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1. Wykaz stosowanych skrotow

CRMO - Chronic Recurrent Multifocal Osteomyelitis (Przewlekle Nawracajace
Wieloogniskowe Zapalenie Kosci i Szpiku)

CNO - Chronic Nonbacterial Osteomyelitis (Przewlekte Niebakteryjne Zapalenie Kosci i
Szpiku)

ERA — Enthesitis - Related Arthritis (Zapalenie Stawow Zwigzane z Zapaleniem Przyczepow
Sciggnistych)

ESSR - European Society of Musculoskeletal Radiology (Europejskie Towarzystwo Radiologii
Migsniowo-Szkieletowej)

JIA — Juvenile Idiopathic Arthritis (Mtodziencze Idiopatyczne Zapalenie Stawow)

MIZS - Mtodziencze Idiopatyczne Zapalenie Stawow

MR — Rezonans Magnetyczny

MRI — Magnetic Resonance Imaging (obrazowanie metodg rezonansu magnetycznego)

NA- Nonspecific Arthropathy (Niespecyficzna Artropatia)

NIGRiR — Narodowy Instytut Geriatrii, Reumatologii i Rehabilitacji

OS — Overlapping Syndrome — Zesp6t Naktadania

SAPHO — Synovitis, Acne, Pustulosis, Hyperostosis, Osteoporosis (Zapalenie blony maziowe;j,
Tradzik, Krostkowica, Hiperostoza i Osteoporoza)

SpA — Spondyloarthropatia

STIR - Short Tau Inversion Recovery

T - Tesla

TIRM - Turbo Inversion Recovery Magnitude

WB-MRI — Whole-Body Magnetic Resonance Imaging — Rezonans magnetyczny catego ciata



2. Streszczenie w jezyku polskim

Rezonans magnetyczny catego ciata (Whole-Body Magnetic Resonance Imaging, WB-MRI)
jest podstawowa metoda obrazowa pozwalajaca na kompleksowa ocene uktadu ruchu [1], bez
uzycia promieniowania jonizujacego i w stosunkowo krotkim czasie, co jest szczegolnie istotne
w diagnostyce dzieci i mlodziezy z chorobami reumatycznymi. Dzigki szerokiemu polu
obrazowania oraz wysokiej rozdzielczosci liniowej 1 przestrzennej, umozliwia rozpoznawanie
patologii o charakterze wieloogniskowym, zajmujacych rézne uktady i narzady [1], stanowiac
cenne uzupehienie badania klinicznego [2].

Dwa najczgstsze zastosowania WB-MRI u pacjentdéw w wieku rozwojowym to przewlekle
nawracajace wieloogniskowe zapalenie kosci i1 szpiku (Chronic Recurrent Multifocal
Osteomyelitis, CRMO), obecnie czgsciej okreslane jako przewlekle niebakteryjne zapalenie
kosci 1 szpiku (Chronic Nonbacterial Osteomyelitis, CNO) oraz mtodziencze idiopatyczne
zapalenie stawow (MIZS; Juvenile Idiopathic Arthritis, JIA) [1,3]. Kolejnymi wskazaniami do
WB-MRI, wg badania ankietowego przeprowadzonego przez Podkomitet ds. Zapalen Stawow
przy Europejskim Towarzystwie Radiologii Migsniowo-Szkieletowej (European Society of
Musculoskeletal Radiology, ESSR), sa choroby nerwowo-migsniowe i zespoty naktadania
(overlapping syndromes), w przebiegu ktérych u danego chorego wyst¢puja minimum 2
choroby reumatyczne i charakterystyczne dla nich markery serologiczne. Przyktadem zespotu
naktadania jest wspotistnienie CRMO z MIZS [3].

O ile w chorobach nerwowo-mig$niowych obraz kliniczny jest typowy i1 udowodniono
kliniczng przydatnos¢ WB-MRI [1,4,5], tak w CRMO 1 MIZS, tym samym w zespole
naktadania tych dwoch chorob (OS), obraz kliniczny oraz wyniki badan laboratoryjnych nie sg
specyficzne 1 WB-MRI moze pomdc w ich rozpoznaniu i r6znicowaniu [6].

W $wietle problemow diagnostycznych zwigzanych z rozpoznaniem wyzej wymienionych
jednostek, przeprowadzono retrospektywne badanie w duzym osrodku reumatologii dziecigce]
w celu okres$lenia 1 poréwnania charakteru, liczby i lokalizacji zmian w WB-MRI u pacjentow
z CRMO, MIZS 1 OS. Do grupy badane; wlaczono roéwniez pacjentow z niespecyficzng
artropatig (Nonspecific Artropathy, NA), tj. z dolegliwo$ciami mig$niowo-szkieletowymi, u
ktorych wykluczono jakakolwiek chorobeg zapalna. Wystepujaca gtownie u dziewczat, NA staje
si¢ coraz wigkszym globalnym problemem diagnostycznym i terapeutycznym [7-10].
Zglaszane objawy to gtdéwnie bol, w tym bol wzrostowy, bol zwigzany z zespolami nadmiernej
ruchomos$ci stawow, bol psychogenny, neuropatyczny, czy kompleksowy zespot bolu
regionalnego [11-14].

W cyklu publikacji pod wspolnym tytutem: "Przydatno$¢ badania metoda rezonansu
magnetycznego calego ciata w diagnostyce wybranych chordb reumatycznych wieku
rozwojowego" znalazly si¢ trzy recenzowane prace, w tym jedna oryginalna, przedstawiajaca
wyniki badan wlasnych [15] oraz dwie publikacje pogladowe, powstate w ramach
miedzynarodowej wspolpracy naukowej, omawiajace technike¢ WB-MRI i jej zastosowanie w
diagnostyce chorob reumatycznych [16,17]. Laczny wskaznik Impact Factor powyzszego cyklu
wynosi 7,2, za$ taczna wartos$¢ punktow MNiSW 340.

Retrospektywne, jednoosrodkowe badanie wilasne (Publikacja nr 1) przeprowadzono na
aparaciec MR Avanto o nat¢zeniu pola 1,5 Tesli (T) z wykorzystaniem dedykowanych
wielokanatowych cewek powierzchniowych [15]. Do badania wlaczono 173 pacjentow



pediatrycznych z nastepujacymi ostatecznymi rozpoznaniami: CRMO u 26 pacjentow (15,0%),
MIZS u 51 (29,5%), OS u 8 (4,6%) i NA u 88 (50,9%).

Przeprowadzone badania wykazaty, ze najczestsza nieprawidtowos$cia w badanej grupie w WB-
MRI byl obrzgk szpiku kostnego (Bone Marrow Edema, BME). BME stwierdzono u
wszystkich pacjentéw z CRMO, u 88% chorych z OS, 55% z MIZS i 11% z NA. We wszystkich
poréwnywanych jednostkach BME najcze¢sciej lokalizowat si¢ w konczynach dolnych.
Wysigk obserwowano u 62,5% dzieci z OS 1 52,9% z MIZS; w CRMO i NA wysi¢k wystepowat
sporadycznie. Zapalenie przyczepow $ciegnistych (enthesitis) stwierdzono u 7,8% pacjentéw z
MIZS iu 3,8% z CRMO, za$ zapalenie mig¢sni u 12,5% pacjentéw z OS i u 3,9% z MIZS.

Badanie wykazato ponadto, ze najczestszym wskazaniem do wykonania WB-MRI w naszym
oSrodku byto MIZS, podczas gdy w innych badaniach dominowali pacjenci z CRMO.
Zaprezentowana grupa pacjentdéw z MIZS jest najliczniejsza sposrdd prezentowanych w
literaturze w kontekscie zastosowania WB-MRI.

W badaniu wlasnym po raz pierwszy oceniono obraz zmian w WB-MRI u dzieci i mtodziezy z
zespolem naktadania CRMO 1 MIZS.

Pionierska rowniez jest przeprowadzona analiza zmian widocznych w WB-MRI u pacjentow z
niespecyficzng artropatig.

Uzupehieniem powyzszych badan sa dwie miedzynarodowe prace pogladowe, opublikowane
w recenzowanych czasopismach (Publikacje 21 3) [16,17].

Omowiono w nich technik¢ badania WB-MRI, zwracajac, m.in., uwage na brak standaryzacji
badania wynikajacy z mnogosci protokotdw 1 sekwencji stosowanych w réznych osrodkach.
Przedstawiono zalety WB-MRI w diagnostyce chordb tkanki tacznej, spondyloartropatii (SpA),
a takze w CRMO 1 SAPHO, na etapie wczesnej diagnostyki oraz monitorowania leczenia.



3. Streszczenie w jezyku angielskim

Whole-body magnetic resonance imaging (WB-MRI) is now considered central to defining
total inflammatory burden in juveniles with arthritis [ 1], providing additional information to
clinical findings [2]. The technique lends itself well to pathologies that are diffuse, multifocal
or affect different organ systems, providing excellent anatomical definition through high soft-
tissue contrast and spatial resolution [1].

The two most common WB-MRI applications in children and adolescents are Chronic
Recurrent Multifocal Osteomyelitis (CRMO), also known as chronic Nonbacterial
Osteomyelitis (CNO), and Juvenile Idiopathic Arthritis (JIA) [1,3]. Other entities recognized
by the European Society of Musculoskeletal Radiology (ESSR) arthritis subcommittee survey
that investigated the current role of WB-MRI for rheumatic inflammatory diseases are:
neuromuscular diseases and overlapping syndromes, including CRMO and JIA overlapping
syndrome (OS) [3]. Whereas in neuromuscular diseases the clinical presentation is typical and
applicability of WB-MRI has been proven [1,4,5], in CRMO and JIA, thus in course of their
comorbidity, both clinical picture and laboratory data are not specific and WB-MRI may help
in their diagnosis [6].

In light of the diagnostic problems associated with the recognition of the abovementioned
entities, a retrospective study within a single large pediatric theumatology referral center was
carried out to determine and compare the type, number and initial distribution of lesions in the
WB-MRI in patients with CRMO, JIA, and OS. Also, Non-specific Arthropathy (NA) was
included in the cohort. This group comprised juveniles with non-specific musculoskeletal
complaints in whom any inflammatory disease had been diagnosed. Occurring mainly in girls,
NA is becoming a growing global diagnostic and therapeutic problem [7-10]. The symptoms
reported are mainly pain, including growth pain, pain associated with joint hypermobility
syndromes, psychogenic pain, neuropathic pain, and complex regional pain syndrome [11-
14].

In the series of publications under the common title: “Usefulness of whole-body magnetic
resonance imaging in the diagnosis of selected rheumatic diseases of the developmental age”,
three peer-reviewed papers were included, including an original paper presenting the results
of own research and two review publications created as part of an international collaboration,
discussing the WB-MRI technique and its use in the diagnosis of rheumatic diseases in
children and adults. The total Impact Factor of the above series is 7.2 and the total MNiSW
points value is 340.

The retrospective single center study (Publication No 1) was performed on an Avantol.5 Tesla
(T) MRI scanner with a dedicated multichannel surface coil system. A total of 173 pediatric
patients were included with the following final diagnoses: CRMO in 26 (15.0%), JIA in 51
(29.5%), OS in 8 (4.6%), and NA in 88 (50.9%) [15].

Results showed that bone marrow edema (BME) was the most common abnormality, being
seen in100% patients with CRMO, 88% with OS, 55% with JIA, and 11% with NA. The bones
of the lower extremities were the most affected in all compared entities.

Effusion was seen in 62.5% children with OS, and in 52.9% with JIA, whereas in CRMO and
NA the exudate was sporadic. Enthesitis was found in 7.8% of patients with JIA and 3.8% with
CRMO, and myositis was seen in 12.5% of patients with OS and in 3.9% with JIA.

The study further showed that the most common indication for WB-MRI in our centre was JIA,
while in other centers CRMO is the leading entity. At the same time, the group of patients with



JIA we studied is the largest presented in the literature to date in the context of the use of WB-
MRI.

In addition, our study is the first to evaluate WB-MRI lesions in children with CRMO and JIA
overlapping syndrome.

Also pioneering is the study of changes seen on WB-MRI in children and adolescents with non-
specific musculoskeletal (NA) complaints.

The above studies are complemented by two international review papers published in peer-
reviewed journals (Publications 2 and 3) [16,17].

They discuss the WB-MRI technique, drawing attention, among other things, to the lack of
standardization of the study resulting from the multiplicity of protocols and sequences used in
different centers. The advantages of WB-MRI in the diagnosis of connective tissue diseases,
spondyloarthropathies (SpAs), as well as in CRMO and SAPHO, in early diagnosis and
treatment monitoring, were presented.



4. Wstep

Rezonans magnetyczny catego ciata (WB-MRI) jest podstawowa metoda obrazows
pozwalajgca na kompleksowg oceng uktadu ruchu [1], bez uzycia promieniowania jonizujacego
1 w stosunkowo krétkim czasie, co jest szczegdlnie istotne w diagnostyce dzieci i mtodziezy z
chorobami reumatycznymi. Dzigki szerokiemu polu obrazowania oraz wysokiej rozdzielczosci
liniowej i1 przestrzennej, umozliwia rozpoznanie patologii o charakterze wieloogniskowym,
zajmujacych rdzne uktady i narzady [ 1], stanowigc cenne uzupetienie badania klinicznego [2].

Dwa najczestsze zastosowania WB-MRI u dzieci 1 mtodziezy to Przewlekle Nawracajace
Wieloogniskowe Zapalenie Kosci i Szpiku (CRMO), obecnie okreslane czgsciej jako
Przewlekle Niebakteryjne Zapalenie Kosci i Szpiku (CNO) oraz Mtodziencze Idiopatyczne
Zapalenie Stawow (MIZS) [1,3]. Kolejnymi czestymi wskazaniami do WB-MRI, wg badania
ankietowego przeprowadzonego wsrdéd osrodkow radiologicznych przez Podkomitet ds.
Zapalen Stawow przy Europejskim Towarzystwie Radiologii Mig$niowo-Szkieletowej
(ESSR), sa choroby nerwowo-mig$niowe i zespoly naktadania (OS), gdzie u jednego chorego
wystepuja minimum 2 choroby reumatyczne i charakterystyczne dla nich markery serologiczne.
Przyktadem zespotu naktadania jest wspotistnienie CRMO z MIZS [3]. O ile w chorobach
nerwowo-mig¢sniowych obraz kliniczny jest typowy i udowodniono kliniczng przydatnos¢ WB-
MRI [1,4,5], tak w CRMO i1 MIZS, tym samym w zespole ich nakladania, zaro6wno obraz
kliniczny jak i dane laboratoryjne nie sa specyficzne, a WB-MRI moze poméc w ich
rozpoznaniu [6].

Przy rosnacej liczbie publikacji na temat zastosowania WB-MRI w CRMO, liczba doniesien
na temat WB-MRI w MIZS jest znikoma 1 zadna praca, wedtug analizy dostgpnego
pismiennictwa, nie zostata po§wigcona zespolowi nakladania CRMO i1 MIZS [1,18-22]. Nie
zidentyfikowano takze doniesien nt. wykorzystania WB-MRI w diagnostyce niespecyficznej
artropatii (NA), ktora staje si¢ coraz wigkszym problemem na catym §wiecie, zas§ WB-MRI
moze mie¢ szczegolne znaczenie w diagnostyce niespecyficznych dolegliwosci ze strony
uktadu ruchu u dzieci i mlodziezy charakteryzujacych t¢ jednostke [7-14].

CRMO jest niebakteryjnym zapaleniem kosci o niejasnej etiologii, charakteryzujacym si¢
nawracajacymi epizodami bolu kosci 1 ograniczonym zakresem ruchu przez ponad 6 miesigcy
[1,18,21,23-25]. Wystepuje z reguty u dziewczat, z czestoscig 0,4/100 000 osob [1,23].
CRMO jest choroba trudng do rozpoznania ze wzgledu na utajony charakter i niespecyficzne
objawy oraz problematyczng w leczeniu, m.in. z uwagi na trudnos$ci w okresleniu aktywnosci
choroby [20]. Badanie fizykalne i tradycyjne markery stanu zapalnego nie sg czutymi
wskaznikami do diagnozowania i monitorowania postepu choroby czy skutecznos$ci leczenia
[20]. Obecnie ztotym standardem obrazowania CRMO jest WB-MRI, zwlaszcza na wstgpie
diagnostyki [20]. WB-MRI umozliwia wykrywanie zmian, w tym klinicznie bezobjawowych.
Zmiany chorobowe w postaci ognisk (obszar6w) obrzeku szpiku kostnego (BME),
odzwierciedlajacych jego zapalenie, sg typowo wieloogniskowe 1 obustronnie symetryczne
(do 75% przypadkow) 1 najczesciej zlokalizowane w okolicy okotostawowej, z reguty w
przynasadach kosci dtugich (do 90% przypadkéw) [1,19]. Do innych charakterystycznych dla
CRMO zmian naleza: zajecie obojczyka, zuchwy, zapalenie mig$ni, zapalenie powigzi,
zapalenie blony maziowej 1 wysiek w stawach, zapalenie entez [1,26,27].

MIZS jest najczestsza chorobg reumatyczng wieku rozwojowego; zapadalno$¢ wynosi od 2 do

20 na 100 000 os6b [18,21,28]. Zapalenie Stawdéw Zwigzane z Zapaleniem Przyczepow
Sciegnistych (Enthesitis-Related Arthritis, ERA) jest mlodzienczym zapaleniem stawow
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kregostupa, ktore zajmuje gldwnie stawy obwodowe i przyczepy $ciggniste, w surowicy
pacjentow wystepuje antygen HLA-B27 [1]. Stanowi 20% przypadkow MIZS, dotyczy
czesciej chlopcow, a sredni wiek w momencie rozpoznania wynosi 12 lat [1]. Najwcze$niej
zajete sg stawy konczyn dolnych, nastepnie stawy krzyzowo-biodrowe i kregostup [1].
Charakterystyczne wyniki badan obrazowych w poczatkowej fazie choroby to zapalenie
przyczepow Sciegnistych ze wspoétistniejgcym BME i otaczajgcym obrzekiem tkanek
mie¢kkich, a takze zapalenie blony maziowej stawow [1,22].

Zespot naktadania CRMO z MIZS (OS) jest stwierdzany u okoto 30-80% pacjentow z
CRMO, u ktorych rozwija si¢ zapalenie stawow [19,21]. Rozpoznanie OS opiera si¢ na
obecnosci wielu obszarow BME (odpowiadajacych CRMO) oraz zapalenia entez, zapalenia
btony maziowej stawoéw obwodowych i kregostupa (typowych dla MIZS) [18]. WB-MRI ma
istotne znaczenie w diagnostyce OS, w tym w rozpoznawaniu niemych klinicznie obszarow
BME w CRMO [29,30]. Brak specyficznych objawow klinicznych jest gtdwnym powodem
opo6znien diagnostycznych, w efekcie czego pacjenci nie otrzymuja optymalnego leczenia, co
prowadzi do progresji choroby [18].

Niespecyficzna artropatia (NA) dotyczy pacjentow nieletnich z dolegliwo$ciami migsniowo-
szkieletowymi, u ktorych wykluczono jakgkolwiek chorobe zapalng. Wystepuje glownie u
dziewczat 1 staje si¢ coraz wigkszym globalnym problemem diagnostycznym i
terapeutycznym [7-10]. Zglaszane objawy to gldwnie bol, w tym bol wzrostowy, bol
zwigzany z zespotami hipermobilnos$ci stawdw, bdl psychogenny, neuropatyczny i zespot
ztozonego bolu regionalnego [11-14]. WB-MRI umozliwia wykluczenie innych schorzen i
przyblizenie do rozpoznania tej coraz czgstszej jednostki.

5. Cel pracy

W $wietle problemoéw diagnostycznych zwigzanych z rozpoznawaniem i réznicowaniem
wyzej wymienionych jednostek, przeprowadzono retrospektywne badanie jednoosrodkowe w
celu okreslenia i pordwnania charakteru, liczby i lokalizacji zmian w WB-MRI u pacjentow
diagnozowanych pierwszorazowo z CRMO, MIZS, OS i NA.

6. Material i metody
6.1. Pacjenci

Retrospektywne badanie przeprowadzono w najwigkszym w Polsce o$rodku referencyjnym
reumatologii dziecigcej w Narodowym Instytucie Geriatrii, Reumatologii i Rehabilitacji
(NIGRiR) w Warszawie. Badanie zostato przeprowadzone zgodnie z Deklaracja Helsinska i
zostato zatwierdzone przez lokalng komisj¢ bioetyczng (nr KBT-3/1/2018) (Rozdziat 10).
Rodzice/opiekunowie prawni wszystkich pacjentéw wyrazili §wiadoma zgode na udziat w
badaniu.

Badanie oparto na analizie badan WB-MRI dostepnych w szpitalnej bazie danych z okresu 5
lat, od stycznia 2017 roku do grudnia 2022 roku.

W tym okresie zidentyfikowano 173 pacjentow pediatrycznych z ostatecznym rozpoznaniem
4 jednostek chorobowych, tj.: 26 pacjentéw (15,0%) z CRMO, 51 pacjentow (29,5%) z
MIZS, 8 pacjentow (4,6%) z OS 1 88 pacjentéw (50,9%) z NA.

Analizowano tylko wstepne badania WB-MRI tych chorych.
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Pacjenci byli kierowani na badanie WB-MRI przez reumatologéw dziecigcych Kliniki i
Polikliniki Reumatologii Wieku Rozwojowego NIGRiR. Wszyscy spetniali kryteria
wlaczenia, tj. kryteria Boston dla CRMO [31] i kryteria EULAR dla MIZS [32]. Zesp6t
naktadania tych jednostek (OS) rozpoznawano gtoéwnie na podstawie objawow klinicznych.
Zglaszane dolegliwo$ci we wszystkich tych chorobach obejmowaty: bol stawdw lub
ograniczenie zakresu ruchu w stawach lub obrzek stawdw, utrzymujace si¢ przez ponad sze$¢
tygodni [27,32-35]. NA rozpoznawano wowczas, gdy pacjent nie spetnial kryteriow
diagnostycznych CRMO, MIZS lub innej uktadowej choroby tkanki tacznej [36-38]. W tej
grupie miescili si¢ takze chorzy z réznymi dolegliwo$ciami migsniowo-szkieletowymi
niezwigzanymi z procesem zapalnym (bole wzrostowe, bole zwigzane z zespotami
hipermobilnos$ci stawdw, bole tuszczycowe lub neuropatyczne).

Zebrane w stworzonej na potrzeby pracy bazie danych informacje kliniczne i obrazowe
obejmowaty: dane demograficzne, ostateczng diagnoze oraz informacje o liczbie stawow z
wyszczegolnieniem zajetych tkanek uktadu ruchu (kosci i tkanki migkkie, w tym stawy,
mig$nie, entezy).

6.2. Protokot badania WB-MRI

Badanie WB-MRI wykonano na aparacie model Avanto firmy Siemens o nat¢zeniu pola
magnetycznego 1,5 T. Badanie przeprowadzono zgodnie z protokotem ,,WB-MRI”
obowigzujacym w Zaktadzie Radiologii NIGRiR stosowanym do oceny chordb
reumatycznych, z systemem dedykowanych cewek powierzchniowych wielokanatlowych
(Siemens Total Imaging Matrix; Siemens Healthcare, Erlangen, Niemcy).

Pacjenci byli utozeni do badania na plecach z rekami utozonymi wzdluz ciata, a cate ciato
byto pokryte cewkami. Do badania wykorzystano cewki powierzchniowe do badania glowy,
szyi, krggostupa, ciata i konczyn dolnych, w tym: o§miokanatowa cewk¢ matrycowa do
badania gtowy, o$miokanatowa cewke matrycowa do badania szyi, osiemnastokanatowg
cewke matrycowa do badania kregostupa, dwie szeSciokanatowe cewki matrycowe ,,body
matrix” 1 szesnastokanatowg cewke matrycowa do badania konczyn dolnych.

Badanie wykonano przy swobodnym oddechu, w plaszczyznie czotowe;j i strzatkowe;.
Uzyskane obrazy poszczegdlnych czesci ciala nakladajace si¢ na siebie w ok. 25%, zostaty
potaczone przy uzyciu dostgpnego pakietu oprogramowania (Siemens Composing; Siemens,
Erlangen, Niemcy) w celu utworzenia pojedynczego obrazu catego ciata.

Calkowity czas badania wynosit od 30 do 40 minut, w zalezno$ci od wzrostu danego pacjenta.

Protokoét obrazowania zostat przedstawiony w Tabeli nr 1 1 obejmowal obrazy uzyskane w
sekwencji TIRM (Turbo Inversion Recovery Magnitude) w ptaszczyznie czolowej i
strzatkowej. Nie podawano dozylnego $rodka kontrastowego ani §rodkow
antyperystaltycznych.
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Tabela 1. Protoko6t badania MR.

TIRM TR TE | S FOV PO PED ST Matryca AT
(ms) | (ms) (mm) (%) (mm)
Przekroje 5500 42 5 | 500x500 60 | Od prawej 5/ 384x384 | 3:30/
czotowe 1,5 1S
przerwa
Przekroje | 4590 41 5 | 500x500 | 20 Od glowy 5/ 226x320 | 3:00/1
strzatkowe 1,5 S
przerwa

TIRM- Turbo Inversions Recovery Magnitude; TR- Repetition Time, czas repetycji; TE-
Echo Time, czas echa; S-Slab; FOV- Field of view, pole widzenia, PO-Phase Oversampling;
Kodowanie w kierunku fazy; PED- Phase Encode Direction, Kierunek fazowania/kodowania
fazy; ST-Slice Thickness, grubo$¢ warstwy; AT- Acquisition Time, czas akwizycji.

6.3. Kryteria oceny WB-MRI

WB-MRI oceniano pod katem charakteru, liczby i lokalizacji zmian zapalnych w 4
analizowanych grupach pacjentow z CRMO, MIZS, OS 1 UA.

Obrazy zostaty ocenione przez dwoch radiologéw (ML, IS-S) z 5 i 15-letnim do§wiadczeniem
w obrazowaniu ukltadu migsniowo-szkieletowego, bez znajomosci danych klinicznych i
laboratoryjnych. Ostateczna diagnoza zostata ustalona w drodze konsensusu.

Sposrod zmian, ktére mozna uwidoczni¢ w badaniu WB-MRI w mtodzienczych artropatiach,
analizowano nastgpujace nieprawidtowosci: BME, wysi¢k stawowy, zapalenie mig$ni oraz
zapalenie przyczepow $ciggnistych.

BME jest widoczny w obrazach TIRM jako obszar wysokiego sygnatu szpiku kostnego.
Zmiany zapalne w tkankach migkkich, takie jak wysigk w stawie, zapalenie mig$ni, zapalenie
przyczepow Sciegnistych, sg identyfikowane jako obszary o wysokim sygnale.

W pracy okreslano liczbe i1 lokalizacje nieprawidlowych zmian, z uwzglednieniem ich
wystepowania jedno- albo obustronnego. W kos$ciach dtugich analizowano dodatkowo
wystepowanie BME w trzonie kos$ci, w blizszej 1 dalszej nasadzie lub przynasadzie.

6.4. Badania wtasne na tle aktualnych zastosowan WB-MRI w reumatologii dziecigce;.

Badania wiasne zostaty uzupetnione dwoma artykutami przegladowymi opublikowanymi w
recenzowanych czasopismach w ramach wspoipracy migdzynarodowe;.

Pierwszy artykul zatytutowany: ,,Whole - Body Magnetic Resonance Imaging in
Rheumatology” (Publikacja nr 2), omawia technik¢ obrazowania WB-MRI, w tym zalety
nowoczesnych skanerow i cewek stosowanych w WB-MRI [16]. W publikacji zwrocono
uwage na mnogos¢ protokotow badan WB-MRI 1 stosowanych sekwencji, w tym sekwencje
STIR (rekomendowang przez Podkomitet ds. Zapalen Stawéw przy ESSR) [39], sekwencje
Dixon (z uwagi na jednorodng saturacje¢ tkanki ttuszczowej) [40,41], oraz DWI (Diffusion
Weighted Imaging), pozwalajaca na uzyskiwanie informacji jakosciowych i ilosciowych [42-
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44]. Omowiono wskazania do WB-MRI oraz zmiany zapalne widoczne w poszczegdlnych
chorobach reumatycznych.

W przypadku mtodzienczych spondyloartropatii, WB-MRI pozwala na rozpoznanie BME,
zapalenia w stawach, pochewkach $cigegnistych, zapalenia przyczepoéw $ciggnistych i kaletek
[45,46]. Jest wykonywane na etapie wczesnej diagnostyki oraz jest skutecznym narzedziem
do monitorowania przebiegu choroby i skutecznosci leczenia.

W reumatoidalnym zapaleniu stawéw WB-MRI jest szczegodlnie przydatny w wykrywaniu
zapalenia blony maziowej 1 zajecia kregostupa szyjnego oraz odgrywa kluczowa role w
ocenie odpowiedzi na leczenie [16].

W twardzinie uktadowej, jednej z najcigzszych uktadowych choréb reumatologicznych o
najwyzszym wskazniku $miertelnosci [47], WB-MRI wykazuje zmiany wieloogniskowe 1
czesto symetryczne, w tym najczesciej: pogrubienie tkanki podskornej i powiezi, zapalenie
btony maziowej stawdw, ich pokontrastowe wzmocnienie w aktywnym stadium zapalnym,
oraz BME. Nierzadko stwierdzany jest intensywny obrzek migéni odzwierciedlajacy ich
zapalenie, obejmujacy gtéwnie proksymalne cz¢sci konczyn dolnych [48]. W stadium
przewlektym obserwuje si¢ wioknienie zapalnie zmienionych tkanek. WB-MRI jest pomocne
w monitorowaniu skutecznos$ci leczenia immunosupresyjnego [49].

W polimialgii reumatycznej gtownymi zmianami w WB-MRI s3: zapalenie kaletki
podbarkowo-podnaramiennej, wysigk w stawie topatkowo-ramiennym i1 biodrowym,
zapalenie $ciggien 1 torebek stawowych [50]. WB-MRI odgrywa rol¢ w ocenie odpowiedzi na
leczenie glikokortykosterydami [51].

W idiopatycznych miopatiach zapalnych, takich jak zapalenie skorno-mig$niowe, w tym typu
mtodzienczego, WB-MRI jest metoda z wyboru do rozpoznawania zapalenia mig¢éni i
identyfikacji mig$ni optymalnych pod katem wykonania biopsji. Widoczne sg rowniez cechy
zaje¢cia innych narzadow, w tym: §rddmiazszowe choroby pluc, zmiany skoérne, zajgcie
stawow [52]. W infekcyjnym zapaleniu migsni WB-MRI moze wykaza¢ obrzek migsni oraz
zbiorniki ptynu, w tym ropnie.

W zespole antysyntetazowym WB-MRI jest przydatny do oceny zajg¢cia migsni i struktur
pozamig$niowych oraz do monitorowania choroby. Jest pomocny w diagnostyce roznicowej,
zwlaszcza rdéznicowaniu z reumatoidalnym zapaleniem stawow w poczatkowym stadium
choroby [53].

W zespole SAPHO, WB-MRI pozwala na weczesng diagnoze¢ poprzez rozpoznanie
charakterystycznych cech wieloogniskowego zapalenia kosci w typowych lokalizacjach [54].

W przypadku wieloogniskowej martwicy kosci, WB-MRI umozliwia ocen¢ wszystkich
potencjalnych miejsc martwicy w czasie jednej akwizycji [55]. Jest to zloty standard w
diagnostyce 1 obserwacji tego schorzenia [55].

W drugiej publikacji pogladowej pt.: ,,Update on MRI in Rheumatic Diseases” (Publikacja nr
3) przedstawiono przeglad zastosowan WB-MRI u dorostych i dzieci w oparciu o aktualne
publikacje [17]. Potwierdzono, ze WB-MRI jest coraz cz¢$ciej wykorzystywany w
diagnostyce chordb reumatycznych, umozliwiajac ocene rozlegtosci i aktywnosci chordb o
charakterze wielostawowym, zajmujacych szpik kostny, stawy, entezy oraz migsnie catego
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ciala w czasie jednego badania. Ze wzgledu na wysoka rozdzielczo$¢ kontrastowa badanych
tkanek, WB-MRI wykrywa wczesne zmiany zapalne 1 stanowi obiektywne narzedzie do
oceny rozlegtosci 1 aktywnosci choroby [18].

W publikacji przyblizono wyniki badania ankietowego ESSR przeprowadzonego wsrod
radiologdéw z roznych osrodkow europejskich przez Giraudo 1 wsp. [13], w ktorym
zidentyfikowano najczgstsze wskazania kliniczne do WB-MRI. Naleza do nich: idiopatyczne
zapalenia mi¢s$ni (Idiopathic Inflammatory Myositis, IMM), takie jak zapalenie skorno-
mig$niowe, w tym posta¢ mlodziencza oraz zapalenie wielomigsniowe, CRMO (CNO),
zespoty naktadania (jak CRMO z MIZS), oraz MIZS [3]. Okreslenie w WB-MRI lokalizacji i
rodzaju zmian zapalnych typowych dla okreslonej jednostki chorobowej, pozwala na
identyfikacj¢ 0sob z predyspozycjami genetycznymi do rozwoju danej choroby, co wptywa na
planowane leczenie i dtugoterminowg obserwacje¢ [18]. Nie leczone albo niewlasciwie
leczone, choroby reumatyczne mogg prowadzi¢ do deformacji kosci, co ma wplyw na jako$¢
zycia.

Podkreslono jednocze$nie konieczno$¢ ostroznej interpretacji zmian widocznych w WB-MRI
i ich korelacji z obrazem klinicznym, zwlaszcza obszaréw wysokiego sygnatu szpiku
kostnego u dzieci, ktory jest czgsto obserwowany 1 moze mie¢ charakter fizjologiczny /
rozwojowy [56,57].

7. Podsumowanie i wnioski

Staty postep w zakresie technologii MR, opracowywane nowe protokoty badan, nowe
sekwencje, wreszcie doskonalone definicje oraz metody oceny zmian patologicznych,
wplywaja na optymalizacj¢ diagnostyki 1 monitorowania stanu zajetych tkanek ze wzrastajaca
czulos$cig i swoistoscig [3,58]. Jest to szczegdlnie istotne w reumatologii, gdzie zar6wno obraz
kliniczny, jak 1 dane laboratoryjne nie sg specyficzne dla wielu jednostek chorobowych 1 WB-
MRI moze pomoc w ich diagnostyce roznicowej [6]. Przykladem sg CRMO 1 MIZS, nalezace
do najczgstszych wskazan nieonkologicznych w pediatrii do WB-MRI [1]. Obydwie choroby
wykazuja podobienstwa kliniczne, co wigcej mozliwe jest ich jednoczesne wystgpowanie u
jednego pacjenta (OS), jak réwniez ewolucja jednej choroby w drugg [27].

Na podstawie badan wiasnych sformutowano nastepujace wnioski:

I. WB-MRI pozwala na rozpoznanie zmian zapalnych, takich jak BME, wysi¢k stawowy,
zapalenie przyczepow Sciegnistych oraz zapalenie migsni u pacjentOw z chorobami
reumatycznymi wieku rozwojowego wraz z oceng liczby zmian i ich lokalizacji, co ma
znaczenie w ich diagnostyce réznicowe;.

II. W odniesieniu do liczby zmian:

1. W CRMO zarejestrowano tgcznie 263 zmiany, od 1 (u 3 pacjentéw) do 33 (u 1
pacjenta);

2. W MIZS zarejestrowano lacznie 296 zmian; liczba zmian wahata si¢ od 0 (u 14
pacjentow) do 31 zmian (u 1 pacjenta);

3. W OS zarejestrowano tacznie 82 zmiany; liczba zmian wahata si¢ od 0 (u 1 pacjenta)
do 22 (u 1 pacjenta);

4. W NA zarejestrowano tgcznie 56 zmian; liczba zmian wahata si¢ od 0 (u 78
pacjentow) do 21 (u 1 pacjenta).
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III. W odniesieniu do charakteru zmian:

1. BME bylo najczgstsza nieprawidtowoscia, obserwowang u wszystkich pacjentow z
CRMO, u 88% z OS, 55% z MIZS i 11% z NA. We wszystkich jednostkach BME
najczesciej stwierdzano w obrebie konczyn dolnych (Tabela 2).

2.  Wysiek byl kolejna czgsta zmiang w OS (62,5% pacjentow) 1 MIZS (52,9%
pacjentow), podczas gdy w CRMO i NA wystepowat sporadycznie (Tabela 3).

3. Zapalenie mig$ni stwierdzono tylko u pacjentéw z OS 1 MIZS (odpowiednio u 12,5% 1
3,9%), a zapalenie przyczepdw Sciegnistych (enthesitis) tylko w MIZS i CRMO
(odpowiednio u 7,8% 1 3,8% badanych).

4. Ze wzgledu na artefakty i ograniczenia badania ocena niektorych stawow
obwodowych byta problematyczna: dtonie i tokcie w materiale wlasnym nie byty
dobrze zobrazowane u 10 dzieci (37%) z CRMO, u 10 (20%) z MIZSA, u 4 (50%) z
OS1u 21 (23,9%) pacjentow z NA.

Tabela 2. Lokalizacja obrzeku szpiku kostnego w analizowanych jednostkach chorobowych.

Lokalizacja obrzeku CRMO MIZS 0s NA
szpiku kostnego 1=26 1=51 1=8 1=88
Jednostr. | Obustr. | Jednost.r | Obustr. | Jednostr. | Obustr. | Jednostr. | Obustr.
Zuchwa 4 (15,4 0 0 0 0 0 0 0
%)

Lopatka, SMO, SBO 1 (3,8 %) 138%)| 1(2,0%) 0 0 0 0 0

Obojczyk 2(77%) | 1(3,8%) 0] 120%) 0 0 0 0

Ko$¢ ramienna 3(1L5 | 1(38%)| 2(39%) 0 o] 1025 0 0
%) %)

Kos¢ tokciowa 0 1 (3,8 %) 0 1(2,0 %) 0 0 0 0

Koé¢ promieniowa 2 (7,7 %) 1 (3,8 %) 0] 2(39%) 0 0 0 0

Reka, nadgarstek 0 2(7,7 %) 0 0 0 0 0 0
Miednica 2(7,7 %) 138%)| 4(78%) | 5(9,8%) 1(12,5
%)

Rzepka 1 (3,8 %) 1(38%)| 1(2,0%) 0 0 0 0 0

Kosé¢ udowa 3(11,5 10 (38,5 6 (11,8 | 12(23,5%) 2(25,0 3375 | 1(1,1%) 1(1,1

%) %) %) %) %) %)

Koé¢ piszczelowa 4(154 12462 1(20%) | 6 (11,8 %) 2 (25,0 2(250 | 444 %) 0
%) %) %) %)

Strzatka 3(11,5 138%)| 1(20%) | 1(2,0%) 0 0 1(1L1%) 0

%)

Kos¢ skokowa 4154 | 5192%)| 5(98%) | 6(11,8 %) 0 3375 | 2(22%) 333

%) %) %)

Kos¢ pietowa 5192 | 3(11,5%)| 1(2,0%) | 6 (11,8 %) 1(12,5 2250 | 1(1,1%) 2(22

%) %) %) %)

Kosci stepu 3115 | 4(154%)| 359 %) | 7(13,7 %) 0 2250 | 1(1,1%) 1(1,1

%) %) %)

Kosci srédstopia 4 (154 2(7,7 %) 0 1(20%) 0 0| 2(22%) 2(22

%) %)

Palce stop 0 1(3,8 %) 0 0 0 0 1(1L1%) 1(1,1

%)

SMO- staw mostkowo-obojczykowy; SBO- staw barkowo-obojczykowy, CRMO- Chronic Recurrent Multifocal
Osteomyelitis; MIZS- Mtodziencze Idiopatyczne Zapalenie Stawow; OS-Overlapping Syndrome (Zespot
naktadania); NA — Nonspecific Artopathy (Niespecyficzna artropatia); Jednostr. — jednostronne; Obustr. —

Obustronne.

16



Tabela 3. Wysigki w poszczegdlnych stawach w analizowanych jednostkach chorobowych.

Lokalizacja CRMO MIZS 0s NA

wysieku 1=26 1=51 1=8 1=88
Jednostr. | Obustr. | Jednostr. Obustr. | Jednostr. | Obustr. | Jednostr. | Obustr.

Staw 0 0 5(9,8 %) 0] 1(12.5%) 0 0 0

ramienny

Staw 0 0 120%) | 120%) | 1(125%) 1125 | 1(11%) 0

tokciowy %)

Stawy 0 0 1(2,0 %) 0 0 0 1(1,1%) 0

nadgarstka

Staw 0 0 1(2,0 %) 0 0 0 0 0

krzyzowo-

biodrowy

Staw 0 0 4(7,8%) | 8(157 %) | 1(12,5 %) 3(37,5 0 0

biodrowy %)

Staw 0(277%)| 9(17,6%) | 8(157 %) 0 1125 | 1(11%) 0

kolanowy %)

Staw 0| 1(38%) 359%) | 3(B9%) | 1(125%) | 1(125%) | 1(1,1%) 0

skokowy

Staw stopy 0 0 12,0 %) 0] 1(12,5%) | 1(12,5 %) 0 0

Spojenie 0 0 1(2,0 %) 0] 1(12,5%) 0 0 0

fonowe

IV. Badania wlasne na tle wynikéw innych autoréw:

1. Zasadniczym elementem wyrdzniajacym wlasny materiat jest duza liczba chorych z
MIZS (51 pacjentow), u ktérych wykonano WB-MRI. Jest to najliczniejsza grupa
sposrod prezentowanych w literaturze.

2. W badaniach wiasnych po raz pierwszy dokonano analizy zmian zapalnych
widocznych w WB-MRI w MIZS. Podstawowa nieprawidtowoscia byt BME (55%
chorych), stwierdzany najczgséciej obustronnie w kosci udowej 1 srdédstopiu. Wysigki w
stawach stwierdzono u 52,9% pacjentéw. Zapalenie entez wystepowato jedynie u
7,8% badanych, mimo ze w publikacjach innych autoréw odsetek ten siegat 60-80%
[45,59,60]. Nalezy to prawdopodobnie ttumaczy¢ krotkim wywiadem chorobowym
analizowanej grupy wtasnej (oceniano tylko pierwszorazowe badania WB-MRI).
Zapalenie migs$ni stwierdzono u 3,9% dzieci z MIZS. Nalezy podkresli¢, ze zapalenie
migsni jest sporadycznie analizowane w kontek§cie MIZS, mimo Ze nalezy do obrazu
chorobowego podtypu uktadowego MIZS lub moze by¢ powikladniem leczenia
biologicznego tej choroby [29].

W przypadku CRMO, badania wtasne potwierdzity predylekcje choroby do
okreslonych okolic anatomicznych, w szczegdlnos$ci przynasad konczyn dolnych oraz
ich wieloogniskowy charakter [20,21,26,62,63]. W przeciwienstwie do wielu innych
publikacji wskazujacych na czgste zajecie kosci miednicy [21,24,61-64] i kregostupa
[4,19,21], w materiale wlasnym miednica byta zaj¢ta tylko u trojga dzieci (11,5%), a
kregostup jedynie u czterech pacjentéw (15,4%). U wszystkich badanych wystgpowat
BME, wysick 1 zapalenie entez obserwowano sporadycznie, nie stwierdzono
przypadkéw zapalenia migéni.
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4. Praca wlasna jest pierwsza analiza czestosci i charakteru zmian w WB-MRI w przebiegu
zespolu nakladania CRMO 1 MIZS. Najczgstszg nieprawidlowoscia byl BME (88%
badanych), nastepnie wysigk (62,5% chorych) i1 zapalenie migs$ni (12,5%), nie
stwierdzono przypadkow zapalenia przyczepow $ciggnistych.

5. W badaniach wtasnych po raz pierwszy dokonano analizy zmian w WB-MRI u dzieci i
mlodziezy z niespecyficzng artropatia (NA). Badanie MR odgrywa wazng role w
szerokiej diagnostyce roznicowej w tej grupie pacjentow [65]. Podobnie jak w
poprzednio opisanych chorobach, w materiale wlasnym obejmujagcym 88 pacjentow
dominowat BME w konczynach dolnych (11% chorych). Wysieki byly sporadyczne,
nie stwierdzono przypadkéw zapalenia mig$ni ani zapalenia przyczepow Sciggnistych.
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8. Przedstawienie cyklu opublikowanych prac
Publikacja nr 1.

Whole-Body MRI at Initial Presentation of Chronic Recurrent Multifocal
Osteomyelitis, Juvenile Idiopathic Arthritis, Their Overlapping Syndrome, and Non-
Specific Arthropathy.

Michat Lanckoronski, Piotr Gietka Matgorzata Manczak, Iwona Sudot-Szopinska.
Journal of Clinical Medicine 2024; 13, 998. doi.org/10.3390/jcm13040998
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Abstract: (1) Background: Whole-body magnetic resonance imaging (WB-MRI) is central to defining
total inflammatory burden in juveniles with arthritls, Our aim was to determine and compare the
initial distribution of lestons in the WB-MRI in patients with chronie recurrent multifocal osteomyelitis
(CRMO), juvenile idiopathic arthritis (JIA), their overlapping syndrome (OS5), and with Non-specific
Arthropathy (NA). (2) Methods: This retrospective single center study was performed on an Avanto
15T MRI scanmer with a dedicated multichannel surface coil system. A total of 173 pediatric patients
were included with the following final diagnoses: CRMO (15.0%), JIA (29.5%), OS (4.6%), and NA
(50.9%). (3) Results: Bone marrow edema (BME) was the most common abnormality, being seen in
100% patients with CRMO, 88% with OS, 55% with JIA, and 11% with NA. The bones of the lower
extremities were the most affected in all compared entities. Effusion was seen in 62.5% children with
05, and in 52.9% with JIA, and in CRMO and NA, the exudate was sporadic. Enthesitis was found in
7.8% of patients with JIA and 3.8% with CRMO, and myositis was seen in 12.5% of patients with OS
and in 3.9% with [IA. (4) Conclusions: The most froquent indication for WB-MRI in our centor was
JIA. The most common pathology in all rheumatic entities was BME, followed by effusion mainly
seen in in OS and JIA. Enthesitis and myositis were less common; no case was observed in NA.

Keywords: whole-body magnetic resonance imaging; chronic recurrent multifocal osteomyelitis;
juvenile idiopathic arthritis; overlapping syndrome

1. Introduction

Whole-body magnetic resonance imaging (WB-MRI) is now considered central to
defining total inflammatory burden in juveniles with arthritis [1], providing additional
information to clinical findings [2). The technique lends itself well to pathologies that
are diffuse, multifocal or affect different organ systems, providing excellent anatomical
definition through high soft-tissue contrast and spatial resolution [1].

The two most common WB-MRI applications in children and adolescents are chronic
recurrent multifocal osteomyelitis (CRMO) and juvenile idiopathic arthritis (JIA) [1,3].
Other entities recognized by the ESSR arthritis subcommittee survey that investigated the
current role of WB-MRI for rheumatic inflammatory diseases are neuromuscular diseases
and overlapping syndromes [3]. Whereas in neuromuscular diseases, the clinical presen-
tation is typical and clinical applicability of WB-MRI has been proven [1,4,5], in CRMO
and JIA, both clinical picture and laboratory data are not specific and WB-MRI may help in
their diagnosis [6].

. Clin, Mad. 2024, 13, 998, hitps:/ / doborg/10.33%0 /cm 13040998
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With an increasing number of publications on the use of WB-MRI of the CRMO, the
number of reports on WBMRI in JIA is negligible, and no work, to our knowledge, has
been dedicated to JIA and CRMO overlapping syndrome (OS) [1,7-11].

CRMO, also referred to by the alternative name chronic nonbacterial osteomyeli-
tis (CNO), is a non-bacterial autoinflammatory osteitis of unclear etiology characterized
by recurrent episodes of bone pain and a restricted range of movement for more than
6 months [1,7,10,12-14]. More common in females, it has an incidence of 0.4/100,000 [1,12].
CRMO is challenging to physicians because of its occult nature and the difficulty of assess-
ing disease activity [9). Physical examination and traditional inflammatory markers are
not sensitive metrics to diagnose and to monitor disease progression [Y]. The current gold
standard imaging modality is WB-MRI, especially at the initial evaluation [9]. Tt facilitates
the detection of lesions, including those that are clinically silent. Multifocal and bilaterally
symmetrical in 75% of cases, focal bone marrow edema (BME) lesions in long bones are
characteristically perimetaphyseal, and in one study in up to 90% of cases [1,5]. Other
CRMO imaging features can include davicular osteitis, juxtaphyseal nodules, periosseous
edema, myositis, fasciitis, synovitis, enthesitis, and joint effusions [1,15,16].

JIA represents the most common rheumatic disease in childhood, with an incidence
and a prevalence varying from 2 to 20 cases and from 16 to 150 cases per 100,000 persons,
respectively [7,10,17]. Juvenile spondyloarthritis is a subgroup of JIA with sacroiliitis
and spondylitis [11,15]. Enthesitis-related arthritis (ERA) is an HLA-B27-positive juvenile
spondyloarthritis that primarily affects peripheral joints and entheses [1]. Accounting for
20% of JIA, this condition affects more boys than girls, with a mean age at diagnosis of
11.7 years [1}. Lower-extremity joints are involved earliest; followed by the sacroiliac joints
and the spine [1]. Characteristic imaging findings at the initial presentation are enthesitis
with BME and surrounding soft-tissue swelling and edema, as well as synovitis [1,11].

Regarding OS, approximately 30-80% of CRMO patients develop arthritis including
spondyloarthroarthritis [8,10]. Commonly, the diagnosis of OS is based on the presence
of multiple sites of BME, enthesitis, synovitis of peripheral and axial joints [7]. WB-MRI
can confirm or exclude clinically suspected cases or diagnose occult CRMO overlapping
cases [19,20] in which the diagnosis is often delayed due to the lack of specific symptoms,
and consequently, the patients do not receive optimal treatment until later in the disease,
which results in disease progression [7].

In light of the diagnostic problems associated with the recognition of the above-
mentioned entities, we carried out a retrospective study within a single large pediatric
rheumatology referral center to determine and compare the initial distribution of lesions in
the WB-MRI in patients with CRMO, [1A, and OS. Also, nNon-specific Arthropathy (NA)
was included in our cohort. This group comprised juveniles with non-specific musculoskele-
tal complaints in whom any inflaimmatory disease had been diagnosed. Occurring mainly
in girls, NA is becoming a growing global diagnostic and therapeutic problem [21-24]. The
symptoms reported are mainly pain, including growth pain, pain associated with joint
hypermobility s psychogenic pain, neuropathic pain, and complex regional pain
syndrome [25-25].

2 Materials and Methods
2.1. Patients

This retrospective single center study was undertaken at the largest referral center for
pediatric theumatology. It was performed in accordance with the Declaration of Helsinki
and was approved by the local ethics committee (No KBT-3/1/2018). Parents of all patients
gave informed consent to take part in the study.

Our study was based on the analysis of WB-MRI data available in the hospital database
from a period of 5 years from January 2017 to December 2022.

In this timeframe, 173 pediatric patients were identified, with final diagnosis of 4 enti-
ties, including 26 (15.0%) patients with CRMO, 51 (29.5%) with JIA, 8 (4.6%) with OS, and
88 (50.97%) with NA.
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Only initial WBMRI studies were analyzed.

Children were referred for WB-MRI by pediatric rheumatologists. All included pa-
tients met the inclusion of Boston criteria for CRMO [29] and EULAR criteria for JIA [30].
OS was clinically suspected mainly on the basis of clinical symptoms. Reported com-
plaints in all these diseases included joint pain, restricted range of movement, and/or joint
swelling, persisting for more than six weeks [16,30-33]. NA was diagnosed when they
did not meet the diagnostic criteria of a specific clinical subtype of JIA or other systemic
connective tissue disease [34-36), This diagnosis also includes various musculoskeletal
complaints unrelated to the inflammatory process, such as growing pains, pains associated
with joint hy permobility syndromes, psoriatic pains, or neuropathic pains. According to a
number of journal entries, these non-specific symptoms are observed more frequently in
girls than in boys [37-39],

Collected clinical data retrieved from our electronic database included demographics,
information on affected bones and soft tissues (such as joints, entheses, and muscles), and
the final diagnosis.

2.2. MRI Protocol and Interpretation of Imaging Features

WB-MRI scans were performed on an Avanto 1.5-T MRI scanner with a “WB-MRI1"
institutional protocol used for the evaluation of theumatic diseases with a dedicated
multichanne! surface coil system (Siemens Total Imaging Matrix; Siemens Healthcare,
Erlangen, Germany).

Patients were placed supine with arms down by the sides, and the whole body was
covered with coils to allow for contiguous scanning. Integrated head, neck, spine, body,
and peripheral angiography surface coils were utilized, including the following: eight-
channel (CH) head matrix coil, eight-CH cervical matrix coil, eighteen-CH spine coil, two
six-CH body matrix coils, and sixteen-CH peripheral angiography (bilateral peripheral MR
angiography) matrix coil.

Images were acquired at multiple stations with the patient free-breathing, Sequen-
tial imaging at each station along the z-axis was first acquitted in coronal plane, fol-
lowed by sagittal using the step-wise acquisition. These stations were stitched together—
reconstructed using the vendor-specific software package (Siemens Composing; Siemens,
Erlangen, Germany) to form a single large field of view (FOV) whole-body image.

Stations on whole-body sequences overlapped 25-30% to improve quality of the final
whole-body image.

A total of 4-5 stations (depending upon the patient’ height) were required for whole-
body imaging for each patient.

Total scanning time ranged between 30 and 40 min, depending upon the height and
compliance of each patient.

The imaging protocol is outlined in Table 1 and includes TIRM (Turbo Inversion Recov-
ery Magnitude) sequence acquired in coronal and sagittal whole body (Table 1), Gadolinium
and antiperistaltic agents were not administered. Sedation was deemed unnecessary,

Table 1. Whole-body MRI seqquence protocol

Time of

TIRM TR TE Phase Phase Encode Slice
Sequence  (mw o 0 POV ompling  Dimction  Thickness MY Acquisition
coronal

500 mm 3 5mm, '
whole 5500 2 5 per stach 6%, right to left 15 m gap 384 0388 300 per stack
e

500 mm Smm,
w 4590 4a 5 per stach 2% head to foot 15 mm gap 26 x 320 3400 per stack

TIRM—Turbo Inversion Recovery Magnitude; TR—Repetition Timw; TE—FEcho Time; FOV—Fiold of View,
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2.3, Imaging Evaluation Criteria

WB-MRI was evaluated with the aim of identifying lesions in 4 analyzed groups of
patients with CRMO, JIA, OS, and UA.

The images were evaluated by two radiologists (ML, IS-S) with 5 and 15 years of
experience in musculoskeletal imaging, blinded to clinical and laboratory data. The final
diagnosis was established by consensus.

Among the many lesions that can be visualized on WB-MRI in juvenile arthropathies,
the following lesions were recorded: (1) BME; (2) joint effusion; (3) myositis; and (4) enthesitis,

BME was defined as increased bone marrow signal on coronal and sagittal TIRM
images. In long bones, BME in proximal and distal epiphysis and metaphysis was specified,

Soft tissue lesions, such as joint effusion, myositis, enthesitis were specified as high
signal areas; in enthesitis, BME in the bony part of the enthesis may have been visible.

2.4, Statistical Analysis

A database with demographic data and with lesions for each patient was created.
The only continuous variable was the patients” age. It was not normally distributed, and
therefore, the age comparison in the analyzed groups was performed using the Kruskal-
Wallis test. The gender distribution in the study groups was compared using the chi-

re test,
mﬂtedahbaﬁem(adedlesimmhvaydetaﬂedbcaﬁamanddividedimokﬂand
right sides. The database initially contained 174 variables describing the location of lesions,
Then, the lesions were grouped into less detailed groups; e.g., all bones of the hand and
wrist were described with the variable: hand and wrist. Symmetry of lesions was defined as
a bilateral involvement of evaluated tissues (bones, joints, entheses, or muscles). Unilateral
lesions were recorded as well. Then, the percentage frequency of lesions (bilaterally and
unilaterally) in the 4 analyzed groups of children was calculated. Number of patients with
at least 1 lesion at proximal and distal metaphyses and epiphyses were also analyzed.

3. Results

3.1. Demographic Data

Over a period of 5 years from January 2017 to December 2022, WB-MRI was performed
in 173 pediatric patients with final diagnosis of four entities, including 26 (15.0%) patients
with CRMO, 51 (20.5%) with JIA, 8 (4.6%) with OS, and 88 (50.9%) with NA. There were no
differences in the age of patients in the study groups (p = 0.678), but there were differences
in gender distribution (p = 0,022). Demographic data are presented in Table 2.

Table 2. Demographic data of the following included patients: CRMO: chronic recurrent multifocal
osteomyelitis; JIA: juvenile idiopathic arthritis; O% JIA and CRMO overlapping syndrome; NA:
Non-specific Arthropathy.

CRMO JIA 0s NA
"e26 n=5 n=H ne8s
age 13.5(10-15) 13(11-15) 125 (10.5-15) 14(11-16)
gender (boys) 14 (54%) 18 (35%) 4 (50%) 21 (24%)

3.2. Imaging Findings in Patients with CRMO, JIA, OS, and NA
In all patients, WB-MRI was assessed for possible active and chronic inflammatory
changes in terms of BME, joint effusion, enthesitis, myositis, bursitis, and others, Overall,
in WB-MRI STIR sequences, the following information was recorded:
1. In CRMO, a total of 263 lesions were recorded, ranging from 1 (in 3 patients) to 33 (in
1 patient);
2 InJIA, a total of 296 lesions were recorded; the number of lesions ranged from 0 (in
14 patients) to 31 lesions (in 1 patient);
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3.  In OS5, a total of 82 lesions were recorded; the number of lesions ranged from 0 (in

1 patient) to 22 (in 1 patient);

4 In NA, a total of 56 lesions were recorded; the number of lesions ranged from 0 (in

78 patients) to 21 (in 1 patient).

The hands and elbows were not consistently visualized (especially in older children)
in 10 children (37%) with CRMO, in 10 (20%) of JIA patients, in 4 (50%) with OS, and in
21 (23.9%) of NA patients

In isolated cases, artefacts (mainly motion) hindered WB-MRI interpretation, which
occurred in 2 patients (7.4%) with CRMO, 10 (20%) with JIA, 2 (25%) with OS, and 12 with
(13.6%) NA.

3.2.1. Bone Marrow Edema Lesions

BME lesions were present in all the diseases analyzed (Figures 1-3),

In CRMO, BME was the most common lesion, found in all 26 juveniles (100%); Table 3
and Figure 4 present the distribution of BME lesions in CRMO in the skeleton. BME was
most commonly found bilaterally in the tibia and femur, in 12 (46.2%) and 10 (38.5%)
children, respectively. With regard to long bones, BME was most frequently localized in
the distal meta-physes of the femur and tibia (Table 4). Unilateral BME occurred most
frequently in the calcaneus (5 children, 19.2%).

(2)

Figure 1. A 13-vear-old girl with chronic recurrent multifocal osteomyelitis (CRMO), TIRM (Turbo
Inversion Recovery Magnitude) images in coronal and sagittal planes, Bone marrow edema (BME,
arrow) in the anterior iliac bone with soft tissue edema (enthesitis) (a), in the posterior condyle of the
right femur (b), and in the tarsum bilaterally (¢, d), being more intensive on the right side (c)

(d)

Figure 2. A 12-year-old boy with juvenile idiopathic arthritis (JIA), TIRM images in coronal planes
Knee joint effusion (arrow in (a)), BME in the distal metaphysis (short arrow) of the right tibia and
distal epiphysis of tibia hlhwmlly (long arrows) (b), n the tarsum bilaterally {arrows in (), and m
the 1st metatarsal bones (arrows in (d))
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Figure 3. An Syear-old girl with an overlapping syndrome of JIA and CRMO, TIRM images in
coronal and sagittal views. (a) BME in the right humeral metaphysis and effusion in the left shoulder
(arrows); (b) BME in the right triradiate cartilage and periarticularly in the right iliac bone (long
arrows), and effusion in the right sacroiliac joint (short arrow); (¢) BME in the proximal metaphysis of
the right tibia and distal metaphysis of the left tibia (arrows); (d) BME in the distal epiphysis of the
left tibia (arrow); (¢) BME in the Thl vertebra (arrow); (f) BME in the left elbow joint (arrow)

In JIA, BME was found in 28 of 51 (54.9%,) patients, Most commonly, BME was found

bilaterally in the femur and midfoot, in 12 (23.5%) and 7 (13.7%) children, respectively.
Unilateral BME was most common in the femur (six children, 11.8%) (Table 3 and Figure £).

With regard to the long bones, BME was most commonly located in the distal epiphysis of
the femur, followed by the distal metaphysis of this bone (Table 5).

In OS, BME was found in seven of eight patients (88%), BME was most commonly
found bilaterally in the femur and ankle, being found in both of these locations in three
children (37.5%). Unilateral BME occurred most frequently in the femur and tibia, with
equal frequency in two children (25%) in both bones (Table 3 and Figure 4).

In NA, BME was found in 10 of 88 patients (11%). Most commonly, BME occurred
unilaterally in the tibia (in four children; 4.4%), and bilaterally, it was most common in the
talus bone (three children; 3.3%) (Table 3 and Figure 4).

BME in vertebrac was mainly seen in CRMO (four patients; 15.4%), followed by JIA
(four patients; 7.87%), OS (one patient; 12.5%), and no patients with NA. Spondylitis was
the only seen lesion. The thoracic spine was most frequently involved: in three patients
(11.5%) with CRMO; in two (3.9%) with JIA, and in one (12.5%) with OS, followed by the
lumbar spine (in two patients (7.7%) with CRMO; in three patients (5.9%) with JIA). The
least frequently affected was the cervical spine, in only one patient (3.8%) with CRMO,

25



I Clin. Mesd 2024, 13, 998

Tolle

Table 3. BME lesions in 4 study groups.

NA
n=88

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0
1A% 1(1I%)
4(44%) 0
1(11%) 0
2022% 33N
10.0% 2022%)

1(11%) 1(1.1%)
2(22%) 2(22%)

CRMO*! 1A 0s
Lesion "=26 n=51 n=§
Uediateral Bilateral Ueiiateral Bileral Unilateral _ Bilaweral  Unilateral  Bilateral
Mandibala 4{(154%) 0 0 o 0 0
Scapula, CJ, AC) 135%) 1(3.8%) 1(2.0%) 0 [ [
Clayiclo 2077%) 1(38%) 0 1(20%) 0 0
Humerus A%} 1(35%) 203.9%) 0 0 1(125%)
Ulna 0 1(3.8%) 0 1(20%) 0 0
Radius 2(7.7%) 1(38%) 0 2(39%) 0 0
Hand and wrist 0 2(77%) 0 0 0 0
Pelvis 207%) 1(38%) 4(78%) 5(98%) 1(125%)
Patella 108%) 1(38%) 1(20%) 0 0 0
Femar 3(11.5%) 10 (38.5%) H(1LE%) 12(23.5%) 2(250%) 3(WS5%)
Tibks 4(154%) 12 (46.2%) 1(2.0%) 6(11.8%) 20250%) 2(250%)
Fibula 3(L5%) 1(34%) 120%) 1(20%) 0 0
Talus 4(154%) 5(19.2%) 5(9.8%) 6(11.8%) 0 3(37.5%)
Calcarwzs 5(19.2%) 3(11.5%) 102.0%) 6(118%) 1(125%)  2080%)
Midfoot I(1L5%) 40154%) 3(5.9%) 7(137%) 0 2250%)
Mutatamal /s 4(154%) 207%) 0 1(20%) 0 [
Tows [ 1(38%) 0 0 0 0

100.1%) 100%)

T CRMO—chronic recurrent multifocal oseomyelitis; [IA—juvenile idiopathic arthritis; OS—JIA with CRMO
M%WMY:“’W'“MWMM

AC)—acromio-clav

BME unilateral BME bifateral
4 lll I li- ”. 2 |L|I|.||l|“n Jil-l.
I//)u///://////.//é/w 6')’// /’:,/.I// ,/,,‘/{/,

(a) (b)

Figure 4. Distribution of bone kesions in skeleton of patients with CRMO, JIA, OS, and NA with

unilateral (a) and bilateral BME lesions (b).

Table 4. Number of patients with CRMO and JIA with at least 1 lesion at proximal and distal

me-taphyses and epiphyses.

An Affocted Proximal Metaphysis Proximal Epiphysia Distal Metaphysis Distal Epiphysis
Bone CRMO A CRMO A CRMO 1A CRMO JIA
Humerus o 0 2 1 0 0 1 1
Ulna 1 0 1 0 1 1 1 0
Radius 2 0 2 0 1 2 2 2
Femur 5 6 3 2 10 s 9 12
Titia 6 5 4 3 10 s 10 1
Fibula 0 1 0 1 2 1 2 o
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Table 5. Effusions in patients with CRMO, JIA, JIA and CRMO overlapping syndrome, and NA.

2 CRMO JA 0s NA
Ussin L nw=51 nes n w88
Unilateral Bilateral Unilateral Bilateral Unilateral  Bilateral  Unilateral  Bilateral
Shoulder 0 0 5(9.8%) 0 1(125%) 0 0 0
Elbow 0 0 1(2.0%) 12.0%) 1(125%) 1(125%) 1(11%) 0
Wrist 0 0 1(2.0%) 0 0 0 1(1.1%) 0
sy 0 0 1(2.0%) 0 0 0 0 0
Hip 0 0 4 (7.8%) B(15.7%) 1(125%) 3(37.5%) 0 0
Knee 0 2077%) 9(17.6%) B(157%) 0 1(125%) 1(L1%) 0
Ankle 0 1(3.8%) 3(5.9%) 3(5.9%) 1025%)  1025%) 1(1.1%) 0
Foot 0 0 1(2.0%) 0 1(125%) 1{(125%) 0 0
Symphysis pubis 0 0 1(2.0%) 0 1(125%) 0 0 0
3.2.2. Effusions

Effusions were found predominantly in patients with JIA, in 27 out from 51 children
(52.9%) (Table 5, Figure 2).

In O, effusion was seen on WB-MRI in five of eight patients (62.5%). In the three
patients in whom no effusion was visualized on WB-MRI, two were 14-year-old children
whose hands and feet were outside the imaging range (effusions in the MCP and MTP
joints were found on ultrasound). In a third eight-year-old child, due to strong artefacts,
the small joints were not evaluable on MR, and exudates in the forefoot were confirmed
on ultrasound.

Effusions in the other entities (CRMO, NA) were sporadic.

3.2.3. Myositis

Myositis was found in two patients with JIA (3.9%) and in one patient with OS {12.5%),
In both JIA patents, the muscles were involved bilaterally (in one both gluteal muscles and
in the second patient both infraspinatus, quadratus femoris, teres major, and multifidius,
In OS, the right quadratus femoris was affected.

3.2.4. Enthesitis

Enthesitis was found in four patients with JIA (7.8%) and in one patient with CRMO
(3.8%); no enthesitis was found in OS and NA. In [IA, unilateral trochanter major enthesitis
was seen in one patient, bilateral trochanter major enthesitis was diagnosed in one patient,
and bilateral enthesitis of the ischial tuberosity was seen in one patient. In CRMO, only
one patient developed unilateral enthesitis in the iliac bone.

No other lesions were found in the study group, such as juxtaphyseal nodules, pe-
niosseous edema, fasciitis, vertebra plana, early physeal fusion, bone deformities, premature
degenerative arthrosis, kyphosis deformities, thoracic outlet type syndrome, and pathologic
fractures [1,8,15).

4. Discussion

The two main WB-MRI referrals for non-oncologic indications in pediatry include in
approximately 80% of two rheumatologic diseases: ERA subtype of [IA and CRMO [1].
Both diseases have clinical similarities due to their respective extra-bony and extra-articular
manifestations. Their concurrent involvement in one patient is possible as well as the
evolution from one to another [16).

The aim of our retrospective study within a single large pediatric referral center was to
determine and compare the initial distribution of lesions in the WB-MRI in those patients
with CRMO, JIA, their OS, and with NA.
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4.1. WB-MRI in CRMO

A systematic review conducted by Zadig et al. [40] showed that CRMO was the most
frequent indication for performing a WB-MRIL. In our study of 173 included patients, the
most numerous group was children with JIA (51 patients), followed by CRMO (26 patients),
and OS (8 patients). In the remaining 88 children referred for WB-MRI by rheumatologists,
non-specific MSK complaints (NA) were finally diagnosed.

CRMO is the entity to which relatively most publications on the use of WB-MRI have
been devoted. The disease is generally more common in boys; in our study, CRMO was
slightly more frequently diagnosed in boys (58% vs. 42%), similarly to the results of Tasar
et al, [41] (65%).

BME featured in our series of all 26 children (100%) with CRMO.

Most BME lesions demonstrated multifocal ill-defined bone marrow hyperintensity
on STIR images (in 23 children; 88.5%). The results from Aden et al. [42] showed 68% of
patients had multiple lesions. Based on their WB-MRI assessments, the average number of
sites per patient at the diagnosis of CRMO has been reported to be five [42]. In our series,
263 lesions were detected in 26 children, with lesions ranking from 1 (in 3 patients) to 33
(in 1 patient); the median number of lesions in our CRMO group was 7.5 (IQR: 3-14). In
Kieninger et al. [13] baseline WB-MRI performed in 20 children, 206 bone lesions were
detected (median number of lesions per patient, 8; range, 2-40). All patients had multifocal
bone lesions (88.5% in our group).

Unifocal disease at diagnosis in another study [34] was found in about 30% of patients,
In our series, only three patients (11.5%) had only one BME lesion.

The characteristic skeletal lesions of CRMO are typically in the periphyseal locations,
in metaphysis and epiphyseal equivalent areas in appendicular and axial skeleton without a
fluid collection [8,10,13,14]. The bones of the lower extremities were the most affected body
regions in our series, consistent with the literature {9,10,15,43]. The most frequent locations
were bilaterally in the tibia and femur in 11 (42.3%) and 10 (38.5%) children, respectively
(Table 4). Unilaterally, BME occurred most frequently in the calcaneus (five children, 19.2%),
The most commonly affected lower limb regions in a study by Panwar et al. [10] occurred,
in descending order, in the distal tibial metaepiphysis (66%), proximal tibial metaepiphysis
(50%), distal femur metaepiphysis (50%), and distal fibular metaepiphysis (31%). The distal
tibia (14.7% of total lesions) was also the most common location in the peripheral skeleton
in Domasio et al. series [15]. In our study, we found similar results (Table 4): distal tibial
and femoral metaphysis (38.4% each), and distal tibial and femoral epiphysis (34.6% each)
were the most common locations of BME.

In the study by Papakonstantinou et al,, a total of 236 lesions ranging from 1 to 31 per
patient (mean: 11.8 + 9.06 SD) was detected in a comparably sized group of 20 children [44].
The tibia was the most frequent site of lesions as at least one tibial lesion was observed
in 14 (70%) of the patients (in our study, 11 patients had tibial lesions; 42.3%). The distal
tibia was followed by the calcaneus (60%) and fibula (50%) [44], whereas in our study,
BME lesions in the distal metaphysis of the femur and the tibia were followed by their
distal epiphyses (in 18 out of 26 patients; 69.2%); Table 4). Distal tibial metaphyses or distal
femoral metaphyses, most often with transphyseal extension, were the most frequently
affected sites in many other cohorts [44]. Bhat et al [45] found distal tibia as the most
frequent site of disease, affecting 49.6% of their patients in a large series of 122 CRMO
patients with WB-MRI, while D'Angelo et al. [46] reported femur and tibia as the most
frequently affected sites (61.3% and 64.5%, respectively) followed by pelvis and spine ina
series of 75 children.

Panwar et al. [10] found lesions in the bones of the feet were more common than in
the hand, which is in keeping with the predilection of disease to involve the lower limb.
In our case, this difference was significant: metatarsals and toes were involved in 26.9%
of patients, and hands and wrists in only 7.7%. To a large extent, however, this may have
been due to artefacts: in our study, the hands and feet were not well visualized in 37% of
patients with CRMO,

[a—y
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Panwar et al. [10] found that upper extremity involvement was considerably less
common, affecting the distal ulnar and radial meta-epiphysis in 20%. In our cohort of
CRMO patients, the humerus, radius, ulna, hand, and wrist lesions were found in 38.4% of
the patients, In the Papakonstantinou et al. group [44], upper limb BME lesions were found
in 15% of patients, whereas Zhao et al. reported only in 9% of patients the involvement of
the upper extremities, including humerus, radius, and hand. [9].

A classical bilateral pattern of bone lesions in our study was not evident and we
obtained an almost equal distribution of uni- and bilateral involvement. The most frequent
bone types showing bilateral involvement in our study were tibia and femur, followed by
talus and midfoot. In Papakonstantinou et al. group [44] it was the tibia, followed by the
talus, the calcaneus, and the femur.

The pelvis, spine, clavicle, mandible, skull, sternum, and ribs were also involved to a
variable extent [10].

The pelvis was one of the commonest sites of involvement in several studies, ranging
from 15% to 40% [10,13,41,43,44]. Typical sites of CRMO involvement include metaphyseal
equivalents, pelvic synchondroses, and the sacroiliac joints, of which the latter resembles
inflammatory sacroiliitis [8]. In our study, the pelvis was involved in only three children
(11.5%), the ischium in one child, and the sacroiliac joints in two children.

As many as 13-30% of patients diagnosed with CRMO are reported to have spinal
involvement [13,14]; in the Damasio et al. study [15], spinal segments in CRMO were the
most frequent location of disease, representing 33% of total lesions. In our group, the spine
in CRMO was affected in four patients (15.4%), followed by JIA (four patients; 7.87'%), and
one patient with OS (12.5%), The thoracic spine was affected in CRMO in 19% to 36% in the
previous series [9,44]. In our patients with CRMO, it was also most often involved (11.5%),
In contrast, Papakonstantinou et al, [44] found no cases of spinal involvement.

Spondylitis was the only lesion seen in our series. In our initial WB-MRI, we did not
find spondylodiscitis, sclerotic/ nonactive lesions, paravertebral ossifications, or osteolytic
lesions with variable degrees of vertebral body collapse, commonly seen in the thoracic
spine by other groups [10,41]. Such changes generally arise in up to 40% of patients with the
disease duration, including structural vertebral body deformities extending from wedging
to crush fractures [5]. However, Kieninger et al. reported deformities and complications
early [13]; in their initial WB-MRI performed in 20 patients with CRMO up to 6 months, sco-
liosis, thoracic hyperkyphosis, a fractured pubic bone, deformity of the temporomandibular
joint, and vertebral body fractures were detected [13]. For the growing skeleton, the loss of
vertebral height may limit growth and ultimately lead to a decrease in the height of the
child [14]. Detecting asymptomatic vertebral lesions at their earliest is imperative for the
prevention of vertebral height loss, and this is where WB-MRI is crucial [14].

The involvement of the medial clavicle and mandible was less common in our study.
When it is involved, CRMO should be strongly suspected [12]. Andronikou et al. [47] fou.nd
that the clavicle was the most common lesion location in patients with CRMO, followed
by the femoral and tibial metaphysis (38%). In our group, the clavicle was affected in
11.5% of patients, similarly to Damasio et al. (4%) [15], whereas Kieninger at al. and
Papakonstantinou et al. found that it was involved in 15% of patients [13,44]. The mandible
is involved in CRMO in about 5% of cases, with symptoms of recurring pain, trismus, and
paresthesia [5]. In our cohort, BME in the mandible was found in 15.4% of cases, while
none were found in the Papakonstantinou et al. group [44],

Periosteal reaction was not observed in our study despite the fact that such lesions
without mass effect has been considered part of the CRMO spectrum, and other authors
have found it occasionally [44,46).

Lesions were absent within our cohort in manubrium /sternum and ribs and skull,
similarly to another study by Zhao et al. [9]. They also found no lesions in scapula, and
ulna, which occurred, respectively, in a few patients in our group.

In addition to BME, another pathology in CRMO was effusion found in only two
patients (7.7%), namely bilaterally in the knee and ankle joints (Table 5). Mild joint effusion
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was seen in only five patients (25%) by Papakonstantinou et al. [#4], with nearby bones
being affected (three ankles, one hip, and one knee joint). In the Tasar et al. study [41], joint
involvement was present in 20 patients (14%), The sacroiliac joint was the most commonly
invalved, followed by the knee, the sternoclavicular joint, and the ankle.

Enthesitis was found in only 1 of 26 patients (3.8%). No patients had any clinical or
radiological evidence of enthesitis in the study by Tasaret al. [41].

4.2. WB-MRI in [IA

Although there are no clear-cut guidelines available for the standardized acquisition,
interpretation, and quantification of JIA on WB-MRI, it has been increasingly used in the pe-
diatric population for the evaluation of various neoplastic and nonneoplastic conditions [7].
Because of its multiplanar capabilities and excellent soft tissue contrast, MRI allows the
evaluation of the peripheral joints, entheses, and the axial skeleton [7].

In JIA, the primary abnormality is synovitis,. WB-MRI can be performed to assess for
asymptomatic joint arthritis and can map the joints involved in the polyarticular and/or
atypical forms of arthritis, especially in those locations that are not easily accessible clinically
or with ultrasound, such as temporomandibular and sacroiliac joints [7,11,15], The early
detection of factors of poor prognosis in the disease is essential for suitable treatment
selection. WB-MRI helps by calculating the total inflammatory burden and in guiding
therapy in JIA [7].

Despite clear advantages, the ESSR survey in 2021 [3] highlighted that WB-MRI is not
routinely applied for various systemic musculoskeletal inflammatory diseases, with the
exceptions of myositis and CRMO. The lack of a standardized protocol, a long acquisition
time, and variable reimbursement are the main factors that hinder its more widespread
use [48).

Our cohort of 51 patients differs from previous studies, as JIA was the most common
indication for the WB-MRI. Depending on the JIA subtype, the disease may be more
common in girls or boys [49]. In our study group JIA was diagnosed almost twice as often
in girls (66% vs. 34%). The number of visualized WB-MRI lesions (296) ranged from 0 (in
14 patients) to 31 lesions (in 1 patient). BME, arthritis (effusions), enthesitis, and myositis
were diagnosed.

The most frequent lesion found in children with JIA was BME (55% of patients). It was
most often bilateral in the femur and midfoot, in 23.5% and 13.7% of children, respectively
(Table 3 and Figure 4). With regard to the long bones, BME was most frequently localized
in the distal epiphysis of the femur (51%) (Table 5), which is similar to the location of BME
in rheumatoid arthritis in adults. However, there have been no studies dedicated to the
frequency and location of BME on WB-MRI in children with JIA.

Tarsitis (BME and effusion/synovitis in midfoot) has been reported in up to one third
of children at discase onset and is a characteristic finding in juvenile spondyloarthritis [11],
This location of BME was also common in our patients (Table 3).

A cohort study involving 59 children with ERA reported the development of MRI
evidence of sacroiliitis in 30% of children within 1 year of disease onset [11]. In our patients,
the pelvis was involved most frequently in children with JIA (17.6%), including 7.8% cases
unilaterally (one patient with sacroiliitis, two cases of BME in the pubic bone) and 9.8%
bilaterally (four patients with sacroiliitis, one with BME in the pubic bone). In CRMO, the
pelvis was involved slightly less frequently (three cases, 11.5%), and only one case was
found in OS (12.5%) (Table 3).

In our cohort, the spine was involved in 7.8% of subjects. Although JIA typically
occupies the cervical spine, BME in the thoracic and lumbar vertebral bodies was also found,

Effusions were detected in about 20% of children. The knee was most often involved
joint (Table 5, Figure 2). However, it is possible that these findings are skewed due to poor
visualization of the hand and foot, which affected 36% of children with JIA. Effusions were
visualized in 62.5% of OS patients, whereas in CRMO and NA, it was sporadic.
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Enthesitis is a predominant finding in juvenile spondyloarthritis and has been shown
to affect 60-80% of JIA patients {11,50,51]. Characteristic locations include the following:
the inferior pole of the patella, ischial tuberosity and various ligamentous and muscular
attachments of the pelvis, and greater trochanter and calcaneus [11]. A cross-sectional study
by Rachlis et al [52] that utilized whole-body MRI identified the hip extensor insertion
at the greater trochanter as the most common site of involvement. A separate study
demonstrated midfoot enthesitis in 88% of patients with active inflammatory disease at
short-term follow-up [51].

Enthesitis in our series was seen on the WB-MRI in three patients with JIA (5.9%), All
cases involved the pelvis: trochanter major and ischial tuberosity. In CRMO, we found only
one case of enthesitis, and in OS and NA, no features of enthesitis.

We did not find features of enthesitis in the spine, despite the fact that comer lesions,
or Romanus lesions, can also be seen in juvenile spondyloarthritis; these lesions represent
enthesitis of the annulus fibrosus, with BME or osteitis at the vertebral body endplates,
with further development of sclerosis and erosions [11,53), Sagittal images of the spine
would have increased the conspicuity of any comer lesions.

Myositis was found in JIA in 4% of children, in five locations, all bilaterally. Myositis
is rarely analyzed in the context of JIA, despite the fact it can occur in some patients in a
systemic subtype of JIA, or may be triggered by biological treatment in JIA [19],

In 2021, Panwar et al. [10] developed a standardized WB-MRI scoring system to quan-
tify the total inflammatory burden in children with JIA through formal consensus methods
among an interdisciplinary group of experts. The working group decided to limit the
scope of the scoring system to synovial and entheseal inflammation in peripheral and axial
joints [10]. Nevertheless, the scoring included a number of items, including 100 periph-
eral joints, 76 axial joints, 23 joints of the chest, and 64 entheses. Chronic osteochondral
changes and the total damage were not scored as they were highly challenging and unreli-
able considering the low spatial resolution and large field of view of WB-MRI [10]. Also,
costovertebral, costotransverse, and temporomandibular joints were excluded from the
scoring system due to the wide FOV and out-of-plane imaging of these articulations on
WB-MRI [10].

4.3. WB-MR! in OS

The diagnosis of CRMO and JIA overlapping syndrome is based on the presence
of multiple sites of bone marrow edema (representing CRMO) and enthesitis, and the
inflammation of peripheral and axial joints, including the spine (typical for JIA, including
ERA) [7].

Our work is the first report of the use of WB-MRI in this disease entity. In our study,
WB-MRI lesions ranged from 0 (in one patient) to 22 (in one patient),

The most common abnormality was BME, seen in eight patients (88%), most commonly
bilaterally in the femur and ankle (37.5% each). In only one child was a BME lesion detected
in the thoracic spine.

Effusions were found in five of eight patients (62.5%). In the remaining three patients,
no features of effusion were found on WB-MRL However, two were 14-year-old juveniles
whose hands and feet were outside the imaging range, with effusions in the MCP and MTP
joints that were found on ultrasound.

There was only one case of myositis (12.5%) and no cases of enthesitis in OS, There is
evidence that CRMO frequently affects first-degree or second-degree family members with
psoriasis or other autoimmune disorders [14]. As many as 26% to 50% of patients with
CRMO may have inflammatory monoarticular or polyarticular joint involvement either at
presentation or later during the course of the disease [14]. This could explain the absence
of enthesitis in our initial WB-MRL
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4.4. WB-MREI i NA

In recent years, there has been a significant increase in the frequency of various mus-
cubpskeletal complaints in children, particularly in girls. ME examination has an impaortant
role in the broad differential diagnosis [37], In addition fo diagnosis and monitoring of the
effectiveness of treatment, economic considerations cannot be ignored. For example, in the
case of multiple joint pain {(>4-5), the cost of multiple ulirasound examinations exceeds the
cost of performing a single WB-MRI [54-54].

In our WB-MRI of 38 patients with non-specific musculoskeletal symptoms, as in
the previously described diseases, BME dominated in lower extremities. Effusions wene
sporadic, and no other lesions were found in this group.

There werne several limitations in our study, These inchade its netrospective nature
and the limited number of patients with 05, Interobserver agneement was not explored;
however, the radiologists were both aware of the imaging findings. Some regions such as
the hand and feet were not well represented, espedially in large children, as highlighted by
other researchers [9,10,15,60]. The lack of dedicated hand imaging in our protocol likely led
to the undenestimation of bone lesions particularly in this location, and can be addressed in
future prospective studies by placing the hands on thighs for better visibility, as indicated
by Panwar et al. [10]. In individual cases, artefacts (mainly motion} prevented WB-MRI
interpretation, which occurred in 2 patients (7.4%) with CEMO, 10 (20%) with JIA, 2 (25%})
with OF, and 12 with (13.6%) NA. Furthermore, in this study, the anakysis only considered
TIEM sequences, as in most published work [1,40,47], in two planes, coronal and sagittal,
Futune considerations might involve changing the sequences used, adding acquisition
planes and changing the positioning of the hand during the examination. The ESSE
survey by Giraudo et al. [3] confirmed a heterogensous approach emerged reganding the
scanning plane [7,11,40]. Finally, although BME was one of the most important diagnostic
and differential features, recent work by anig et al. [6]] showed that focal ancas of high
signal intensity on WB-MRI fat suppressed images that cause conoern, as in our study
group, are seen in mome than half of healthy, asymptomatic children and adolescents.
An awareness of this is important when interpreting WEB-MRI in this age group as some
findings may resemble clinically silent lesions in children with suspected multifocal skeletal
disease [61,62].

5 Conclusions

Owr study showed that this group of inflammatory childhood diseases share imaging
features on WB-MRI however, several few key features can help to distinguish them.

BME was the most common abrormality in our series, being seen in 1007 of patients
with CRMO, 88% with 08, 55% with J1A, and 11% with NA. The banes of the lower
extremities wene the most affected body regions in all compared entities. Effusion was
another common lesion in JIA (53% of patients) and in OS5 (63%), whereas in CRMO and
MNA, it eceurred occasionally. Myeositis was found only in patients with OS and JIA, and
enthesitis was only seen in JLA in a small percentage of patients, presumably due to a
short history of the disease. Because of artefacts, the assessment of the small joints of the
hands and feet remained problematic, and their assessment often requires complementary
examination, usually ultrasonography or dedicated MRL
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KEY POINTS

« Whole-body magnetic resonance imaging is an imaging tool that enables an optimal evaluation of

soft tissue and bones.

« The main use of WB MRI in rheumatology is the evaluation of seronegative spondyloarthritis and

inflammatory myopathies.
» Both 1.5 or 3.0 T scanners are eligible for imaging acquisition.
spondyloarthropathies are a group of diseases characterized by inflammatory

« Seronegative
arthyitis with axial involvement..

INTRODUCTION

Whole-body magnetic resonance imaging (WB-
MRI) & an imaging method that provides high
spatial and contrast resolution images without
jonizing radiation.’” Hts first clinical applications
were in assessing skeletal involvement in patho-
logic conditions such as lymphoma, myeloma,
and solid tumor metastases.® WB-MRI expanded
its clinical applications after showing promising re-
sults compared with bone scintigraphy and PET
allowing the evaluation of the multi-district involve-
ment of inflammatory pathologies. As such, it is
widely used in rheumatology for staging, follow-
up, and clinical outcome evaluation. In particular,
WB-MRI is able to provide information on inflam-
matory processes that are asymptomatic at the
time of the investigation.

IMAGING TECHNIQUE

Recent technological advances have revolution-
ized the WB-MRI acquisition technique. In the
past, the patients had to be repositioned during
the acquisition because older-generation scan-
ners could not acquire the whole body in a single
scan and required coil exchange with increasing
scan time. New scanner generations use multiple
phased-array coils covering a field of view (FOV)
of 15 to 40 cm along the longitudinal axis, allowing
the acquisition of the whole body in a single ses-
sion in a reasonable scan time. Head, neck,
thoracic, abdominal, spine, and lower extremities
coils are used simultaneously; only the upper limbs
are not included in the acquisition and need a
separate investigation if necessary.' Both 1.5 T
() or 3.0 T scanners are eligible for proper
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acquisition. 1.5 T is preferable in children because
it is reported to produce better images.®

Several protocols for WB-MRI acquisition are
reported in the literature, and almost all can be
completed within 45 minutes; most of them,
including the recommended protocol by the
Arthritis Subcommittee of the European Society
of Musculoskelstal Radiology (ESSR), suggest
the application of Short Tau Inversion Recovery
(STIR) and T1w saquences only.5

Tiw saquences are able to give anatomic infor-
mation, and breath-hold acquisition is preferred
for its quick acquisition time.” STIR sequence pro-
vides the appropriate identification of bone or soft
fissue acute inflammatory sites.” However, the
Dixon technigque is increasingly used because of
its homogeneous fat signal suppression over a
large FOV.%"" DWI| seguences give qualitative
and guantitative information (through the calcula-
tion of the ADC values) regarding the cellularity
of tha pathologic process'' and are able to battar
evaluate the inflammatory areas. Moreover, a pro-
tocol that includes the DW! allows for exhaustive
information without the injection of a contrast
agent, which causes an increase in scanning times
and could potentially lead to the pathologic accu-
mulation of gadolinium in patients undergoing
follow-up.'*" Three b values can be recommen-
ded for an appropriate ADC quantification; in our
institution, a b value of 50 s/mme2, 400 s/mmz2,
and 800 s/mmZ were selected based on the
opfimal signal-to-noise ratio.

WHOLE-BODY MAGNETIC RESONANCE
IMAGING: INDICATIONS IN RHEUMATOLOGY
Spondyloarthropathies

Spondyloarthropaties (aca spondyloarthritis,
spondyloarthritides, former name seronegative
spondyloarthropathies) are a group of diseases
characterized by inflammatory peripheral arthritis
and enthesitis with axial involvernent. They are
commonly associated with extra-articular inflam-
matory findings of the skin, eyes, and gastrointes-
tinal involverment.’ Ankylosing spondylitis (AS),
psonatic arthritis (PA), reactive arthritis (RA), and
enteropathic arthropathies are included in this
group.

Ankylosing spondylitis

A5 is a chronic inflammatory autoimmune disease
mainly affecting young adults linked with human
leukocyte antigen (HLA)-27 and intereukin-23/
17."" The pathogenesis of AS has not been fully
understood. AS typically affects the sacroiliac
joints (S1)) and the discovertebral junctions with
the invalvermant of acjacent soft tissues, such as

tendons and ligaments. Other alterations can be
located at peripheral joints and entheses.'® The
main AS structural findings include bone sclerosis,
erosions, Slls, and spine ankylosis.'” These are
findings assessable by radiographic examination
in an advanced stage. MRI is able to evaluate early
bone and soft tissue involvement, such as bone
marrow adema (BME), in the preradiological stage
of the disease. As such, it is possible to start new
affective therapy (TNF-alpha inhibitors) in the earty
phase, limiting the evolution of the disease.’® The
WB MRI allows visualization in a single examina-
tion of the inflammatory lesion of the SL, the entire
gpina, the shoulder girdles, the chest wall, hip
joints, and the symphysis pubis.”™ Subchondral
BME at SlJ & the major diagnostic criterion for
AS: the diagnosis requires the presence of BME
on 2 consecutive MRI sections or 2 distinct EME
areas in the same section. During the chronic
stage of the disease, fatty infiltration replaces
BME, followed by sclerosis, erosions, and anky-
losls. It is Important to note that adipose infiliration
areas may also be presant after an effective treat-
ment, but in this case, erosions and sclerosis will
not be present.”” AS can involve the manubriostes-
nal, stermoclavicular, and chondrosternal joints
with BME and edema of the neighboring soft
tissue.”’

Extra-axial findings include synovitis, enthesitis,
and dactylitis (mainly in patients with PsA, but not
ideally seen onthe WB-MRI), which are reported to
affect about 77% of the patients.'™

Juvenile Spondyloarthritis

According to the ESSG [European Spondyloarthr-
opathy Study Group), JSpAs are a group of several
pathologic conditions such as enthesitis-related
arthritis (ERA), seronegative enthesopathy and
arthropathy syndrome (SEA), juvenile psoriatic
arthritis (JP=A), arthritis associated with inflamma-
tory bowel diseases (IBD), and undifferentiated
arthritis categories®®*? (Box 1). Musculoskeletal
symptoms  include nonsymmetric  peripheral
arthritis, mainly of the lower limbs, enthesitis, and
axial skeleton involvement, which begins before
16 years old. Systemic inflammation can affect
the eyes, bowels, skin, and, rarely, heart and
lungs.” The mean age at diagnosis of these con-
ditions is 9 to 11 years, with a male preponder-
ance.™ The radiographic evaluation of these
alterations is complex due to the late onset of
the radicgraphic findings and the not-always-
reported symptoms by children. WEB-MRBI can
demonstrate BME, synowitis, tenosynovitis, anthe-
gitis, and bursitis (Fig.1). Tarsal involvemant is
typical; hips, knees, and ankles are also frequently
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Box 1

Juvenile spondyloarthropaties divided into
differentiated and undifferentiated forms
according to ESSG

Undifferentiated forms

Seronegative enthesopathy and arthritis syn-
drome (SEA)

Differentiated forms
Juvenile ankylosing spondylitis (JAS)

Reactive arthritis (formerly including Reiter’s
syndrome)

Arthritis associated with inflammatory bowel
diseases (1BD) 4. Juvenile psoriatic arthritis
(JPsA)

affected. Regarding enthesitis, the most
commonly involved sites are the patella (inferior
pole), calcaneal Insertion of the plantar fascia,
and Achilles tendon.” Axial involvement is less
common at presentation compared with aduft
spondyloarthritis. It can be present after several
years of disease and typically starts with the
SIJ.“" The higher the number of skeletal segments
involved, the greater the possbility of developing
sacrollitis. MRI is an effective tool for monitoring
both peripheral joint and progressive axial skeletal
involvement.

Psoriatic Arthritis and Rheumatoid Arthritis

Psornatic arthritis (PsA) and rheumatoid arthritis
(RA) are chronic autoimmune inflammatory dis-
eases affecting peripheral joints and the axial

skeleton. RA is the most common chronic autoim-
mune inflammatory disease affecting peripheral
joints and the axial skeleton. RA is typically sym-
metrically distributed and characterized by the
involvement of the small joints of the hands and
feet. PsA is usually asymmetric and tends to
involve axial and peripheral joints.” MR imaging
is particularly useful in detecting synovitis and
enthesitis in PsA and the cervical spine nvolve-
ment in both entities, WB-MRI imaging is also
helpful in monitoring inflammation changes during
follow-up, playing a crucial role in the evaluation of
treatment response. However, RA-related lesions
in hands, wrists, feet, and ankles are sometimes
indistinguishable without serology from PsA,
which is the 1st subtype (symmetric
polyarthritis).**

Systemic Sclerosis

Systemic sclerosis (SSc; scleroderma) is one of
the most severe systemic rheumatological dis-
eases with the highest mortality rate.”” SSc is an
autoimmune disease characterized by intense
inflammation and fibrosis of the skin, the subcu-
taneous tissue, the tendons, and the muscles
with the potential involvement of internal organs
such as the lungs, heart, esophagus, and kidney. ™
The course of the disease is very variable and
ranges from slow progression to aggressive and
rapid evolution. WB-MRI shows the multifocal
and often symmetric involvement of musculoskel-
etal structures; the most frequent findings are
fascial and subcutaneous thickening/edema
caused by inflammation, fascia or perifascial post-
contrast enhancement, and articular synovitis with

Fig. 1. Whole body MRI in a 17-year-old girl with juvenile idiopathic arthritis (JIA) enthesitis-related arthritis
(ERA) subtype, HLA-B27 positive. T2 TIRM images in coronal (A and B) and sagittal (C) planes show synovitis in
the left shoulder with some bone marrow edema in the proximal metaphysis of the humerus (A), right-sided sac-
roiliitis (8) and L1/2 left intervertebral joint synovitis with some bone marrow and soft tissue swelling of sur-

rounding tissues.
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BME. Intense musde edema reflecting myositis is
also present and mainly involes the proximal re-
gion of both the lower extremities.”® Symmetric
high signal abnormality on fluid sensitive se-
quences is present in almost 50% of the patients
and is directly correlated with the risk of organ
involvement. In chronic stage fibrosis of the
affected tissues is seen. Additionally, WB-MRI is
helpful for the follow-up after iImMmunosupprassive
treatments

Polymyalgia Rheumatica

Polymyalgia rheumatica (PR) is a chronic, inflam-
matory disease affecting patients generally more
than the age of 50 years.™ Patients with PR suffer
from bilateral shoulder, hip, and thigh stifiness that
are typically worse in the morming and improves
during the day_*® These nonspecific musculoskel-
atal symptoms may be associated with an eleva-
tian of serum inflammatory markers.” Prolonged
glucocorticoid therapy is effsctive to reduce the
multi-district inflammatory state. The mainimaging
findings of PR are subacromial-subdeltoid (SASD)
bursitis, glenchumeral and hip joint effusion, peri-
tendinitis, and capsular edema.™ Furthermore,
extracapsular inflammatory edema located near
the acetabular space and the pubic symphysis
are other common findings in patients with PR.?7
WEB-MRI shows multiple joint inflammation and
play a role in the evaluation of treatment response
after glucocorticoid treatment.™™

Idiopathic Inflammatory Myopathies

Idiopathic inflammatory myopathies (IM) are rare
heterogensous autoimmune disorders character-
ized by proximal symmetric muscle weakness
and nonsuppurative muscle inflammation, except
for inchusion body myositis (IBM), which is usually
characterized by distal and asymmetric musde
weakness. Extramuscular involvement such as
interstitial lung pathology (ILP), cutaneous alter-
ations in dermatomyaositis (DM), and systemic or
joint invohlsement with increased risk of malignancy
in DM™* are also present(Fig. 2).

Antisynthetase Syndrome

Antisynthetase syndrome (ASS] is an autoimmune
disease characterized by autoantibodies against
one of the many aminoacyl tANA synthetases 7
fts clinical findings are the following: interstitial
lung disease, nonerosive arthritis, myositis, syno-
vitis, temosynovitis, and Raynaud's phenome-
non.*? Muscle involvemant can present a
hypotrophic or psesudohypertrophic  pattern.*’
While muscle biopsy is crucial for the diagnosis
of other lIMs, thare are no clinical indications about

the use of muscle biopsy for AAS diagnosis.” WB
MRl is useful for the evaluation of muscular and
extramuscular involvement and for the evaluation
of the extension of the disease. It is also helpful
in the differential diagnosis of rheumatoid arthritis,
especially in the initial stages of the disease.

Infective Myositis

Infective myositis {IM) i a group of myopathies
caused by a wide ranga of infactiva agents (viral,
bacterial, fungal, and parasitic),® sscondary 1o
a hematogenous spreading (mainly present in
immunacompromised patients) or from a direct
spreading after surgical procedures. Pyomyuositis
refers specifically to a bactenal infection of skeletal
muscle. IM is characterized by an acute, subacite,
or chronic manifestations causing pain, tendemess,
swelling, and weakness.* WEBE-MRI may show
muscle edema (Fig. 3) and fluid collections (incl. ab-
scesses) with peripheral confrast enhancement.
There may also be diffuse muschk enlargement.

MULTIFOCAL ASEPTIC MUSCULOSKELETAL
DISORDERS

Synovitis, Acne, Pustulosis, Hyperostosis, and
Osteitis Syndrome

Synovitis, acne, pustulosis, hyperostosis, and
osteitis  (SAPHO) syndrome (also known as
Chronic Non-Bacterial Osteitis” (CNO) is charac-
terized by a combination of musculoskeletal and
cutaneous  manifestations.”® The preferred
involved sites are the sternoclavicular, costoster-
nal, and manubriosternal joints, followed by the
lumbar and cervical spine.*® There is no gender
or age predominance.”” Acute findings are edema
with end-plate ercsion at the medium/anterior part
of the discovertebral junction, paravertebral soft
tissue edama, and a height reduction of the inter-
vertebral disk that may show enhancemeant after
the intravenous administration of a gadolinium-
based contrast agent.*® Chronic findings are fatty
infiltration, sclerosis, hypertrophy of the medial
ends of the clavicles, sternum and upper rbs,
and ultimately ankylosis. WB-MRI allows early
diagnosis by the recognition of multifocal osteitis,
also located in extra-axial bony segments, avoid-
ing several complications such as kyphosis and
flat vertebrae deformation (Fig. 4). Furthermore,
WE MRI can be compared with bone scintigraplhyy,
showing higher sensitivity in the recognition of jux-
taphyseal lesions_**

Chronic Recurrent Multifocal Osteomyelitis

Chronic recurrent multifocal osteomyelitis (CRMO)
ar-postulated new name- chronic non-bacterial
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Fig. 2 Whole body MRI in an A 6-year-old girl with juvenile dermatomyositis. Coronal T2 TIRM images. Initial
examination (A-C) shows multiple areas of increased signal in muscles of the neck, upper and lower girdle, fore-
arms and crura; follow-up 8 months later (D-F) shows complete resolution of all lesions,

osteomyelitis (CNO), is an autoimmune inflamma-
tory bone disorder mainly affecting adolescents
and children.”” Clinical findings include multifocal,
frequently recurrent bone inflammation/osteomye-
litis, which heals to lytic, sclerotic, or mixed lytic
and sclerotis lesions. The metaphysis of long
bones, the spine, and the shoulder girdle are the
most involved sites.”’

Inflammation of the surrounding peripheral
nerves and vessels, bowel inflammation, and sy-
novitis are additional symptoms.®’ WB MRI has
replaced bone scintigraphy due to its high sensi-
tivity to assess multifocal bone and soft tissue
involvement. MRI findings include BME, enhance-
ment after the intravenous administration of
gadolinium-based contrast, periosteal reaction,
and extensive soft tissue edema (Fig. 5).

The most common sites of disease are the meta-
physes or metaphyseal equivalents of the long
bones, most frequently in the tibia, often in a sym-
meftric distribution.” Three pattermns have been
described with the use of whole-body MRFP*

o Multifocal pattern with tibial lesions, without
clavicular involvement.

e Clavicular lesions with only a few spinal le-
sions without tibial involvement.

« Tibia-clavicular pattem in which there are both
tibial and clavicular lesions.

Avascular Multifocal Osteonecrosis

Avascular multifocal osteonecrosis (AMO) is a rare
pathologic condition, frequently occurs in patients
from 20 to 50 years old, characterized by local
bone necrosis that affects at least 3 or more sepa-
rate anatomic sites concurrently or consecu-
tively.™ AMO may lead to severe secondary
arthropathy if early diagnosis and treatment are
missed, which is possible due to the asymptom-
atic course of the pathology in the early stages.™
AMO can be secondary to several causes,
including renal failure, hematological, oncological,
or rhaumatic diseases, such as lupus erythemato-
sus. However, the main risk factor for AMO is high-
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dose corticosteroid treatments.” MR! is the gold
standard for the diagnosis and follow-up of osteo-
necrosis, which appears as an ischemic lesion
characterized by low intensity on T1-weighted im-
ages with a peripheral geographic rim of hyperin-
tensity on T2-weighted images™ between normal
marrow and ischemic marrow. WB-MRI allows
evaluating all potential sites of AMO to be evalu-
ated in a single acquisition.™

Sarcoidosis

Sarcoidosis is a multi-system inflammatory disease
of unknown etiology characterized by muitiple non-
caseating granulomas. About 70% of cases
involved patients between 25 and 40 years old,
with a second peak of incidence in female patients
more than 50 years oki.®" Up to 90% of the patients
show an intrathoracic involvement with a symmetric
bilateral hilar adenopathy. 25% to 50% of the pa-
tients show extrathoracic findings such as skin
granuloma, liver or splenic involvement, abdominal
lymphadenopathy, and peripheral arthritis.* A
multisite involvement of the axial skeleton can
be present, and it might be challenging to differen-
tiate it from bone metastases, WB MRI provides

Fig. 3. WB MRI of a 15-year-old girl
with benign acute childhood myositis
due to Influenza B showing diffuse
muscle edema in the calves on the cor-
onal STIR (Arrows) in A. WBMRI per-
formed as follow-up 1 month later
demonstrating a complete resolution
of the muscle edema (coronal STIR
in B).

information regarding the extension and activity of
the disease and allows the distinction between
active lesions and inactive fatty lesions.

Langerhans Cell Histiocytosis

Langerhans cell histiocytosis (LCH) is a rare prolif-
erative disorder characterized by the accumula-
tion of Langerhans cells in several organs.””
Although almost every organ could potentially be
affected, in up to 80% of the patients, bone
involvement is seen.”* Splenomegaly with poten-
tial solid or cystic lesions, lung with centrilobular
nodules or cysts,™ lymph nodes, particularly at
the neck,”® and the central nervous system can
be involved as well.

The MRI appearance of LCH lesions is nonspe-
cific. Frequent findings are bone marrow replace-
ment with BME, soft tissue edema, periosteal
reaction, and endosteal scalloping in aggressive
lesions.”® These nonspecific findings mimic malig-
nancy or infections, and a biopsy is mandatory.

Polyostotic Fibrous Dysplasia

tFibrous dysplasia (FD) is a genetic, noninheritable
skeletal disorder in  which pathologic bone
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Fig. 4. WB MRI of an 11-year-old boy with SAPHO syndrome demonstrating the edema and periosteal reaction of
the right davicie (coronal short tau inversion recovery-STIR-in A, axial Tiweighted turbo spin echo-TSE-in B and
axial STIR in C), bone marrow edema in the right sacrum (coronal STIR in D, axial T1w TSE in E, and axial STIR in F),
in the left acetabulum (coronal STIR in G, axial T1w TSE in H, and axial STIR in 1), and in the distal metaphyseal
area of the right tibia (coronal STIR in J and coronal T1w TSE in K).

architecture replaces normal bone.”’ Skeletal le-
sions often develop during the first decade of life®”;
FD caninvolve only one bone (monostotic form, pre-
sent in 70%-80% of patients) or multiple skeletal
sites (polyostotic form present in 20%6-30% of the
patients) may be affected. The lesions are usually
asymptomatic, but they can lead to pathologic frac-
tures, deformities, compression, pain, and func-
tional impairment. In patients with craniofacial FD
presentation, facial bone asymmetry can lead to
compression of the optic nerve, causing functional
alteration. FD can be associated with several

syndromes, such as McCune-Albright syndrome
(MAS) and Mazabraud's syndrome. MAS is charac-
terized by the presence of FD, café-au-lait skin alter-
ations, and precocious puberty.” Mazabraud
syndrome is a rare disorder characterized by the
presence of polyostotic FD with associated intra-
muscular myxomas.“® The diagnosis of FDis gener-
ally based on radiography, but the WB MRl is helpful
forthe evaluation of the extension of the disease and
for monitoring potential pathologic progression. WB
MRl is also useful for the assessment of myxomasin
the case of Mazabraud syndrome.

8n
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Muscdle Evaluation

The pathologic involvement of the muscle charac-
terizes many of the pathologies described above in
our article. Muscles can undergo tropism and
composition changes,
increased water (acute inflammatory phases) or
fat molecules (chronic phases) content. Qualitative
and quantitative methods are available for the WB
assessment of the muscle.

which may include

» Dixon sequence based on the chemical-shift
principle of different water and fat protons
precession frequencies at a specific magnetic
field strength.™

Multi-echo Dixon techniques are able to
quantify fat content through fat-fraction
maps whereby the gray value of different
pixels is directly linked with the fat
infiltration.

e T2 mapping is an MRI sequence based on
measuring T2 relaxation times in body tissues
Included in the selected region of interest
(ROI). T2 mapping in myopathies and dystro-
phies is not always easy to evaluate due to

Fig. 5. Whole body MRI in a 12«year-old girl with chronic recurrent multifocal osteomyelitis (CRMO). T2 TIRM im-
ages show bone marrow oedema of the sternal end of the right clavicle with oedema of the surrounding tissues
(A), bone marrow oedema of the distal femoral epiphysis, proximal tibial epiphysis, and to a minor extent in a
knee joint epiphyses bilaterally (8), bone marrow edema in the left distal tibial epiphysis (C), left-sided sacroiliitis
(D), and bone marrow oedema of several vertebral bodies of the thoracic and lumbar regions, with a fracture of
the L1 vertebral body (£).

the potential simultaneous presence of
edema and fatty infiltration, both conditions
that increase the T, values.”' Another limit is
the absence of defined cut-offs in the litera-
ture, making the identification of diagnostic
criteria based on its measurements difficult.

Diffusion tensor imaging (DT1) is based on the
concept of nonisotropic mobility of water mol-
ecules in human tissues due to the presence of
cell membranes and sheaths of muscle fbers
that restrict molecule diffusion.”*” The integ-
rity of the muscle fibers is measured by frac-
tional anisotropy, which measures between
0 and 1. A value close to 0 will indicate a
greater diffusion of the molecules due to the
lesion of the muscile fibers. In contrast, a value
tending to 1 will indicate the integrity of the fi-
bers. In the case of fatty infiltration {more
than 45% of the muscie belly), there is a para-
doxic increase in the FA values of the selected
ROL"*"® Tractography is an apphcation of DTI
that allows the graphic evaluation of some
muscle architecture findings such as pennation
angle, curvature of fibers, and fiber length.”” In
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cases of fatty infiltration, tractography shows
fibers that are decreased in number, length,
and organization. DTI's disadvantages are the
sequence's complexity and the need for high
performance gradients. Another disadvantage
is the long time of acquisition, reported in the
literature of about 80 minutes, which is unsuit-
able for the study of patients with claustro-
phobic “® or many patients with rheumatoid,
including juveniles, suffering pain.

SUMMARY

Due to recent improvements in MRI techniques,
WB-MRI is increasingly used for the detection
and the follow up of rheumatic diseases and for
target biopsy when needed. It is a unique imaging
method that, through its large FOV, allows the
detection of muscular, skeletal, abdominal, and
thoracic findings. In the clinical practice WB MRI
in rheumatology is mainly used for the evaluation
of spondyloarthritis and for inflammatory myopa-
thies. Furthermore, WB MRI is also used in the
suspect of CRMO and SAPHO syndrome and for
an accurate assessment of the extent of multifocal
findings in the case of eosinophilic granuloma and
sarcoidosis.

CLINICS CARE POINTS

o In the rheumatologic field, a protocol with
the application of Short Tau Inversion Recov-
ery (STIR) and Tiw sequences only is
recommended.

« In recent years, interest in the quantitative
evaluation of pathologic findings has
increased. T2 mapping, diffusion tensor im-
aging, and dixon sequences can be effective
optional sequences.

¢ A whole-body MRI examination includes in-
formation regarding the head, neck, thoracic,
abdominal, spine, and lower extremities; only
the upper limbs usually need a separate inves-
tigation.
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KEY POINTS

« MRI is the modality of choice to evaluate the axial and peripheral skeleton conceming disease
activity and treatment response.

« MRIis criical in early diagnosis of axial spondyloarthritis as it surpasses radiography in sensitivity to
detect active inflammation and structural lesions.

« MRI, despite its low specificity, has high sensitivity in detecting peripheral inflammation, such as
synovitis, tenosynovitis, bursitis, enthesitis, and osteitis.

« MR, including whole body-MRI, proves to be the gold standard for detecting bone marrow edema,
offering an accurate semi-quantitative assessment of the total inflammatory joint burden.

. mhmwmwmmummwma
ﬂmﬂwmmw

INTRODUCTION

Imaging is crucial in the evaluation of rheumatic
diseasas, aiding in complementing clinical exami-
nations, corroborating or refuting diagnoses,
revealing alternate symptom etiologies, deter-
mining disease activity, assessing chronic struc-
tural changes, gauging disease burden, assessing
treatment efficacy, and identifying potential com-
plcations from the disease or treatment. To this
end, MRI has become a key instrument for assess-
ment of both the axial and peripheral skeletons,
with its scope and utility being consistently broad-
ening over recent years.

MRI hamesses potent magnetic fields and elec-
tromagnetic waves to acquire signals from the

patient’s body, typically generated within protons
found abundantly in soft tissues, fat, and water.
These characteristics provide a uniquely accurate
appraisal of muscles, synovium, and bone marrow
while offering limited signal from cortical and
trabecular bone. Hence, MRI outperforms radiog-
raphy and computed tomography (CT) in detecting
active inflammatory changes. While signal inten-
sities depend on the patient's body, field
strengths, and pulse sequences, making MRI
inherently a non-quantitative imaging modality,
contemporary techniques can assess quantitative
parameters such as diffusion-weighted imaging
(DWI), dynamic contrast enhancement, or map-
ping techniques.
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Although ultrasound is examiner-dependent and
fime-consuming, its easy integration into the rheu-
matologist's workflow and excellent spatial resolu-
tion and sensitivity to active inflammatory lesions
offer it a competitive advantage. Conversely, MRI
is time-consuming, positions the patient uncom-
fortably, and depends on contrast media adminis-
fration for reliable soft-tissue inflammation
detection. Addressing the latter issue, some
research groups propose that unenhanced high-
resolution sequences could suffice for patient
follow-up with established diagnoses.”” Dixon se-
quences may also reduce scan time.”™ Others use
double-inversion recovery sequences to saturate
fat and effusion, leaving synovitis as the only bright
structure and differentiating effusion from synovitis
in unenhanced images, rendering gadolinium
application unnecessary.=*

Conversely, contrast enhancement provides
additional synovial microenvironment information
when assessed over time.*<' DCE MRI detects
soft-tissue or bone inflammation and characterizes
inflammation according to enhancement-pattems
and relative enhancement measurements. Further
processing with fractal analysis might yield in-
sights into neocangiogenesis and other pathophys-
iological processes in rheumatoid arthritis (RA)
(Fig. 3).%*

While less critical for primary diagnosis compared
to axSpA, structural lesions of the peripheral
skeleton camy significant prognostic weight and

MRI Update in Rheumatology

Fig. 1. MR image of a 40-year-old male
patient with suspected rheumatoid
arthritis. The MR image and computed
tomography (CT) scan show a pseu-
doerosion in  the lunate. In
susceptibility-weighted imaging, the
lesion is more clearly outlined, and
with inversion, the image has a similar
contrast as compared to CT,

support an inflammatory disease diagnosis when
present. Similar to the axial skeleton, special mag-
netic resonance (MR)sequences display the cortical
bone and enable a more accurate joint erosion
assessment.™ Moreover, degeneration and loss
of joint cartlage have been investigated. Re-
searchers found that delayed gadolinium-
enhanced MRI of cartlage can reveal pattems of
cartilage microenvironment changes.™ Similar
results were obtained using quantitative T2-
mapping methods and glycosaminoglycan chemi-
cal exchange saturation ftransfer imaging and
sodium-sensitive MRL*° However, the latter require
specialzed equipment, such as ultra-high-field ma-
chines and specific colls.

In addition to peripheral joints, RA also affects
the axial skeleton, particularly the cervical spine.
Chronic igament damage can cause C1/C2 level
instability, posing a risk to the myelon. Those in-
stabilities are a dynamic phenomenon that cannot
be assessed by conventional MRL. Nonetheless,
DWI1 has shown promise to identify early changes
of myelon at this level in cases of atlanto-axial sub-
luxation in RA.”"

Other Peripheral Joint Disease

The differentiation between various inflammatory
conditions using MRI can be a challenge, particu-
larly when it comes to distinguishing RA from other
ailments such as psoriatic arthritis.”’ Advanced Al
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Dixon - Watdr

Fig. 2 MR image of the sacroiliac joints of a 45-year-old patient with advanced axial spondyloarthritis. One single
T2-Dixon sequence with 4 contrasts (in-phase, opposed-phase, and fat and water image) is compared to standard
T1 and T2 fat saturation (fs). Bone marrow edema (white arrow, high signal intensity in T2 fs, in-phase and water
image, low signal in T1 and fat image) can clearly be differentiated from fat lesions (black arrow, high signal in
T1, in-phase, and fat image). Edema within a fat lesion is also visible (white arrowhead). Dixon opposed phase can
help detecting erosions (black arrowhead).

Fig. 3. Dynamic contrast-enhanced MR imaging of the hand. A 56-year-old male patient presenting with hand
and finger arthritis due to late-onset rheumatoid arthritis. The synovium of all metacarpophalangeal joints is
enhanced after contrast administration (arrows). Fractal analysis shows necangiogenesis in heavily inflamed tis-
sues (white arrowheads). In the perfusion analysis, the relative blood volume is increased while the mean transit
time s decreased in synovitis,

; IF 1,9; 100 punktow MNiSW.
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approaches achieve only moderate accuracy
when differentiating rheumatoid arthritis and psori-
atic arthritis (area under the curve [AUC] of 75%).”?
Although MRI has a low specificity in this regard,
its sensitivity in detecting peripheral inflammation
such as synovitis, tenosynovitis, bursitis, and
enthesitis is substantial, as shown in Fig. 4. For
conditions such as psoriatic arthritis, the detection
of enthesitis (inflammation at the sites where ten-
dons or ligaments insert into the bone) is para-
mount. Here, MRI proves to be the gold standard
for detecting bone marrow edema, offering sensi-
tive and semi-quantitative assessment.”®*® Of
note, crystal arthropathies (eg, gouty arthritis, cal-
cium pyrophosphate, or hydroxyapatite deposi-
tion disease) may not be easily discemible
through MRI and may mimic other inflammatory
conditions.”’ However, recent advancements in
imaging techniques, such as special sequences
or ultra-high-field MRI, show promise in the detec-
tion of small calcifications.™

MRI Update in Rheumatology

Other Clinical Applications

In cases of polymyalgia rheumatica, MR is partic-
ularly helpful in visualizing inflammation around the
shoulder, such as in the subacromial bursa.*” It
also helps in revealing distinctive patterns of
extracapsular inflammation in areas like the pelvic
and hand regions.*** Compared to ultrasound,
MRI is advantageous for assessing complex
anatomic sites, especially within the axial skel-
eton.*® Advancements in black-blood sequences
offer a unique approach to image large vessel
vasculitis, allowing selective assessment of the
vessel wall without the distraction of contrast me-
dia.*”"* This has been used in various regions,
including thoracic, abdominal, and intracranial
vessals. Moreover, ultra-short echo-time MRI pro-
vides high-resolution images of the lung for
assessing lung structure and function, offering a
radiation-free option for lung disease depic-
tion.***' Innovations are also being made in lung

T1fs Gd+

Fig. 4. Wrist MR image of a 49-year-old man with dermatomyaositis complicated by septic inflammation on immu-
nosuppressive therapy. The images show active inflammatory changes: wrist joints with synovitis (white arrow),
osteitis (black arrow), minor tenosynoviitis in several compartments of extensor and flexor tendons (white arrow-
heads), and tendinopathy of deep flexor muscle of the fingers in the carpal tunnel (black arrowhead). Osteolytic
lesions with cartilage loss of numerous bones are best apprediated on a volumetric interpolated breath-hold ex-

amination sequence.
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perfusion and special contrast agents to visualize
specific biomarkers for particular diseases. ™"’

Whole Body-MRI in Adults

Whole body-MRI (WB-MRI) presents a powerful
tool for systemic diseases, allowing for an all-
encompassing view of potential inflammation
even in areas that may not be clinically symptom-
atic. WB-MRI has proven effective in detecting un-
noticed inflammation®* and assessing treatment
response.™ It has shown potential for a global
assessment of structural and active inflammatory
lesions, and reliability in patients with conditions
like psoriatic arthritis®® and rheumatoid arthritis.””
The utility of WB-MRI has also been demonstrated
in assessing treatment responses and relapses in
patients with synovitis, acne, pustulosis, hyperos-
tosis, and osteitis syndrome.””

Beyond joint inflammation, WB-MRI serves to
identify early muscle inflammation and guide mus-
cle biopsy locations, as shown in Fig. 5.°7 It can
comprehensively evaluate treatment responses,”™
although standardizing WB-MRI and performing it
within a reasonable timeframe remains chal-
lenging. especially for patients with joint diseases
and pain. However, the Outcome Measures in
Rheumatology Clinical Trials (OMERACT) has
introduced protocol recommendations and pa-
thology definitions for joint diseases to further fos-
ter the technique.”"™ This underscores the
importance of balancing image quality, number
of different sequences, and scan time, recognizing
that information about individual joints will always
be more limited compared to focused MAI.

UPDATE IN MRI OF JUVENILE RHEUMATIC
DISEASES

MRl is a valuable technique for the assessment of
pediatric musculoskeletal pathologies and is the
most validated technique.®” It is the most suitable
technique for detecting synovial hypertrophy and
other features of rheumatic diseases, such as
tenosynovitis, enthesitis, bursitis, myositis, inflam-
matory cysts, and erosions, and it is the only tech-
nique that can visualize BME (osteitis).**** MRI
has the advantages of allowing the three-
dimensional (3D) evaluation of the peripheral and
axial joints and is espedally valuable in the evalu-
ation of the complex or deep-seated joints.”’
Considerable improvements to the MRI diag-
nosis of both peripheral and axial arthritis in pedi-
atric rheumatology have been achieved over the
recent years. This update will address these latest
advancements in the peripheral and axial skeleton
along with implementation of the WB-MRI tech-
nique for screening of inflammation. The authors

Fig. 5. Whole body (WB) MR image of a 56-year-old
woman with scleromyositis, T2 turbo inversion recov-
ery magnitude (TIRM) images with majority of the
muscle high signal representing myositis. Superficial
soft tissue swelling of the lower extremities, likely rep-
resenting skin and subdermis inflammation (arrows).

also discuss post-contrast MR assessment of
joints in children.

Juvenile Idiopathic Arthritis

Juvenile idiopathic arthritis (JIA) is the most com-
mon chronic arthropathy in the pediatric popula-
tion.*” Although MRI has become an important
tool for diagnostic joint assessment, its utilization
is challenging in the pediatric population given the
need for discrimination between pathologic and
physiologic changes in the growing skeleton.”’
Recently published papers on non-specific high-
signal bone marrow changes on T2-weighted fat-
suppressed images in the axial and appendicular
skeleton commonly found in healthy, asymptom-
atic children on WB-MRI make their interpretation
more challenging, particularly in the assessment
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of clinically silent lesions in children with suspected
multifocal skeletal disease.“*™ Several multicen-
tric multidisciplinary organizations have made ma-
jor efforts over the past decades to standardize,
quantify, and validate scoring systems to measure
joint changes both cross-sectionally and longitudi-
nally according to rigorous methodological stan-
dards.”’ Recently updated recommendations by
the ESSR and the European Society of Pediatric
Radiology musculoskeletal imaging taskforce
include the current indications to perform MRI for
diagnosis, monitoring, and prediction, along with
MRI protocols for the most commonly involved
joints in JIA.™ For monitoring disease course and
treatment efficacy, semiquantitative grading sys-
tems have been devised to quantify the degree of
inflammation and osteochondral changes in the
large and small joints of JIA patients.”’

Peripheral Joints

The kneeis the most commonly affected joint in JIA,
followed by the hand and wrist.* Over the past
decade, a dedicated MRI scoring system for
assessment of the knee (Juvenile Arthritis MRI
Scoring; JAMRIS) has been developed and vali-
dated by the OMERACT MRIin JIA group.”””" Rec-
ommendations for the MRI protocol of the wrist in
JIA patients were published by the Health-e-Child
project and OMERACT MR in JIA group.”™

Hip is affected in approximately 20% to 50% of
patients with JIA and is considered a predictor of
severe disease and disability, Fig. 6.7 Although
the validation process of an MRI scoring system
for the hips in JIA is in its early stage, Porter-
Young et al. in 2018 indicated the most reliabie
MRI parameters on which a scoring system might
be based.”* Then, Ostrowska et al. in 2021 pro-
posed a comprehensive scoring system for hip
arthritis, including 24 active, chronic, and develop-
mental hip lesions, and proposed the MRI summa-
rized score, a sum of the scores of these lesions in
an individual patient that showed 25% sensitivity
and 100% specificity in discriminating hip arthritis
from hip pain in juveniles without JIA.™* Tanturri
and colleagues in 2023 published another scoring,
including mostly the same lesions and showed
good interobserver agreement for them.” Addi-
tional items included in this scoring, such as joint
space width, caput-collum-diaphyseal angle,
femoral neck-head length, femoral width, and
trochanteric distance were imprecise.

The temporomandibular joint (TMJ) is affected in
39% to 78% of JIA patients.”™ If left untreated, orin
treatment-resistant cases, arthritis of the TMJ can
lead to growth disturbance of the TMJ condyle
and damage to the articular disk, leading to severe

MRI Update in Rheumatology

Fig. 6. MR image of both the hips of a 14-year-old
girl with systemic juvenile idiopathic arthritis (JIA)
treated by biologics. Bilateral hip joint effusions
with moderate synovial thickening (arrows, PD fs)
and synovial enhancement (arrows, T1 FS gd+), hip
joint space narrowing (more pronounced on the
right) with thinned joint cartilage (black arrows).
Bone architecture changes of acetabular roof (arrow-
heads) with geodes (non-enhanced changes) and sy-
novial cysts rim enhancement, the largest on the
left (medial arrowhead).

orofacial outcomes such as facial asymmetry,
reduced or asymmetric mouth opening, retrogna-
thia as well as functional abnormalities with masti-
cation, orofacial pain, and reduced quality of
life.“"-"® Because of the complex nature of this joint,
MRI has become the modality of choice for the
assessment of early inflammatory changes as well
as chronic abnormalities,” Both closed-mouth
and open-mouth views should be performed for
the optimal assessment of the joint and the disc po-
sition, see Fig. 7. Although MRI scoring systems for
TMJ involvement by JIA are available, any proven
precise nor was validated.”*"" Angenette and col-
leagues in 2022 indicated a precise MRI-based
scoring system consisting of 7 variables in the
osteochondral domain and 4 variables in the in-
flammatory domain.”® For most of the lesions,
inter-observer and intra-observer agreements
wera good. Several of the commonly used markers
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performed poorly in particular assessment of syno-
vial thickness and joint enhancement, as well as
measurements of joint fluid.”® Therefore, although
with contrast injection, the interpretation of the
signal localization in the TMJ remains chal-
lenging.”’ The presence of a small amount of syno-
vial enhancement and joint effusion are commonly
seen even in nonrheumatological patients; hence,
these must be interpreted with caution in the
absence of correlative osteochondral and clinical
changes.® Also, similarly to other bones, the phys-
iologic growth-related hematopoietic-to-fatty
marrow conversion in children makes the identifi-
cation of pathologic bone marrow changes within
the mandibular condyle subjective and chal-
lenging.”” When assessing the degree of osteo-
chondral damage in JIA using MR, the surface
irregularities, erosions, and flattening of the
condyle need to be interpreted in reference to the
expected age-matched size and morphologic
configuration of the condylar head that changes
over time in children with and without JIA.®" What
is more, the same spectrum of lesions, including
morphologic changes of condyle such as flat-
tening, synovitis, erosions, and disc degeneration
with malalignment may be seen in congenital, mal-
developmental conditions or even after minor
trauma of TMJ. TMJs problems, including disc pa-
thology, are further linked to the widespread use of
smartphones. ™ While cone beam CT remains the
better standard for higher detailed assessment of

Fig. 7. A 16-year-old female patient
with JIA and bilateral inflammatory le-
sions in the temporomandibular joints,
The images show increased fluid with
thickening of the synovial membrane
(white arrowhead on axial T2), bone
marrow edema of the mandibular
head, and articular eminence (white
arrows) with erosions (black arrow on
parasagittal T2 multi-echo data image
combination [MEDIC]]). Features of
limited joint mobility and of the perfo-
ration of the articular disc in the cen-
tral part—in close-up its position is
normal (white arrowheads on “dose”
parasagittal PD and T2 MEDIC), in
opening the posterior band immobile
(white arrowhead on “open”™ parasa-
gittal T2 MEDIC).

cortical irregularities and other osteophytic
changes, optimized 3D gradient echo MRI se-
quences have shown similar measurement agree-
ment and reliability to CT.”” Clemente and
colleagues in 2018 showed that inter-reader reli-
ability and qualitative measures of image quality
for assessment of TMJ improved with the coil offer-
ing higher resolution, and not increased magnet
strength 1,5 versus 3,0 Tesla. ™

Contrast-Enhanced Versus Non-Contrast MRI
in Juvenile Idiopathic Arthritis in Peripheral
Joints

The question concerning the validity of intrave-
nous contrast administration remains open. On
the 1 hand, many studies point toward the
increased sensitivity of contrast-enhanced MRI in
the detection of synovitis and tenosynovitis in
JIAS In 2013, Hemke and colleagues reported
that the reliabilty of the JAMRIS score for the
assessment of synovial thickening decreases
when omitting contrast agents in MRl examina-
tions of the knee at 1 T“. Boesen and colleagues
showed that DCE MRI was found to be able to
differentiate between active and inactive JIA in
the knee and wrist based on the differences in
signal intensity curve shapes.”™ The maximum
enhancement values of the synovium in the wrist
of JIA patients in remission seem to be able to pre-
dict dinical flares.*® Mazzoini and colleagues in
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2023 based on a postcontrast MRI studies of 90
JIA patients showed MRi-detected subclinical sy-
novitis in a large proportion (65.5%) of the patients
in wrists, hips, ankles, and knees in clinical remis-
sion.” The presence of subclinical synovitis was
the best predictor of the disease flare on multivari-
able regression analysis.

On the other side, the recently described
possible accumulation of gadolinium in deep brain
nuclel such as the dentate nucleus and globus pal-
lidus with uncertain long-term consequences
leads to stricter ndications for the use of contrast
agents in MRL""® Therefore, application and
especially repetitive application of MR contrast
agents in children and adolescents must be well
justified and should, if possible, be omitted.®"*

Ostrowska and colleagues showed that the non-
contrast MRI of hip joints in JIA enables discrimina-
tion between JIA and not JIA in hip arthralgia.” In
the latest publication from 2023, Chjieu at al.
compared unenhanced versus enhanced kneejoint
MRI to assess disease activity of JIA using a 3T
scanner.”” Their results suggested that contrast
agent application could be omitted in JIA patients
and the proper diagnosis regarding synovial activ-
ity can be done based on proton density (PD) se-
quences and assuring the standardization of
image acquisition timing after contrast administra-
tion. Based on their data, no significant differencein
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diagnostic accuracy when using enhanced or
unenhanced images could be found when using
the clinical Juvenile Arthritis Disease Activity Score
(JADAS10) as a reference. A challenge in contrast
agent application for the detection of disease activ-
ity of JIAis the standardization of image acquisition
delay after administration. Otherwise, significant
differences in synowvial thickness measurements
and enhancement may be seen, as it has been
proven already.*%"

Advances in MRI hardware and software devel-
opment and the resulting improved image quality
as well as image interpretation using Al programs
will likely help to better assess unenhanced im-
ages.”” DWI has been evaluated as a non-
invasive parameter to detect disease activity in
patients with JIA**-** and its high accuracy for the
detection of arthritis in agreement with contrast-
enhanced MRI has been found already in 2010 by
Roemer and colleagues™ Other imaging se-
quences are studied in order to decrease the use
of contrast agent. Verkuil and colleagues used dou-
ble inversion recovery (DIR) MRI as a potential
sequence which accentuates the knee synovium
in children with JIA without using contrast agents. ™
Their results demonstrate that DIR MRI should be
considered as a child-friendly altemative to
contrast-enhanced MRI for evaluation of synovitis
in children.

Fig. 8. A series of MR images of the cer-
vical spine of 14-year-old and 16-year-
old girls with extended oligoarticular
NA, antinuclear antibodies-positive
baseline images in T2 awdal, T1 fs
contrast-enhanced axial and sagittal,
and follow-up T1 fs postcontrast image
in axial plane (last bottom image).
Baseline T2 turbo spin-echo axial shows
asymmetrically thickened atlanto-axial
synovium (arrows), area of hyperin-
tense bone marrow signal in the poste-
rior part of the dens (black arrow), and
thickened transversal ligament (armow
head). Contrast-enhanced MR image
in axial and sagittal planes shows ho-
mogenous intensive synovial enhance-
ment, enhancement of the posterior
part of the dens and thickened
transverse ligament, and no signs of
anterior atlantoaxial subluxation. The
contrast-enhanced MR image on
follow-up obtained 2 years later, dur-
ing which time the girl was treated
with biologics, shows slightly asym-
metric thickened synovium with mini-
mal non-homogenous enhancement

(arrows on Tifs Gd + follow-up)} and thickened transversal ligament (arowhead). The girl was symptom-free

and had normal laboratory data.
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Advanced quantitative MRI techniques, such as
T2-mapping and T1-rho mapping, might play an
important role in the future for the evaluation of in-
flammatory changes in the knee, but these se-
quences are not yet part of routine imaging.”*"**
Recently, radiomics have been developed as an
image analysis technique that quantifies image
characteristics on the basis of the distribution of
pixels and their surface intensity or patterns.”’
Hu and colleagues captured the radiomics signa-
ture by quantifying and developing the
radiomics-related model for predicting the exis-
tence of the juvenile dermatomyositis (JOM).”'
The combination of radiomics features extracted
from MRis of the thighs and non-invasive clinical
characteristics obtained a pronounced discrimina-
tive performance to assist in diagnosing JDM.*’

Axial Spine

For a complete assessment of the cervical spine
involvement in JIA contrast-enhanced MRI
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Fig. 9. An 11-year-old boy with JIA enthesitis-related arthritis subtype. The initial examination was obtained at
the age of 11 years; first follow-up MR imaging was obtained 6 months later, and second follow-up, 12 months
after baseline. Left-sided sacroiliitis: semicoronal T2 short-tau inversion recovery images show bone marrow
edema in the left ilium, joint space inflammation, capsulitis, and active erosion in the left sacral bone (evident
in the first follow-up examination; arrow). T1, T1 fat-suppressed, and T2 MEDIC consecutive examinations

appears indispensable. The latest publication by
Kotecki and colleagues showed that the cervical
spine lesions in JIA, despite optimized diagnosis
and treatment in the last years, may affect up to
35% of JIA patients, and 25% of them develop
serious complications, such as atlanto-axial sub-
luxations and ankylosis, see Fig. 8.™ Despite clear
advantages of MRI in terms of imaging of early in-
flammatory lesions in soft tissues and bone, radi-
ography shows superiority in the diagnosis of
atlanto-axial subluxation (AAS) and subaxial sub-
luxations (SAS).”" The predominance of chronic
features, such as SAS, AAS, and ankylosis, over
early inflammatory abnormalities, including BME
and synovitis, along with the several years of his-
tory of JIA suggests that clinical manifestation of
cervical spine involvement is discrete or even ab-
sent in the first years of the disease, which lets
the cervical arthritis progress unrecognized until
a more advanced stage.”™ Kijucevsek D et al.
have demonstrated that early treatment with

T2 MEDIC

show increasing number of erosions (white arrows) and bone marrow fatty metaplasia (black arrows).
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anti-TNFa drugs resulted in significantly reduced
inflammation and prevented the development of
cervical spine joints malalignments including
atlantoaxial instability with a potential risk of cord
or brainstem compression, cervical bone defor-
mities, and ankylosis, *

Recent years have been groundbreaking in
terms of the imaging of juvenile sacroiliitis. In
2019, the OMERACT Juvenile idiopathic Arthritis
MRI Working Group published the first recommen-
dations for the definitions of sacroiliac joint (SiJ)
findings in JIA®* An example is shown in Fig. 9.
The same international group subsequently in
2021 developed and updated a semiquantitative
MRI-based scoring system for the evaluation of
SIJ inflammation and structural changes in chil-
dren with JIA, the Juvenile Idiopathic Arthritis
MRI Scoring System (JAMRIS-SIJ) score.” In the
wake of this, the group issued an atlas of MRI find-
ings of juvenile sacroilitis to illustrate the updated
preliminary OMERACT pediatric JAMRIS scoring
system for active and structural lesions.™ In
2023, they ran the project which used a formal
conjoint analysis-based survey 1o elicit expert
preferences on the relative weights of measure-
ment items and grades to determine the relative
weightings for SlJ pathologies in the OMERACT
JAMRIS-S1J score.”” The 2 mostimportant inflam-
mation domain measurement items were BE and
osteitis, and ther weights were equivalent and
for the JAMRIS-SIJ damage domain, ankylosis
was the most important measurement item."”

MRI Update in Rheumatology

Finally, there has been a tendency for an addi-
tional MRI sequence, volume-interpolated
breath-hold examination (VIBE), to be entered
into imaging protocols, both for the SlJs and pe-
ripheral joints, improving the performance of inter-
pretation of osseous abnormalities, such as
erosions, sclerosis, and ankylosis due to high
contrast between the cortex and a subchondral
bone marrow. VIBE is a 3D gradient echo MRI
sequence that has the advantage of higher spatial
resolution, lower partial volume effects, and multi-
planar reconstruction,®~*

Whole Body-MRI

WB-MRI has increasingly been used for the evalu-
ation of rheumatologic diseases, enabling the
assessment of the extent and activity of the dis-
ease involving the peripheral and axial joints,
entheses, muscles, and bone marrow of the entire
body in a single scanning session."* Because of its
high tissue contrast resolution, it detects subtle
early inflammatory changes and provides an
objective tool to assess disease burden and activ-
ity.”" An ESSR survey conducted by Giraudo and
colleagues in 2018 among radiologists identified
the most common clinical indications used for
WB-MRI that included inflammatory idiopathic
myositis and chronic recurrent multifocal osteo-
myelitis (CRMO)/chronic nonbacterial osteomye-
litis, followed by overlapping syndromes (an
example is CRMO and JIA), JIA alone, and other

Fig. 10. An B-year-old girl with chronic recurrent multifocal osteomyelitis (CRMO). Coronal T2 TIRM images show
areas of increased marrow signal in the inferior ramus and angle of the mandibula on the left side (white arrow),
and in the right ischium (black arrow). The numerous areas of abnormal signal in the right ankle and tarsal bones
(white arrowheads) with minor effusion (open arrowhead), less severe in the left ankle (black arrowhead) may
represent stress-related mechanical abnormalities which are in differential for CRMO-related lesions.
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rheumatic diseases.”® The identification of specific
patterns of skeletal involvement in patients with
overlapping features (not rarely clinically occult
CRMO overlapping cases) may have an impact
on identifying those with genetic predisposition
and also affects treatment strategies and long-
term follow-up, see Fig. 10.°” If not optimally
treated, both CRMO and spondyloarthropathies
can lead to bone deformities and morbidity, which
result in a significant effect on the quality of life.
WB-MRI demonstrates typical sites of involvement
and can show the progression or improvement of
the disease following treatment. However, as
mentioned earlier, caution is needed when inter-
preting bone marrow changes, as they are often
seen in healthy children,

In 2021, Panwar and colleagues developed a
standardized WB-MRI scoring system to quantify
the total nflammatory burden in children with JIA
and provided recommendations on anatomic
MRI planes and sequences as the minimally
necessary imaging protocol for the scoring sys-
tem.*” The developed scoring system includes
100 peripheral, 23 chests, and 76 axial joints,
and 64 entheses, with 2 to 4 diagnostic parame-
ters graded in each of the regions, using binary
(presence or absence) and 2 to 3-level ordinal
scores. The tables and figures in the article, which
illustrate the elements required for analysis of the
numerous locations potentially subject to inflam-
mation in JIA, provide additional educational
material.

SUMMARY

In conclusion, continuous developments of MRI
have improved the management of rheumatic pa-
tients, and allowed more objective and standard-
ized evaluation. Advances in the hardware and
software of MRI scanners, along with new defini-
tions of pathologic findings, and new semiquanti-
tative and quantitative assessments introduced
and validated in the recent years perfect the MRI
ability to diagnose and monitor peripheral and
axial arthriis. Future research in this field is
needed to further optimize the MRI protocols to
improve specificity of MRI diagnosis, provide early
diagnosis, identify patients at risk of rapid progres-
sion to prevent joint damage, and maximize quality
of life and ability to function. Further studies are
needed on how to validate, interpret, and manage
subclinical synovitis seen on MRI, as predictor for
treatment response or damage,” and on the
importance of BME as a biomarker of flair and joint
damage progression. Imaging with MR is one of
JIA biomarkers along with clinical, serum, cellular,
and genetic biomarkers, and the results of MRI

have to be interpreted in conjunction with all these
data.

CLINICS CARE POINTS

* MRI has become a key instrument in rheuma-
tology for assessment of both the axial and
peripheral skeleton; however, correlation
with clinical data is mandatory.

« In axial spondyloarthritis, MRI enables detec-
tion of active inflammation, and also sur-
passes radiography in sensitivity to
structural lesions.

« Although WB-MRI is time-consuming and pa-
tient positioning may be uncomfortable, it
represents a powerful tool for systemic dis-
eases, as it can detect inflammation even in
areas that may not be dinically symptomatic,
and it is useful in assessing treatment
response.

« In the pediatric population, MRI has become
an important tool for joint assessment,
although its utilization is challenging, given
the need for discrimination between patho-
logic and physiologic changes in the growing
skeleton.
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Publikacja nr 1. Whole-Body MRI at Initial Presentation of Chronic Recurrent
Multifocal Osteomyelitis, Juvenile Idiopathic Arthritis, Their Overlapping Syndrome,
and Non-Specific Arthropathy. Michal Lanckoronski, Piotr Gietka Malgorzata Manczak,
Iwona Sudol-Szopinska. Journal of Clinical Medicine 2024; 13, 998.

Table 1. Whole-body MRI sequence protocol.

Table 2. Demographic data of the following included patients: CRMO: chronic recurrent
multifocal

osteomyelitis; JIA: juvenile idiopathic arthritis; OS: JIA and CRMO overlapping syndrome;
NA: Non-specific Arthropathy.

Table 3. BME lesions in 4 study groups.

Table 4. Number of patients with CRMO and JIA with at least 1 lesion at proximal and distal
me-taphyses and epiphyses.

Table 5. Effusions in patients with CRMO, JIA, JIA and CRMO overlapping syndrome, and
NA.

Figure 1. A 13-year-old girl with chronic recurrent multifocal osteomyelitis (CRMO), TIRM
(Turbo Inversion Recovery Magnitude) images in coronal and sagittal planes. Bone marrow
edema (BME, arrow) in the anterior iliac bone with soft tissue edema (enthesitis) (a), in the
posterior condyle of the right femur (b), and in the tarsum bilaterally (c,d), being more
intensive on the right side (c).

Figure 2. A 12-year-old boy with juvenile idiopathic arthritis (JIA), TIRM images in coronal
planes. Knee joint effusion (arrow in (a)), BME in the distal metaphysis (short arrow) of the
right tibia and distal epiphysis of tibia bilaterally (long arrows) (b), in the tarsum bilaterally
(arrows 1in (c)), and in the 1st metatarsal bones (arrows in (d)).

Figure 3. An 8-year-old girl with an overlapping syndrome of JIA and CRMO, TIRM images
in coronal and sagittal views. (a) BME in the right humeral metaphysis and effusion in the left
shoulder (arrows); (b) BME in the right triradiate cartilage and periarticularly in the right iliac
bone (long arrows), and effusion in the right sacroiliac joint (short arrow); (¢) BME in the
proximal metaphysis of the right tibia and distal metaphysis of the left tibia (arrows); (d)
BME in the distal epiphysis of the left tibia (arrow); (¢) BME in the Thl vertebra (arrow); (f)
BME in the left elbow joint (arrow). unilateral (a) and bilateral BME lesions (b).

Figure 4. Distribution of bone lesions in skeleton of patients with CRMO, JIA, OS, and NA
with unilateral (a) and bilateral BME lesions (b).
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Publikacja nr 2. Whole - Body Magnetic Resonance Imaging in Rheumatology.

Vito Chianca, Michal Lanckoronski, Marco Curti, Majid Chalian, Iwona Sudol-
Szopinska, Chiara Giraudo, Filippo Del Grande. Seminars in Musculoskeletal Radiology
2024; https://doi.org/10.1016/j.rcl.2024.02.008.

Figure 1. Whole body MRI in a 17-year old girl with juvenile idiopathic arthritis (JIA)
enthesitis-related arthritis (ERA) subtype, HLA-B27 positive. T2 TIRM images in coronal
(a,b) and sagittal (¢ ) planes show synovitis in the left shoulder with some bone marrow
edema in the proximal metaphysis of the humerus (a), right-sided sacroiliitis (b) and L1/2 left
intervertebral joint synovitis with some bone marrow and soft tissue swelling of surrounding
tissues.

Figure 2. Whole body MRI in a A 6-year old girl with juvenile dermatomyositis. Coronal T2
TIRM images. Initial exam (a-c) shows multiple areas of increased signal in muscles of the
neck, upper and lower girdle, forearms and crura; follow-up 8 months later (d-f) shows
complete resolution of all lesions.

Figure 3. WB MRI of a 15-year-old girl with benign acute childhood myositis due to
Influenza B showing diffuse muscle edema in the calves on the coronal STIR (Arrows) in a.
WBMRI performed as follow-up one month later demonstrating a complete resolution of the
muscle edema (coronal STIR in b).

Figure 4. WB MRI of an 11-years-old boy with SAPHO syndrome demonstrating edema and
periosteal reaction of the right clavicle (coronal short tau inversion recovery-STIR- in a, axial
T1weighted turbo spin echo — TSE- in b and axial STIR in c), bone marrow edema in the right
sacrum (coronal STIR in d, axial T1w TSE in e, and axial STIR in f), in the left acetabulum
(coronal STIR in g, axial TIw TSE in h, and axial STIR in 1), and in the distal metaphyseal
area of the right tibia (coronal STIR in | and coronal T1w TSE in m).

Figure 5. Whole body MRI in a 12-year old girl with chronic recurrent multifocal
osteomyelitis (CRMO). T2 TIRM images show bone marrow oedema of the sternal end of the
right clavicle with oedema of the surrounding tissues (a), bone marrow oedema of the distal
femoral epiphysis, proximal tibial epiphysis, and to a minor extent in a knee joint epiphyses
bilaterally (b), bone marrow edema in the left distal tibial epiphysis (c), left-sided sacroiliitis
(d), and bone marrow oedema of several vertebral bodies of the thoracic and lumbar regions,
with a fracture of the L1 vertebral body (e).
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Publikacja nr. 3. Update on MRI in rheumatic diseases. Iwona Sudol-Szopinska, Michal
Lanckoronski, Torsten Diekhoff, Damjana Kljucevsek, Filippo Del Grande, Andrea
Doria. Radiologic Clinics of North America 2024;
https://doi.org/10.1016/j.rcl.2024.03.003
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Figure 1. MRI of a 40-year-old male patient with suspected rheumatoid arthritis. The MRI and
CT show a pseudoerosion in the lunate. In susceptibility-weighted imaging (SWI) the lesion is
more clearly outlined, and with inversion, the image has a similar contrast as compared to CT.

Figure 2. MRI of the sacroiliac joints in a 45-year-old patient with advanced axial
spondyloarthritis (axSpA). One single T2-Dixon sequence with four contrasts (in-phase,
opposed-phase, fat and water image) is compared to standard T1 and T2fs. Bone marrow edema
(white arrow, high signal intensity in T2 fat saturation (fs), in-phase and water image, low signal
in T1 and fat image) can clearly be differentiated from fat lesions (black arrow, high signal in
T1, in-phase and fat image). Edema within a fat lesion is also visible (white arrowhead). Dixon
opposed phase can help detecting erosions (black arrowhead).

Figure 3. Dynamic contrast-enhanced MRI of the hand. A 56-year-old male patient presenting
with hand and finger arthritis due to late-onset rheumatoid arthritis. The synovium of all
metacarpophalangeal (MCP)-joints is enhanced after contrast administration (arrows). Fractal
analysis shows neoangiogenesis in heavily inflamed tissues (white arrowheads). In the
perfusion analysis, the relative blood volume (rBV) is increased while the mean transit time
(mTT) is decreased in synovitis.

Figure 4. Wrist MR in a 49-year-old man with dermatomyositis (DM) complicated by septic
inflammation, on immunosuppressive therapy. The images show active inflammatory changes:
wrist joints with synovitis (white arrow), osteitis (black arrow), minor tenosynoviitis in several
compartments of extensor and flexor tendons (white arrowheads), tendinopathy of deep flexor
muscle of the fingers in the carpal tunnel (black arrowhead). Osteolytic lesions with cartilage
loss of numerous bones are best appreciated on a Volumetric Interpolated Breath-hold
Examination (VIBE) sequence.

Figure 5. Whole body (WB)MRI in a 56—year—old woman with scleromyositis, T2 Turbo
Inversion Recovery Magnitude (TIRM) images with majority of the muscle high signal
representing myositis. Superficial soft tissue swelling of the lower extremities, likely
representing skin and subdermis inflammation (arrows).

Figure 6. MRI of both hips in a 14.-y-old girl with systemic juvenile idiopathic arthritis (JIA)
treated by biologics. Bilateral hip joint effusions with moderate synovial thickening (arrows,
PD fs) and synovial enhancement (arrows, T1 FS gd+), hip joint space narrowing (more
pronounced on the right) with thinned joint cartilage (black arrows). Bone architecture changes
of acetabular roof (arrowheads) with geodes (non-enhanced changes) and synovial cysts (rim
enhancement, the largest on the left (medial arrowhead).

Figure 7. A 16-year-old female patient with juvenile idiopathic arthritis (JIA) and bilateral
inflammatory lesions in the temporomandibular joints. The images show increased fluid with
thickening of the synovial membrane (white arrowhead on axial T2), bone marrow edema of
the mandibular head and articular eminence (white arrows) with erosions (black arrow on
parasagittal T2Medic); Features of limited joint mobility and of the perforation of the articular
disc in the central part - in close-up its position is normal (white arrowheads on “close”
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parasagittal PD and T2Medic), in opening the posterior band immobile (white arrowhead on
“open” parasagittal T2Medic).

Figure 8. A series of MRI of cervical spine in 14 and 16-y-old girls with extended oligoarticular
juvenile idiopathic arthritis (JIA), antinuclear antibodies (ANA) positive baseline images in T2
axial, T1 fat saturated (fs) contrast enhanced axial and sagittal, and follow up T1 fs postcontrast
image in axial plane (last bottom image). Baseline T2 Turbo Spin-Echo (TSE) axial shows
asymmetrically thickened atlanto-axial synovium (arrows), area of hyperintense bone marrow
signal in the posterior part of the dens (black arrow), and thickened transversal ligament
(arrowhead). Contrast-enhanced MRI in axial and sagittal planes shows homogenous intensive
synovial enhancement, enhancement of the posterior part of the dens and thickened transverse
ligament, and no signs of anterior atlantoaxial subluxation. The contrast-enhanced MRI follow-
up obtained 2 years later, during which time the girl was treated with biologics, shows slightly
asymmetric thickened synovium with minimal non-homogenous enhancement (arrows on T1fs
Gd +follow up) and thickened transversal ligament (arrowhead). The girl was symptom-free
and had normal laboratory data.

Figure 9. An 11-year old boy with juvenile idiopathic arthritis (JIA) enthesitis-related arthritis
(ERA) subtype. The initial exam was obtained at the age of 11 years; 1% follow MRI was
obtained 6 months later, and 2™ follow, 12 months after baseline. Left-sided sacroiliitis:
semicoronal T2 Short-Tau Inversion Recovery (STIR) images show bone marrow edema in the
left ilium, joint space inflammation, capsulitis, and active erosion in the left sacral bone (evident
in the first follow-up exam; arrow). T1, T1 fat-suppressed (fs) and T2 Multi-Echo Data Image
Combination (MEDIC) consecutive exams show increasing number of erosions (white arrows)
and bone marrow fatty metaplasia (black arrows).

Figure 10. 8-year old girl with chronic recurrent multifocal osteomyelitis (CRMO). Coronal T2
Turbo Inversion Recovery Magnitude (TIRM) images show areas of increased marrow signal
in the inferior ramus and angle of the mandibula on the left side (white arrow), and in the right
ischium (black arrow). The numerous areas of abnormal signal in the right ankle and tarsal
bones (white arrowheads) with minor effusion (open arrowhead), less severe in the left ankle
(black arrowhead) may represent stress-related mechanical abnormalities which are in
differential for CRMO-related lesions.
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10. Decyzja Komisji Bioetycznej

I

NARODOWY INSTYTUT
GERIATRII, REUMATOLOGH

< |2 | REHABILITACU!

s M MTTE GR eAR Ml CLeouomy BRcues

Warszawa, 26.04,2018 r.

Decyzja Komisji Bioetyczne)
przy Narodowym Instytucie Geriatrii, Reumatologii i Rehabilitacji w Warszawie
nr KBT-3/172018

Komisjn Bioetyczna przy Narodowym Instytucie Geriatrii, Reumatologii i Rehabilitacji w Warszawie,
ul. Spurtaiiska 1, dzialajaca zgodnie z zasadami GCP, zapoznala sic w dniu 26042018 r.
z nastgpujacymi dokumentami dotyczgeymi projektu badawezego pn. ,Ocena retrospektywna badas
MR calego ciala (WB MRI) wykonanych w Zakladzie Radiologil NIGRIR w celu przygotowania
rozprawy doktorskiej dot. okreslenia wartoscl diagnostyczne] WB MRI u dzieci z podejrzeniem
zmian zapalnych w ukladzie ruchu™:

1. Podanic glownego budacza do Komisji Bioetyczne 2 prosbg o zaopiniowanie projektu;
2. Opis programu badunia.

Retrospektywne badanic naukowe bedzie prowadzone w oparcin o dokumentacie medycang
zgromadzony w Zakhadzie Radiologii oraz w Klinice i Poliklinice Reumatologii Wieku Rozwojowego
Narodowego Instytutu Geriatrii, Reumatologii i Rehabilitacii. Wyniki badan bedy podstawy publikacji
oraz zostang wykorzystane w pracy doktorskiej lek, Marty Wysmolek — rezydentki w Klinice i Poli-
klinice Reumatologii NIGRIR. Kierownikiem projektu oraz proponowanym promotorem rozprawy
doktorskicj jest prof. dr hab. n. med. Iwona Sudol-Szopifiska — Kicrownik Zakladu Radiologii Instytutu.

Komisja Bioetyczon przy NIGRIR w glosowaniu tajnym nad skoeptacjy zgloszonego projektu wyrazita
Zgode na rozpoczecio badaf zgodnie z przedstawionym protokolem.
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Q2407 Varszaen, . Speratshs | \Varsuwa, 26.04.2018r.

Lista obecnodei czlonkdw Komisji Bioetycznej przy Narodowym Instytucie Geriatrii,
Reumatologii i Rehabilitacji

Prof. dr hab. med. Piotr Gluszko — Ickarz
NIGRiR

Prof. dr hab. med. Anna Filipowicz-Sosnowska — lekarz
NIGRiR

Dr n. hum. Ewa Kujawa - etyk
P. Barbara Kurek — piclegniarka
Prof. nadzw. dr hab. med. Robert Gasik — lekarz

NIGRIiR

Prof. nadzw. dr hab. med. Brygida Kwiatkowska - lekarz
NIGRiR

Ks. dr Wiodzimierz Nast - ksiadz
Chrzescijanska Akademia Teologiczna

Mec. Maria Grzeszezyk ~ prawnik
Panistwowy Zaklad Wydawnictw Lekarskich

Prof. nadzw. dr hab. med. Marzena Olesifiska — lekarz
NIGRIR

Prof. dr hab. med. Lidia Rutkowska-Sak — lekarz

NIGRIiR

Prof. dr hab. med. Tadeusz Styczyfiski — lekarz ... i =
Dr hab. n. farm. Tomasz Pawifiski — farmaceuta %
Warszawski Uniwersytet Medyczny

Drn. med. Aleksandra Slabik-Ledéchowska — lekarz ... I SRR
Okregowa Izba Lekarska w Warszawie
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11. Oswiadczenia wspolautorow publikacji

Warsrawa, 20.03.2024

Prof. dr hab. med. iwona Sudol-Sropifiska

Zakiad Radiologii

Narodowy Instytut Geriatrii, Reumatologii i Rehabilitaci
Ul. Spartariska 1, 02-637 Warszawa

OSWIADCZENIE

Oswiadczam, #c w publikacji pt.: Whole-Body MRI at Initial Presentation of Chronic
Recurrent Multifoeal Osteomyvelitis, Juvenile Idiopathie Arhritis, Their Owverlapping
Syndrome, and Non-Specific Arthropathy”, Autorzy: Michal Lanckorofski, Piotr Gietka
Mutgorzata Mariczak, lwona Sudol-Szopinska, opublikowanej w Journal of Clinical Medicine
2024 13, 998, doi.org/10.33904em 13040998, moj wklad mervioryceny w priygotowanie
publikacji polegal na:

+ Zaprojekiowaniu badania

* [nlerpretsefi wynikdw badanin

* Preygotowaniu manuskrypiu

*  Analizie literatury

Oceniam swij whiad procentowy w publikacje na poziomie 309, Wyrakam zgode na
preediozenie powyssze] publikacji preez doktora Michals Lanckorofiskiego jako credd Jego
rozprawy doktorskiej w formie spojnego eyklu artykuldw neukewych opublikowanyeh w
recenzowanych czasopismach naukowych. Jednocrednie odwindezam, ze samodzielna i
modliwa do wyodrghnienia czgdt powyisze] publikacji wykneuje indywidualny widad lek.
Michals Lanckorodskiego przy opracowywaniu zatored, wykonania czgéci eksperymentalnej
oruz interpretacji wynikdw tej pracy.

7 powazaniem,

- ol i =
‘I T Yo |!':' L= r: wie A 4 ﬂél_
9 | % Wl i i\.

s

71



Dr n. med. Maigorzata Manczak Warszawa, 20.03.2024
Zaktad Gerontologii, Zdrowia Publicznego i Dydaktyki

Narodowy Instytut Geriatni, Reumatologii i Rehabilitacii

UL Spartanska 1, 02-637 Warszawa

OSWIADCZENIE

Oswiadczam, ze w publikacji pt.: Whole-Body MRI at Initial Presentation of Chronic
Recurrent Multifocal Osteomyelitis, Juvenile Idiopathic Arthritis, Their Overlapping
Syndrome, and Non-Specific Arthropathy™, Autorzy: Michat Lanckoronski, Piotr Gietka
Matgorzata Manczak, Iwona Sudol-Szopinska, opublikowanej w Journal of Clinical Medicine
2024; 13, 998. doi.org/10.3390/4ecm 13040998, moj wkiad merytoryezny w przygotowanic
publikacji polegal na:

¢ Przygotowaniu manuskryptu
e Analizie literatury

Oceniam swéj wkiad procentowy w publikacje na poziomie 5%. Wyrazam zgode na
przedlozenie powyzszej publikacji przez doktora Michata Lanckoronskiego jako czgsé Jego
rozprawy doktorskicj w formic spdjnego cyklu artykutéw naukowych opublikowanych w
recenzowanych czasopismach naukowych. Jednoczesnie o$wiadczam, ze samodzicina i
mozliwa do wyodrgbnienia czg$¢ powy2szej publikacji wykazuje indywidualny wklad lek.
Michala Lanckorofiskiego przy opracowywaniu zatozefi, wykonania czesci eksperymentalnej
oraz interpretacji wynikow tej pracy.
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Warszawa, 20,03 2024

Dr nmed. Pioir Gictka

Klinika i Poliklinika Reumatologii Wieku Rozwojowego
MNarodowy Instytut Geriatrii, Reumatologii i Rehabilitacii
U1, Spartanska 1, 02-637 Warszawa

OSWIADCZENIE

Oswiadczam, ze w publikacji pt.: Whole-Body MRI at Initial Presentation of Chronic
Recurrent Multifocal Osteomyelitis, Juvenile Idiopathic Arihritis, Their Overlapping
Syndrome, and Non-Specific Arthropathy”, Autorzy: Michat Lanckorofski, Piotr Gictka
Malgorzata Manczak, Iwons Sudob-Szopitska, opublikowane] w Journal of Clinical Medicine
2024; 13, 998. doi.org/10.3390/jem 13040998, moj wkiad merytoryczny w przygotowanie
publikacji polegal na:

Przygotowaniv manuskryptu
= Analizie lileratury

Oceniam swoj wkiad procentowy w publikacje na poziomie $%. Wyrazam zgode na
przedlozenie powyzszej publikacji preez doktora Michala Lanckorofiskiego jako caest Jego
rozprawy doktorskicj w formie spéjnego cyklu artykutow naukowych opublikowanych w
recenzowanych czesopismach naukowych. Jednoczesnie odwiadczam, ¥ samodzielna {
mozliwa do wyodrgbnienia cagéé powyiszej publikacii wykazuje indywidualny wkiad lek.
Michata Lanckorofiskiego przy opracowywaniu zalozeti, wykonania czeéci eksperymentalne
oraz interpretacil wynikdw tej pracy.

£ powaianiem,

’ﬁq'/ ) Gleda
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Lugano, 02.07.2024
Dr. Vito Chianca

Clinica di Radiologia EOC
Istituto di Tmaging della Svizzera laliana (TTMSI)
Via Tesserete 46, 6900 Lugano, Switzerland

DECLARATION

1 hereby declare that in the publication entitled: Whole - Body Magnetic Resonance Imaging
in Rheumatology, Authors: Vito Chianca, Michal Lanckoronski, Marco Curti, Majid Chalian,
Twona Sudot-Szopiniska, Chiara Giraudo, Filippo Del Grande, published in Seminars in
Musculoskeletal Radiology 2024; https:/doi.org/10.1016/j.rc1.2024.02,008; my substantive
contribution to the publication consisted of:

Designing the paper

Preparation of the manuseript

Analysis of the literature

As first and corresponding author of the above international publication, I estimate my
percentage contribution to the publication at 40%, Dr Michal Lanckoronski at 35%, the other
co-authors at 5%.

I agree to submit the above publication by Dr Michatl Lanckoronski as part of his doctoral
dissertation in the form of a coherent series of scientific articles published in peer-reviewed
scientific journals.

At the same time, | declare that the independent and scparable part of the above publication
shows an individual contribution of dr. Michal Lanckororiski in the design of the work,
preparation of the manuscript, and analysis of the literature for this work.

Yours sincercly,
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Warszawse, 20.05.2024

Prof, dr hab. med. Twona Sudol-Szopinska
Zuklad Radiologii

Instytut Geriatril, Reumatologli | Rehabilitacji
UL Spartatiska 1, 02-637 Warszawa

OSWIADCZENIE

Oswiadczam, 2e w publikacii pt.: Update on MRI in rheumatic diseases, Autorzy: [wona Sudol-
Szopiriska, Michat Lanckorofski, Torsten Diekhoff, Damjana Kljugeviek, Filippo Del Grande,
Andrea Doria, opublikowane] w Radiologic Clinics of Morth America 2024,
hetps:/idoi.org/10.10164.0c1.2024.03.003, moj wklad merytoryceny w pravgotowanie
publikacji polegal na:

Zaprojektowaniu pracy

Przygotowaniu manuskrypiu

Analizie Iiteratury,

Jako pierwszy i korespondencyjny autor powyizszej migdeynarodowej publikacji, oceniam
swdj whlad procemtowy w publikacje na poziomie 45%, doktora Michate Lanckorofiskicgo na
poziomie 35%, pozostatych wspétautordw 5%.

Wyrazam zgode na preediozenie powyiszej publikaci preez doktora Michata
Lanckorofskiego jako cresé Jepo rozprawy doktorskiej w formie spdinego cyldu artykuliw
naukowych cpublikowanych w recenzowanych: czasopismach naukowych.

Jednoczednie oéwiadczam, ze samodziclna i mozliwa do wyodrgbnienia czgdé powyzsze]
publikacji wykazuje indywidualny whiad lek, Michala Lanckoronskiego prey
raprojektowaniu pracy, preygolowaniu manuskryptu, oraz analizie literatury na potrzehy tej
pracy.
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