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Abstract

Objectives To correlate clinical findings of Non-bacterial
Osteitis (NBO) with whole-body MRI (WB-MRI) findings
and determine a radiologic index for NBO (RINBO) which
allows standardized reporting of WB-MRI.

Methods and materials In a prospective study, 40 patients with
diagnosis of NBO underwent clinical examination and WB-
MRI in which STIR- and T1- weighted images were assessed
for NBO-typical lesions. Parameters of interest for RINBO
were: number of radiologically active lesions (RAL), size of
the patients’ maximum RAL presence of extramedullary and
spinal involvement. Results were tested for statistical agreement
of clinical and MR-based lesion detection. RINBO was tested
for correlation with clinical activity.

Results 62/95 clinically/radiologically active lesions were
found in 30/33 patients. In 45 % of the cohort, more active
lesions were detected by WB-MRI than by clinical examina-
tion. RINBO was a significant predictor for the presence of
clinically active lesions.
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Conclusion WB-MRI is a powerful diagnostic tool for pa-

tients with NBO which can reveal asymptomatic disease ac-

tivity. With RINBO a standardized evaluation approach is

proposed which helps assessing radiologic disease burden

and predicts clinical disease activity.

Key Points

» Whole body MRI is a powerful diagnostic tool for patients
with non-bacterial Osteitis.

» Whole body MRI can reveal asymptomatic disease activity.

* The radiologic index RINBO offers a standardized evalua-
tion approach.

Keywords Whole body imaging - Magnetic resonance
imaging - Non-bacterial Osteitis - CRMO - Activity score

Abbreviations
NBO Non-bacterial Osteitis

CRMO  Chronic Recurrent Multifocal Osteomyelitis
WB-MRI  Whole Body Magnetic Resonance Imaging
RINBO  Radiologic index for Non-bacterial Osteitis
LMU Ludwig-Maximilians-University

CAL Clinically active lesions

VAS Visual analogue scale

CRP C-reactive protein

ESR Erythrocyte sedimentation rate

STIR Short tau inversion recovery

DWI Diftusion weighted Imaging

RAL Radiologically active lesions

RNAL Radiologically not active lesions

SI Signal intensity

POI Parameter of interest

Ipp Lesions per patient

AUC Area under the curve
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Introduction

Non-bacterial Osteitis (NBO) is a rare (0.4 per 100.000 [1])
but most likely under-diagnosed disease usually affecting
children and adolescents [2, 3] mostly taking a chronic
course formerly known as chronic recurrent multifocal os-
teomyelitis (CRMO). While an auto-inflammatory process
with a genetic susceptibility is assumed, the exact aetiology
and pathogenesis still remain unclear [4, 5]. Patients usual-
ly present with non-specific clinical symptoms of focal or
multifocal bone pain sometimes associated with local
swelling or overheating. Also serum biomarkers and histo-
pathologic findings lack sensitivity and specificity limiting
their diagnostic value [1, 6-9]. Therefore, the diagnosis of
NBO usually remains a diagnosis of exclusion after ruling
out other diseases such as infective osteomyelitis,
Langerhans-cell histiocytosis, Ewing’s-sarcoma, osteosar-
coma or leukaemia. Radiography can show bone lesions
with osteolysis and sclerotic margins, but frequently fails
to demonstrate a discernible lesion. Given the osteomyelitic
pathophysiology, targeted MRI can add valuable informa-
tion about solitary lesions [10], nevertheless, lesions of un-
certain aetiology frequently require bone biopsy. Whole-
body MRI (WB-MRI) recently offers a more comprehen-
sive imaging approach allowing assessment of multiple dis-
ease affected areas in one setting and in a non-invasive
manner. WB-MRI has already proven its value for the eval-
uation of multifocal malignant, endocrine or rheumatologic
diseases [11-16] and the latest studies highlight the poten-
tial of WB-MRI to detect typical patterns of bone involve-
ment and subclinical lesions in NBO but emphasize the
variable appearance of the disease [17—19]. This led us to
the idea of implementing a scoring system in order to ease
the reporting, improve the reproducibility and simplify the
validation and staging of the disease. While only few stud-
ies with small cohorts attempted to directly correlate MRI
with clinical findings [18-20], the clinical impact of imag-
ing findings on patient management is an ongoing debate.

Therefore, the aim of this study is to correlate clinical with
WB-MRI findings of NBO patients and to determine a radio-
logic index for NBO (RINBO) which allows standardized
reporting.

Methods

Ethics

The study was approved by the ethics committee of the
medical faculty of the Ludwig-Maximilians-University

(LMU) Munich, Germany. All patients gave written in-
formed consent.
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Study cohort

In this prospective study, patients were recruited from a tertia-
ry paediatric care centre between January 2010 and April
2011. Inclusion criteria were NBO diagnosed according to
published criteria [1, 21] and willingness to participate. A
subgroup (n =17) of this collective with a disease history of
more than 10 years has been the subject of a previously pub-
lished study on clinical long-term assessment of disease activ-
ity [22]. Exclusion criteria were MRI non-compatible metal
implants and claustrophobia. Patients were examined clinical-
ly at the Dr. von Hauner Childrens Hospital, LMU, and sub-
sequently underwent WB-MRI at the Institute of Clinical
Radiology, LMU within a mean time period of 8 (+21 SD;
range: 0-66) days.

Clinical examination

Patients were interviewed and examined by a rheumatologist
(A.J.; more than 5 years of experience in paediatric rheuma-
tology). Anatomical areas, which demonstrated symptoms of
pain, swelling or heating within the last two weeks were de-
fined as clinically active lesions (CAL). The number of le-
sions, their anatomic locations and the associated intensity of
local pain on the visual analogue scale (VAS) (range: 0-10;
with 0 no pain and 10 maximum pain) were documented.
Laboratory tests were performed in a subset of our patients
measuring C-reactive protein (CRP) (>0.5 mg/dl pathologic)
in 26 patients (65 %) and erythrocyte sedimentation rate
(ESR) (>15 mm/h pathologic) in 24 patients (60 %).

WB-MRI imaging protocol

WB-MRI was performed at a 3 Tesla Scanner (Magnetom
Verio, Siemens Medical Solutions, Erlangen, Germany)
equipped with 32 receiver channels. Patients were positioned
head first supine and covered with a head and neck coil, spine
array coils and three body coils (total imaging matrix, TIM,
Siemens Medical Solutions). Upper arms were positioned par-
allel to the chest, lower arms and hands were positioned upon
the pelvis covered by an additional body coil. A disease-
adapted scanning protocol (Table 1) acquired overlapping cor-
onal (n = 5-6) and sagittal (n =2) short tau inversion recovery
(STIR) and non-contrast T1-weighted (w) turbo spin-echo se-
quences in subsequent table positions. Additional axial diffu-
sion weighted imaging (DWI) sequences with b values of 800
were obtained in 11 patients, but the results were not included
in the current analyses.

Image analysis

MR exams were assessed in consensus reading by two radi-
ologists (S.W., H.D.; both with more than 5 years of
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Table 1 Sequence parameters of
Whole-Body MRI protocol T1-w TSE STIR SPC T1-w TSE STIR SPC
coronal coronal sagittal sagittal
TR (ms) 783 4000 700 6000
TI (ms) - 210 - 210
TE (ms) 12 326 11 48
Matrix [phase x read] 384 x 307 320 x 259 448 x 358 384 x 326
Resolution [phase x read x slice] L.Ix1.1x50 15x1.5%x50 1.1x09x35 12x1.0x3.5
(mm’)
FOV (mm?) 480 x 336 480 x 336 400 x 400 400 x 400
Flip angle (°) 180 T2 var 180 180
Bandwidth (Hz/px) 161 1116 180 250
Parallel imaging method GRAPPA GRAPPA GRAPPA GRAPPA
Respiratory compensation Free breathing  Free breathing  Free breathing  Free breathing
Acquisition time (s) 106 x 6 88 x 6 81 x2 155%x2

experience in musculoskeletal MRI) using a standard PACS-
workstation (Syngo Imaging; Siemens Medical Solutions)
blinded to all clinical information. Images were evaluated
for the presence of osseous lesions, which were differentiated
in radiologically active lesions (RAL) and radiologically not
active lesions (RNAL). RAL were defined as areas of in-
creased signal intensity (SI) on STIR images and decreased
SI lower than muscle on T1-w images. RNAL were defined as
areas of decreased SI lower than muscle on T1-w images,
which showed no signal alteration on STIR images or as ab-
normal vertebral deformities in the spine. In each exam, a
number of lesions and their exact anatomic location were not-
ed. Lesions were further evaluated for the presence of associ-
ated periosteal reaction-like thickening of the periosteum and/
or adjacent soft tissue oedema and for the existence of adja-
cent hyperostotic changes like cortical thickening or bone ex-
pansion. Readers noted the extent of body coverage in all MRI
scans and rated the image quality of all sequences as diagnos-
tic or not diagnostic.

Radiologic index

As parameters of interest (POI) for the description of NBO
appearance in WB-MRI, we defined the number of RAL, the
diameter of the patients’ maximum RAL, the presence of
extramedullary involvement and the presence of spinal
involvement.

The disease extent was classified according to the number
of lesions as unifocal (single lesion present), paucifocal (two
to four lesions present) and as multifocal (more than four
lesions present). The maximum diameter of bone marrow oe-
dema of each patient’s largest RAL was measured on coronal
STIR images. Lesions smaller than 10 mm were classified as
minor lesions, lesions between 10 mm and 100 mm were
classified as moderate lesions, whilst lesions larger than
100 mm were classified as major lesions.

Lesions with a periosteal reaction were classified as an
acute form of extramedullary involvement. Lesions with hy-
perostotic changes were classified as chronic extramedullary
involvement. The presence of RAL in the vertebral column
was classified as active spinal involvement. The presence of a
vertebral bone deformity was classified as chronic spinal in-
volvement. We scored the POI ‘number of RAL’ and ‘size of
patient’s maximum RAL’ with 1-3 index points each. The POI
‘active/chronic extramedullary involvement * and ‘active/
chronic spinal involvement’ were scored with one index point
each. All POI added up to a maximum of 10 points. POI,
descriptions, criteria and assigned index points can be seen
in Table 2. This radiologic index for WB-MRI in patients with
NBO was termed RINBO.

Statistical analysis

Continuous data are presented as mean + standard deviation
and categorical as frequency plus percentage, if not otherwise
specified. Non-paired t-test and Fisher’s Exact test were used
to assess for differences within continuous and categorical
variables, if not otherwise specified.

For the agreement concerning the presence and number of
lesions of clinical and MR-based detection, non-weighted and
weighted kappa were applied, respectively. Comparing le-
sions without and with anatomical matching correlates be-
tween clinical and MR-based detection, a mixed effects model
with a random intercept was applied accounting for potential
clustering effect of multiple lesions within one patient.

The Spearman correlation coefficient was used to deter-
mine correlation of RINBO with continuous parameters. To
determine whether RINBO is a predictor for the presence of
CAL, logistic regression models with Firth correction for
monotone likelihood was applied. Based on these models, c-
statistics was derived, which is equivalent to the area under the
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Table 2 Suggestion of a
radiologic index for WB-MRI in

patients with NBO (RINBO)

Parameter of interest Description Criterion Value
Ne of radiologic active lesions (RAL) unifocal 1 1
paucifocal 2-4 2
multifocal >5 3
Maximum size of patient’s RAL minor <10 mm 1
average <100 mm 2
major >100 mm 3
Extramedullary affection acute periosteal reaction and/or adjacent soft 1
tissue edema
chronic hyperostosis 1
Spine involvement acute radiologically active spine lesion 1
chronic NBO related vertebral body deformation 1
Maximum index points 10

receiver-operating characteristics curve (AUC) as a measure
for discriminative power.

All performed tests were two-sided and performed with
SAS (version 9.4, SAS Institute Inc., Cary, NC). A p-value
<0.05 was considered statistically significant.

Results
Study cohort and clinical presentation

The study cohort consisted of 40 patients (68 % female, age
19 £ 9 years, range 8-60 years) diagnosed with NBO, Table 3.
Thirty patients (75 %) yielded CAL, on average 2.1 £1.6
(range 1-8) lesions per patient (Ipp). Lesions were anatomical-
ly distributed as shown in Table 4. Ten patients (25 %) did not
present with CAL at the time of examination, but shared a
history of NBO defining clinical symptoms in their past. No
significant differences were observed between patients with
and without CAL regarding age (p=0.46) and gender
(p=1.00). Mean value of VAS of symptomatic patients was
4.0=+3.5.

Findings of WB-MRI

All patients underwent MR scanning without any adverse
events (standard protocol scan time 41 +7 mins). Unlimited
full body coverage was achieved in 43 % of the patients
(n=17), restricted coverage excluding part of the upper ex-
tremities in 58 % (n=23; 15 elbow, 16 distal radius) and

Table 3  Demographic data of study group

Female Male All
Number of patients 27 13 40
Mean age [y] (+£SD) 19+7 19+13 1949
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excluding the patient’s feet in 5 % (n = 2). Reduced diagnostic
image quality of the coronal STIR weighted images of the
upper thoracic section was observed in 13 % (n=15) due to
breathing-artefacts; otherwise all images were of diagnostic
image quality.

33 patients demonstrated a total of 95 RAL (2.9+ 1.9 Ipp)
plus additionally 13 RNAL. Two patients had only RNAL
(one and three) and five patients did not have any radiologic
lesion. The most common anatomic locations were long tubu-
lar bones (85 % metaphyseal, 46 % epiphyseal, 7 % diaphy-
seal), pelvis and spine; Table 4. Lesions appearance varied
from botchy to ill-defined or confluent areas of bone marrow
oedema; Fig. 1. Periosteal reaction was found in 23 % (n =22)
of RAL; Fig. 1. Hyperostotic changes were found in 12 of 112
lesions (11 %). The size of each patient’s largest RAL was
63.8 £54.6 mm (largest lesion: 265 mm). Symmetric lesions
were detected in 16 patients (40 %), who were on average
younger than patients without symmetric lesions (15.1 £6.3
vs. 21.6 £ 10.0 years, p = 0.03, respectively). RAL in the spine
were found in seven patients (18 %) with no significant asso-
ciation with age or gender (all p>0.65); Fig. 2. Loss of ver-
tebral body height was observed in eight patients (20 %) in-
cluding six patients with vertebra plana formation.

Correlation of clinical and WB-MRI findings

On a per-patient level, the kappa for presence of active lesions
was 0.33 £0.17. Whilst three patients had CAL without dem-
onstrating RAL, six patients had RAL without showing CAL.
Comparing the number of active lesions as detected clinically
to radiologically, the weighted kappa was 0.22 +0.10. In 45 %
of the cohort, more active lesions were detected by WB-MRI
than by clinical examination whilst in 18 % less lesions were
detected. No difference was observed between these two
groups regarding age, gender or time interval between clinical
and MRI examination (all p >0.12). Taking also RNAL into
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Table 4  Anatomic distribution of lesions and local radiological and clinical prevalence in the patient group (n = 40)

Lesion sites Ne of RAL of Ne of RNAL of Ne of CAL of Ne and % of patients showing Ne and % of patients
all patients all patients all patients radiologic lesions showing CAL
Whole body 95 17 62 35 88% 30 75%
Mandible 2 0 1 2 5% 1 3%
Zygomatic bone 0 0 1 0 0% 1 3%
Clavicle 6 0 5 6 15% 5 13%
Sternum 3 0 5 3 8% 5 13%
Proximal humerus 0 0 1 0 0% 1 3%
Distal radius 3 0 1 2 5% 1 3%
Pelvis 21 3 9 16 40% 5 13%
Proximal femur 4 2 8 5 13% 6 15%
Distal femur 9 0 2 6 15% 2 5%
Proximal tibia 12 0 9 8 20% 8 20%
Distal tibia 12 1 6 8 20% 6 15%
Distal fibula 1 0 0 1 3% 0 0%
Foot 1 4 3 8% 3 8%
Cervical vertebra 1 1 1 3% 1 3%
Thoracic vertebra 13 9 9 9 23% 5 13%
Lumbar vertebra 0 0 0 0 0% 0 0%

account, in 75 % more lesions were detected on MRI than by
clinical examination.

For detecting RAL in the spine, kappa was 0.61 £0.18 on a
per-patient level. Three patients had no acute clinical symptoms
in the spine but RAL; Table 5. Vertebra plana formation was not
associated with local clinical symptoms in four of six patients.

In42 % (n=61) of all detected, active lesions (clinically or
radiologically, n = 146) demonstrated a direct correlate in the
other detection modality. Shoulder girdle lesions were more
likely to show a positive, anatomical match (p =0.009); in
contrast for foot lesions a tendency was observed to match
less likely (p =0.07); Table 6. Lesions tended to match less
likely in young patients (age of 16.6+6.3 years for patients
with lesions without a matching correlate vs. age of 19.9
+ 8.5 years for patients with lesions with a matching correlate,
p=0.05), Table ©.

Radiologic Index

The on experts’ opinion based derivation algorithm for the
RINBO is detailed in Table 2. Patients’ score in RINBO
ranged from O to 8 (4.3+2.3). The RINBO score correlated
negatively with age (r=-0.37, p=0.02) and did not differ
significantly between genders (5.1 + 1.9 vs. 3.9 +2.4 for male
and female, p =0.14). No correlation was observed between
RINBO and VAS (r=0.02, p = 0.90). RINBO was significant-
ly higher in patients with CAL than without (4.8 £2.0 vs 2.8
+2.6, p=0.01). Accordingly, RINBO was a significant pre-
dictor for the presence of CAL (OR 1.4 [95%CT: 1.03-1.98])
with an AUC of 0.705.

Serum biomarkers

Mean values of ESR were 21.7+17 mm/1 h and 43.4
+25 mm/2 h and mean value of CRP was 0.7 + 1.0 mg/dl.
They were pathologic in 67 % and 31 %, respectively, of the
patient subset with laboratory tests. ESR was significantly
more frequently pathologic in patients with CAL than without
(76 % vs. 0 %, p = 0.03 respectively). ESR was more strongly
related to CAL than CRP. CRP demonstrated a significant
difference between patients with and without RAL (0.8 +1.0
vs. 0.2+0.1 mg/L, p=0.01, respectively), whilst ESR mea-
sures did not (all p>0.08).

Discussion

WB-MRI is increasingly being implemented in the diagnostic
work-up of NBO, where it offers an attractive non-ionizing,
ALARA-proof alternative to bone scintigraphy for its usually
young patient collective [17-19, 23, 24].

We could demonstrate that WB-MRI with a scanning time
of approximately 40 minutes is well-tolerated even by chil-
dren and achieves an adequate image quality in the vast ma-
jority of examinations (88 %). An implementation of less
breathing susceptible sequences and additional transverse
STIR sequence covering this critical area could be discussed
as a possible means of protocol optimization. Like pre-
described (26), it was hard to adequately delineate elbows,
hands or feet in some exams; therefore, we recommend apply-
ing special scrutiny here to achieve appropriate image quality.
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Fig. 1 Composed, coronal Whole-body MRI images in T1 weighting
(left side) of a 14-year-old male patient presenting with clinically
symptomatic lesions in the left distal radius and the right distal tibia a
Enlarged coronal sections in T1 and STIR weighting of the distal upper
extremities reveal profound bone marrow oedema in the distal metaphysis
and epiphysis of the distal radius on both sides consistent with symmetric
radiologically active lesions (oblique white arrows). Increased signal
intensity in STIR weighting can be distinguished in the soft tissue
laterally to the distal radius on the left representing reactive oedema and

Fig. 2 Whole-body MRI images
of the spine of a 12-year-old male
patient, asymptomatic at the time
of examination. a and ¢
Composed sagittal images of the
spine in T1 weighting and in
STIR weighting reveal height loss
of the vertebral bodies T9 and
T10 in the lower thoracic spine
(broad white arrow). b and d
Enlarged coronal and sagittal
sections in T1 weighting and
STIR weighting show
pronounced height loss of T9 with
subtle oedema (rectangular white
arrow) and subtle height loss of
T10 with pronounced oedema
(oblique white arrow)

@ Springer

therefore soft tissue involvement. b Enlarged coronal sections in T1 and
STIR weighting of the pelvis reveal extensive bone marrow oedema
along the acetabulum bilaterally consistent with symmetric
radiologically active lesions (vertical white arrows). ¢ Enlarged coronal
sections in T1 and STIR weighting of the distal lower extremities reveal
bone marrow oedema in the distal metaphysis of the tibia accentuated to
the right consistent with symmetric radiologically active lesions
(horizontal white arrows)




Eur Radiol (2017) 27:2391-2399

2397

Table5 Whole body MRI data variables of patient cohort and of patient groups with clinically active lesions and without clinically active lesions listed

with their related p-values after testing for differences

All patients Patients with clinically Patients without clinically p-value
active lesions active lesions

N 40 30 10

Time interval between clinical exam und MRI [in days] 8+22 8+23 9+17 0.87
Presence of radiologically active lesions 83 % (33) 90 % (27) 60 % (6) 0.052
Presence of radiological spine lesions (active only) 18 % (7) 13 % (4) 30 % (3) 0.34
Presence of radiological symmetric lesions (active only) 40 % (16) 47 % (14) 20 % (2) 0.26
Presence of radiologically non-active lesions 28 % (11) 23 % (7) 40 % (4) 0.01
Presence of radiological lesions (active or non-active) 88 % (35) 97 % (29) 60 % (6) 0.01
Number of radiologically active lesions 24+£20 2.7+2.1 1414 0.08
Number of radiologically non-active lesions 28+2.1 3.0+2.1 2.1+£22 0.24
Number of radiological lesions (active or non-active) 5.2+4.1 5.7+42 3.5+3.5 0.14

Lesions’ predilection for the metaphyses of the long bones
of the lower extremities, involvement of mandible, clavicle,
sternum, pelvis and spine and variable appearance of bone
marrow oedema met the described morphologic appearance
of NBO [17-19, 25]. With 2.1 CAL per symptomatic patient,
the number of clinically affected sites in our study was in
agreement with previously published data [18]. With 95
RAL in 33 patients (2.9 Ipp / mean age 17 years) we deviate
from previous trials (7.8 lpp / mean age 13 years [18] or 9.6
lpp / mean age 11 years, respectively [19]), Differences could
be explained by the inverse association between the number of
RAL and the patients’ age (r=-0.38, p=0.01) and may indi-
cate that younger patients in particular would benefit from
WB-MRI. The prevalence of periosteal reactions / symmetric
bone lesions was noticeable / significantly lower in our study
than in others (23 % vs 32 % [19] or 48 % [18] and 40 % vs.
75 % [19] or 85 % [18]), which could lead to the hypothesis
that periosteal reactions are less frequent in older patients and
that some lesions fully disappear during the course of the
disease.

The regular spine involvement of nearly a fifth of our
cohort highlights the possible role that WB-MRI

findings can have in the clinical management of NBO,
as it leads several authors to recommend drug therapy
with Pamidronate [26, 27] which is assumed to help in
preserving mechanical stability, preventing vertebral col-
lapse and consecutive acute neurologic or life time or-
thopaedic problems [28, 29].

Our study is the first to directly correlate clinical appear-
ance of NBO patients with WB-MRI findings in a larger co-
hort (n=40) (c.p. Fritz et. Al. [18]; n=13). With a kappa of
0.33 for the presence of active lesions we found a fair agree-
ment of WB-MRI and clinical examination.

The absence of radiologic correlates in three symptomatic
patients could not be sufficiently explained by the time inter-
val between the examinations (>5 days in only one patient)
but could indicate pain amplification syndrome, which has an
important impact on the clinical management as drug therapy
is of limited value.

Our data confirms the potential of WB-MRI to detect sub-
clinical lesions (six asymptomatic patients revealing RAL;
nearly three fourths of patients with more lesions discovered
by WB-MRI than clinically) including the spine (three of sev-
en patients with RAL asymptomatic) [17].

Table 6 Radiologically active

lesions without and with All radiologically Anatomical Mismatch Anatomical Match p-value®
anatomical matching correlate; active lesions
#accounted for clustered effect
Age 16.6+6.3 19.9+85 0.052
Male 28 % 32 % 23 % 0.63
Anatomic Locations
Long bones 47 % 45 % 51 % 0.65
Pelvis 18 % 22 % 13 % 0.20
Spine 13 % 13 % 13 % 0.72
Shoulder girdle 10 % 4 % 18 % 0.009
Foot 9 % 14 % 2% 0.07
Others (knee, face) 3% 2 % 3% 0.87
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Fig.3 Whole-body MRI images ofa 13-year-old male patient presenting
with clinically active lesions in the right pelvis and the right knee. a
Focused coronal sections in T1 and STIR weighting reveal bone
marrow oedema in the right acetabulum (white vertical arrow).
Perpendicular axial section in Diffusion weighted imaging technique
shows distinct corresponding signal increase in b =800 images (oblique
white arrow). b Focused coronal sections in T1 and STIR weighting

The noticeable anatomical match between CAL and RAL
in the shoulder girdle could lead to the assumption that lesions
here are either being well detected despite local limitations in
image quality or are more likely to be symptomatic. Poor
anatomical match in the feet can justify targeted MRI, if find-
ings are inconclusive in this hard to interpret location [30].

Besides the STIR imaging technique, that we used in our
study, diffusion weighted imaging (DWI) offers an alternative
method for the detection of bone marrow oedema [31]. In
DWI sequences with b values of 800, which covered some
of our patients’ RAL, we could prove high signal intensity
within the NBO lesions; Fig. 3. In the light of these promising
findings, we recommend that future studies test the value of
whole body DWI including ADC mapping in the setting of
NBO.As laboratory markers again [18, 32] presented as in-
conclusive, WB-MRI in our opinion is a very attractive meth-
od for diagnosing, staging and follow-up of NBO. To facilitate
its implementation, we devised the new radiologic index
RINBO. The purpose of RINBO is to encourage standardized
reporting, improve reproducibility and ease stratification of
WB-MRI findings, therefore, following recent trends in radi-
ology research [33].

Applied in our patient group, RINBO was a significant
predictor for the presence of CAL, which supports the idea
of RINBO to offer a representative means to grade the affec-
tive intensity of disease and to simplify the evaluation of pro-
gression, stability or remission during the course of disease.
Beyond that, RINBO might provide terms of reference for
individualized drug therapies and help to monitor treatment
response. However, further validation is required, as we did
not take into account patients’ medication nor assessed
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reveal bone marrow oedema in the distal metaphysis of the right femur
(white vertical arrow). Altered signal adjacent to a cortical defect more
proximally in the right femur is in keeping with the status after bone
biopsy (hollow white arrow). Perpendicular axial section in diffusion
weighted imaging technique shows distinct corresponding signal
increase in b =800 images (oblique white arrow)

follow-up scans. This and imaging analysis in consensus read-
ing where inter- and intra-observer variation remains un-
known are limitations of our study.

In conclusion, WB-MRI is a powerful method for the eval-
uation of disease burden and activity in patients with NBO,
which may enable a more precise and accurate assessment of
NBO and - using a standardized evaluation approach, such as
the index RINBO - might allow for improving therapeutic
decisions in NBO patients in the future.
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