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Introduction

An 11-year-old boy presented with a history of swelling over
the medial aspect of the left clavicle for 2 years. A chest
radiographwas performed in view of the symptoms (►Fig. 1).

1. List the key findings
2. What are the possibilities?
3. What should be done next?

Chronic nonbacterial osteomyelitis (CNO) or chronic recurrent
multifocal osteomyelitis is a chronic autoinflammatory bone

disorder being increasingly recognized in the pediatric age
group.1–3 This polymorphic disease lacks bacterial involve-
ment and involves distinct sites within the skeletal system.4

The exact etiopathogenesis is unknown; however, it is thought
to belong to the group of autoinflammatory bone disorders
such as synovitis, acne, pustulosis, hyperostosis, and osteitis
(SAPHO syndrome), Majeed syndrome, deficiency of interleu-
kin-1 receptor antagonist (DIRA), inflammatoryboweldisease,
and pyogenic arthritis, pyoderma gangrenosum, and acne
syndrome (PAPA). Among these, SAPHO syndrome in particu-
lar has been considered as a variant of CNO in adults.3–6
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Abstract Chronic noninfectious osteomyelitis or chronic nonbacterial osteomyelitis (CNO), also
known as chronic recurrent multifocal osteomyelitis, is an autoinflammatory bone
disorder primarily affecting the pediatric age group. Currently, it is diagnosed on the
basis of clinical, laboratory, and imaging features. Imaging plays a crucial role in the
diagnosis and follow-up of CNO with whole body magnetic resonance imaging
(WBMRI) being the main modality. Radiographs assist in exclusion of common
differential diagnoses like infections and malignancy. WBMRI aids in disease detection
and exclusion of differential diagnoses, identifies additional lesions, and has a role in
ascertaining the pattern of bony involvement which helps with prognostication and
grading. Recent recognition of specific morphological and distribution patterns on
WBMRI is increasingly allowing an upfront diagnosis of this entity to be made on
imaging alone. It is also helpful for assessment of response to therapy during follow-up.
This review aims to summarize the role of imaging in the evaluation of CNO, with
special emphasis on WBMRI in its assessment.
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CNO typically affects children and adolescents, with the
diagnosis peaking in between 7 and 12 years and the mean
age at diagnosis being 11 years.4,7 Females are more fre-
quently affected than males (2 to 4:1).7–9 The disease symp-
toms are often nonspecific and show variability, ranging
from minimal pain and swelling with single bone affection
to debilitating recurrent multifocal osteitis.7,8 Two major
clinical patterns are recognized: multifocal involvement,
which affects the appendicular system with typical involve-
ment of long bone metaphysis, and the unifocal pattern
involving flat bones like the clavicle and spine.1,4 Inflamma-
tory markers like C-reactive protein (CRP) and erythrocyte
sedimentation rate (ESR) may be normal or show mild

elevation.3,8,9 They additionally possess as low specificity
for diagnosis as they are elevated in amultitude of conditions
like infection and juvenile idiopathic arthritis (JIA). Associ-
ations with psoriasis and palmoplantar pustulosis have been
observed in 2 to 17% and 3 to 20% of patients, respectively.

Diagnostic criteria: The diagnosis of CNO at present is
based on a composite evaluation of clinical, laboratory, and
imaging features.4,9–11 Biopsy is not specific and is reserved
for exclusion of differential diagnoses such as infection and
malignancy.10,11 Frequent misdiagnosis, most notably as
bacterial osteomyelitis, often leads to initiation of antimi-
crobial therapy. The universally accepted diagnostic criteria
of CNO are the Jansson and Bristol criteria which are tabu-
lated in ►Table 1.12–14 The Bristol criteria are used more
frequently worldwide and require presence of both typical
clinical and radiological findings along with either of the
following for a diagnosis of CNO: (1) multifocal lesions or
isolated clavicular involvement with CRP<30 g/L or (2) if
CRP>30 g/L, histological evidence of sterile inflammation.14

The new American College of Rheumatology (ACR)/Euro-
pean Alliance of Associations for Rheumatology classification
criteria for diagnosis of CNO were proposed in 2022 and
presented as a conference paper during ACR convergence in
2023.15 This system consists of a score allocation ranging
from 0 to 18 (variable for different domains) on the basis of
evaluation of 10 domains, namely, specific bone involved,
pattern of distribution, response to antibiotics, biopsy
results, age, coexisting inflammatory bowel disease and axial
arthritis, hemoglobin, fever, ESR, and CRP levels. A score
of>55 is indicative of CNO.15

Imaging plays a crucial role in the diagnosis and follow-up
of CNOandwholebodymagnetic resonance imaging (WBMRI)
has emergedas themainmodality for this assessment.WBMRI
finds its importancenotonly in thediagnosis ofCNObutalso in
ascertaining the disease severity and assessment of treatment

Fig. 1 Introductory radiograph. Frontal chest radiograph demon-
strates exuberant hyperostosis and solid periosteal reaction with
the medial and middle thirds of the left clavicle. Right clavicle and
bony rib cage appear normal.

Table 1 Diagnostic criteria for chronic nonbacterial osteomyelitis (CNO)

Parameter Jansson criteriaa Bristol criteria14,b

Clinical findings 1. Palmoplantar dermatosis (pustulosis psoriasis)
2. Symptoms>6 months
3. Autoimmune disease in first- or second-degree

relatives

Typical clinical findings:
1. Localized bony pain� swelling, without

significant local or systemic features of
inflammation or infection

Laboratory 1. Normal blood count
2. Mild to moderate increase in ESR and CRP

1. CRP typically<30 g/L
2. If> 30 g/L, biopsy needed

Radiology
(X-ray and STIR MRI)

1. Osteolytic/osteosclerotic lesions
2. Multifocality of lesions
3. Hyperostosis

1. Typical radiological features (X-ray) - Combination
of lysis, sclerosis, and new bone formation or STIR
MRI (preferable) - marrow edema, expansion,
periosteal reaction

2. Multifocal involvement
3. If unifocal involvement (except clavicle), biopsy

required

Histopathology 1. Sterile osseous biopsy with signs of
inflammation, fibrosis, or sclerosis

1. Chronic inflammation,presenceofosteoclasts and
fibrosis, and/or sclerosis with no microorganism

Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; MRI, magnetic resonance imaging; STIR, short tau inversion recovery.
aJansson criteria: CNO validated by two major, or one major plus three minor criteria, major criteria highlighted in bold and italics.
bFor Bristol criteria, diagnosis of CNO is based on detection of both typical clinical and radiological findings along with either of the two:
1. Demonstration of multifocal involvement or clavicle and low (<30 g/L) CRP.
2. If CRP is >30 g/L, biopsy showing sterile inflammation.
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response at follow-up.10–14,16,17 Typical imaging features pre-
clude the need for biopsy as well.10 This review focuses on the
roleof imaging in theevaluationofCNO,with special emphasis
on WBMRI in its assessment.

Imaging Modalities

Among the available diagnostic imaging modalities, radio-
graphs and MRI are most useful in diagnosis and follow-up of
CNO.

Conventional radiograph: Evaluation of CNO on imaging
frequently begins with obtaining conventional radiographs at
symptomatic site(s). Radiographs are important for excluding
common differentials of CNO, most notably infection and
malignancy and carry relevance when nondiagnostic sites
are under consideration. They typically demonstrate osteo-
lytic, sclerotic, or mixedmedullary lesions involvingmetaphy-
sis of long bones depending on the time ofdisease progression.
Less frequent but more suggestive features include hyperosto-
sis and solid or lamellated periosteal reaction (►Fig. 2).13 A
significant soft tissue component is typically not seen, which
helps in differentiation frommalignancies. Absence of seques-
trum and sinus tract formation helps to differentiate it from
bacterial osteomyelitis.3 A skeletal survey may be as an alter-
native ifMRI is unavailable. Although theymay be thefirst clue
to diagnosis, radiographs carry low sensitivity in the detection
of CNO and may be normal during the first 3 months of the
disease course. A negative radiograph (including a survey)may
thus ultimately require an MRI for further evaluation.

MRI: MRI is extremely sensitive for detecting marrow
involvement in CNO in a background of appropriate clinical
context13 andcanbeperformed in twoways—as a focusedMRI
of the affected part and as WBMRI. Focused MRI allows
detailedevaluationandhelps to excludedifferentialdiagnoses,

however, suffers fromthedrawbackofnotdetectingadditional
lesions and is hence largely replaced byWBMRI. AlthoughMRI
is free of radiation-related concerns which makes it useful in
follow-upof pediatric patients, this advantage is limited by the
requirement of sedation in younger children.

WBMRI has been widely accepted as a standard imaging
tool in the assessment of CNO over localized imaging due to
advantages of detecting additional lesions and multifocal
disease (increasing the likelihood of the diagnosis), especial-
ly when the index lesion is atypical.16 By depicting all the
lesions in one study, WBMRI aids in ascertaining the pattern
of osseous involvement (tibial-appendicular multifocal pat-
tern, clavicular-spinal pauci-focal pattern, tibio-clavicular
crossover pattern; ►Fig. 3).10 It also helps to quantify the
disease in terms of number (of sites involved) and identifies
complications like physeal and vertebral involvement which
are important in prognostication.10,17,18 Other potential
applications include identifying a biopsy target site and
treatment response evaluation.11,16

Role of computed tomography (CT) and bone scintigraphy:
Radiological modalities which have reduced utility nowadays
in the evaluation of CNO include CT and bone scintigraphy. CT
demonstrates features similar to radiographs but the use is
discouraged for routine and whole body evaluation unless
unavoidable or done inadvertently.3,9 Similarly, although 99
m-technetium bone scintigraphy may demonstrate areas of
uptake in the involved bones, its role has diminished due to
radiation-related concerns and availability of WBMRI.9

WBMRI-Based Evaluation

Technical Considerations
The increasing utilization of WBMRI in the diagnosis and
assessing treatment response in CNO requires the use of

Fig. 2 Chronic nonbacterial osteomyelitis (CNO) in a 4-year-old male who complained of recurrent pain in bilateral wrists and right knee.
(A) Posteroanterior (PA) view radiograph of the right wrist reveals an ill-defined lytic lesion in metaphyses of right distal radius with focal thinning
and rarefaction of the medial cortex (black arrows, A), another similar lesion in distal ulna (white arrows, A) with hyperostotic lesions in
metacarpals and phalanges of right 3rd digit (arrow heads, A). Frontal radiographs of right knee (A) and left shoulder show similar lytic lesions in
proximal tibia (arrow, B) and proximal humerus (arrows, C).
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standardized protocols (with respect to sequences, planes of
imaging, and scan time) for effective clinical communication
and research.10,11 Image optimization should cater to in-
crease the sensitivity of detection while simultaneously
minimizing the scan times.10,11 ►Table 2 highlights the
relevant details pertaining to patient positioning and image
acquisition.2,10,11,17–26

Involvement of short bones of hands and feet has been
increasingly found in CNO, ranging from 2 to 11%, with
affection of feet being distinctly more common.18,20–22 While

talus and calcaneum remain the most frequently involved
short bones,22 a study found metatarsal involvement in ap-
proximately22%patients.18 Inclusionofboth ishenceessential
for complete evaluation. Both carpal and tarsal lesions should,
however, be interpreted with caution as these bones can
inherently show high marrow signal owing to the normal
stress and can be observed in normal children as well.10

Noparticular consensus existswith regards to positioning
of hands and different studies have adopted different posi-
tions.17,23,24 Placing arms and hands besides the body leads

Fig. 3 Chronic nonbacterial osteomyelitis (CNO) in a 9-year-old male who complained of recurrent pain and swelling in bilateral wrist and knee
joints. (A) Posteroanterior (PA) view radiograph of the right wrist demonstrates exuberant hyperostosis and solid periosteal reaction centered at
the distal ulnar and radial metaphyses (black arrows, A) with similar changes in shafts of 3rd and 4th metacarpals (white arrows). (B) Coronal
short tau inversion recovery (STIR) whole body magnetic resonance imaging (WBMRI) at the level of forearm shows hyperintense marrow
alteration within the distal metaphysis and adjacent diaphysis of bilateral radii (white arrows) and right metacarpal (yellow arrow) with
hyperintense signal in the subperiosteal plane and adjacent soft tissues. (C) Stitched coronal STIR WBMRI image in the same patient provides a
review of the entire body and additionally shows similar signal abnormality at bilateral distal femoral and proximal tibial metaphyses in
periphyseal location (yellow arrows). The pattern of involvement is consistent with “multifocal tibio- appendicular pattern” of CNO.

Table 2 Technical parameters of WBMRI acquisition in a suspected or follow-up case of CNO

Parameter Relevant points

1. Field of view and matrix Variable,1910,11,18 usual FOV: 480–480mma

Matrix: 384–269a

2. Number of stations Depends primarily on the patient height and achieving maximum resolution, usually in
between 4 and 8 for the coronal plane and 2 in sagittal plane for assessment of the spine18

Essential to maintain same number and field size during follow-up

3. Coverage of clavicles To be completely included either in the head and neck or chest field10

4. Use of stitched images May aid in follow-up as they provide an overview of the entire disease allowing easy
comparison2,10,18,19; however, not mandatory

5. Positioning of hands a. Hands resting on the pelvis with additional body coil16,23

b. Hands placed under the buttocks for inclusion in the pelvic scan (followed at author’s
institution)17

6. Positioning of feet Positioning in lateral view

7. Main planes of acquisition Coronal for whole body and sagittal for spine

8. Main sequence Short tau inversion recovery (STIR)

9. Additional sequences Diffusion-weighted imaging (routinely done at author’s institution)
T1-weighted imaging

Abbreviations: CNO, chronic nonbacterial osteomyelitis; FOV, field of view; WBMRI, whole body magnetic resonance imaging.
aParameters routinely used at the author’s institution.
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to artifacts which reduces the sensitivity.23 In order to
overcome this, other options were suggested which include
imaging thehands separately above thehead,which however
leads to increased scan times,24,25 resting of hands on the
pelvis with an additional body coil,17,24 and placing the
hands under the buttocks for inclusion in the pelvic scanning
range.18Utilization of the last twomentioned techniques can
achieve better results with hands splayed (to avert air–skin
interface artifact) in order to obtain good resolution without
increasing scan times.10 The feet can be positioned in lateral
view while obtaining the last station for improved visualiza-
tion of talus and calcaneum (►Fig. 4).10,18 In cases of
suboptimal imaging of the feet whenever covered as a part
of routine station, a targeted MRI with sagittal scan of each
foot is also suggested.17,26

Imaging Planes and Sequences
WBMRI aims to cover the entire bodywithin a stipulated time
frame and hence relies on a minimal number of sequences
(ideally single) and planes.10 However, besides the coronal
planewhich isused for routine imaging, adedicatedscanof the
entire spine in the sagittal plane has been increasingly advo-
cated during acquisition to improve detection of vertebral and
sacral lesions.18,20,26 Two overlapping sections usually suffice
for this purpose.24 The thoracic, lumbar cervical, and sacral
portions of the spine are involved in descending order.3,10,18,22

Incorporation of spinal imaging is essential due to increasing
literature demonstrating evidence of spinal involvement in
CNO. The reported frequency ranges from 8.4 to 33% in
multiple studies.18,21,27–29 Another important reason is that
early identification of spinal involvement allows institution of
appropriate treatment before development of complications
like pathological fracture, vertebral plana, kyphosis, and scoli-
osis.10 Vertebra plana in particular has been reported in
approximately 22% patients by Falip et al.11 A recent study
has reported the incidence of kyphosis and scoliosis as high as
21 and 9.5%, respectively.30 As loss of vertebral height is an
irreversible process, it is advocated to image the spine in
subclinical stages in order to institute appropriate treatment
(i.e., bisphosphonates) so as to prevent deformity.29,31

Whileshort tau inversion recovery (STIR) sequence remains
central during imaging with WBMRI in CNO due to its high
sensitivity to detect marrow edema,25 T1 and diffusion-
weighted imaging (DWI) have also been utilized in the evalua-
tion of CNO. T1-weighted images are useful to distinguish
marrowedemaduetoCNOfromhematopoieticmarrowwhich
does not suppress on STIR like fatty marrow. They also help in
ascertaining the exact extent of involvement.23,32 A STIR
hyperintense lesion showing T1 signal lower than themuscles
or intervertebral disc indicates pathology as compared to
hematopoietic marrowwhich does not. Dedicated T1 imaging
can hence be utilized whenever such a situation arises for
problem solving.10 DWI may be useful to differentiate CNO
from malignancy with CNO lesions demonstrating higher
apparent diffusion coefficient values than malignant lesions.
It is simple and easy to perform and can be added as an
additional sequence.33 However, this comes at the expense of
additional scan time, hence STIR remains the key sequence
proven in literature to date. The sensitivity, additional value,
and reliability of DWI in CNOneed to be validated before it can
be added as a routine additive sequence or can replace STIR.
There is no particular role for contrast in WBMRI; however, a
focused MRI of the part under consideration may be consid-
eredpost-WBMRI acquisition in the context of unconventional
clinical orWBMRI features (e.g., single lesion in nondiagnostic
location) and multiple differential diagnoses.10

Imaging Findings
The diagnosis of CNOon imaging rests upon twomajor pillars
which are demonstration ofmultifocal lesions (with involve-
ment of specific sites) and recognition of the morphological
features. Classic imaging appearances include presence of
marrow edema, expansion, periosteal reactions, and soft
tissue inflammation (►Figs. 3 and 5).17,18,22,34 Edema can
vary from ill-defined to confluent “flame-like” in appearance
and the flames project into the metaphyses from the
physis.16,17 Signal-wise, active lesions typically show low
T1 and moderate to high T2/STIR signal. They may show
restricted diffusion on DWI images with variable contrast
enhancement (whenever administered).7

Fig. 4 Chronic nonbacterial osteomyelitis (CNO) with small bone involvement in different patients. (A) Calcaneal involvement in a 12-year-old
female who complained fleeting bone pain. Coronal short tau inversion recovery (STIR) whole body magnetic resonance imaging (WBMRI)
image demonstrates hyperintense signal in right calcaneus, suggesting involvement. (B and C) In another 11-year-old who complained of
bilateral heel pain, external rotation of the feet during scanning allowed better evaluation of the calcaneus in the sagittal view (B) in comparison
with a routine coronal view. Mild hyperintense signal is seen in bilateral calcaneal bones (arrows, B), which could be attributed to involvement.
(C) An additional lesion in the right metatarsal (arrow, C) is also observed with associated periostitis.
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As highlighted in its name,multifocality is a classic feature
in CNO, with prevalence ranging from 89 to 98% in previous
studies.18,20 Characteristic sites of involvement include long
bone metaphyses, clavicle, mandible, sternum, and thoraco-
lumbar spine.8,9,34

Tibia is themost frequently affected long bone followed by
femur, affecting approximately two-thirds and half of the
patients, respectively, in a study.27 Lesions are typically
juxtaphyseal in location.10,32,34 Epiphyseal involvement
has also been reported with a variable frequency, ranging
from 35 to 67% in various studies17,18,34; however, these
lesions must demonstrate concomitant metaphyseal in-
volvement to be considered typical for CNO (►Fig. 5).10

Bilateral and symmetric metaphyseal involvement is charac-
teristic and such a pattern of long bone affliction in lower
extremities combined with additional clavicular, sternal,
vertebral, and pelvic lesions has been reported diagnostic
in previous literature.10,20,22,34 Although less documented,
involvement of growth plate is a potential complication
leading to premature closure and growth disturbance with
eventual limb length discrepancy and deformity.35,36

CNO has been reported as the most common nonneo-
plastic cause of a clavicular lesion in the pediatric age group,
affecting approximately 38%of patients.18,22 Themedial one-
third is frequently affected with associated periostitis, hy-
perostosis, and soft tissue STIR hyperintensity (►Fig. 6).
Since bacterial osteomyelitis rarely occurs at this location
and may be the sole location affected by CNO, isolated
clavicular involvement is sufficient to meet the Bristol
criteria during diagnosis.4,13

Themandible remains themost common facial bone to be
affected by CNO till date, found in up to 3% patients with
CNO.32 While the majority patients demonstrate additional
osseous involvement, an isolated mandibular pattern has
also been described in literature. Wipff et al documented an

isolated involvement in 7% cases among patients with man-
dibular affliction.32 The posterior body of the mandible is
most commonly affected, with occasional extension into the
ramus. Medullary expansion and sclerosis, lytic destruction,
and lamellar periosteal reaction with widening of the man-
dibular foramen are common imaging features.22

Vertebral involvement is now considered as another im-
portant site in assessment and diagnosis of CNO, with reports
describing affliction in up to 75% cases which may be asymp-
tomatic.11,30,31,37 The thoracic spine ismost commonly affect-
ed, being involved inapproximately 54%ofcasesaspera recent
study.30 Typical spinal lesions are multifocal and involve the
vertebral bodies in both a noncontiguous and a contiguous
manner with sparing of the intervening discs.3,7,10,17,29

Appearances include altered marrow signal in the vertebral
body representative of edema, with sclerosis and end plate
irregularity (►Fig. 7).10,11,22,30 Absence of disc involvement,
contiguous vertebral extension, and florid paravertebral soft
tissue mass/collection have traditionally remained useful fea-
tures to distinguish CNO from infective spondylodiscitis
(►Fig. 7).7,10 However, a few recent studies have described
disc lesions and contiguous involvement with frequencies
ranging from 14 to 26%, which prompts a second look before
refuting the diagnosis of CNO on encountering such
lesions.11,18,30 This may appear as a high STIR signal in the
disc and loss of disc height.22,30 CNO should hence also be
included as a differential for spondylodiscitis. Vertebral height
loss and plana due to a fracture is a potential complication, as
stated previously, and carries potential complications of de-
formity.10 Subclinical lesions may therefore benefit from
institution of therapy to avoid these complications.5,8

A study on CNO using WBMRI identified two classic pat-
terns which included a tibio-appendicular multifocal pattern
which was more frequently observed and reported in more
than 50% patients (►Fig. 8).18 These cases demonstrated tibial

Fig. 5 Epiphyseal involvement in chronic nonbacterial osteomyelitis (CNO) in an adolescent with multiple joint pains. (A) Posteroanterior (PA)
view radiograph at bilateral wrists shows subtle symmetric solid periosteal reaction in the distal metadiaphyseal location in bilateral radii
(arrows). (B and C) Coronal short tau inversion recovery (STIR) images show multifocal metaphyseal lesions with adjacent periostitis in bilateral
radii and right proximal femur (arrow, B) at juxtaphyseal location. Involvement of distal femoral (white arrow, C) and left proximal tibial
metaphyses (yellow arrow, C) is characteristic as the two sites are most commonly involved in CNO. Epiphyses of bilateral distal radius, right
distal femur, and left proximal tibia are also involved with the abnormal signal reaching up to subarticular location (asterisks, C). (D) Coronal
whole body magnetic resonance imaging (WBMRI) STIR image shows bilateral symmetric involvement of proximal humeri with hyperintense
lesions in right ilium (yellow arrow, D) and distal tibia (white arrow, D). (E) Reconstructed coronal diffusion-weighted image (DWI) with inverted
grayscale demonstrates the previously illustrated lesions which appear dark (arrows, E).
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Fig. 6 Chronic nonbacterial osteomyelitis (CNO) with flat bone involvement. (A, B) Serial coronal short tau inversion recovery (STIR) whole
body magnetic resonance imaging (WBMRI) images at the level of thorax in a 12-year-old with CNO show bony expansion, hyperintense
marrow signal with periosteal involvement in left lower ribs (yellow arrow, A), bilateral medial clavicles (white arrows, A), with the latter being
considered characteristic for diagnosis of CNO. Similar lesion is also seen in right scapula (yellow arrow, B).

Fig. 7 Vertebral involvement in chronic nonbacterial osteomyelitis (CNO). (A and B) Coronal short tau inversion recovery (STIR) whole body magnetic
resonance imaging (WBMRI) images in a patient with CNO show hyperintense signal in C4, C5, and D12 vertebral bodies with mild reduction in
height in D12 vertebra (arrow, B). Intervening disc signal and height are preserved with lack of an associated soft tissue mass.

Fig. 8 Evolution of chronic nonbacterial osteomyelitis (CNO) in an 11-year-old boy who complained of left knee pain who was initially evaluated
on lines of bacterial osteomyelitis. (A) Frontal radiograph of bilateral legs shows irregular lytic lesions in bilateral proximal tibial metaphyses
with sclerotic rim (arrows, A). Coronal short tau inversion recovery (STIR) whole body magnetic resonance imaging (WBMRI) images
(B and C) show hyperintense marrow signal (arrows, B and C) at corresponding location (C – zoomed image of right tibial lytic lesion). Radiograph
done 2 years later showed a new metaphyseal lesion in distal left tibia (arrow, D). Coronal WBMRI STIR image shows reduction in size of right
tibial lesion (white arrow, E) and confirms the left distal tibial lesion which shows surrounding edema (yellow arrow, E). Axial diffusion-weighted
image (DWI) image (F) also assists in delineating the lesion (arrow, F).
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lesions, multifocality, and had no clavicular involvement. The
other patternwasa claviculo-spinal pauci-focal pattern,which
showed clavicular lesions and mainly spinal lesions with no
tibial involvement and was observed in roughly one-third of
patients. A third pattern, named as tibio-clavicular crossover
pattern, demonstrated synchronous clavicular and tibial in-
volvement and accounted for 14% with mainly distal tibial
lesions and was deemed as nonspecific for diagnosis.18

►Table 3 provides a short review of the previously con-
ducted studies on CNO using WBMRI.

Differential Diagnoses and Mimics

CNO needs to be differentiated from common entities like
bacterial osteomyelitis, tuberculosis, JIA, Ewing’s sarcoma,
Langerhans cell histiocytosis, Caffey’s disease, and scurvy.38

Pertinent features are tabulated in ►Table 4 (►Figs. 9–11).
Among these, scurvy is increasingly being recognized in
children with restrictive dietary patterns and may require
additional sequences for differentiation. When considering
unifocal lesions, location (e.g., clavicle), absence of exuberant
soft tissue thickening and collections, combined with a
protracted clinical course and laboratory investigations favor
the possibility of CNO in such scenarios, but biopsy may
ultimately be resorted to in case findings are still
inconclusive.13

Additionally, while interpreting WBMRI scans, it is im-
portant to familiarize oneself with the normal signal of
various osseous structures. Metatarsals, tarsals, and carpals
may inherently showhigh STIR signalwhich requires caution
during reporting especially in absence of classical sites
involvement.10,39 Whenever in doubt, dedicated T1 imaging
may be useful, however, at the expense of increased scan
time. Similarly, bilateral symmetrical high STIR signal band
like areas in patients on cyclical bisphosphonate therapy
(notably pamidronate), presumably due to increased
enchondral ossification, have been noted previously in liter-
ature10 and should be interpreted with caution especially in
patients on therapy.40

Available Guidelines and Scoring Systems

There has been a growing need for grading and determining
the severity of disease on imaging in CNO as it essentially is a
chronic disease with phases of relapses and remissions.41–43

Clinicians are increasingly relying uponWBMRI to assess the
need for adding immunomodulation with additional follow-
up imaging after 6 to 12 months to see response.4,10,41 At
present, there is paucity of definite guidelines recommend-
ing a specific interval of follow-up in CNO. At the author’s
institution, follow-up imaging is done at 6 months or earlier
in cases of clinical relapse or progression.

Multiple studies have attempted to correlate the lesion
load, size, and intralesional signal intensitieswith the clinical
activity.17,41–45 Arnoldi et al proposed a scoring system for
WBMRI findings of CNO and named it the Radiologic Index
for Non-Bacterial Osteitis (RINBO) scoring system.17 The
score assigns points (out of maximum of 10) to four criteria Ta
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which included increasing number of “radiologically active
lesions” (unifocal, paucifocal, multifocal; out of 3 point
scale), increasing lesion size (< 10, 10–100, and 100mm,
out of 3 point scale), presence of periosteal reaction and
hyperostosis (labeled as acute and chronic extramedullary
involvement, 1 point each), and vertebral body involvement
(signal or deformity, 1 point each).17 The authors demon-
strated it to be a predictor of clinically active lesions,
improved standardized reporting, and allowed radiologic
grading in terms of disease burden thereby aiding in predic-
tion of the clinical course.17 However, this system did not
provide any insight to assist in the diagnosis of the disease,
that is, scoring based on whether lesions are typical, proba-
ble, indeterminate, or against a diagnosis of CNO.

CROMRIS (chronic nonbacterial osteomyelitis MRI Scor-
ing) tool was another comprehensive system developed after
a consensus panel with 11 radiologists and demonstrated
good interobserver reliability in assessing the osseous and
soft tissue involvement of CNO.44 It included definition of
various features observed in CNO (bonemarrow hyperinten-
sity, soft tissue hyperintensity, bony expansion, joint effu-
sion), grading of marrow signal intensity in relation to fluid
signal, size of signal intensity (< 25, 25–50,>50% of volume),
and division of osseous structures intomultiple “bone units.”
Inclusion of vertebral height loss and kyphosis is a pertinent
feature incorporated in this system.44 A score allocation per
se was, however, not incorporated in CROMRIS.

Radiological activity index-CROMRIS (RAI-CROMRIS) sys-
tem is another system devised on the basis of CROMRIS for
scoring the disease activity in CNO.45 Each involved bone
unit was evaluated for bone marrow hyperintensity (scored
from0 to 1), presence of soft tissue/periosteal hyperintensity
(scored from 0 to 1), extension of signal hyperintensity
(scored from 1 to 3), and bony expansion and vertebral
collapse (each scored from 0 to 1). The maximum score for
each bone unit was 7.45 The total score from all active CNO
lesionswere summed up as thefinal score on thewhole body
level.

Alternatively, few authors have also devised pictorial
maps and pro formas to demonstrate lesion distribution
and pattern in CNO, which allows a personalized approach
in diagnosis and management of the disease.18,20,32 They are
simple to understand and additionally highlight the disease
pattern along with lesion number which in turn aids in
correlation with the disease severity and response to treat-
ment.18,32 A good image-based scoring system should be
reproducible, easy to communicate, should aid in diagnosis,
and stratification with provision of information regarding
disease prognosis.

A recent study has attempted to utilize artificial intelli-
gence in response assessment of CNO. The authors devised a
machine learning algorithm which compared segments of
pre- and post-bisphosphonate therapy images derived from
WBMRI to assess treatment response.46 These results were
additionally compared with the results obtained by assess-
ment of the same set of images by a panel of radiologists,
whichwere also deemed as the ground truth. Out of a total of
six test samples, the model classified two (33.3%) examplesTa
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correctly and showed 100% sensitivity in detecting disease
improvement or progression.46

Conclusion

A diagnosis of CNO should be considered for all atypical cases
of infection andmalignancies in pediatric patients, evenwhen
unifocal disease is present. WBMRI has become an essential
imagingmodality in diagnosis, prognostication, and follow-up
of CNO. Routine imaging with WBMRI should include sagittal
sequences for spinal assessment. In the light of increasing
involvement of hands and feet, appropriate coverage is perti-
nent through proper positioning. Dedicated T1 and DWI
sequences may be utilized for problem solving. Lastly, all
such modifications should be done while keeping in mind

the scan times. Radiologists should familiarize themselves
with common locations, imaging appearances, and patterns
of CNO (multifocal tibio-appendicular vs. paucifocal claviculo-
spinal) while excluding differentials and common variants.
Reporting of spinal and physeal involvement is essential to
avoiddeformities. Usage of scoring systems andpictorialmaps
which highlight lesion load and distribution can assist in
evaluation of treatment response during follow-up scans.

Answers pertaining to the introductory radiograph
(►Fig. 1)

1. Frontal chest radiograph demonstrates exuberant hyper-
ostosis and solid periosteal reaction with the medial and
middle thirds of the left clavicle. Right clavicle appears
normal.

Table 4 Differential diagnoses of CNO on imaging

Disease Features that may mimic CNO Differentiating features from CNO

1. Bacterial
osteomyelitis

Metaphyseal involvement Usually unifocal
Diaphyseal involvement of long bones and flat bone
involvement is rare
Subperiosteal and soft tissue collections

2. Tubercular
osteomyelitis

Metaphyseal involvement Uni- or multifocal (especially in spine)
In long bones – intermediate to low T2 signal, peripheral T1
hyperintense rim (higher than the central part, but lower than
normal fatty marrow)
Presence of intraosseous abscesses and perilesional
lymphadenopathy, subperiosteal, and soft tissue collections
Spine (spondylitis) – paradiskal and diskal involvement is very
common, soft tissue collections

3. Ewing’s sarcoma Flat bone involvement Pattern of destruction in flat bone Ewing’s sarcoma is more
permeative lytic than that in CNO
Aggressive periosteal reaction in Ewing’s as compared to
solid reaction in CNO
Soft tissue component is remarkably more in Ewing’s
sarcoma38

4. Langerhans cell
histiocytosis (LCH)

Multifocality
Flat bone involvement

Geographic lytic bone destruction pattern is seen more in
LCH38

Lesions demonstrate beveled edges
Associated solid soft tissue component

5. Scurvy Metaphyseal involvement,
lamellated periosteal reaction
due to subperiosteal hematoma

Dense line of provisional ossification and metaphyseal
corner fractures on radiographs
Identification of subperiosteal hemorrhage (T1
hyperintense) on MRI; is, however, dependent on the stage
of recognition

6. Caffey’s disease Hyperostosis and periostitis
on radiographs

Presents at an earlier age (< 6 months)
Flat bone involvement more common (mandible, ribs)
Self-limiting nature

7. Juvenile idiopathic
arthritis (JIA)

Periostitis
Metaphyseal bone marrow
edema may simulate CNO

“Joint-centered disease”
X-ray - Periarticular osteopenia, erosions, soft tissue
swelling, and joint effusion, epiphyseal overgrowth in later
stages
MRI - Synovitis (high signal of STIR with enhancement),
epiphyseal cartilage defects, and enthesopathy

8. Focal periphyseal
edema zone (FOPE)

Involvement of periphyseal
metaphyses, physis, and epiphysis
centered around knee (most common
location of CRMO)

Typically unifocal marrow edema, central location, physis
appears narrowed at same level
Associated with meniscal injuries and discoid meniscus
Self-limiting

Abbreviations: CNO, chronic nonbacterial osteomyelitis; CRMO, chronic recurrent multifocal osteomyelitis; MRI, magnetic resonance imaging; STIR,
short tau inversion recovery.
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Fig. 9 Differential diagnoses of chronic nonbacterial osteomyelitis (CNO): Chronic bacterial osteomyelitis. Frontal radiograph of the right
humerus shows ill-defined permeative destruction (black arrows, A) of the almost the entire humeral shaft with associated lamellated periosteal
reaction (white arrow, A). Coronal (B) and axial (C) short tau inversion recovery (STIR) images show diffusely altered marrow signal within
humerus with T2 hypointense sequestrum formation in the lower aspect (white arrow, B), subperiosteal T2 hyperintense soft tissue
(yellow arrow) and a defect in the anterior cortex, suggesting cloaca formation (arrow, C).

Fig. 10 Differential diagnoses: Tubercular osteomyelitis. Frontal radiograph of pelvis (A) demonstrates an irregular lytic sclerotic lesion in left
iliac wing (arrows, A). Left foot radiograph shows multiple well-defined clustered lytic lesions in the navicular, middle, and lateral cuneiforms
(arrows, B). Axial fat-suppressed T2-weighted images at level of pelvis (C) demonstrates hyperintense marrow signal in left iliac wing with
adjacent inflammatory changes extending into the soft tissues (arrows, C). Axial fat-suppressed T2-weighted images at level of foot (D) shows
marrow alteration within the tarsal bones with a well-defined intraosseous cyst-like lesion within the middle cuneiform, indicating an abscess
(arrow, D).
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2. Possibilities based on the radiographic appearance in-
clude CNO and Ewing’s sarcoma.

3. Symptoms and laboratory features should be elicited.
Whole body MRI to be planned after a clinic-radiological
discussion.
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