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Kronik Tekrarlayan Multifokal Osteomiyelitli Pediatrik Hastalarda Tim Viicut MRG
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ABSTRACT

Objective: To evaluate the clinical and radiological findings of the patients with chronic recurrent multifocal osteomyelitis (CRMO) and to present
the benefits of using whole-body magnetic resonance imaging (WBMRI) in these patients and the changes we have made in the technique.

Methods: A total of 45 patients who underwent WBMRI between 2017 and 2021 were included in the study. All WBMRI scans included coronal
short tau inversion recovery (STIR), coronal T1W, and sagittal spinal STIR sequences. The examination time was 40 min on average. All WBMRIs
were evaluated at two different time. At first assessment, only coronal STIR images were evaluated in all patients. In the second assessment, the
same patients evaluated with all the sequences. The contribution of coronal T1W and sagittal STIR sequences to the diagnosis was investigated
by comparing the first evaluation with the second evaluation. Thirty five patients were diagnosed with CRMO. The remaining 10 patients had
other inflammatory, infective, and neoplastic diseases. The diagnosis of 15 patients with CRMO was based on bone marrow biopsy results. Also,
biopsy was performed in 10 patients diagnosed as non-CRMO.

Results: Most of the patients had multifocal bone lesions, particularly in the metaphyses adjacent to the epiphyseal region. The bones of the
lower extremities were the most commonly affected. The mean delay in diagnosis was 17 months (0-96), and the follow-up period was 20 months
(1-47) in a total of 35 patients, with a recurrence rate of 28%. In most patients (88%), lesions could be identified from coronal STIR images alone
at the initial evaluation. However, in 5 patients whose diagnosis was missed when evaluated only from coronal STIR images, lesion identification
and possible preliminary diagnosis were detected only with coronal T1W and sagittal STIR images in the second look.

Conclusion: WBMRI is an important examination of systemic diseases such as CRMO that involve multiple sites. In addition to coronal STIR
sequences, coronal T1-weighted and sagittal STIR sequences are important in identifying other infective-inflammatory diseases and particularly
hematological malignant processes in the differential diagnosis of CRMO.
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Amag: Kronik tekrarlayan multifokal osteomiyelitli (CRMO) hastalarin klinik ve radyolojik bulgularini degerlendirmek ve bu hastalarda tim viicut
manyetik rezonans goériintileme (WBMRI) kullanmanin yararlarini ve teknikte yaptigimiz degisiklikleri sunmaktir.

Gereg ve Yontem: 2017-2021 yillar arasinda WBMRI uygulanan toplam 45 hasta calismaya dahil edildi. Tim WBMRI taramalarinda koronal
kisa zamanli inversiyon diizelme (STIR), koronal T1W ve sagital spinal STIR sekanslari kullanilmistir. inceleme stiresi ortalama 40 dakika idi. Tum
WBMRI'ler iki farkli zamanda degerlendirildi. ilk bakida tiim hastalarda sadece koronal STIR gériintiileri degerlendirildi. ikinci bakida ayni hastalara
ait tim sekanslar degerlendirildi. Birinci degerlendirme ile ikinci degerlendirme karsilastirilarak koronal T1W ve sagital STIR sekanslarinin taniya
katkisi arastinildi. Otuz bes hastaya CRMO teshisi konuldu. Geri kalan 10 hastanin diger enflamatuvar, enfektif ve neoplastik hastaliklari vardi.
CRMO'lu 15 hastanin tanisi kemik iligi biyopsi sonuglarina dayaniyordu. CRMO tanisi alan diger 20 hastada kesin tani, diger hastaliklari diglayan
klinik ve radyolojik bulgularin varliginda konulmustur.

Bulgular: Hastalarin cogunda 6zellikle epifiz bolgesine komsu metafizlerde multifokal kemik lezyonlar mevcuttu. En sik alt ekstremite kemikleri
etkilenmisti. Toplam 35 hastada ortalama tani gecikmesi 17 ay (0-96), takip stiresi 20 ay (1-47) olup, niks orani %28 idi. Hastalarin cogunda (%88),
lezyonlar ilk bakida sadece koronal STIR gériintilerinden bile tanimlanabilmistir. Ancak sadece koronal STIR gériintllerinden degerlendirildiginde
tanisi atlanan 5 hastada lezyon tanimlamasi ikinci bakida degerlendirilen koronal T1W ve sagital STIR gériintileri ile miimkiin olmustur.

Address for Correspondence: Seving Tasar, University of Health Sciences Tirkiye, Umraniye Training and Research Hospital,

Clinic of Pediatric Radiology, Istanbul, Turkiye

Phone: +90 505 399 49 11 E-mail: svnctsr@yahoo.com ORCID ID: orcid.org/0000-0001-9417-2847

Cite as: Tasar S, Sozeri B. Whole-body MRI in Pediatric Patients with Chronic Recurrent Multifocal Osteomyelitis. Med J Bakirkoy 2023;19:78-85
Received: 10.01.2023
Accepted: 27.02.2023

7 8 ©Copyright 2023 by Medical Journal of Bakirkdy published by Galenos Yayinevi.


https://orcid.org/0000-0001-9417-2847
https://orcid.org/0000-0002-5079-5644

Tasar and Sozeri. Whole-body MRI in Pediatric Rheumatology

6z

Sonug: WBMRI ¢ekim siiresinin uzunlugu ve ¢ocuklarin uyumu agisindan zor bir inceleme yéntemidir. Dogru teshis ve tedavi icin gerekli tim
sekanslarin yapilmasi esasti. CRMO'nun ayirici tanisinda koronal STIR sekanslarina ek olarak koronal T1W ve sagital STIR sekanslari diger enfektif-
enflamatuvar hastaliklar ve 6zellikle hematolojik malign stirecleri belirlemede dnemlidir.

Anahtar Kelimeler: Pediatrik radyoloji, kronik bakteriyel olmayan osteomiyelit, kronik tekrarlayan multifokal osteomiyelit, CRMO, tim viicut MRG

INTRODUCTION

Chronic recurrent multifocal osteomyelitis (CRMO) is a
subacute and chronic idiopathic autoinflammatory bone
disorder also known as sterile non-bacterial osteomyelitis.

CRMO s characterized by exacerbation and recovery periods
with clinical findings and affecting children and adolescents.
Despite advances in imaging and microbiological diagnostic
techniques and a significant increase in the number of cases
over the past decade, the true incidence of CRMO is not yet
fully known.

Non-infectious osteomyelitis can be observed in several
inherited monogenic autoinflammatory conditions, such as
the juvenile form of synovitis, acne, pustulosis, hyperostosis,
and osteitis syndrome (SAPHO), Majeed syndrome,
pyogenic sterile arthritis, pyoderma gangrenosum, and acne
syndrome, and deficiency of IL-1R antagonist syndrome (1).

Long-term clinical follow-up with whole-body magnetic
resonance imaging (WBMRI) may be needed until the
patient is in radiological remission or a steady-state is
achieved.

Non-steroidal anti-inflammatory drugs, immunosuppressive
drugs, and biological agents are used for treating CRMO.
Long-term clinical follow-up with WBMRI may be required
until the patient is in radiological remission or a steady state
is achieved.

Although CRMO is classified in the benign group, it
significantly impairs the quality of life of patients due
to recurrent symptoms and permanent sequelae. The
diagnosis of exclusion was based on clinical presentation,
imaging findings, and culture-negative bone biopsies
(2,3). Direct radiographic findings are characteristic but
not pathognomonic. It may appear completely normal,
particularly in the early stages of the disease.

Bone surveys, scintigraphy, and positron emission
tomography are generally used for whole-body imaging.
However, all of these modalities involve ionizing radiation.
WBMRI is used less frequently in children than in adults
because of the need for sedation in younger age groups.

Among the non-oncological applications of WBMRI,

the most important ones are rheumatological diseases,
including multifocal osteomyelitis, arthritis,
dermatomyositis, connective tissue diseases, and fever of
unknown origin (4). In CRMO, the characteristic patterns
of bone involvement and roadmap for possible biopsy can
be determined using WBMRI (Figure 1). Furthermore, the
response to treatment can be evaluated, and complications
can be identified.

recurrent

There is no standard technique for WBMRI, and the aim is to
achieve maximum coverage of the body with the minimum
number of images in the shortest possible time. Patients are
usually scanned in the supine position with their arms on
the sides and legs extended (4). Scanning is performed in
the coronal plane to cover most of the body. However, it
has a lower sensitivity for the head and thorax than axial
plane scans. As in many centers, the main sequence of
the examination is the coronal short tau inversion recovery
(STIR). Although there is no consensus, one or more of
the coronal T1-weighted (T1W), sagittal T2, STIR, T1W,
and diffusion-weighted imaging (DWI) sequences can be
used in addition to coronal STIR images. T1W images are
necessary to better evaluate bone marrow involvement,
especially in hematological malignant processes. Therefore,
sagittal plane sequences can be added to better assess the
vertebral column (5,6).

In this study, we evaluated the use of WBMRI in the clinical
and radiological evaluation of patients with CRMO patients
and the benefits of changes in the technique we used for
diagnosis.

METHODS

Data of 45 patients who presented to the pediatric
rheumatology clinic and underwent WBMRI between
January 2017 and December 2021 were retrospectively
screened. Of these, 35 patients diagnosed with CRMO were
included in this study. Ten patients were excluded because
they were diagnosed with other, infectious, rheumatological,
and hematological diseases. This study was approved by the
Ethics Committee of University of Health Sciences Turkiye,
Umraniye Training and Research Hospital Clinical Research
Ethics Committee (decision no: 283, date: 30.09.2021).
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Figure 1. In the whole body coronal STIR image shows diffuse T2W
hyperintense pathological signal changes are observed in the distal diaphyseal
parts and metaphyses of the bilateral femur and tibia. Also diffuse involvement
is observed in the tarsal bones

STIR: Short tau inversion recovery
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Patients’ clinical, laboratory, and pathological findings were
obtained from their electronic files. The radiological data of
the patients were re-evaluated using the picture archiving
communication system and classified. Plain radiography,
computed tomography (CT), and MRI of the patients were
completely re-evaluated by a pediatric radiologist with 15
years of experience in radiology.

All WBMRIs were evaluated at two different time. At first
assessment, only coronal STIR images were evaluated in
all patients (Figure 1). It was then evaluated in the same
patients with all their sequences, including coronal T1W and
sagittal STIR images. The contribution of coronal T1W and
sagittal STIR sequences to the diagnosis was investigated by
comparing the first evaluation with the second evaluation.

The radiologic diagnosis of CRMO was based on the
presence of at least one lesion consistent with osteomyelitis

with  radiological and/or histopathological features,
excluding infectious, inflammatory, and oncological
diseases.

The final diagnosis of 15 patients with CRMO was based
on bone marrow biopsy results. In the other 20 patients
diagnosed with CRMO, the final diagnosis was made in the
presence of clinical and radiological findings, excluding
other diseases.

Technical Details of the Radiological Evaluation

Depending on the patient’s height, the number of stations
scanned in the coronal plane was between five and seven.
Additionally, two stations were used to visualize the spine in
sagittal STIR images. The images were combined without
repositioning to shorten the scanning time.

We analyzed the STIR and T1W sequences in the coronal
plane. Additionally, sagittal STIR images of the vertebral
column were obtained at the two stations.

The same coil and precisely matched slice selection
gradients were used at each station to generate automatic
image alignment and whole-body images after the
acquisition.

Only two patients were examined under anesthesia.
Average shooting time was 35-40 min.

Statistical Analysis

Statistical analyses were performed using the SPSS software
version 21. Percentages, medians, and minimum and
maximum values were used, where appropriate, to present
descriptive statistics.
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RESULTS

The main demographic and clinical characteristics of the
35 pediatric patients are included in Table 1. Most patients
had multifocal bone lesions at the time of diagnosis.
Unifocal involvement was observed in four patients. The
distribution of bone lesions is shown in Table 2 (Figure 2).
Most patients had periphyseal bone lesions, particularly in
the metaphyseal region. In 40% of the patients, only bone
marrow edema was detected on MRI, and no abnormal
radiological findings were observed on direct radiography
or CT, if performed. The mean follow-up period was 20
months (standard deviation, 14 months). Recurrence was
observed in 10 patients.

In nine patients (25.7%), there was soft tissue inflammation
and periosteal reaction accompanying bone lesions. One
patient had osteoporosis and two had vertebral insufficiency
fractures (Figure 2). Fourteen patients (40%) had sacroiliitis,
four (11.4%) had palmoplantar pustulosis, one (2.9%) had
psoriasis, and one (2.9%) had inflammatory bowel disease.

Table 1. Demographic, clinical, and laboratory findings of
patients with non-bacterial chronic osteomyelitis

Total (n=35)
Demographics
Male (%) 23 (65.7%)
Female (%) 12 (34.3%)
Age at disease onset, years, median (range) 11.8 (5-17)
Delay in diagnosis, months, median (range) 17.4 (0-96)
Follow-up, months, median (range) 19.8 (1-47)
Symptoms
Bone pain 35 (100%)
Swelling 10 (28.5%)
Limping 9 (25.7%)
Fever 1(2.8%)
Laboratory findings
Leukocytes x103/mm?3, range 7.6 (4.2-14)
Erythrocyte sedimentation rate, mm/h, range 27.9 (2-100)
C-reactive protein, mg/dL, range 7.7 (0-58)
Positive antinuclear antibodies, n (%) 8(22.8)
HLA-B27 positive, n (%) 7 (20)
Syndromic patients 4(11.4)
SAPHO, n (%) 3(8.6)
Majeed, n (%) 1(2.9)

SAPHO: Synovitis, acne, pustulosis, hyperostosis, and osteitis, HLA: Human
leukocyte antigen

The unilateral hip dislocation developed in one patient.
None of the patients had any clinical or radiological
evidence of enthesitis. Three patients were diagnosed with
SAPHO, and one with Majeed syndrome.

Joint involvement was present in 20 patients, with some
involvement in more than one joint. The sacroiliac joint was
the most commonly involved joint, followed by the knee,
the sternoclavicular joint, and the ankle (Table 3).

Analysis of biopsy samples revealed osteomyelitis with
negative culture results. A mixed inflammatory pattern
associated with sclerosis was also observed.

In the WBMRI evaluation of 45 patients, radiological data
were insufficient for diagnosis in 5 patients who were
evaluated first with coronal STIR. Pathological findings that
could not be detected only when evaluated with coronal
STIR images could be evaluated after coronal T1W and
sagittal STIR images were examined. Of these 5 patients,
2 were diagnosed with acute lymphoblastic leukemia
(ALL), one with acute myeloid leukemia (Figure 3), one with
brucellous spondylodiscitis, and one with 1gG4-related
spondylodiscitis (Figure 4).

DISCUSSION

If clinical symptoms are compatible with CRMO, WBMRI
should be performed to evaluate multifocal bone lesions,
including nonpainful silent lesions. WBMRI is useful not only
for diagnosis but also for follow-up and in the detection of
possible growth disorders and deformities (7,8). Our study
also showed that in addition to routinely applied coronal
STIR sequences, the addition of coronal T1W and sagittal
STIR images is very valuable in differential diagnosis.

WBMRI is a screening tool that is primarily used for
detecting bone marrow edema. Coronal STIR imaging is
therefore essential. Some studies have suggested adding
T1W and DWI images to the evaluation. In addition, the
sagittal plane examination is recommended to evaluate the
spinal vertebral column (5,9,10). Damasio et al. (9) stated
that T1 imaging is necessary to distinguish between normal
bone marrow signals and lesions. The red bone marrow and
a CRMO lesion are both hyperintense on STIR images, but
the former has an intermediate signal, while the latter is
hypointense on T1W images. Additionally, on T1W images,
fat, blood products, and proteinaceous material can be
differentiated (9,11). There are limited studies on the use
of DWI for CRMO. The interpretation of DWI findings can
be difficult because of the heterogeneous bone marrow
signals in children. However, it may also be useful for
differentiating malignant lesions (12,13). In our experience,
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Figure 2. Whole-body magnetic resonance images of a 15-year-old male with axial skeleton and upper extremity involvement. Coronal STIR images show findings
of osteitis in the metaphyseal areas adjacent to the physis line in the left clavicle (a), sternum (b), vertebrae (c), coracoid process (d), ulna (e) and carpal bones (e, f)

STIR: Short tau inversion recovery

Table 2. Distribution of the affected bones on magnetic
resonance imaging

Affected bones n (%)
Upper extremity 7 (20)
Humerus 6(17.1)
Radius 3(8.6)
Ulna 1(2.9)
Carpal/metacarpal bones 4(11.4)
Lower extremity 33(94.2)
Femur 23 (65.7)
Tibia 30 (85.7)
Fibula 2(5.7)
Tarsal/metatarsal bones 23 (65.7)
Axial skeleton 18 (51. 4)
Mandibula 1(2.9)
Clavicle 8(22.8)
Scapula/coracoid process 8(22.8)
Sternum 6(17.1)
Vertebra 6(17.1)
Pelvic bones 17 (48.6)

it is easier to exclude possible hematological pathologies
by adding T1W sequences to STIR images if the patient
is scanned without anesthesia and can tolerate a long
duration. Hematological malignancies such as leukemia
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Table 3. Distribution of patients with arthritis

Joints with arthritis n (%)
Sacroiliitis 14 (40%)
Knee 6(17.1%)
Sternoclavicular 5(14.2%)
Ankle 4 (11.4%)
Temporomandibular 2 (5.7%)
Hip 2 (5.7%)
Tarsometatarsal 1(2.8%)
Talonavicular 1(2.8%)
Talocalcaneal 1(2.8%)

and lymphoma may be confused with CRMO because
they may present with abnormal bone marrow. However, in
these diseases, rather than edema, focal or extensive bone
marrow replacement is observed (14). T1W images are also
very useful in differentiating pathologies from the normal
red marrow in children (Figure 3). In our patient group, bone
marrow blastic infiltration in two patients who could be
considered completely normal when coronal STIR images
were examined, could be understood from coronal T1W
images. The diffuse bone marrow signal reduction in T1W
images suggested hematological malignant involvement,
and these patients were quickly diagnosed with ALL by
bone marrow biopsy.

Additionally, we had the opportunity to evaluate the
vertebral columna better in sagittal STIR images. Of the
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pathological signal changes, compression fractures, disc
and spinal canal pathologies can be better defined. Two
patients with spondylodiscitis and one patient with spinal
granulocytic sarcoma could be detected by sagittal STIR
images in our study.

The average scan time for WBMRI has been reported to be
40 min in previous studies. In our study, the total time of
WBMRI varied between 30 and 45 min, depending on the
size of the child.

In the literature, the average age of patients at diagnosis of
CRMO is 9-11 years, and girls are affected more than boys
(2,13,15). In our study group, the mean age at diagnosis
was 12 years, and this was more common in boys (65%). It
is difficult to determine the onset of the disease because

Figure 3. Coronal T1-weighted image of a nine-year-old male patient
diagnosed with acute lymphocytic leukemia, showing a markedly decreased
T1 signal secondary to the diffuse infiltration of the bone marrow

Figure 4. MRl and CT of 17-year-old male patient, inflammatory signal changes
are observed in the L3_L4 disc and the vertebral end plateaus facing the disc
in sagittal STIR images. There is moderate loss of height in the disc and lytic
changes in the bone tissue in the vertebra end plateaus

MRI: Magnetic resonance imaging, CT: Computed tomography, STIR: Short tau
inversion recovery

of insidious and subtle symptoms. In a multicenter study
of 178 patients, Wipff et al. (16) reported that CRMO was
twice as common in the female group, the mean symptom
onset year was 9.8 years, the mean age at diagnosis was
16.4 years, and the diagnostic delay time was 17.3 months.
These periods decrease over time as the disease becomes
more recognizable. In our study, the mean age at diagnosis
was 11.8 years, and the mean delay in diagnosis was 17.4
months.

The typical radiological findings of CRMO are multifocality
and involvement of the juxtaphyseal/periphyseal areas,

Figure 5. Sagittal STIR images of a 16-year-old girl presenting with a
compression fracture in the T8 vertebra and bone marrow edema in the T9 and
T10 vertebra corpus superior end plateaus

STIR: Short tau inversion recovery
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particularly in the metaphyses. Most bone lesions are
located in the tibia, followed by the femur, appendiceal,
and axial skeleton (7,17). In our study, the bones of the lower
extremities were the most affected body regions, consistent
with the literature. In this study, relapse was observed in
28% of the patients during the clinical follow-up. The lower
rates of relapse compared with those in the literature may
be related to the treatment and follow-up time.

Although CRMO is the most common disease affecting 1/3
of the medial clavicle, clavicular involvement is atypical in
bacterial osteomyelitis. In our study, clavicular involvement
was present in eight patients (~23%). In some studies, up
to 30% of the lesions were reported to be located in the
clavicle in patients with CRMO (18).

Spinal involvement is less common than the involvement
of long tubular bones, but it can complicate CRMO cases
due to pathological fractures. Spinal involvement has
recently been recognized as a typical feature of CRMO,
with a reported prevalence of up to 30% (16,19,20). In 23
articles, the incidence of spinal involvement in children with
CRMO varied between 2% and 43% (21). It can be difficult to
differentiate CRMO spinal lesions from bacterial spondylitis
or spondylodiscitis. Disc involvement is not expected in
CRMO; however, rare cases of CRMO involving the disc
have been described (7,20,22). In our study group, spinal
vertebral involvement was present in six (17%) patients
(Figure 5). Compression fracture complications secondary
to thoracic vertebral involvement developed in two of our
patients (Figure 2).

Similar to previous studies, multifocal bone lesions were
observed in the majority of our patients. The affected bones
in the four patients with unifocal involvement were the tarsal
bones, fibula, and mandible. Gaal et al. (23) evaluated the
data of 22 patients with mandibular involvement who were
diagnosed with CRMO and reported that 18 patients had
unifocal lesions.

A standard WBMRI protocol was not used in any patient.
Biopsy was not undertaken in ten cases due to the typical
clinical presentation of CRMO. Since spontaneous remission
may occur in patients with CRMO, some patients did not
attend their follow-up, and therefore, complete data could
not be obtained concerning their treatment and recovery
processes.

CONCLUSION

CRMO is a multifocal autoimmune disease that often
presents as metaphyseal bone lesions. Recently, CRMO has
been increasingly detected using WBMRI. In this study, we
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discuss the different and overlapping features of our cases
in relation to the literature. WBMRI is important for both the
diagnosis and follow-up of CRMO with recurrent attacks
and multifocal bone involvement. In addition to coronal
STIR images, which constitute an essential component of
WBMRI, coronal T1W and spinal sagittal STIR images should
be included in the evaluation of differential diagnosis of
non-bacterial chronic osteomyelitis.

Acknowledgements: We would like to thank the doctors
at the Pediatric Clinic of Umraniye Training and Research
Hospital.

ETHICS

Ethics Committee Approval: This study was approved
by the Ethics Committee of University of Health Sciences
Tirkiye, Umraniye Training and Research Hospital Clinical
Research Ethics Committee (decision no: 283, date:
30.09.2021).

Informed Consent: Retrospective study.

Authorship Contributions

Surgical and Medical Practices: S.T., Concept: S.T,, B.S,,
Design: S.T., Data Collection or Processing: S.T., B.S,,
Analysis or Interpretation: S.T., B.S., Literature Search: S.T,,
Writing: S.T.

Conflict of Interest: No conflict of interest was declared by
the authors.

Financial Disclosure: The authors declared that this study
received no financial support.

REFERENCES

1. Greenwood S, Leone A, Cassar-Pullicino VN. SAPHO and
Recurrent Multifocal Osteomyelitis. Radiol Clin North Am
2017;55:1035-53.

2. Huber AM, Lam PY, Duffy CM, Yeung RS, Ditchfield M,
Laxer D, et al. Chronic recurrent multifocal osteomyelitis:
clinical outcomes after more than five years of follow-up. J
Pediatr 2002;141:198-203.

3. Catalano-Pons C, Comte A, Wipff J, Quartier P, Faye
A, Gendrel D, Duquesne A, et al. Clinical outcome in
children with chronic recurrent multifocal osteomyelitis.
Rheumatology (Oxford) 2008;47:1397-9.

4. Korchi AM, Hanquinet S, Anooshiravani M, Merlini L.
Whole-body magnetic resonance imaging: an essential
tool for diagnosis and work up of non-oncological systemic
diseases in children. Minerva Pediatrica 2014;66:169-76.

5. Darge K, Jaramillo D, Siegel MJ. Whole-body MRI in
children: current status and future applications. Eur J
Radiol 2008;68:289-98.



Tasar and Sozeri. Whole-body MRI in Pediatric Rheumatology

10.

11.

12.

13.

14.

Teixeira SR, Elias Junior J, Nogueira-Barbosa MH,
Guimardes MD, Marchiori E, Santos MK. Whole-body
magnetic resonance imaging in children: state of the art.
Radiol Bras 2015;48:111-20.

Khanna G, Sato TS, Ferguson P. Imaging of chronic
recurrent  multifocal  osteomyelitis.  Radiographics
2009;29:1159-77.

Jurik AG. Chronic recurrent multifocal osteomyelitis.
Semin Musculoskelet Radiol 2004;8:243-53.

Damasio MB, Magnaguagno F, Stagnaro G. Whole-body
MRI: non-oncological applications in paediatrics. Radiol
Med 2016;121:454-61.

Andronikou S, Mendes da Costa T, Hussien M, Ramanan
AV. Radiological diagnosis of chronic recurrent multifocal
osteomyelitis using whole-body MRI-based lesion
distribution patterns. Clin Radiol 2019;74:737.e3-15.

lyer RS, Thapa MM, Chew FS. Chronic recurrent multifocal
osteomyelitis: review. AJR Am J Roentgenol 2011;196(6
Suppl):S587-91.

Leclair N, Thérmer G, Sorge |, Ritter L, Schuster V, Hirsch
FW. Whole-Body Diffusion-Weighted Imaging in Chronic
Recurrent Multifocal Osteomyelitis in Children. PLoS One
2016;11:e0147523.

Neubauer H, Evangelista L, Morbach H, Girschick H,
Prelog M, Késtler H, et al. Diffusion-weighted MRI of
bone marrow oedema, soft tissue oedema and synovitis

in paediatric patients: feasibility and initial experience.
Pediatr Rheumatol Online J 2012;10:20.

Sinigaglia R, Gigante C, Bisinella G, Varotto S, Zanesco L,
Turra S. Musculoskeletal manifestations in pediatric acute
leukemia. J Pediatr Orthop 2008;28:20-8.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Jansson AF, Grote V; ESPED Study Group. Nonbacterial
osteitis in children: data of a German Incidence Surveillance
Study. Acta Paediatr 2011;100:1150-7.

Wipff J, Costantino F, Lemelle |, Pajot C, Duquesne
A, Lorrot M, et al. A large national cohort of French
patients with chronic recurrent multifocal osteitis. Arthritis
Rheumatol 2015;67:1128-37.

Girschick HJ, Zimmer C, Klaus G, Darge K, Dick A, Morbach
H. Chronic recurrent multifocal osteomyelitis: what is it
and how should it be treated? Nat Clin Pract Rheumatol
2007;3:733-8.

Suresh S, Saifuddin A. Unveiling the 'unique bone': a
study of the distribution of focal clavicular lesions. Skeletal
Radiol 2008;37:749-56.

Falip C, Alison M, Boutry N, Job-Deslandre C, Cotten A,
Azoulay R, et al. Chronic recurrent multifocal osteomyelitis
(CRMO): a longitudinal case series review. Pediatr Radiol
2013;43:355-75.

Costa-Reis P, Sullivan KE. Chronic recurrent multifocal
osteomyelitis. J Clin Immunol 2013;33:1043-56.

Andronikou S, Kraft JK, Offiah AC, Jones J, Douis H,
Thyagarajan M, et al. Whole-body MRI in the diagnosis
of paediatric CNO/CRMO. Rheumatology (Oxford)
2020;59:2671-80.

von Kalle T, Heim N, Hospach T, Langendérfer M, Winkler
P, Stuber T. Typical patterns of bone involvement in whole-
body MRI of patients with chronic recurrent multifocal
osteomyelitis (CRMO). Rofo 2013;185:655-61.

Gaal A, Basiaga ML, Zhao Y, Egbert M. Pediatric chronic
nonbacterial osteomyelitis of the mandible: Seattle
Children's  hospital 22-patient experience. Pediatr
Rheumatol Online J 2020;18:4.

85





