesi-
tis, whicli is identified in a clinical examination in 60-805%
of paticnts'", is typical of JSpA. According to clinical data,
inflammation usually involves the patellar ligament, Achil-
lex tendon and plantar fascia

BurgosVargas et al'* compared the clinical picture of
JAS (onset <16 years of age) and AS (onset in adulthood).
The involvement of peripheral joints was observed in near-
Iy 90% of children and in merely 37,54 of adults with AS.
Enthesopathies wese present in ¥/, of children and only in
'/, of adults. The tarsal joints and feet were involved signifi-
cantly more frequently in children. All children developed
peripheral arthropathies ss the disease progressed, and
78.7% developed enthesopathies. 1t adults, the respective
valves were: 53% and 47.5%,

Another cause of diagnostic pitfalls is a similar clinical pic-
ture of JSpA and JIA, In both cases, there are features of

JUltrason 2017; 17: 167175
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Imaging of venlle spondyloarthrifis. Part | Classdicoions ond rodiographs

As in adult patients with SpA, carly stages of sacroili-
itis are localized in the subchondral bone tissue, which
is visible only on MRL. According o the ASAS criteria,
MRI is conducted in adults if radiography is negative,
grade | sacroihitis s diagnosed or grade 2 is identified
unilaterally™. There are no such critevia for children
and adolescents with SpA. By contrast with adults with
spondvloarthropathics, single existing reports concern-
ing patients with ISpA indicate low specificity ol inflam-
matory back pain. Moreover, there are no critical pa-
pers on the diagnostic value of radiography of the sac-
roiliac joins or publications confirming the wefulness
of MR,

Sull, radiography of the axial skeleton and peripheral
joints is the basis for JSpA diagnosis in children, In pe-
ripheral spondyloarthropathies, pediatricians base their
assessment on a clinical examination of joints and en-
theses for arthritis and enthesitis. There are no eriteria
or standards that wounld include US or MRI in disgnos-
tic schemes of carly inflammatory changes: such criteria
are already in use with respect to adult patients' 1070,

Below, we present radiographic pictures of individual enti-
ties belonging 1o the group of juyenile spondyioarthropa-
thies, according 10 the ESSG classification ™", Subsequent-
ly, in the second part of that paper, we will discuss the
uselulness of US and MRI in the diagnosis of early inflam-
matory changes in the conrse of JSpA.

Plain radiography

Juvenile ankylosing spondylitis (JAS)

Juvenile ankylosing spondylitis (JAS) usually beging with
acute, subacute or primarily chronic (nflammation in
a single joint, typically in the lower extremity (knoe, ankle
or hip joint), Also, inflammation of the first metatarsopha-
langeal joint and the first inerphalangeal joint is tvpical
of the initial stage of the disease. One or bath sternocla-
vicular articulations can be involved. In merely 10-209
of cases, the disease begins with Inflammatory back pain,

Radiographic changes we observed in a late stage of the
disease when cartilaginous and bony components of pe-
ripheral joints or joints of the axial skeleton are already
being destroyed. In the axial skeleton, one can observe fea-
tures of sacroiliitis, which can initially be unilateral. By
contrast with AS in adults, children do not usually develop
complete ankviosis of the sacroiliac joints (grade 1V of sac-
roiliitin) or the spine. Squaring of the vertebral bodies and
syndesmophyte formation are rare. Destructive changes in
the body-disk-body camplex (spandylodiscitis) are sporad-
ic, and the cervical spine involvement is exceptionally rare.

Peripheral joints (Fig, 1)

o Usually, lower extremity joints are involved, such as:
knee, hip, ankle, the first toe; sometimes joints of the
upper estremitios,

* Changes are usually unilateral,

* Osteoporosis or cysts are visible,

* Erosions are identified extremely rarely; destruction is
not extensive.

Entheses (Fig. 2);

Enthesopathic lestons of tendons, aponcuroses and cap-
suloligamentous complexes are visible as ossifications of
various shapes (band-like, linear, cloud-like) and erosions
in the boany component of an enthesis. Typical lesions are
seen in the entheses of the calcancal twberosity.

Sacroiliac joints (S1T4) (Fig. 3)

* Both the cartilaginous (symphysis and synchondrosis
types) and syndesmotic parts of the joint can be lo-
valved,

* The iliac part of the SUs becomes involved earlier, prob-
ably due to mechanical and anatomic factors.

* Tnitially, articular marging are blurved (loss of the linear
margin of the cortical bone); there are shallow erosions
and arcas of subchondral sclerosis.

* With increasing number of eroslons, the bone sur-
face becomes markedly serrated and the joint space
unevenly dilated, Subsequently, segmental narrow-
ing of the joint space with bony bridge formation is
observed. Ankylosis in children is very rare (mainly
in young adults). Usually, grade 1, 11 or 11 of sac-
roiliitis (according to the New York Criteria) is di-
agnosed'™,

Spine (Fig. 4%

* Lesions in the cervical spine, in the form of vertebral
body destruction with subsequent psseous regenerution
in the later stage of the discase, may also appear and be
the only change within the spine.

* Squaring of the vertebral bodies and syndesmophyte
formation are very rare and can develop many years af-
ter the onset.

* Sporadically, other lesions, typical of adult AS, may
develop: ankylosis of sacroiliac and lumbasacral liga-
ments, ankvlosis of the costovertebral articulations and
intervertebral joints, spondylodiscitis and lesions in the
atlantoaxial joint.

¢ Lestons typical of adult patients with AS, such as anky.
losis on several lovels of the spine and the formation of
a “bamboo spine” do not develop,

Moreover, the clinical picture locludes eve inflammation,
sometimes being the first sign of JAS,

Juvenile psoriatic arthritis (JPsA)

The radiographic image in children is not different from
that in adults. However, sacroiliitis and spondylitis arc
not as common in children. Mareover, the full spectrum
of radiographic lesions typical of JPA is rarely observed.
Boys more frequently develop sacroiliitis (usually asym-
metrical) and spondylitis (C1/C2 sublusation and syn-
desmophytes are rare). In girls, peripheral arthritis pre-
vails,

J Ulkason 2017; 17: 167-175
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Penipheral joints (Fig. 5

* The ima 15 initiadly normal, or periarticular osteops
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omt (tvpically the knee) or several articulations (knes

ankle, hip, toot). The further course is in most patient
polvarthritic with asymmetrical yons mvolving joint
of the upper and lower extremitic

* Perosteal thickening (periostiti on the phalunges
melaca metatarsal shalts s tvpica

* Acroosteolysts ol the distal phalanges is characterstic

¢ Sometimes, osteolvsis and ankylosis are observed in the
ne hand and foot
o Inflammation of distal inwrphalangeal joun LTS
hands and leet with simultane destruction (geode
Crosion and proliferative lesions are typical

¢ Joint space narrowing
* The image of so-called "sausage digits”™ in the cou

tenosynovitia of flexor digitorum tendons or inflamma
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cede bowel disease, but usually develops in the course of
encropathy (Fig: 6),

There are two forms of this ISpA: a peripheral form with
peripheral arthritis and a rorer axial form with sacroiliitis
and spondvlitis

Pcdphcnl Joints;
* In the peripheral form, large joints of the lower extrem-
ity are usually involved (typically the knee and ankle).
The wrist, hand and glenobumeral joints are involved
more rarely, sometimes asvmmetrically.

* Thickening and increased density of periarticular soft
thasue.

* Periarticular osteoporosis.

¢ Usually, there are no features of bone destrmction.

Entheses:
Typically, enthesopathic lesions of the Achilles teadon and
plantar aponcurosts up to the calcaneal tuberosity.

Axial skeleton:

¢ Involvement of the spine and sacroiliac joints s rare in
children; these changes develop in adulthood.

* The mdiological picture resembles JAS, The sacrolline
joints are wsually involved symmetrically, the nvolve-
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Conclusion
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clinical suspicion, the next examination s ultrasonography
or magnetic resonance imaging in order to disgnose carly
inflammatory ksions in peripheral joints, tendon sheaths,
bursae or entheses, or abnormalities in the cowrse of axial
spondvloarthropathics. Changes seen in these examinations
will be discussed in the second part of the publication.

Conflict of interest

Authors do vt report any financial or peesonal commections witl
other pervents or ongartizations, wWhich weight megatively affect the
covitents of thiy publicetion awdior cluim ahordip vights 1o tis
publication.

1 ck:‘hnl‘:d. Octt Kﬁ,hmlﬂ_suumlmmmumd nwwm‘ﬂ‘-

y and
ul’lmpﬂbx Hlbnnuml joa2; | tm 1288

Bt o o L Clark 7 Anal vl i the enthe-
sopathy srtheopatly ssadvopoe sl (s pecgression o ankylosing

1 Rheamadol 1959 160 192197,
Coutes LC, Cansglun PG, Emery B Green M1 llluhmﬁ.uln(mll
or al Senwitvity and specificity of the clamihcation of periatic ue
lhg: c.ﬁm in ey prartatic arthustie. Acthritia Rheu 2012; H
Xiso.y

13

"

L. Zaniwwice Ranwwaky & lenlbow-h B: Spec-
v of nin | puthol of Avhilies

wnud flesor digath beevin widon beel enthese in pratietiin with clinscully
mwpecled enthesiisn, Pol 1 Radiol 2014: 79 402408,

Aacks SH_ Barnens M, Culin A: A case § stndy of e and
sddult- ot ankylossny spoadyiite 1 Rheunatol 1982 0. 73741,
Sheenn KA, Geunim £31, Beewes EJ, Enm-&! llLb!Z?c-cdnd
arthropathey le childbood: loagacrm dimical and di

Avthratie Rhietam 1985 320 11650170,

Hurgos Varus R, vmmm 1 Cansle N, Duarte €, Casurin ),

s

17

K

CIlmMud ¥ prondxliths by chibdeen & e~
| stoly of .mm.t definite < ascoveding v adyly
onmet criteria, ) R 19%96; 1! 21402147

19, smu.w.mnnw Bruckel 1, Cooper D, (‘omwﬂsb IMRD-

4t s

vam der Linden %, Vlltnl-mlu.(.ank" Fnati

criteria fiw ankylos ﬁ A proposal for imadification of the
h-a«\‘uhnmu no- mu? 361308
10, Schudler-Weidskamm €, M has V, Sodul-Sropifiska |, Doty N,

A, Klutner A of al.: Ium-ﬂmmdm upoedy-
lartlaritie: The yadiologist's perspective-commenmis of the Asthritis Sub.
coammittoe of the ESSR. Somin Muscitoskelet Radinl 2014; 15 265 279,

M. van der Linden S, Jishlin &, Hutfebdt 1, Aomwor B, Calin A
.+ The Furapean Spndyhutm;uhv Sndy ﬂmu' prehimmmary
criterta Sor the clasufication af sposd Rhenm
1990 34 1208 1227,

dviitis ts § with worse I .
nul outcomes tbm adnitamet ankylosny spoedylitts. Artheitls Rbeum
pILLFR R IR LS LT

Hargon Vargus K Niwanio A Castilla 3, K-hm G Anlyﬁuml aposnly -
ks b the Mexicun mesthoon ol W w10 age ad
oveet, J Rletsatol 1989, 16 i "L

Mandl P. Navarro-Compan V, Teraley L. Aegerter P van der Hesde D,
YAzostine MA o al FULAR n:m-mnlhﬁol-ku the we of hna

1

giog in spoadyloarthat i clinkcal proacticr. Furopean Lesgue Aua-
et 8 (EULAR) Cony U LS Au-llhw- s 2045; T4
132710,

174

42

1 Ulicason 2017: 17 167-175



Imaging of venlle spondyloarthrifis. Part | Classdicoions ond rodiographs

22 Nollow M, Biedertmann 1 Kannenberng ), Parbs S, Schaier- Petrowski €,
Minden K et ol Use uf dy agnetic kg 1 detect

saccorliithe 1o HTA-B2T positive and hildren with juvenide ar-
theritides. | Risesumaiml l“‘)ﬁ:ls 536304

23 Dnvies K, G A The ol di and adol then
mm&uh-ﬂladhﬂumﬂm 200 179200,

28 vam den Berg R, | G, That ¥, Clundepierre B Foydy A, Re-

Gnserse M o ol Mmdauulsmhm‘umwm
(Mw:ﬂuandfuﬂlldd-umﬂw’d-

Tocal chesmatolo-
m teaders i the DESIR oo
Ann Rbeiin bu)olmmoum

20 Poddubmy DI Linspreniong o ankyliming spoedylitis and spoi-
ddmlummm Tt Clin Rhgsmsstod 20015 8 655007,

26 Hertepods N, Joremska 11 Baralinkos X, Deb T Lewn A, Ve X
o el Lisited vole of gadolininim o detect active sceoilatis sn MRL in
jvenile spondylonrthritin Skebetul Rudiol 2015; 44: 1617 1046

27, Munuesewska G, Zenkewics Kansesakn K, Windhowska Koy thawska M,
Soorawiiiska P, Saled F, Kuniee W or al) Radiologicsl imaging In pe-

st rhenmatic diseases. Pl ) Radiod 2004; 70/ $1-58

J Ulkgson 2017; 17: 167-175

43

175



2.

Imaging of Juvenile Spondyloarthritis. Part II:
Ultrasonography and Magnetic Resonance Imaging.
Sudot-Szopinska I, Znajdek M, Gietka P, Vasilevska-
Nikodinovska V, Patrovic L, Salapura V.

J Ultrason. 2017 Sep;17(70):176—181.

doi: 10.15557/JoU.2017.0026. Epub 2017 Sep 29.
PMID: 29075522; PMCID: PMC5647612.

44



Cite ax- Sodol Szopiisko {, Znajdel M, Gietha I, Voslevsho Nikodinowska V. Pahrovic L
Salapura V. imoging of juvenife spondylocrthrifis. Part If: Ubrasoaography ond mognetic
resonance imogng. J Ulrason 2017, 17, 176181

subminied: ® Imaging of juvenile spondyloarthritis. Part I1:

28.05.2017
Accepted:
18.06.2087

Published:

29.09.2017

Kevwords
juvenile
\Y

ultrasonography,
magnetic resonance

imaging

Ultrasonography

Ultrasonography and magnetic resonance imaging

Iwona Sudol-Szopinska'*, Michal Znajdek', Piotr Gietka®,
Violeta Vasilevska-Nikodinovska®®, Lukas Patrovic®, Viadka Salapura’

! Department of Radiology, Narional Institute of Geriatrics, Rhexomatology and Rehabilitation,
Warsaw, Poland

 Department of Medical Imaging, Second Faculty of Medicine, Medical University
of Warsaw, Warsaw, Poland

! Clintic of Pediatrics, National Instine of Geriatricy, Rhermatology and Rehabititation,
Warsaw, Poland

* University ,Ss. Cyril and Methodinus ", Skopje, Macedonta

' University Sungical Clinie JSt. Nanmt Ohridskt” Skaple, Mavedonia

* MRI Department, Jessenius, Diagnostic Center, Spitdlska 6, Nitra, Slovakia

! University Medical Cerntre Linbljana, Slovwnia

Correspomdence; Professor fvona Sudol-Szopirka, Department of Radiology, Nasional Instiaie

of Gertarries, Riesuratology and Rehabilitation, Warsaw, Sprortartsha [, Wersomwa 02637,

e-madl! sudolsyopinska i grmedl.com

DOk 10.15557 /1ol 20170026

Abstract

Tuvenile spondyloarthropathies are mainly manifested by symptoms of peripheral arthri-
tis and enthesitis. Early involvement of sacroiliac joints and spine is exceptionally rare
in children; this usually happens in adulthood. Conventional radiographs visualize late
inflammatory lesions. Early diagnosis is possible with the use of ultrasonography and
magnetic resonance imaging, The first part of the article presented classifications and
radiographic presentation of juvenile spondyloarthropathics. This part discusses chang-
ey seent on ultrasonography and magnetic resonance tmaging. [n paticnts with juvenile
spandyloarthropathies, these examinations are conducted to diagnose inflammatory le-
stons in peripheral joints, tendon sheaths, tendoas and bursae. Moreover, magnetic reso-
nance alvo shows subchondral bone marrow edema, which is considered an early sign of
inflammation. Ultrasonography and magnetic resanance (maging do not show specific
lesions for any rheumatic discase. Nevertheless, they are conducted for carly diagnosis,
treatment monitoring and identifying complications. This article presents a specteum ol
inflammatory changes und discusses the diaguostic value of ultrasonography and mag-
netic resonance imaging.

Peripheral joints

The range of features visible on ultrasonography is not dif-  The first sign of peripheral arthritis, tenosynovitis and
fevent from those seen in adult patients with rheumatic  bursitis is the thickening of the synovial membrane re-
diseases”. A US examination is conducted for initial diag-  sulting from synoviocyvte hyperplasia and edema of the sy.

nosis and monitoring of treatment efficacy.

novial subintima. 11 is followed by its increased vascular-
ization and effusion that accompanies synovitis (Fig, 1).
At this stage, ultrasonography enables assessment of the
specttum of inflammatory changes, their location and
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unination is usually nltrasonography. Its aim ks to show

carly inflammatory lesions in peripheral joints, tendon
heaths, bursae and entheses, Addition MRI present
bone marrow edema in the sacrotliac jo n QIR
of sacroiliitis and as well as atlanto-occipital pathol
Bollow et al compared a populavon of HLA-B27-po
tive children and adults with peripheral arthritis in 1erms
af the co-occurrence of sacroiliitis, It was detected in 70
80 of adults, and in merely 35% of children Jespite
the fact that the SUs are rareh v ISpA
children and adolescents with a hould
be referred o an MR examination Iy identific
ton of inflammatory changes and swift implementation
of treatment that will prevent the progression of inflam
wation in the axial spine. [t is possible that the detection

of the signs of sacroiliitis in MRI at an carly stage of the

disease is another unfavorable prognostic factor indicat
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g a severe course of the dis and possible transf
mation into AS in adulthood

There is o need not only for harther research oo thi

ue, but also for an update of JSpA diagnostic algorithm
Another suggestion of JSpA clinical crteria is o step 1
wards this goal since they include MRI s the diagnostic
Process af sacre it Jaremko et al compared radio
graphs and MRI of the sacroiliac joints and detonstrated
uperiority of MRI
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The anthors present o very rare case of juvenile spondyloacthrits and clironie recurrent mul-
tifocal osteomyelitis overlop syndrome in a 16-vear-old girl and discuss diagnostic difficulties
associated with this case. Juventle spondyloarthropathies are a type of rheumatic discases
characterized by non-symmetrical peripheral arthritis and enthesitis as well m by spon-
dylitis. Chronie recurrent multifocal osteomyelitis is a rare, possibly autoimmune discase
found primarily in children and adolescents. The disease is characterized by bonse marrow
inflammation and the presence of lytic and sclerotic lesions. Diagnostic imaging plays a key
role in the identification of both diseases. The primary modality is Xoray; however, currently,
magnetic resonance tmaging and nltrasound are increasingly important. A corvect early diag-
nosis allows one 1o start appropriate treatment o reduce the consequences of these diseases.

Py ¥ Juvenile spondyloarthritis and chronic recurrent
accepred: | multifocal osteomyelitis overlap syndrome
poperal? | in a 16-year-old adolescent. A case report
2606200 | and literature review
Michal Znajdek', Agnieszka Gazda®, Piotr Gietka®, Marta Wysmolek®,
lwona Sudol-Szopiriska'*
Warsaw, Poland
* Department of Pediatrics, National Institte of Geriatries, Rieumatology
arwd Rehabalitation, Warsaw, Poland
' Department and Outpatient Clinde of Rhewmatology, Nattonal Institute of Geriarrics,
Rhemmatology and Rehabilitation, Warsaw, Poland
* Department of Medical Inaging, Second Faculty of Medicine, Medical University
af Warsaw, Warsaw, Poland
{ Relabilitacit, ul. Spartaniska |, 02-637 Warssawa, Poldand; esmail: majkelgjaigmail.oom
DOl 1015557 /)0U.2019.0022
Keywords Abstract
juvenile
spondyloarthropathies,
CRMO,
ultrasound,
magnetic resonance
imaging,
radiographs
W
Case report

knee, the first metatarsophalangeal joint of the left foot and
the right sternoclavicular joint was confinned. On Xeray of

A l6-vear-old patient with juvenile spondvioarthritis and
chronke recurrent multifocal osteomyelitis (CRMO) overlap
syndrome was admitted to owr department for follow-up
examinations, She had been hospitalized at the departiment
a few times before,

The patient had a luistory of joint and back pain and pain in
the left buttock and the left thigh when walking since 2011,
Physical examination revealed abnormal gait with sparing of
the left leg and signs of peripheral arthritis. On ultrasound,
petipheral arthritis, including in the left ankle (Fig. 1), left

the spine, rotoscoliosis of the thoracic and lumbar spine was
found. Laboratory tests revealed moderately elevated fnflam-
matory markers and the presence of the HLA-B27 antigen.

In December 2012, whole-body MRI revealed bone marrow
edetmna in C7, ThS and The vertebral bodies, Thé endplate
damage, reduction of Thé body height and bone marrow
edema in the sternoclavicular joint, in the left sacroiliac
jotat, in the diaphyses of both ilia, in the right navicular
bone (Fig. 2) with associated edema of soft tissues and of
the left Lateral malleolus,
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Juvends spondyloarthritis and chronic recurment mulifocal osteomyelitis overop syndrome in o 16-yeorold odolescent.
A case report and literctune review

X-ray

Sacroiliitis can be unilateral at the initial stage of the dis-
ease. The wtage of the disease is assessed in the same way as
in adults on the basis of the New York criteria (Tab. |10,
The end stage of the disease is the fusion of the iliae and
sacral bones (ankylosis), which is, however, extremely rarely
observed in children.

In addition, radiographs show enthesopathic lesions
(ossifications and erosions in the osscous part of the
enthesis) and lesions in peripheral joints (manifesting
as soft tissue shadow widening, osteopaorosis, cysts and,
Jess commonly, erosions), In children, unlike in adults,
vertebral rigidity (bamboo spine sign) does not occur,
Square vertebral bodles and syndesmophytes, which
were tound in our patient, are evident only after many
vears of disease'. There is churacteristic, although very
rarely dingnosed, vertebeal body destruction with osse-
ons reconstruction, usually in the cervical spine. We
report it in the present case.

Ultrasound

Peripheral joints, synovial bursae, tondons, tendon
sheaths and entheses are subject to evaluation''170 At
the Initial stage of the disease, the thickening of the
svnovial membrane and, subsequently, its increased
vascularization and cffusion are observed. Further
lesions include geodes and erosions of the articular
surfaces of bones as well as damage to the hyaline car-
tilage, often beginning with an increased echogenicity,
which is probably a sign of blochemical disturbances in
the cartilage. The appropriate response to treatment is
the disappearance of increased vascularization in the
synovial membrane and the lack of discast progression
and signs of destenction,

Inflammatory lesions in the entheses manilest as thick-
ening and decreased echogenicity, disturbed Hlamentous
echostructure, often increased vascularization and lesions
in the osseous part of the enthesin (irregularities, erosions,
geodes) .

Magnetic resonance imaging
Apart from lesions evident on ultrasound, MR1 also makes

it possible to assess""' edema in the bone marrow (the
carliest sign of inflammation), in the spine and in the spinal

Tab. 1. Te New York diagrontic criterin for saeroiliitin

cord, articular cartilage in its entirety as well as the level
of activity of a synovial membrane affected with inflam-
mation and subchondral bone tissue following the admin-
tration of a contrast agent, Magnetic resonance imaging
is considered to be a more sensitive procedure to evalu-
ate inflammatory and destructive lesions associated with
JSpA and JIA than physical examination, ultrasound scan
or Xeray Y,

CRMO

Chronic recurrent multifocal osteomyelitis (CRMO) is a
rare form of osteitis of a possible autoimmune origin, found
mainly in children and young adults, primarily in females.
Localized bone and joint pain, often occurring at night,
joint edema and tenderness are chavacteristic of the discase.
General symploms of inflammation such as fever, weak-
ness and weight loss can oceur and laboratory signs such
as slightly elevated ESR, CRE, leukocytosis and the TNFu
cytokine can be present. The course of the discase Is usu-
ally recurrent with periods of exacerbations and remissions,
less comumonly chronic™ ™. The most common locations of
abnormalities include the epiphyses and metaphyses of long
bones (the femur, the tibia, the fibula), the clavicle, the tho.
racic wall, vertebral bodies, the mandible and pelvic bones.
There can be single ar multiple inflammatory foci, which
are often distributed svmmetrically The discase starts with
bone marrow inflammation which is readily visible on MRI
before Iytic and sclerotic lesions develop that will be evidont
on aphv™ 20, Approximately 25% ol patients develop
skin lesions: pustulosis of the palms and feet, generalized
pustubosis, psoriasis and acne™",

Currently, the Bristol diagnostic criteria of 2016 are
applied

1. the presence of typical clinical Andings (bone pain +
localized swelling, without local or systemic features of
inflammation or infection);

typical radiological findings: X-ray (lytic and sclerotic
lesions, new bone formation), MRI (bone marrow
edema = ivtic areas, periosteal reaction).

2,

With the following conditions belng met:

1. lesions in more than one bone (or a single lesion in the
clavicle), moderately increased CRP (< 30 g/),

i the disease 15 unifocal (in o location other than
the clavicle) or CRP is > 30 g/l: bone biopsy show-
ing inflammatory changes (plasma cells, osteoclasts,
fibrosis, sclerosis) with no bacterial growth while not
on antibiotic therapy.

2,

Grade 0 | No abnoamualities [normal sacroiliac joints)

Grade 1 | Suspectad abnormalities (biured joint margins)

Grade 2 | Minimal abnarmadties [vingle scosions and juxia-articular sclesosis)

Grade3 | Advanced aboormaities [divenct juxta-articulsr sceross, multiple erosiom with widening of the joint space, possibile parmal ankylosn)
Grade 4 | Complete ankyloshs

JUIngson 2019; 19: 152.157
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lu our pationt, the diagnosis was made using MRI based
on the presence of multiple sites of bone marrow edena,
Iytic arcas and sclerotic lesions in locations typical for
both JIA and CRMO. The abnormalities found corre-
lated with clinical symptoms: bone and muscle pain and
edema. Morcover, laboratory tests revealed a moderately
increased CRP level and the presence of the HLA-H27
antigen.

The case discussed in this study shows that the dif-
ferential diagnosis of ISpA should not anly take inte
account the presence of CRMO, which was indicated by
Robertson et al“", among others, but also the coexis-
tence of JSpA and CRMO. The case of the 16-year-old
girl with an overlap syndrome presented in this stady,
which was diagnosed after a few vears of delay, is notan
isolated one: there are cases reported in medical litern-
ture in which both conditions were not diagnosed at the
same time'™ 'Y, However, in the cases described in the
literature CRMO was diagnosed first and then JIA was
identified™ ', while our case is the first one in which
TIA was diagnosed before CRMO.

In our patlent, & more than 4-vear delay in the diag-
nosis of the overlap syndrome was due to a non-spe-
cific clinicnl and radiological presentation, the need
1o exclude other diseases, the lack ol close divease
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monitoring and treatment discontinuation, which led
o spinal fractures.

Summary

The diagnosis of rheumatic arthritis v children is
often difficult and overlapping syndromes are particu-
lasly difficult to identify. It is essential tor cliniclans
and radiologists to cooperate closely, however, even
if they do, the diagnosis is still often delayed due 10
the lack of specific symptoms and the need to exclude
other arthropathies one by one und perform further
diagnostic procedures. Consequently, the patient does
not recelve optimal treatment until later in the dis.
case, which results in progression. A lack of improve-
ment may also discourage parents from continuing the
treatment, which happened in the present case. These
difficulties lead to disease progression and advanced
lesions.
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ARTICLE INFO ABSTRACT

Keywordc hnpuc'lb‘ d!,_ J of incidental findings on sacroilinc (SI) joint MRI in children climcally

Magnetic resonance imsging (ML) d ol ) Ile Spondyloarthritis (JSpAL

Socroddiac joint Methods: In this pective multi-center stody of 540 children clinicall 4 af 1SpA who underwent

Sacralitiis MR of 1 jolnts from Febeuary 2012 to May 2018, the prevalence of sncrolliitis and other incidental findings was

Juvenile spondyloarthritis reconded.
Results: In 106/540 (20 %) children MRI features of sacroiliitis were present. In 228 (42 %) patients MRI showed
alhﬂmlﬂﬂnﬂlﬁnﬂhm«huﬂummﬂlm&molrlllhmmulnndlwmnummm

I findiogs were at lumbosacral spine (158 patients, 29 %) and hip (43 potients, § %). The most

cmnmmlmidmullhﬂn.mnhl‘ ges, seen in 94 g (17 %). Other less froquent
pathalogies were: simple (bone) cyst in 15 (2,8 W) patients; enthesitis/tendinitis in 16 (3 W) patients; non-
specific focal bone marrow edema (BME) away fram SI jolats in 10 (1,9 %) patienty; ovartan cysss in 7 (1,3 %)
patients; BME in the course of chranke recurrent multifocal osteomyelitis (CRMO) In 4 (0,7 %) patients; muscle
pathology in 4 (0,7%) patients; benign tumors in 3 (0,6 %) patients; (old) fractures in 3 (0,6 %) patients: bony
lpoﬂlywnlavuhmlnzm.ln)pumwdmmmuo.d%)uuenu
Conclusion: | 1 fimcli on MRI of the S| joints in children clinically suspected of JSpA,
My.hwwuwmﬂwynmmmwumwmﬂmb
redevant, s some will have clinical significance or reguire trentment.

1. Introduction show active as well as structural lesions in sacroiliitis [11],

JSpA represents an important subgroup of chronic arthritis in chil-
dren [1]. It is defined as & group of seronegative rheumatologic dis-
orders with initial complaints emerging before 16 years of age [2-4).
There is a strong association to human leukocyte antigen (HLA-B27)
sl

New medical treatment options have recently become available to
treat inflammation, delay progression of the disease and prevent irre-
versible damage [6-11]. MR of the S1 joints Is Increasingly being ob-
tained [11,12], since MRI can depict inflammatory lesions long before
radiographic changes become evident [12-15], MRI of the S1 joints may

Abh

AVN, ! sis; BME, bone edema;, CRMO, chy

Most scan protocols of 81 joints include part of the lower lumbar
spine, hips, pelvis and the muscles and bones of the pelvic girdle. MRI
of the SI joints may demonstrate incidental findings in these areas, not
sssoclated with JSpA, which might have clinical significance and need
to be reported.

The aim of this study was to determine the prevalence of incldental
findings demonstrated on MRI of the SI joints in children clinically
suspected of JSpA.

HLA-827, human leukocyte antigen B27; IV, i

muleifocal yelitis; FOV, field of view; Gd, gadolindum DTPA;

JSpA, j " "

hritie; MR, ic resonance imaging: TE, echo time; TR, repetition time;

T&.meﬂumﬂm.ﬂ.mmmdmwmwm
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2. Materials and methods

This retrospective multicentric study was approved by the institu.
tional ethics committee in all 3 Institutions. Informed consent was ob-
tained,

2.1. Sudy group

All consecutive MRI of the SI joints from February 2012 1o May
2018 in children clinically suspected of JSpA.

All MRI scans were collected from three different hospitals (Ghent
Unliversity Hospital (Belglum); University of Alberta Hospital (Canada);
National Institute of Gerfatrics (Poland)).

In total 540 pediatric patients were included, 267 (51 %) boys and
264 (49 %) girks with & median age of 14,8 and a mean age of 14,4
(range 0,9-23,1). 180 comsecutive patients were included in every
single Institution. In the Helglan institution (BEL) median age of the
patients was 13,5, mean age 13.4; range 4.3-23.1. In the Canadian
institution (CAN) median age of the patients was 15,5; mean age 14.8;
range 0,9-20,6, In the Polish institution (POL) median age of the pa-
tients was 15.3; mean age 14.8; range 4, 8-18.4,

22 MR

In Belgium MRI was performed on a 1.5 T MRI unit (Avanto,
Stemens Medical, Erlangen, Germany ). The Sl joints were imaged in o
body flexed array coil (Siemens Medical, Erfangen, Germany). Sequence
protocol inchided: semicoronal (along long axis of the sacral bone
perpendicular to the 52 vertebral body) T1-weighted turbo spin echo
(TSE) (shice thickness (5T): 3 mm; repetition time/echo time (TR/TE):
595/20 ms); semicoronal short tau inversion recovery (STIR) (ST: 3
mo TR/TE/TI: 5030/67/150 ms); axial STIR relsted to the pelvis (ST:S
mm; TR/TESTE 7540/67/150 ms;). Fleld of view (FOV) 400 mm » 400
mm from LS to the lesser trochanter, Contrast-enhanced pulse se
quences were also obtained: semicoronal (ST: 3 mmy; TR/TE: 558/20
ms) and axial fat saturnted T1-weighted TSE (ST: 5 mm; TR/TE: 558/
9.8 ms) 120 s nfter int (IV) admini of Gadolini
DTPA (Gd) contrast (T1/Gd) (Dotarem, 0.1 mmol/kg body weight).

In Canada MRI was performed on one of several Slemens 1.5 T MRI
units with a body array coil. Sequences included semicoronal T1-
welghted TSE (5T 4 mm, typical TR/TE 476/13 ms) and STIR (5T 4 mm,
typical TR/TE/TI 4170/50/150 ms), with FOV typically 250 x 250
mm). No post-gadolinium imaging.

In Poland MR was performed on a 1.5 T MRI unit (Avanto, Siemens
Medical, Erlangen, Germany). The SI joints were imaged in a body
flexed array coll (Slemens Medical, Edangen, Germany). Sequence
protocol included: Sagittal T2 TSE locallzer (TR/TE: 4960,/77; FOV 300
layers 26); semicoronal T1 TSE (TR/TE: 644/10; FOV 260 layers 25);
semicoronal T1 TSE FS (TR/TE: 600/10; FOV 260 layers 25); semi-
coronal T2 TSE (TR/TE: 4960,/9¢%; FOV 260 layers 25); semicoronal T2
TSE TIRM (TR/TE: 4600/40; FOV 260 layers 25); Semicoronal PD TSE
(TR/TE 3630/34; FOV 270 Layers up to 33). No post-gadolinium {ma-
RINg.

2.3. Imuge review

The Images were collected from three different hospitals (BEL)
(CAN) (POL),

The MRI images were reviewed in consensus for the presence of
sacroiliitis or other incidental findings in the three different institutions
((ES) (NH) (1J) in the Belgian institution; (RM) (JJ) in the Canadian
Institution; (IS) (MZ) in the Polish instirution),

A template was provided for the three i and ¢
date of examination, date of birth, gender, presence of sacroiliitts,
presence of JSpA and a list of incldental findings. Other (rare) in.
cidental findings could be manually added to the list.

Il
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Table 1
List of the incid | finds i J on MRI of the SI joints.

Dosease

Lumbosacral spine Degenerative due of the lower lumbar - lumbosacral
wpine
Focet joint arthrosis/arthritis
Fdema podicle/ spondylolyse with BME
Lumbesacral sransitional vartmt, with or withou
BME
Spina bafida scculta
Schmard nodoles

Hip joiot Fip Nuid (00 evidesce of synovial peoliferation)
Hitp artheitin {evidonoe of ay: ! prolif )
Hip AVN
Degenentive hip

Simple cyw Tarkov cyst
Ganglion cyst
Subchoodaml cyst
Boow cysl

nmr Focal home marrow edema (CRMO sacruillisis

chaded ). aspectiic, P or Sanical

CHMO

Tumoe Benign fumor
Maligrant tumor

Eath Enthesiti ! muscle
Enthesitin other (ot SU/ ot ghateus musclo)

Muncle pathology Musche tear
My usitis
Musche stradn

Practure OM o7 pew

Bomy apophyseal avulsion

Owursan cymt

Other

N
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Fig. 1. Sacroiliitis in a 17-year-old boy. (a) Semicoranal STIR MR image shows
crosions o both S1 joines (arrows) with extensive surrounding BME at the sa-
cral side of the left S1 joint (short arrows), (b) Semicoronal T)-weighted MR
image shows erosions on both St joints and subchandral sclerasis at the iliac
side of the right S1 joint.

The presence of active leslons of sacrolliltis was recorded and In-
cluded capsulitis, joint space enhancement, Inflar at the site of
erosion, enthesitis and joint space fluid [16]. The presence of structural
lesions of sacroiliitis was also recorded and included sclerosis, fat
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2l

Fig. 2. Sacroilkitls (active snd stroctural lesions) and CRMO in o 13-yenr-old boy. (a) Semicoronal STIR MR image shows an active erosbon with extensive BME ot the
fliac side of the right S! joint (short arrow) nnd moderate BME at the sacral side of the right S1 joint (arrow). (b) Axial fat saturnted T1-weighted MR image after IV Gd
shows synovitis with extensive synovial enbancement (arrows) and capsubitss (short arvow). (¢) Axial STIR MR image shows diffuse BME in the peoxdmal femur on
both sides (ammows), (d-¢) Whole body M1 was performed and confirmed the diagnosis of CRMO with arthritis of maitiple joints (short arrow) and diffuse epiphyseal

andl metaphyseal BME (acrows) on coronal STIR MR Images,

Table 2

The prevadence af sacrolliitls in the theee institutions (N = number of pathents )
lnstitetion Total N N ~
Belgium 1850 a n
Casada 180 20 16
Pedand 180 b4 n
Total sacrolliits 540 106 0

Table 3

The prevalence of lambosacral spine di 4 ated on MRI of the S1

Joints (N = pumber of patients)

leslon, eroslon, ankylosls and non-bridglng bone bud [16). A global
diagnostic impression of sacroiliitis (sacroiliitis yes/no) was recorded.
We also looked for incidental findings apart from the S1 jolnt itself
(Table 1),

2.4, Swuistical analysis

Statistical analysis was performed using software package SPSS 20,0
for Windows (SPSS, Chicago, IL, USA). Basic descriptive statistics were
performed where appropriate.

3. Results

In 106 (20 %) of 540 patlents MRI features of sacrolliitis were

[wprase B By
Degenerative disc of the lower hanbar - lembosicral spane L1 L[]
Lambosicral trassitional vadant, no BME n 1
Schassor] nodules \7 31
fidema pedicle’ spondylolyse with BME 12 22
Faces jolut arthrostsanthrits 7 13
Spina hifida occulea 7 13
Lambasscral trassitsonal variant, with RME 6 1
Total of lumbosacral sptoe disease 158 M2

61

(Fig. 1-2) (Table 2).

In 228 (42 %) of all patients MRI showed an incidental finding (one
or more, sacrolliitis not included) and a total of 262 abnormal findings
were reported, In 312 (58 %) of all patients there were no incidental
findings.

The prevalence of the incidental findings (sacroiliitis not included)
scen in MRI of the SI joints is presented in Table 3-6 (Fig. 3-5).

Of all the Incidental findings, axial degenerative changes were the
most commaon, In 87 (16,1 %) patients there was disc degeneration and
in 7 (1,3 %) patients there was facet joint degeneration (Fig. ©)
(Tuble 3). Another frequent Incidental finding was hip pathology

¥
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Table 4
The prevalence of hip disease demonstrated on MRI of the SI joints (N =
number of patients ).

Dhsease

“

Hip fluid (no of sy | profifer
Hip arthritis (evideace of yynovial peoliferation)
Hip avascular pecrosis (AVN)

A
31
0,2
0,2
79

&--G%

Degenerative hip
Total of by disewse

Table 5
The peovalence of bess freguent incldental findings demaonstrated oa MRI of the
Sl joints (N = number of patients),

Farcpesn Jownad of Radiclogy Opent 7 (020) 100225

cyst (Fig. 9), scoliosis, hypertrophic nerve roots and sequelae of pre-
vious infective sacrodliitis.

4. Discussion

There is more to see on MRI of the S1 joints in children than the SI
Joints slone. Our stady demonstrated that MRI of the S1 joints showed
twice as many incidental findings (42 %) than sacroiliitis itself (20 %).

Incidental findings such as these can be important in daily radi-
ology, since thelr detection may prevent unnecessary or altemative
further imaging or require prompt further therapy [11]. In our study
lumbosacral spine disease, especially axinl degenerative changes, was
the most frequent incidental finding. Tumor, Infection and fracture
were less frequently seen. This may be in part due to the distinct clinical
presentation and the Jow Incidence of the latter entities in children.

, given that these noa-rheumatological diseases often are un-
expected, accurate diagnosis is mandatory for timely and tailored

The incidental findings in our study are also seen in the normal
population. Lumbosacral transitional anomaly can be present in 4-30 %
of the general population [17] (in our study 5.2 %). By the age of 30
years, 40 % have lumbar intervertebral disc degeneration in general
(18], In our study already 14,4 % of pediatric patients show degen-
erative disc disease.

Spina bifida occulta has an overall prevalence of 12,4 % in the
general population [19). In our study only 1,3% of patients had spina

Dtsesver N - Har
Simple (hone) cymt 15 28

Focal IMI (CRNOsacrostiiths excheded) 10 19 treatment [11].
Enthesitis/tendinitis gluteus mucle 8 L5

Enthesitls other (mot SU/mot ghaseus muscle) Ll 15

Cwarian cym ? 13

RMO 4 o7

Muscie pactology B o7

Other 4 o?

Benigs umor 3 06

Frucrure 3 06

Maligeant tumor 2 04

Bony apophyseal avulcion 2 o4

Total 70 (kS )

(Fig. 7) with hip joint effusion as the most frequent finding in 24 (4,4
%) patients (Table 4),

There were 3 cases of benign tumor: hemangloma, osteoid osteoma
and a non-specific bony lesion of the right iliac wing with benign
marphology (no further differentiation possible), There were 2 cases of
malignant tumors: Hodgkln lymphoma (Fiyg. #) and & large bone tumor
of the sacrum (referred to an oncology centre). There were 4 unique
cases listed as ‘other’ in Tables 1, 5 and 6 (together 0,7 %) pilonidal

Table 6

bifida occulta, which may be underestimated due to technical factors,
Including the lower spatial resolution of MR than radiographs and the
MRI field of view which in many scans only included a limited part of
the posterior elements of the lumbosacral spine used in the protocol of
S1 jolnts.

The overall prevalence of Schmor] nodules in general population
has been reported to be aroand 3,8 % [20], similar to the 3,1 % mte we
found In our study.

Our study shows only limited correspondence between clinical
findings and radiological findings. Only 20 % of patients proved to have
sacroiliitis on MRI In some patients, MRI might have been performed to
rule out sacroiliitis rather than to confirm it, but this is hazardous since
only about half of pediatric patients presenting with inflammatory back

The prevalence of the incidental findings demonstrated om MRI of the S joints in the different institutions (N = number of patients).

Tod N Totad N

DEL N WL w CANN CAN %

Degrnerative disc of the Jower lumbar spine
Fip fuid (no evid of sy I prolifer
Lumbosacral uansitional variase, no BME
Schmuor? nodales

| prolife

Arshritis hip ¢
Simple (bone) cymt

Bdowa pedicle/ spoadylotyse wich M
MK, noa-specific (CRMO excluded)
Exuhesitistendinitis gluteus muscle
Enthositis uther (mot S11/nut gheteus muscle)
Facet joim arthrosis/arthritie

Spina dfida eccultn

Owasian cywt

Lumbosacral transitional vuriant, wich IME
Muscle pachodogy/ edema

L2
M
n
1w
17
15

16}
4
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A
A
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5
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1.3
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(a)

(d)

Buropeun Jourmal of Rodiolagy Open 7 (2020) 100225

(e)

Fig. 3. Incidental findings seen on MARI of SI joints in different patients. (a) Semicoranal STIR MR tmage of a Schmorl nodules (arrow) in a 12.year-old boy, (b)
Semicoranal STIR MR image of o lumbosacral transétional variant on the left side without BME (arrow) in a 15-year old girl. (¢} Semdoorooal STIR MR image of a
lumbosacral transitional variant on the right side with discrete BME {arrow) in a 13.year-old. (d) Axal STIR MR image of a muscle tear with hyperintense signal
changes of the rectus femorks mascle (arrow) seen on the most infecior image in & 9-year-old boy. (¢) Axial STIR MR image shows bane nsarrow edema of the pedicle
on the left side {arrow) suspicioss for spoedtylolysis in a 7-year-ald boy. (f) Axial fat saturated T1-weighted MR image aftes IV Gd of an bony apophyseal avulsion with
soft tissue edema and enbacement on the left side (arrow) in a 14-year-old boy, (g) Semicoronal STIR MR image shows an ovarkan cyst (arraw) in & 14-year-old girl.

pain who ultimately are diagnosed with spondyloarthritis have any MRI
abnormalities [12]. A thorough history and physical exam is important
and may be helplul for correct diagnosis [11,21,22],

The presence of hip arthritis and enthesitis, characterized as in-
cldental findings bere, In patients suspected of JSpA may In fact be

63

closely linked to the primary discase, considering that patients with
JSpA more often present with peripheral arthritis and enthesitis, while
symptoms involving the spine and Sl joints aften occur later [12,23],
There were some lmitations to our study. First, all patients were
Imaged due to symptoms, giving us no normal control group, Second,
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(@)

‘

(b)

__d

Buropein Sourmal of Rodiolegy Open 7 (2020) 100225

{<)

Fig. 4. (s-b) Semicaronal STIR and T1 MR image tn a 1 3-year-old girl with sacral fractures shows BME of $2.53 on STIR (arrows) and transverse fracture lines on T1
(arrows), (¢) Additional sagittal T1 was performed snd shows disraption of the anserior cortex of S2 and S3 with mild anterior compression oa S3 (amrows)

our patient population came from three different hospitals, from dif-
ferent countries, with different MRI protocols and were reviewed by
differemt radiologists. To some extent this is a strength of the study
since it demonstrates that incidental findings are consistently seen
across n wide range of MRI protocols and observers. However, some
differences between the three institutions were substantial (Table 6).
There was o notable difference in reporting of degenerative disc disease
of the lumbosacral spine, edema pedicle/spondylolyse with BME, hip
fluid/arthritis, simple (bone) cyst and enthesitis/tendinitis. Likely the
main reason for this is that the Canadian and Polish institutions use a
much narrower field of view, in which the hip and groin are mostly not
shown, limiting assessment for hip fluid/arthritis and enthesitis/ten-
dinitis. The sagittal localizer used In the Polish institution also facil-
itates detection of degenerative disc discase at that site. Degenerative
disc disease may be less at the Belgian Institution since their median age
is a bit lower,

Our findings suggest, not surprisingly, that the larger the MRI field
of view, the more incidental findings may be seen, Obtaining axial STIR
images and a large FOV from LS to the lesser trochanter when
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performing MRI of the Sl joints can be helpful in a more comprehensive
evaluation of inflammatory type back pain, If only semicoronal se-
quences of the S1 joint and narrow field of view axial sequences are
obtained, other findings that may be clinically relevant such as hip joint
disease and enthesitis may remain undetected [11], However, a trade-
off with wide FOV imaging is decressed resolution at the SI joints,
which may limit confidence when the primary question is whether sa-
croliitis is present.

Another difference in MRI protocol was use of intravenous contrast,
In Belg| Gd was admi ed to all patients routinely, while in
Canada and Poland, no Gd was administered (except for one patient in
the Polish institution who had a large sacral bone tumor), This might
help account for different prevalence of hip arthritls seen.

5. Conclusion

In conclusion, incidental findings are common on MRI of the SI
Joints in children clinically suspected of JSpA. They are seen even more
frequently than sacroiliitis and can be relevant to symptoms. Reporting
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Fig. 5. (a-b) Axdal STIR and axiad fat sarurated T1-welghted MR image after IV Gd s a 9-year-ald boy. Simple booe cyst was seen as a well-demarcared metaphyeal
STIR hyperintense lesion (ammow) and T1 hypo-intense lesion (arrow) with minimal rim enhancement (short arrow) in the right fesmur.

of these findings is important, as some will have clinical significance or

require tr Axial deg: Ive changes and hip di were the
most common findings. Whether the MRI field of view should be de-
signed to capture these findings Is an open question.
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Fig. 6. Degenerstive changes of the Jower lumbar spine
Semécaronal STIR MR images and axial STIR MR Image (a) Disc
degeneration in o 14-year-old girl shows dise spoce narrowing,
loss of T2 signal within the nuclews palposus and endplate
changes (arrows). (b) Facet arthritls In a 14-year-old giel with
surrounding soft tissue inflammation (arrows) with (secondary)
degenerative changes with joént space narrowing, hypertrophy of
the joint (short arrow) and fluid in the joint (ot showed on this
tmage).
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(b)

(c)

Fig. 7. Hip joint disense, Axial fut ssturated TT-weighted MIU insage after IV Gd and acal STIR MR images, (a) Hip arthritis in o 13-year-old boy shows a joing effuston
in the left hip joint with synovial enhancement (arrow) (b) Avascular necrosis (AVN) in a 17 year-old-boy demonstrates discrete T2 hyperintense signal changes in
the femoral bead on the right side (arrow), AVN was suspected and confiemed. (¢) Radiography of the pelvis in the same patient ome year later also confirmed the
diagnosis of AVN. There is o subchondral fracture, subchondral scherosis and fattening of the femaral head on the right side (arrow)
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Abstract: This study aims to determine the relative weights (point value) of items of the juvenile
idiopathic arthritis magnetic resonance imaging-sacroiliac joint scoring system (JAMRISSI]), An
adaptive multicriteria decision analysis was performed using the 1000Minds web application to
determine the relative weights of the items in the JAMRIS-SI] inflammation and damage domains,
Experts in imaging and rheumatology independently completed a conjoint analysis survey (CAS) to
determine the point value of the measurement items of the JAMRIS-SI). Each CAS survey question
asked the expert to compare two hypothetical patient profiles, which were otherwise similar but
different at two items at a time, and to select which item showed a more severe stage of inflammation
or osteochondral damage. In addition, experts ranked 14 JAMRIS-SI) grade only or image + grade
patient vignettes while blinded to the CAS-derived weights, The validity of the weighted JAMRIS-SI)
was tested by comparing the expert CAS-weighted score and the image + grade ranking method,
Seventeen experts completed the CAS (11 radiologists and 6 rheumatologists), Considering the
point value for inflammation domain items, osteitis (24.7%) and bone marrow edema (24.3%) had
higher group-averaged percentage weights compared to infl tion in erosion cavity (16.9%),
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joint space enhancement (13.1%), joint space fluid (9.1%), capsulitis (7.3%), and enthesitis (4.6%),
Similarly, concerning the damage domain, ankylosis (41.3%) and erosion (25.1%) showed higher
group-averaged weights compared to backfill (13.9%), sclerosis (10.7%), and fat metaplasia lesion
(9.1%). The Spearman correlation coefficients of the CAS-weighted vignette order and unweighted
JAMRIS-SI) grade only order vignettes for all experts were .79 for inflammation and 0.80 for damage.
The correlations of image vignettes among imaging experts to CAS were 0.75 for inflammation
and 0,90 for damage. The multicriteria decision analysis identified differences in relative weights
among the JAMRIS-SI] measurement items. The determination of the relative weights provided
expert-driven score scaling and face validity for the JAMRIS-SI|, enabling the future evaluation of its
longitudinal construct validity.

Keywords: OMERACT; JAMRIS-SIJ; juvenile idiopathic arthritis; MRI; outcome measure; face validity;
1000Minds; conjoint analysis

1. Introduction

Juvenile idiopathic arthritis (JIA) is a chronic arthritis of unknown etiology occurring
before the age of 16 years, Sacroiliac joint (SI]) pathology can most commonly be seen in the
JIA subtype known as enthesitis-related arthritis (ERA). This can cause lower back, buttock
pain, and stiffness in affected individuals [1]. JIA can significantly affect the psychosocial
development and wellbeing of children with a substantial financial burden to health
systems [2,3]. Commonly used assessment methods for JIA disease activity, such as clinical
examination, patient-reported outcomes (PROs), and serological biomarkers, have variable
reliability and validity [4]. Moreover, the anatomical location of the SIJ poses significant
limitations for accurate clinical examination [5]. Early detection of SIJ inflammation in JIA
is essential for therapeutic intervention to prevent disease progression and irreversible
joint damage [6]. Radiography has been used for SI] imaging in JIA, but it is not sensitive
in detecting early inflammatory joint lesions [7,5], Magnetic resonance imaging (MRI) is
capable of detecting early SIJ pathologies, which is helpful for disease monitoring and
treatment decision making in JIA [6,7]. However, there is a need for the standardization of
SI] MRI interpretation, and this need underpins the iterative development of the outcome
measure in rheumatology (OMERACT) juvenile idiopathic arthritis MRI S scoring system
(JAMRIS-SI]) as a standardized objective outcome measurement tool for the assessment of
JIA treatment effectiveness in clinical trials [9].

The JAMRIS-SIJ is a multi-component outcome tool that semi-quantitatively measures
inflammation and damage in the SIJ [¥]. The component items (SI] MRI pathologies)
are distinct and have relative importance in measuring S1J inflammation and damage.
Each item contributes to part of the measurement construct, and in conjunction, the items
form the entire construct. This conceptual framework between the measurement items
and construct is a formative model [10]. Although the individual item scores can be
meaningful when reported separately, it is also desirable to be able to aggregate the items
in a domain to form a single composite score. This requires estimating the point value of
the respective components for a formative model. Determining the relative weightings
of the measurement components will provide a standardized and objective approach in
deriving a composite domain score. In the absence of a feasible external criterion for SIJ
inflammation and damage, multicriteria decision analysis (MCDA) (conjoint analysis) was
utilized to elicit expert judgment to determine the relative weights of the measurement
items [11]. A conjoint analysis survey elicited expert preferences for the relative importance
of measurement items to define the relative weightings of the JAMRIS-SI] [12,13],

This study aims to determine the relative weightings of the JAMRIS-SI] measurement
components as part of the face validity assessment of the OMERACT JAMRIS-SIJ.
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2. Materials and Methods

We performed a partial profile conjoint analysis using a decision-making software
application called 1000Minds to objectively elicit the opinion of imaging and rheumatology
experts to determine the relative weights of the JAMRIS-SI]. Afterwards, experts performed
an independent ordinal ranking of 14 cases of JAMRIS-SI] grade-only and image + grade-
based vignettes, to test the face and convergent validity of the conjoint analysis derived-
weighted JAMRIS-SI].

2.1. Conjoint Analysis Survey

The conjoint analysis survey (CAS) allowed seventeen experts comprising eleven
radiologists (65%) and six rheumatologists (35%) to provide their preferences anonymously
for each measurement item in the JAMRIS-SI] to measure SlIJ inflammation and damage in
JIA. Over 80" of experts who completed the CAS had between 11-30 years of experience
in imaging and rheumatology practice (Table S1), Experts were prompted to compare
the measurement items (Figures Al and A2) conjointly, making trade-offs among the
items according to their opinion of item importance using a CAS web application called
1000Minds [13].

The 1000Minds software utilized the ‘potentially all pairwise ranking of possible
alternative’ (PAPRIKA) method to compute the relative weightings, In this method, the
expert was required to pairwise rank potentially all pairs of possible alternatives of the
JAMRIS-SI] measurement items for each patient scenario. In each patient comparison
scenario, a pair of hypothetical patients is presented to the expert, with each patient
characterized by differing grades in two of the inflammation (Figure Al) or damage
(Figure A2) domains of the JAMRIS-SI] items. This hypothetical comparison scenario
assumes all other JAMRIS-SI] measurement items are equal for both patients. The pair
of JAMRIS-SI] measurement items presented to the expert for comparison (undominated
pairs) constitute a partial profile of the JAMRIS-SI], as it is a partial set of the eight or five
items of the two domains.

To complete the pairwise partial-profile comparison, the experts were instructed to
choose the patient scenario which was greater in the level of inflammation or damage in
the SIJ or rate them as equal, These comparison questions continue until the ranking of all
possible alternative item combinations are determined adaptively based on the responses
from the expert. The number of explicitly compared undominated pairs is reduced by the
PAPRIKA method, which identifies and eliminates all pairs implicitly ranked as corollaries
of the explicitly ranked pairs, using the transitivity property of additive multicriteria
decision analysis [13],

To ensure the validity of the survey responses, any completed survey with greater
than or equal to 2 inconsistent responses of the easiest sets of trade-off questions and
choices that were only either to the right or left side on the survey were excluded. As the
pair-wise rankings were consistent, PAPRIKA utilizes linear programming that analyzes
the individual expert responses with the coefficient reported as the relative weights of the
JAMRIS-SI] measurement components [13]. The individual expert relative weights derived
from the conjoint analysis were averaged for all experts to derive the relative weights for
the JAMRIS-SIJ (Table 1),
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Table 1. Conjoint analysis survey-derived relative percentage weight for the measurement compo-
nents of the JAMRIS-SIJ. Following the grading of an image, the percentage weight of each component
grade was added to constitute the domain percentage disease severity score ranging from 0-100%
for seven inflammation and five damage domain items, respectively. The percentage weights are
reported as group means relative weights. BME; bone marrow edema, 1EC; inflammation in erosion
cavity, JSE; joint space enhancement, JSF; joint space fluid, FML; fat metaplasia lesion. KCC: intraclass
correlation coefficient,

Inflamemation Dasain
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0 1 2 3 ‘ 5 3 7 L} ICCn e ew
Onteites 0 a9 7. 1n2 w4 172 195 ns U7 045 a7
BME 0 32 ol 95 124 150 185 14 pIR] 05 0.9
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1sE 0 4 X2 109 1 - - - - oM %
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All ltems - - - - - - = - - 040 a%
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2.2, JAMRIS-SI] Vignette Ranking Exercise

Full profile magnetic resonance (MR) image + grade and a JAMRIS-SI] grade-only
vignette ranking exercise was performed to test the convergent and face validity of the
partial-profile CAS-derived average JAMRIS-SI| weights. All the participant experts were
invited to complete the JAMRIS-SIJ grade-only vignette ranking, and a subset of twelve
experts were additionally invited to complete the image + grade vignette ranking. The
vignette ranking was completed before the CAS, allowing experts to rank the vignettes
based on their prior expertise before being influenced by the effect of completing the
conjoint analysis survey.

The MR image vignettes (Figure A3) ane comprised of 14 bilateral SI-MRI studies
represented by six coronal obliques MRI slices of T1-weighted (w), T2-w fat-suppressed (FS)
or short tau inversion recovery (STIR), and Tl-w FS post-contrast sequences to represent
the SIJ pathologies according to the JAMRIS-SI] scoring system [9]. Enthesitis was excluded
from the inflammation domain measurement item for the image vignette ranking because
the MR images provided did not include the optimized imaging planes for the assessment
of enthesitis.

Twelve imaging experts in the imaging study cohort individually ranked the image
vignettes in order of increasing severity or equivalence of inflammation or damage in
the SI] MR image. The vignettes were also scored using the JAMRIS-SI] by consensus of
three radiologists who did not participate in the ranking exercise to control confirmation
bias. Two of the radiologists had more than 10 years of experience after training and
one radiologist was in-training under the supervision of an experienced radiologist. Ten
radiologists and two rheumatologists with experience in rtheumatologic imaging completed
the image + grade vignette ranking and constituted the imaging expert cohort (Figure A3
and Table S1). The MR image + grade vignette ranking was based on the individual items
of the JAMRIS-SIJ system found on the MR images and reported by the JAMRIS-SI] item
grades, with a caution to avoid ranking the image vignette based on the composite of
imaging findings to prevent obscuring the relative weights of each measurement item in
arriving at the decision to rank order the vignette.

The JAMRIS-SIJ grade-only vignettes were prepared identical to the MR image vi-
gnettes, excluding the MR images. All imaging experts (except one radiologist who did
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not participate in the MR image + grade vignette ranking) completed the JAMRIS-SI]
grade-only vignettes (Figure A4 and Table S1). Participants were instructed not to change
their JAMRIS-SI] ranking after receiving the image vignettes as MR images were used
to illustrate the scores, but instead, rank the image + grade vignettes separately. The
weighted scare for the 14 vignettes was derived by multiplying each expert’s CAS-derived
weights by the vignette's consensus JAMRIS-SI| grades. The correlation of the CAS-derived
JAMRIS-SI] weights against the MR image + grade and JAMRIS-SIJ grade-only vignettes
was tested. This correlation test cumulatively assessed the face, content, and convergent
validities of the JAMRIS-SI] relative item weights; the implicit item preference by PAPRIKA
through transitivity of the adaptive partial profile CAS and the JAMRIS-SI].

2.3. Statistical Analysis

The absolute agreement among experts on their relative weights of the JAMRIS-SI]
in the CAS was assessed by calculating the two-way random single and average measure
intraclass correlation coefficient (ICC) model 2,1 and 2,k (ICC 2,1 and 2,k) for grades above
zero for each JAMRIS-SI] item. Moreover, expert agreement in the vignette ranking exercise
was assessed using the ICC, as described above [14]. The Spearman rank correlation was
utilized to assess the correlation of the ranking of MR image + image vignettes and the
JAMRIS-SI] grade-only vignettes with CAS-derived weighted JAMRIS-SI] ranking. For
ICC interpretation, values < 0.50 were defined as poor, 0.51-0.75 as moderate, (.76-0.90
as good, and >0.91 as excellent reliability [14]. For the Spearman rank correlation coeffi-
cients, values < 0.40 were defined as poor correlation, 0.41-0.60 as moderate, 0.61-0.80 as
substantial, and >0.81 as high correlation. Statistical analysis was performed using the
SAS software version 9.4 (SAS Institute Inc,, Cary, NC, USA).

3. Result
3.1. Summuary of Survey ltems

A total of 153 potential item-grade combinations in the inflammation domain (Figure A1)
and 90 in the damage domain (Figure A2) involving two JAMRIS-SI] measurement items
were possible in the survey, which were completed either explicitly by experts through
pairwise comparison (Figures A1 and A2) or implicitly through linear programming by
the PAPRIKA algorithm 1000Minds software. The mean, range, and standard deviation
(SD} of the number of item-grade combinations explicitly completed by experts was 35.6,
2345, and 6.0 for the inflammation domain and 24.6, 17-28, and 2.7 for the damage domain,
yielding 17 sets of relative weights unique to each expert. The average of the 17 relative
weights from the experts was used as a template for the JAMRIS-SI] weights (Table 1),

3.2. Conjoint Amalysis Survey-Derived Relative JAMRIS-SI] Weights

The average relative importance weights derived from the conjoint analysis survey had
variable percentages depending on the grade and measurement items (Table 1). The relative
weights for the highest grades among the inflammation items were osteitis (24.7%), bone
marrow edema (24.3%), inflammation in erosion cavity (16,9%), joint space inflammation
(13.1%), joint space fluid (9.1%), capsulitis (7.3%), and enthesitis (4.6%), Among JAMRIS-SI]
measurement items in the damage domain, the study average of the relative weights for the
highest grades were ankylosis (41.3%), erosion (25.1%), backfill (13.9%), sclerosis (10.7%),
and fat metaplasia lesions (9.1%). The complete set of average relative weights for the
inflammation and damage domains is reported in Table 1.

3.3. Concordance of Contjoint Analysis Survey-Derived JAMRIS-SI] Weights among Experts
The concordance of preference among the 17 experts in the conjoint analysis survey
was moderate to excellent with ICCs for the inflammation domain survey of (.60 (ICC 2.1)
and 0.96 (ICC 2.k) (Figure Al and Table 1) and damage domain survey of 0.73 (ICC 2.1) and
(.98 (ICC 2.k) (Figure A2 and Table 1). ltem-wise agreement on the CAS-derived weights
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for JAMRIS-SI] item grades ranged from 0.17 to 0.76 for the inflammatory domain items
and 0.22 to (.78 for the damage domain items (Table 1).

3.4. Homogeneily of Vignette Rankings (by Confoint Analysis Survey (CAS) Score and by Explicit
Expert Rank)

The homogeneity of the 14 CAS-weighted JAMRIS-SI] vignette scores was observed
in the vignettes with the least and most severe SIJ disease, with significant variability
in cases with mild disease (Figure | A,B). For the inflammation domain, the 1CC (2,1) of
weighted JAMRIS-SIJ vignette scores among the 17 experts was (.80 when using the scores
as ratio-level percentage data (i.e., 0-100%), and 0.87 when converting the percentages to
ordinal-level rank data (i.e., 1-14). For the damage domain, the 1CC (2,1) of the vignette
scores among the 17 experts was 0.83 when using the scores as ratio-level percentage data,
and 0.99 when using their ordinal-level rank data. Five case vignettes had no significant
osteochondral damage findings present, hence all of them receiving all-zero grades as per
the JAMRIS-SI] definitions. Therefore, these five vignettes were indistinguishable by the
JAMRIS-SI] damage domain weighted score, Instead, they were separated by the vignette's
identification, ordered from the least to the greatest average grade-only vignette rank
(Figure 2B).
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Figure 1. (A,B) Scatter plots of item weights derived from the conjoint analysis survey (CAS)-derived
weights. (A) Scatter plots of inflammation domain item weights derived from the conjoint analysis
survey (CAS)derived weights, Relative weights from all participants are plotted for each of the
JAMRIS-SI) inflammation domain items, with lines representing the median weight for radiologists
(Square marker and solid line n = 11) and rheumatologists (triangular and broken line, n = 6).
(B) Scatter plots of the damage domain item weights derived from the CAS-derived weights. Relative
weights from all participants are plotted for each of the JAMRIS-SIJ damage domain items, with
lines representing the median weight for radiologists (Square marker and solid line n = 11) and
rheumatologssts (triangular and broken line, n = 6).
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The homogeneity of the 14 vignette ranks among the 16 experts by grade-only ranking
was .83 for the inflammation domain, and 0.90 for the damage domain. For the imaging
expert cohort, who also provided the concurrent grade + image ranking, the vignette ranks
was (.84 for the inflammation domain and 0.91 for the damage domain.
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Figure 2. (A,B) Scatter plot of the of the JAMRIS-SI] vignette ranks, (A) Scatter plot of the JAMRIS-SI|
vignette ranks produced by the full profile, MR image + grade ranking, ordered by consensus-graded,
weighted JAMRIS-SI] grade-only vignettes for the inflammation domain. Twelve imaging experts
participated in the JAMRIS-SIJ image + grade ranking (circle maker), and 16 experts in the grade-only
ranking (cross maker). For each of the 14 vignettes received, a consensus weighted grade rank on the
x-axis and y-axis values for the image + grade ranks provided by the individual experts. Horizontal
line denotes the median weighted score rank provided to each of the JAMRIS-SI] MR image + gracle
vignettes. (B) Scatter plot of the of the JAMRIS-SI] vignette ranks produced by the full profile, MR
image + grade ranking, ordered by consensus-graded, weighted JAMRIS-SI| grade-only vignettes for
the damage domain, Twelve imaging experts participated in the JAMRIS-SI] image + grade ranking
(circle maker), and 16 experts in the grade-only ranking (cross maker), For each of the 14 vignettes
received, a consensus weighted grade rank on the x-axis and y-axis values for the image + grade
ranks provided by the individual experts. Horizontal line denotes the median weighted score rank
provided to each of the JAMRIS-SI] MR image + grade vignettes.

3.5. Correlation of JAMRIS-SI| Vignette Ranking by MRI +/— Grade versus CAS Generated
JAMRIS-S1] Weights

Of the 17 CAS-survey respondents, 16 participated in the vignette ranking exercise
(Figures 2 and 3). Each of the 16 experts provided two sets of vignette rankings, one
produced by the expert’s independent ranking of grade-only vignettes and one produced
by applying the expert’'s CAS-derived weights to the grades (CAS weighted score rank).
A subset of these experts (n = 12), who were imaging experts, also provided a third set of
vignette rankings, derived using the grades of the vignettes as well as the representative
MRI (“grade + image"” ranking) to be correlated against their CAS-weighted score rank.

Correlation of the experts’ grade-only vignette rank with their CAS-weighted score
rank showed a median Spearman correlation of 0.84 (IQR: 0.80-0.94) for the inflammation
domain and 0.93 (IQR: 0.90-0.96) for the damage domain (Figure 3, Table 2). Subgroup
differences were observed for this grade-only ranking between rheumatologists and radi-
ologists (n = 6 and 10, respectively; Table 2), The correlation of the radiologists’ “grade
+ image” ranking against their CAS-weighted score rank showed a median Spearman
correlation of 0.74 (IQR: 0.55-0.85) for the inflammation domain and 0.93 (IQR: 0.81-0.95)
for the damage domain (Table 2),
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Correlation of CAS -Weighted
JAMRIS-SI Vignette Rankings with
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Figure 3. Correlation of CAS-Weighted JAMRIS-SI] Vignette Ranking with Graded or Image Ranking.
Spearman’s rank correlation coefficients are plotted for each expert rater (radiologist and rheumatolo-
gist, n = 17) comparing their two methods of producing of vignette ranks, i.e., correlating the experts’
grade-only or graded image-based full profile ranking with the ranking produced by applying the
experts’ own CAS-derived weights applied to consensus grades. Horizontal lines represent the
median Spearman correlation for each subgroup of participants (X—grade-only vignette ranking,
n = 17, O—grade + image vignette ranking, n = 12). The JAMRIS-SI] MR image + grade vignettes,

Table 2. Spearman’s correlation coefficients of four different datasets. Correlation of experts’ prefer-
ence for JAMRIS-SI] measurement item weights for MR image, JAMRIS-SI] score vignettes and a com-
bination of MR image and score vignettes. CAS—conjoint analysis survey IQR—interquartile range.

Spearman Correlation Coefficient of CAS-Weighted JAMRIS-S1] vs. Graded
+ Image Vignette Ranking

Vignette Type Expert Cohort Inflammation Domain Damage Domain
Median IOR Median 1OR
All experts (n = 17) 0.84 0.80-0.94 0.93 0.90-0.96
Grade only Rheumatologists (n = 6) 089 0.82-0.97 092 0.88-0.95
Radiologists (n = 11) 0.82 0.73-0.93 094 0.91-097
Grade + Image  Jdiclogiats {n = 10) 074 0.55-085 093 0.81-095

Rheumatologist (n =2)

4. Discussion

This study utilized a conjoint analysis of expert preferences to determine the relative
weights of the measurement items within the JAMRIS-SIJ scoring system [15]. The experts
in this study comprised eminent pediatric and adult rheumatologists and musculoskeletal
radiologists with prior extensive experience in developing both adult and pediatric MR
imaging scoring systems,

The relative weights of each grade for the inflammation and damage domain items
are reported in Table !. The two most important inflammation domain measurement
items were bone marrow edema and osteitis, and their weights were equivalent (24.7%
and 24.3%, respectively). Bone marrow edema and osteitis were 1.5 times more important
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than inflammation in erosion cavity, 1.9 times more important than joint space fluid, and
5.3 times more important than enthesitis. For the JAMRIS-SI] damage domain, ankylosis
was the most important measurement item, which was 1.6 times more important than
erosion and 4.6 times relative to fat metaplasia, which was the least important item among
the five measurement items in the JAMRIS-SI] damage domain. Erosion was rated second
in relative importance by expert preference among the JAMRIS-SI] damage domain, hay-
ing 1.8 times more importance than backfill and 1.3 times more importance compared to
sclerosis. The differential weights of the measurement items in the JAMRIS-SI] are similar
to the MRI scoring system for temporomandibular joint in JIA [16].

The presence of ankylosis signals advanced disease, which is in most cases a hallmark
of irreversible osteochondral damage, while bone marrow edema and erosion are the
preferred measurement items in discriminating the response to intervention in patients with
JIA since these can be reversible entities, providing an objective metric for clinical decision
making. The presence of bone marrow edema is indicative of active disease, providing
clinical evidence for the initiation of therapy. Likewise, erosion has been reported to be a
negative prognostic factor that warrants the use of more aggressive therapy in JIA, such as
biologic agents [17].

The clustering of the relative weights of items in the inflammation domain was ho-
mogenous for both radiologists and rheumatologists, with a greater variability for bone
marrow edema and joint space fluid. In the damage domain, there were substantial outliers
of expert preference across all measurement items, This may be related to the complexities
of the damage domain item definition and interpretation, further than in adults’” occur-
rence of sacroiliitis, and resulting in part in the infrequent presence of the damage domain
items among JIA patients, It may also be due to the availability and access to advanced
imaging with prompt intervention that limits the progression of the JIA disease course to
osteochondral damage.

Trends for the item weights at lower grades were not consistent with the highest grade
weights. In the inflammation domain, inflammation in the erosion cavity at grade level 1
was 5.3%, which was higher in the point value than osteitis (3.9%) and bone marrow edema
(3.2%). This was similar for joint space enhancement (4.5%) and capsulitis (4.6%). There
were similar nonlinear trends in the intermediate grades in the inflammation domain items.
However, in the damage domain, except for backfill, the item weights were consistent
between grades. These grade-related differences in the JAMRIS-SI] measurement items are
likely due to the expert misperception on their preferences of SIJ MR imaging pathology
at lower grades compared to higher grades among the measurement items. For example,
the presence of bone marrow edema measured in (-8 grades for a single quadrant of the
SIJ MR image may suggest lesser disease compared to the presence of inflammation in an
erosion cavity, which is measured in 0-4 grades in the superior half of an SI] MR image.
The differences in the measurement item levels of grades, for a four-grade level item, such
as in the case of inflammation in erosion cavity, compared to an eight-grade level item,
such as in the case of bone marrow edema, may distort the expert perception of the severity
of the patient scenario of either inflammation or damage in the partial profile provided in
the conjoint analysis survey. This may have resulted in scenarios where the experts have
disproportionately weighted more disease for 0-4 grade level items and lesser disease for
(-8 grade level items.

The differences in the measurement value of osteitis and bone marrow edema are
yet to be ascertained, as both measurement items are of uncertain origin that signal active
disease and have similar clinical response to treatment. However, osteitis requires contrast
enhancement for visualization, which is a significant limitation for its use in pediatric imag-
ing due to the concern of contrast accumulation in the central nervous system after multiple
scans and nephrogenic systemic fibrosis in patients with limited renal function [15,19]. Bone
marrow edema may be present due to other causes unrelated to JIA, such as mechanical
overload, trauma, infection, and neoplasm, In a recent study, bone marrow edema-like
lesions were shown due to the normal variability in subchondral bone marrow signal in
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growing children [20]. Whether osteitis and bone marrow edema should both be scored
would sensibly depend on the imaging protocol used.

Determining whether a small amount of fluid in the joint space is pathologic becomes
challenging when associated pathologic findings, such as bone marrow edema, are absent,
Correlations found between joint effusion and bone marrow edema measurement items
may be partially due to their pathogenesis. This could have contributed to the experts’
preferences for relative weights of individual items. Further studies are needed in the future
to improve our understanding on the inter-relationship of items which may help us reduce
the variance among experts in allocating point values for individual measurement items.

Imaging outcome measurement tools are increasingly used to assess intervention
effectiveness in musculoskeletal disease clinical trials, with evidence supporting the use of
MRI as the preferred modality of choice in JIA [21]. To objectively assess JIA disease activity
and change after therapeutic intervention, it is possible to use the multi-component JAMRIS-
SIJ score without weighting each component. However, it is also desirable to generate a
single composite score as a summary biomarker. If a single score is to be generated, this
requires the relative weighting of its measurement items for clinical importance in some
way. Ideally, this will improve the construct validity of the composite domain score by
increasing the weighing of changes which are more specific and /or sensitive to JIA,

This study has some limitations. Chief among them is the expert-driven weighting
method used. Experts’ preferences vary considerably due to the expected differences among
the patient population and in clinical experiences. The validity of experts’ preferences
was also limited by subject matter expertise, a criterion that is not impervious to fallibility.
Moreover, the differential preferences of experts did not necessarily account for the inherent
intercarrelation of the measurement items, for which there are gaps in the knowledge base in
the literature. Furthermore, the sampling of the JAMRIS-SI] full profile image vignettes was
limited in this study as we tried to minimize the pragmatic issues related to survey fatigue
that could have arisen from the assessment of a large sample of imaging vignettes at a
single setting. This sample size limitation in this study may have influenced the coefficients
of correlation of the JAMRIS-SI] weighted scores and the JAMRIS-S1J vignette ranking.

5. Conclusions

This study used a formal conjoint analysis-based survey to elicit expert preferences on
the relative weights of measurement items and grades, which are necessary to generate
single summaries for the two domains of the JAMRIS-SIJ from constituent items, The face
and content validity of the partial profile CAS-derived JAMRIS-SI] weights was high when
compared to the full profile vignettes defined by grades with and without representative
images. These weights may provide value, by helping to appropriately measure disease
activity and treatment effectiveness in JIA clinical trials,

Supplementary Materials:  The following supporting information can be downloaded at:
httpsi /S www.ndpicom /article /10.3390/jem 12072729 /51, Table $1: Distribution of individual ex-
perts with the years of experience into imaging and clinician expert cohort. The imaging expert cohort
comprises of ten radiologist and two rheumatologists with imaging interpretation experience who
ranked the JAMRIS-SI| image+grade and grade-only vi-gnettes. The clinician expert cohort comprise
of one radiologist and 4 rheumatologist who com-pleted only the JAMRISSI) grade-only vignettes,

Author Contributions: Conceptualization, ASD, TM.O,, N.H. (Nigil Haroon), RM. and M.T.;
methodology, AS.D, TM.O, MT, L], N.H. (Nele Herregods), JD.A,, |5, S.]., ABM, 1SS,
SMLT. and M.Z; software, TM.O. and M.T; validation, TM.O, M.T,, ABM,, | S, M.Z, SJ.
SM.LT, N.H. (Nigil Haroon), J.L.J, RM,, N.H. (Nele Herregods), | DA, LL, NT,SA, MP AEL,
EJLC,PW,OF, EK, MAJVvR, DGR, JC, PGC, 1S-5. and AS.D; formal analysis, TM.O., M.T.
and AS.D.; investigation, TM.O, M.T, ABM,, |5, M.Z,S), SM.LT, N.H. (Nele Herregods), | DA,
JL), RM., NCH. (Nigil Haroon), L), NT, SA, MP, AEL, EJLC, PW, O.P, EK, MAJVR,
DGR, J.C,PC.C, IS-S and A5D.; resources, AS.D. and TM.O.; data curation, ASD, SJ, TMO,
J:S. and M.T.; writing—original draft preparation, TM.O.; writing—review and editing, TM.O, M.T,,
ABM, ]S, MZ, 5], SMLT, N.H. (Nele Herregods), |.D.A., |.LL, RM., N.H. {Nigil Haroon), L.).,

78



J. Clin. Mod. 2023, 12, 2729

1of14

NT,SALMP, AEL, ELLC, PW, O.P, EK, MAJvR, DGR, J.C, PCC, IS5 and ASD,;
visualization, TM.O. and M.T; supervision, A.S.D.; project administration, TM.O. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the research ethics board (REB) of the Hospital for SickKids
(REB number 1000059077),

Informed Consent Statement: Implied consent was obtained if study participants voluntarily com-
pleted and submitted the study questionnaires after receiving an invitation to participate in the
study. The REB waived patient consent. The magnetic resonance images used for the image vignettes
were anonymized,

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not available publicly due to privacy and ethical reasons,

Acknowledgments: TMO is supported by Restracomp PhD scholarship from the Hospital for Sick
Children, Mergelas Graduate Award in Medical Imaging, QEI-GSST/Edward Dunlop Foundation
Scholarship, Bone and Mineral Grant from the Lunenfeld-Tanenbaum Research Institute, and the
Institute of Medical Science Open Fellowship and Doctoral Completion awards from the Institute of
Medical Science, University of Toronto, Study Fellowship from the Niger Delta University, Wilberforce
Island, Bayelsa State, Nigeria, PGC is supported in part by the National Institute for Health and Care
Research (NIHR), Leeds Biomedical Research Centre. The views expressed are those of the author(s)
and not necessarily those of the NHS, the NIHR or the Department of Health and Social Care.

Conflicts of Interest: The authors declare no conflict of interest,

Appendix A

—

e

Plawse keep in mind that only two of the seoring system (Sems (out of seven for the inflammation domain) willibe changing eac
LOMPAiLON QUELTION and every other unmentioned item is equal betwesn the two scenarndos o other word, you are comparing

wo hyp

o who are ids Linall nsp exceptin the Two ltems being presented

Considering the MRI examination of 2 patients with JIA, the findings of which MRI shows

greater level of inflammation?
Assume all other items are equal between the patients
Joint Space Enhancement (0-4) Joint Space Enhancement (0-4)
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Figure A1, JAMRIS-SI] inflammation domain item comparison, An example of an iterm comparison
question presented by the 1000Minds software to the rating experts to elicit their preferences of the
relative importance weights for the JAMRIS-SI] inflammation domain items. The expert was asked to
compare two hypothetical patients assuming all other features were equal: with a score of 4 each
for joint space enhancement (JSE) and osteitis and patient; with a score of 2 for JSE and 8 for osteitis.
The expert had to choose which patient showed greater inflammation or rate them as equal, The
questions varied adaptively and were presented again until all necessary trade-off questions were
completed by the expert to determine the relative weights for each domain
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greater level of damage?
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Figure A2, JAMRISSI] damage domain item comparison. An example of an item comparison
question presented by the 1000Minds software to the rating experts to elicit their preferences on the
relative importance weights for the JAMRIS-SI] damage domain items. The expert was asked to
compare two hypothetical situations in patients with juvenile idiopathic arthritis assuming all other
features were equal: with a score of 2 for backfill and 0 ankylosis and patient; with a score of 2 for
ankylosis and 0 for osteitis. The expert had to choose which patient showed greater damage or to
rate them as presenting with equal damage. The questions varied adaptively and were presented
again until all necessary trade-off questions were completed by the expert to determine the relative
weights for each domain
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Figure A3, JAMRIS-SI] image + grade vignette used for ranking exercise to test conjoint analysis
survey (CAS)-derived weights. Fourteen image + grade vignettes were constructed corresponding to
various combinations of pathologies in the JAMRIS-SI), Experts individually ranked the cases from
the greatest to least level of inflammation and damage, respectively.
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MRI Images not provided for grade-only vignettes ey
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Figure A4, JAMRISSI) grade-only vignette used for ranking exercise to test conjoint analysis survey
(CAS)-derived weights. Fourteen grade-only vignettes were constructed corresponding to various
combinations of pathologies in the JAMRISSI). Experts individually ranked the cases from the
greatest to least level of inflaimmation and damage, respectively.
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10. Spis rycin i tabel

Spis rycin

Publikacja 1. Fig. 1. AP (A) and lateral (B) radiographs of the knee joints in a 16-year-old
boy: increased density of periarticular soft tissue with lesions prevailing on the

right side and hypertrophied epiphyses of the right knee joint ............ccoccoviiniiniinn. 38
Publikacja 1. Fig. 2. Oblique radiograph of the right foot in an 18-year-old boy:
enthesopathic changes in the plantar fascia attachment to the calcaneus....................... 40

Publikacja 1. Fig. 3. AP radiographs of the sacroiliac joints in an 18-year-old girl
diagnosed with sacroiliitis in the early period: unclear outline of the sacroiliac
joints with changes prevailing on the right side and subchondral bone sclerosis in
the right SACTOIIAC JOINE......eciviiiieiieiieeie ettt ettt e e b e e b e e sraesraesenessne e 40

Publikacja 1. Fig. 4. Lateral radiograph of the cervical spine in a 16-year-old patient with
AS: loss of cervical lordosis and the concave line of anterior parts of the cervical
VETLEDTAl DOGIES ......eeeeiiieiieeiee ettt et st 40

Publikacja 1. Fig. 5. AP (A) and oblique (B) radiograph of the hands in a 6-year-old girl:
periarticular osteoporosis of the hands, periosteal buildup/ thickening along the 2

and 3" distal phalanges of both hands..............cccoeveveueievereeieeeeeeeeee e 41
Publikacja 1. Fig. 6. AP radiograph of the sacroiliac joints in an 18-year-old patient with
Crohn disease: uneven and obscure lines of the right sacroiliac joint..............ccccceunee.e. 41

Publikacja 2. Fig. 1. Effusion, thickening and enhanced blood flow in the synovium of: A.
2th MCP joint in the right hand of a 17-year-old girl with JSpA; B. knee joint in a
10-year-old girl with JSpA; C. effusions, no synovial pathology in the MCP 3 joint
of the left hand in a 11-year-old @irl.........c..ccvevieiiiiiiiiiee e 46
Publikacja 2. Fig. 2. US: A. small marginal erosion and large geode in the head of the S5th
metacarpal bone in the right hand of a 16-year-old boy; B. large erosion in the 2nd

MTP joint in the right foot of a 14-year-old-boy with JSpA .......ccccovininiiiiniiiiee 46
Publikacja 2. Fig. 3. Thickened and intensively vascularized synovium of the tibialis
posterior tendon sheath in a 16-year-old girl with JSpA .....c.cocoiviiiiiinie 47

Publikacja 2. Fig. 4. Bursitis of the left Achilles tendon: A. Bilateral slight effusion in the
Achilles tendon bursae in a 13-year-old girl, no synovial pathology, rounded fat
fold of the left bursa — chronic inflammatory changes; B. thickened and intensively
vascularized synovium of the Achilles tendon bursa in a 15—year-old girl, erosion
in the bony wall 0f the DUISa .......cceviiiiiieieie s 47
Publikacja 2. Fig. 5. Edema, features of enhanced vascularization of the intraarticular fat:
A. Hoffa’s fat pad in a 10-year-old girl with JSpA; B. fat tissue of the left
quadriceps femoris tendon / suprapatellar fat pad (normal in the right joint)................ 48
Publikacja 2. Fig. 6. Enthesitis-like changes of the tibial enthesis of the patellar tendon in
a 15-year-old HLA-B27+ boy: swollen enthesis with lower echogenicity and
MY PETVASCULATIZALION. ......eevieeieiieciie ettt ettt ettt e st e seteenseenseesaesseesanesnnenns 48
Publikacja 2. Fig. 7. MRI of the sacroiliac joints in a 12-year-old boy with suspected
sacroiliitis. Coronal oblique planes. A. T2-weighted TIRM, B. T1-weighted FS CM
(contrast medium): bilateral bone marrow edema, more marked in the left joint,

thickened contrast-enhancing SYNOVIUM ..........cccueveieecireriieniieniierie e e eieesieesieesenesene e 49
Publikacja 3. Fig. 1. Developing erosion filled with a hypertrophic synovial membrane

with increased vascularization and effusion on ultrasound............ccccoocevieiininienencnne. 53
Publikacja 3. Fig. 2. Bone marrow edema in the right navicular bone on whole-body MRI,

the high signal intensity on the left is consistent with visualized vessels ...................... 53
Publikacja 3. Fig. 3. Areas of bone loss, irregular contours surrounded by a sclerotic

margin in the lower central part of the sternal end of the right clavicle......................... 53
Publikacja 3. Fig. 4. Bone marrow edema in both sacroiliac joints on whole-body MRI......... 54
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Publikacja 3. Fig. 5. Large erosion filled with vascularized synovial membrane on the

medial surface of the head of the first metatarsal bone............ccccoooiniiniiiiiiniinin, 54
Publikacja 3. Fig. 6. Multilevel vertebral body fractures in the cervical spine..............c.......... 54
Publikacja 4. Fig. 1. Sacroiliitis in a 17-year-old boy. (a) Semicoronal STIR MR image

shows erosions on both SI joints (arrows) with extensive surrounding BME at the

sacral side of the left SI joint (short arrows). (b) Semicoronal T1-weighted MR

image shows erosions on both SI joints and subchondral sclerosis at the iliac side

OF the TGt ST JOINL ....eciiiiiiiieieceee ettt s e e e sereesbe e e essaeees 60
Publikacja 4. Fig. 2. Sacroiliitis (active and structural lesions) and CRMO in a 13-year-

old boy. (a) Semicoronal STIR MR image shows an active erosion with extensive

BME at the iliac side of the right SI joint (short arrow) and moderate BME at the

sacral side of the right SI joint (arrow). (b) Axial fat saturated T1-weighted MR

image after IV Gd shows synovitis with extensive synovial enhancement (arrows)

and capsulitis (short arrow). (¢) Axial STIR MR image shows diffuse BME in the

proximal femur on both sides (arrows). (d-e) Whole body MRI was performed and

confirmed the diagnosis of CRMO with arthritis of multiple joints (short arrow)

and diffuse epiphyseal and metaphyseal BME (arrows) on coronal STIR MR

TINAEZES ©veevveerveeteeriresteereeseesseesseesseesssessseasseasseesseesssesssesssessseassessseessessssesssesssesssessseesseesns 61
Publikacja 4. Fig. 3. Incidental findings seen on MRI of SI joints in different patients. (a)

Semicoronal STIR MR image of a Schmorl nodules (arrow) in a 12-year-old boy.

(b) Semicoronal STIR MR image of a lumbosacral transitional variant on the left

side without BME (arrow) in a 15-year old girl. (¢) Semicoronal STIR MR image

of a lumbosacral transitional variant on the right side with discrete BME (arrow)

in a 13-year-old. (d) Axial STIR MR image of a muscle tear with hyperintense

signal changes of the rectus femoris muscle (arrow) seen on the most inferior image

in a 9-year-old boy. () Axial STIR MR image shows bone marrow edema of the

pedicle on the left side (arrow) suspicious for spondylolysis in a 7-year-old boy. (f)

Axial fat saturated T1-weighted MR image after IV Gd of an bony apophyseal

avulsion with soft tissue edema and enhacement on the left side (arrow) in a 14-

year-old boy. (g) Semicoronal STIR MR image shows an ovarian cyst (arrow) in a

14-Y@ar-01d @ITl...c.viivieiieciiecieceeee ettt e et stb e s rb e b e e raestaesene e 63
Publikacja 4. Fig. 4. (a-b) Semicoronal STIR and T1 MR image in a 13-year-old girl with

sacral fractures shows BME of S2-S3 on STIR (arrows) and transverse fracture

lines on T1 (arrows). (c) Additional sagittal T1 was performed and shows

disruption of the anterior cortex of S2 and S3 with mild anterior compression on

S3 (AITOWS) eeeneieiieeiteieestte st e et e et et e bt e s ttesatesate e bee bt e s eesstesaeesaseenseesseenseesnseanseenseenseennes 64
Publikacja 4. Fig. 5. (a-b) Axial STIR and axial fat saturated T1-weighted MR image after

IV Gd in a 9-year-old boy. Simple bone cyst was seen as a well-demarcated

metaphyeal STIR hyperintense lesion (arrow) and T1 hypo-intense lesion (arrow)

with minimal rim enhancement (short arrow) in the right femur..........cccccoocveviiiriiennnns 65
Publikacja 4. Fig. 6. Degenerative changes of the lower lumbar spine. Semicoronal STIR

MR images and axial STIR MR image (a) Disc degeneration in a 14-year-old girl

shows disc space narrowing, loss of T2 signal within the nucleus pulposus and

endplate changes (arrows). (b) Facet arthritis in a 14-year-old girl with surrounding

soft tissue inflammation (arrows) with (secondary) degenerative changes with joint

space narrowing, hypertrophy of the joint (short arrow) and fluid in the joint (not

Showed 0N this TMAZE).....c.eervierierieeieeie ettt ettt e et seennes 65
Publikacja 4. Fig. 7. Hip joint disease. Axial fat saturated T1-weighted MR image after [V

Gd and axial STIR MR images. (a) Hip arthritis in a 13-year-old boy shows a joint

effusion in the left hip joint with synovial enhancement (arrow) (b) Avascular

necrosis (AVN) in a 17-year-old-boy demonstrates discrete T2 hyperintense signal

changes in the femoral head on the right side (arrow), AVN was suspected and

confirmed. (c¢) Radiography of the pelvis in the same patient one year later also

confirmed the diagnosis of AVN. There is a subchondral fracture, subchondral

sclerosis and flattening of the femoral head on the right side (arrow) ..........cccceeuveenneen. 66
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Publikacja 4. Fig. 8. Semicoronal STIR MR images in a 13-year-old boy. Diffuse areas of
bone marrow edema (arrows) are present. This patient was ultimately diagnosed
with Hodgkin lymphoma............ccoooiiiiiii et

Publikacja 4. Fig. 9. Semicoronal STIR MR image shows a pilonidal cyst (arrow) in a 14-
yearold boy in the superior part of the intergluteal cleft ..............ccocoiiiniinini.

Publikacja 5. Figure 1. (A,B) Scatter plots of item weights derived from the conjoint
analysis survey (CAS)-derived weights. (A) Scatter plots of inflammation domain
item weights derived from the conjoint analysis survey (CAS)derived weights.
Relative weights from all participants are plotted for each of the JAMRIS-SIJ
inflammation domain items, with lines representing the median weight for
radiologists (Square marker and solid line n = 11) and rheumatologists (triangular
and broken line, n = 6). (B) Scatter plots of the damage domain item weights
derived from the CAS-derived weights. Relative weights from all participants are
plotted for each of the JAMRIS-SIJ damage domain items, with lines representing
the median weight for radiologists (Square marker and solid line n = 11) and
rheumatologists (triangular and broken line, n =06) .......c.ccceeviiiiiniiniinniineeee e

Publikacja 5. Figure 2. (A,B) Scatter plot of the of the JAMRIS-SIJ vignette ranks. (A)
Scatter plot of the JAMRIS-SIJ vignette ranks produced by the full profile, MR
image + grade ranking, ordered by consensus-graded, weighted JAMRIS-SIJ
grade-only vignettes for the inflammation domain. Twelve imaging experts
participated in the JAMRIS-SIJ image + grade ranking (circle maker), and 16
experts in the grade-only ranking (cross maker). For each of the 14 vignettes
received, a consensus weighted grade rank on the x-axis and y-axis values for the
image + grade ranks provided by the individual experts. Horizontal line denotes
the median weighted score rank provided to each of the JAMRIS-SIJ MR image +
grade vignettes. (B) Scatter plot of the of the JAMRIS-SIJ vignette ranks produced
by the full profile, MR image + grade ranking, ordered by consensus-graded,
weighted JAMRIS-SIJ grade-only vignettes for the damage domain. Twelve
imaging experts participated in the JAMRIS-SIJ image + grade ranking (circle
maker), and 16 experts in the grade-only ranking (cross maker). For each of the 14
vignettes received, a consensus weighted grade rank on the x-axis and y-axis values
for the image + grade ranks provided by the individual experts. Horizontal line
denotes the median weighted score rank provided to each of the JAMRIS-SIJ MR
IMAZE + Zrade VIZNEIES. ...ueiiviiriieieieeiieieereeteeteestestaestreesreesseeteestaesesesssesssessseesseesseesens

Publikacja 5. Figure 3. Correlation of CAS-Weighted JAMRIS-SIJ Vignette Ranking with
Graded or Image Ranking. Spearman’s rank correlation coefficients are plotted for
each expert rater (radiologist and rheumatologist, n = 17) comparing their two
methods of producing of vignette ranks, i.e., correlating the experts’ grade-only or
graded image-based full profile ranking with the ranking produced by applying the
experts’ own CAS-derived applied to consensus grades. Horizontal lines represent
the median Spearman correlation for each subgroup of participants (X—grade-only
vignette ranking, n = 17, O—grade + image vignette ranking, n = 12). The
JAMRIS-SIJ MR image + grade VIgNettes.........ceeeveeeireciieriieniienieeieeieeieesieesieeseneseneens

Publikacja 5. Figure Al. JAMRIS-SIJ inflammation domain item comparison. An
example of an item comparison question presented by the 1000Minds software to
the rating experts to elicit their preferences of the relative importance weights for
the JAMRIS-SIJ inflammation domain items. The expert was asked to compare
two hypothetical patients assuming all other features were equal: with a score of 4
each for joint space enhancement (JSE) and osteitis and patient; with a score of 2
for JSE and 8 for osteitis. The expert had to choose which patient showed greater
inflammation or rate them as equal. The questions varied adaptively and were
presented again until all necessary trade-off questions were completed by the
expert to determine the relative weights for each domain...........cceceveneeiininiencnennen.
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Publikacja 5. Figure A2. JAMRIS-SIJ damage domain item comparison. An example of
an item comparison question presented by the 1000Minds software to the rating
experts to elicit their preferences on the relative importance weights for the
JAMRIS-SIJ damage domain items. The expert was asked to Figure A2. JAMRIS-
SIJ damage domain item comparison. An example of an item comparison question
presented by the 1000Minds software to the rating experts to elicit their preferences
on the relative importance weights for the JAMRIS-SIJ damage domain items. The
expert was asked to compare two hypothetical situations in patients with juvenile
idiopathic arthritis assuming all other features were equal: with a score of 2 for
backfill and 0 ankylosis and patient; with a score of 2 for ankylosis and 0 for
osteitis. The expert had to choose which patient showed greater damage or to rate
them as presenting with equal damage. The questions varied adaptively and were
presented again until all necessary trade-off questions were completed by the
expert to determine the relative weights for each domain............ccccoeevveevieciieceenneennnenne, 80

Publikacja 5. Figure A3. JAMRIS-SIJ image + grade vignette used for ranking exercise
to test conjoint analysis survey (CAS)-derived weights. Fourteen image + grade
vignettes were constructed corresponding to various combinations of pathologies
in the JAMRIS-SIJ. Experts individually ranked the cases from the greatest to least
level of inflammation and damage, respectively........cooovevierieniiniieniiee e 80

Publikacja 5. Figure A4. JAMRIS-SIJ grade-only vignette used for ranking exercise to
test conjoint analysis survey (CAS)-derived weights. Fourteen grade-only
vignettes were constructed corresponding to various combinations of pathologies
in the JAMRIS-SIJ. Experts individually ranked the cases from the greatest to least

level of inflammation and damage, reSpectively. .....cccvvveevieeviienieriecie e 81
Spis tabel
Tabela 1. Aktywne i przewlekle zmiany zapalne w przebiegu zapalenia stawow krzyzowo-

biodrowych, stwierdzane w badaniu MR wedlug kryteriow ASAS.........cccoeevvvvveveennen. 22
Tabela 2. Kryteria nowojorskie zapalenia stawow krzyzowo-biodrowych............cccceveennnen. 24
Publikacja 1. Tab. 1. Classification of juvenile spondyloarthropathies ..........c..ccccceereerenenee. 36
Publikacja 1. Tab. 2. International League of Associations for Rheumatology (ILAR)

classification of juvenile idiopathic arthritis .........cccccueeeveeviievieenieciecre e 36
Publikacja 1. Tab. 3. Juvenile spondyloarthropaties divided into differentiated and

undifferentiated forms according to ESSG........ccccooiiiiiiieviiiiicieceeeeeeee e 36
Publikacja 1. Tab. 4. ESSG criteria for the classification of spondyloarthropathies ................ 37
Publikacja 3. Tab. 1. The New York diagnostic criteria for sacroiliitis..........ccoceeeeererreerenennne. 55
Publikacja 4. Table 1. List of the incidental findings demonstrated on MRI of the SI joints

........................................................................................................................................ 60
Publikacja 4. Table 2. The prevalence of sacroiliitis in the three institutions (N= number

o) 0T 1 1S3 1) TSRS 61
Publikacja 4. Table 3. The prevalence of lumbosacral spine disease demonstrated on MRI

of the SI joints (N = number of Patients)..........cccevvverieiireivieeiieniecee e e 61
Publikacja 4. Table 4. The prevalence of hip disease demonstrated on MRI of the SI joints

(N = NUMDET Of PALIENLS) ...eevvieiieiieeiieie ettt ettt eteesteesreesaeesebesnseeseeseenes 62
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on MRI of the SI joints (N = number of patients) .........cccecceereerierierieeiieereeeeseeeeenens 62
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Publikacja 5. Table 1. Conjoint analysis survey-derived relative percentage weight for the
measurement components of the JAMRIS-SIJ. Following the grading of an image,
the percentage weight of each component grade was added to constitute the domain
percentage disease severity score ranging from 0-100% for seven inflammation
and five damage domain items, respectively. The percentage weights are reported
as group means relative weights. BME; bone marrow edema, IEC; inflammation
in erosion cavity, JSE; joint space enhancement, JSF; joint space fluid, FML; fat
metaplasia lesion. ICC: intraclass correlation coefficient ...........ccocvveveriereenieenciennnnns

Publikacja 5. Table 2. Spearman’s correlation coefficients of four different datasets.
Correlation of experts’ preference for JAMRIS-SIJ measurement item weights for
MR image, JAMRIS-SIJ score vignettes and a combination of MR image and score
vignettes. CAS—conjoint analysis survey IQR—interquartile range............cccccecueeneen.
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11. Opinia Komisji Bioetycznej

NARODOWY INSTYTUT

GERIATRII. REUMATOLOGI

| REHABILITACH
W eeor oM ran wen ELOOWONT Rmcaan

Warszawa, 22.02.2018 r.

Decyzja Komisjl Bioetycznej
przy Narodowym Instytucie Gerintrii, Reamatologii | Rehabilitacji w Warszawie
or KBT-2/12018

Komisja Bioetyczna przy Narodowym Instytocie Gerlatrii, Reumatologii i Rehabilitacji w Warszawie,
ul. Spartanska |, dzialnjgca zgodnie z asadami GCP, zapozmala si¢ w dniu 22022018 r
2 nastgpujacymi dokumentami dotyczgoymi projektu badawezego pt. ,Badanic MR stawéw krzyzowo-
biodrowych u dzieci 2 MIZS: ocena spektrum zmian zapalno-destrukcyjnych i opracowanie
metody oceny polilodciowe] zanwansowania zmian zapaloych™

1. Podanic gléwnego budacza do Komisji Bloetycznej z proiba o zaopiniowanie projekiu;
2. Opis programu badania.

Retrospektywne  badanie naukowe bedzie prowadzone w oparciu o dokumentacjs medyczng
zeromadzony w Zakladzie Radiologii Narodowego Instytutu Gerintrii, Reumatologii i Rehabilitacji.
Wyniki badan zostang wykorzystane w pracy doktorskiej lek. Michals Znajdka — rezydenta w Zaklndzie
Radiologii oraz w migdzynarodowym projekcie podwigconym optymalizacii diagnostyki sacroiliitis
u dzieci, Kierownikiem projektu jest prof. dr hab. n. med. Iwona Sudol-Szopifiskn ~ Kierownik Zakladu
Radfologit Instytutu,

Komisja Bioetycznn przy NIGRIR w glosowaniu tainym nad akeeptacjy zgloszonego projektu wyraziln
zgode na rozpoczecie badan zgodnie 2 przedstawionym protokolem.
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Lista obecnodei czlonkéw Komisji Bioetyeznej przy Narodowym Instytucie Geriatrii,

Reumatologii | Rehabilitacji
Prof. dr hab. med. Piotr Gluszko — lekarz ... C,( .....
NIGRIR
Prof. dr hab. med. Anna Filipowicz-Sosnowska — lekarz .Of/.
NIGRIR

=
Dr n. hum. Ewa Kujawa — etyk /é ....... z
P. Barbara Kurek — piclegniarcka ... 4 .. i . d‘ .. J .....
Prof. nadzw. dr hab. med. Robert Gasik - lekarz ... Pt ...
NIGRIR
Prof. nadzw. dr hab. med. Brygida Kwiatkowska —lekarz ... 1 LSRR
NIGRiR
Ks. dr Wiodzimierz Nast - ksigdz
Chrzedcijanska Akademia Teologiczna
Mec. Maria Grzeszezyk — prawnik }})’I ..........
Panstwowy Zaklad Wydawnictw Lekarskich
Prof. nadzw. dr hab, med. Marzena Olesinska —lekarz ... Yo ......
NIGRiR

Prof. dr hab. med. Lidia Rutkowska-Sak — Iekarz
NIGRiR

Prof. dr hab. med. Tadeusz Styczyfiski — Ickarz
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12. Oswiadczenia wspolautorow publikacji

Warszawa 1.05.20224r.
Frof, Dr hab. Mad. lwona Sudof-Szopifcka
Marodowy Instytut Geriatrii, Beumatoloeli i Rehakilitac)i
UL Spartaftska 1, 02-537 Warszawa

OAWIADCZENIE

Ozfwiadczam, fe w publikaci pt.: Imaging of Juvenile Spondyloarthritis. Part |: Classifications
and Radiopraphs, Autorzy: lwona Sudot-Sxopinska, Piatr Gietha, Michal Zrnajdek, Genowefs
Watuszewska, Magdalena Bopucevska, Ljubinka Damjanovska-krstiki, Slavcho lvanosk,
opublikowane] w lournal Of Utrasonography 200 7;

Dd: 10.15557, 1ok, 2017.0025, méj whkiad mentoryczny w preygotowanie publikaci polegat

na:
faprojektowaniu pracy
Preygotowanlu rarnuskryptu

Analizie litaratury.

Jako picrwszy | korespondencyiny autor powyzsze] miedzynarodowe] publikacli, oceniam
swoi whklad procentovey w publikacie na poriomie #5%, dokiora Michala Znajdka na peziemie
355, pozostahych wspdtaubordw S4.

Wyraiam zgode ha przedtoZenie powyisze] publikac)i przez doktara Michata Znajdka jako
czefl Jego roprawy doktorshie] wformie spajnesgo cyklu artyku fdw naukewssych
opublikowanych W recenzowanyeh exasepis mach naukowych, Jednoczeinic ofwladczam, ie
samodzielna | molivwa do wyadrebnlenia czesd powydsze] publibacy wykazuje indywidualmy
whiad lel. Michata Znajdka przy zaprojektowaniu pracy, praygolowaniu manuskryptu, oraz
analizie literatury na patreaby 1ej pracy.
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Warszawa 1.00. 2024,
Frof. Dr hab, Med, fwons Sudot-Szapifska
Warodowy Instytut Geriatrll, Reumatalog!l | Rehakilitag)l
UL, Spartatiska 2, 02-637 Warszawa

OSWADCZEN IE

Oiwladezamn, 2o w publikacii pt.: Imaging of luvenile 5 pondytoar thritis. Part |I:
Ultrasonography and Magnetic Rescnance Imaging Auvtorey: lwona Sudot-Szopliska hichat
Inajdek, Pietr Gietka, Wiclota Vacileweka-Nlkodinavaka, Lukas Patrovie, Viadka Salapura;
opublikowane w Journal Of Lkrasonography 2017;

DOk 1315557102017 0025, mé| whiad meryloryczny w praygotowanie publikacji polegat
na:

Faprojektowaniu pracy
Preygotowania manuskryptu

Analizlc lteratury.

Jako pierwszy | korespandencyiny auter powyzsze] miedzynarodowe| publikagii, oceniam
swij whiad procentowy w publikacle na poziomie 45%, doktora kelehalz Znajdka na peziomie
354, pozastalych wspatautordw 5%.

Wyraiam zgede na przedioZenic powyiszoj publikagji przez doktora Mlehata Znajdka jako
czest lego rosprawy doktarskiej w formie spajnego cyklu artylutow naukowych
opublikovwanych w recenzowanych czasaplsimach naukowyech. Jednaczesnie ofwiadoan, 7e
samodrielna i mozliwa do wyodrebnienia czesc powyseej publikacii wykazule indywidualny
widad lek. Wiichala fnajdka pray zaprojektowaniu pracy, praygotowaniu manuskryptu, oraz
analizie literatury na potrzeby tej pracy.
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Gent, 26.09.2024
Dr. Eva Schiettecatte
Department of Radiology and Medical Imaging,
Ghent University Hospital,
Comeel Heymanglaan 10, 9000, Gent, Belgium

DECLARATION

| hereby declare that In the publication entitied: Common incidental findings on sacroiliac
joint MR in children clinically suspected of juvenile spandyloarthritis , Authors: Eva
Schiettecatte, Jacob L. Jaremko, lwona Sudot-Szopiiska, Michat Znajdek, Ramin Mandegaran,
Vimarsha Gopal Swami, Lennart Jans, Nele Herregods, published in European Journal of
Radiology Open; DOI:10.1016/j.ejr0.2020.100225;

my substantive contribution to the publication consisted of:
Designing the paper
Preparation cf the manuscript

Analysis of the literature

As first and corresponding author of the above international publication, 1 estimate my

percentage cantribution to the publication at 40%, Dr Michat Znajdek at 35%, the other co-
authors at 5%.

| agree to submit the above publication by Dr Michai Znajdek as part of his doctaral
dissertation in the form of a coherent serles of sclentific articles published in peer-reviewed
sclentific Journals.

At the same time, | declare that the independent and separable part of the above publication
shows an individual contribution of dr. Mlchai_ Znajdek In the design of the wark, preparation
of the manuscript, and analysis of the literature for this work.
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SickKids

THE HOSPITAL FOR Department of Diagnostic Imaging UNIVERSITY OF TORONTO
SICK CHILDEEN The Hospital for Sick Children FACULTY OF MEDICINE
September 4th, 2023

RE: Confirmation Letter for Michael Znajdek
Dear Sir f Madam,

| am pleased to write this letter in support of Dr. Michael Znajdek whom | had the chance to know as a member
of the OMERALT Sacroiliac Joint (U} Werking Group. | serve as Co-Chair of the MRI in Juvenile Idiopathic
Arthritis OMERACT 351G over the past decade.

In this capacity | got to know the nice work that Dr. Michael Znajdek has done to our working group under the
supervisor of Dr. lwona Sudol-5zopinska. The contribution that Michael has made towards the success of
several research projects conducted by the 51 working group are remarkable and greatly appreciated.

With specific regard to the paper entitled: “Determination of Relative Weightings for the Component
Pathologies of the OMERACT Juvenile Arthritis Magnetic Resonance Imaging Sacroiliac loint Score”, published
in the Journal of Clinical Medicine 2023, 12, 272; doi.org/10.3390/jcm12072729, | am the senior and
corresponding author, responsible for the coordination of the study prior to the submission of the manuscript
for publication.

Based on the feedback received from Dr. Sudol-5zopinska and other investigators of our working group, and on
the invaluable contribution of Michael towards the conduct of the study | attest that he substantially
contributed to the study conduct. His contribution made it possible the accrual of cases for the study, local
creation and validation of the tools to be used in the study, discussion of methods and results and edition of
the manuscript, therefore his contribution can be counted as at least one third (33%) efforts compared to the
first author of the paper.

| agree with the submission of the aforementioned publication as part of Dr. Michael Znajdek’s doctoral
dissertation.

If | can be of any further assistance, please do not hesitate to contact me.

Sincerely,

//i.

Andrea 5. Doria, MD, PhD, MSc, MBA

Professor, Vice-Chair of Climical Practice Improvement, Deparment of Medical Imaging, University of Toronto
Fadiologist, Senior Scienfist, Fesearch Director, Department of Diagnostic Imaging
Imaging Lead of Personalized Child Heslth of SickEids

The Hospital for Sick Children

555 University Averme, 2nd floor

Toromte, ON WSG1XE

Phone: 416-813-8079

Fax: 416-813-7391
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