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A B S T R A C T

Chronic non-bacterial osteomyelitis (CNO) is an autoinflammatory bone disorder that usually involves long bone 
metaphyses of the lower extremities and can affect the clavicles, pelvis, mandible, sternum, and spine. The spine 
is recognized as a classic feature of CNO, but routine whole-body MRI with coronal-only STIR images may 
underreport its frequency. Dedicated sagittal spinal imaging is important not only in proving a multifocal process 
but also because vertebral height loss and vertebra plana in CNO can result in scoliosis and kyphosis. Aggressive 
treatment can prevent vertebral collapse and promote vertebral body height recovery. Spinal CNO typically 
involves the thoracic spine, is often multifocal, usually shows non-contiguous vertebral involvement, and 
demonstrates abnormal high T2W signal at the vertebral body and endplate destruction—sometimes as a 
spondylodiscitis. Importantly, in distinguishing it from other potential causes, CNO usually has no soft tissue 
mass. Treatment with pamidronate may result in a bone-in-bone appearance.

1. Introduction

Chronic non-bacterial osteomyelitis (CNO)1,2 is an autoinflammatory 
bone disorder affecting primarily children and adolescents, with mean 
disease onset around 10 years of age.3–7 The term ‘chronic recurrent 
multifocal osteomyelitis’ (CRMO) has been used as an alternative to 
describe this entity; however, CNO is an umbrella term that also cap
tures presentations that are neither multifocal nor recurrent.1 Bone 
involvement is usually metaphyseal in the long bones of the lower ex
tremities but is also seen in the clavicles, pelvis, mandible, sternum and 
spine.3,8

Although initially considered rare, spinal vertebral involvement has 
more recently been considered a classic feature of CNO.9 It is more 
common in girls,4,10 with a prevalence ranging from 16 % to 37 
%,4,6–8,11–13 and affects up to 60 % of patients with the monogenic type 
of CNO.14 The majority of patients with spine involvement in sporadic 
CNO are associated with a pauci-focal pattern of disease as described by 
Andronikou et al 8 It is also likely that the frequency of spinal involve
ment in CNO is underestimated because whole-body MRI (WBMRI) is 

traditionally performed in the coronal plane, which is less ideal than the 
sagittal plane for imaging the vertebral column.

Spine involvement can appear during the course of the disease or be 
the presenting feature at onset. The clinical presentation is usually with 
inflammatory pain and ‘stiffness’ of the spine.6 Even though bone pain 
can be especially severe and incapacitating with spinal involvement,15

vertebral lesions can also remain silent and children can present with a 
vertebral deformity after an asymptomatic course.4,6,12,16,17 Spinal le
sions may also be detected incidentally during WBMRI performed for 
pain elsewhere.

This narrative review aims to highlight the relevance of detecting 
spinal lesions in CNO and summarize their MR imaging features.

2. The relevance of spinal disease in CNO

Awareness of spinal disease in CNO is relevant for two reasons:
Firstly, CNO needs to be considered in the differential diagnosis of 

unifocal (Fig. 1a) and multifocal (Fig. 1b) vertebral lesions, solitary 
vertebra plana (Fig. 1c), and spondylodiscitis (Fig. 1 d) when detected 
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on imaging in a child. Narrowing the differential diagnosis further re
quires that radiologists be familiar with any characteristic or dis
tinguishing features of CNO as compared to other causes of spondylitis 
and spondylodiscitis.

Secondly, the purposeful search and identification of spinal lesions in 
patients with known or suspected CNO is important because [a] these 
can convert diagnostic considerations from a unifocal to a multifocal 
process (Fig. 2), [b] they may be the only lesions with characteristic 

CNO features, and [c] spinal disease can result in significant complica
tions and poor outcomes.18

Complications include the loss of vertebral integrity with resultant 
kyphosis15 and/or scoliosis4,16,19,20 (Fig. 3c), all of which can be 
asymptomatic.3,14 Although these complications can lead to long- 
standing problems,15 resolution of deformities and total recovery of 
vertebral height can in some cases be accomplished with aggressive 
treatment with bisphosphonates.4 For example, Gleeson et al found a 

Fig. 1. a-d: Unifocal and multifocal vertebral patterns of involvement in chronic non-bacterial osteomyelitis (CNO). (a) Sagittal STIR sequence from a whole-body 
MRI in an 8-year-old girl demonstrates a single abnormal high-signal lesion centered in the upper part of the L4 vertebral body. (b) Sagittal STIR sequence from a 
whole-body MRI in a 6.5-year-old girl demonstrating multifocal vertebral CNO lesions (C7-T2; T9;T11-L5, S1 and S3). (c) Sagittal T2-weighted MRI of the spine 
demonstrates vertebra plana at T5 with associated mild kyphosis in an 8-year-old girl with multifocal contiguous spinal CNO—also affecting T4 with mild height loss. 
(d) Sagittal T2 weighted imaging of the spine in an 8-year-old girl with CNO demonstrates loss of height of T5 with superior endplate irregularity and adjacent loss of 
height and signal in the T4/5 disc (arrow), resulting in very mild kyphotic deformity.

Fig. 2. a and b: MRI in an 8-year-old girl with suspected chronic non-bacterial osteomyelitis (CNO). (a) Upper thoracic initial coronal STIR MRI demonstrates high 
signal and mild expansion of the left clavicle representing a presumed single detected lesion. (b) Purposeful addition of sagittal STIR MRI demonstrates an additional 
lesion in the posterior aspect of the C7 vertebral body (not appreciated on the coronal sequences). Even though clavicular lesions are highly specific for CNO in 
children, the second lesion supports the diagnosis by demonstrating a multifocal disease. In addition, the detection of a spinal lesion would trigger initiation of more 
aggressive therapy for CNO.
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Fig. 3. a - c: Coronal plane STIR whole-body MRI in two different children with chronic non-bacterial osteomyelitis (CNO). Composed/‘stitched’ coronal STIR MRI 
(a) in a 6-year-old girl demonstrates multiple high signal abnormality at the distal femoral metaphyses and around the left greater trochanter (arrows). Coronal STIR 
MR imaging in a different 6-year-old girl at presentation (b) and follow-up (c) demonstrates an increased number of vertebral bodies involved as well as progressed 
vertebral height loss (white arrows) in the thoracic spine (upper row) and an additional new high-signal lesion in the lumbar spine (lower row) (black arrow) with 
resultant scoliosis. Worsening kyphosis over time makes the coronal imaging less ideal for demonstrating the vertebral bodies.

Fig. 4. a - c: Sagittal and parasagittal STIR MRI of the thoracic and lumbosacral spine in a child with chronic non-bacterial osteomyelitis (CNO) demonstrates typical 
multifocal spinal involvement of CNO, predominantly involving non-contiguous thoracic (T6, T10, T11and lumbar (L1, L2, L4) vertebral bodies in the superior or 
inferior sub-endplate regions. There is also extension of signal abnormality to involve the posterior elements at the pedicle of T10 (arrow in b). No soft tissue mass is 
demonstrated.
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significant improvement in vertebral shape in two of three cases with 
multiple vertebrae affected and an improvement in the kyphotic angle 
after pamidronate treatment.5 Silva et al found that all their patients had 
total (45 %) or partial (55 %) improvement of spinal inflammation after 
aggressive treatment; however, recurrence was observed in 27 %.20

Therefore, identification of spine involvement should dictate a more 
aggressive treatment approach14,21,22 not only for patients with defor
mity but for all patients with vertebral CNO lesions as a preventative 
measure. There are, however, reports in the literature where there is 
failure to regain vertebral height and where deformities are permanent 
after a long follow-up, especially in patients who did not receive 
bisphosphonate treatment.4,6 Early detection of spinal lesions should 
therefore be a priority for WBMRI in CNO, which should be modified to 
demonstrate the spine optimally.23 Recognition of the importance of 
spinal involvement is reflected in its inclusion as a distinct parameter of 
proposed scoring systems for CNO (RINBO; CROMRIS; RAI- 
CROMRIS).11,19,24

3. Imaging in spinal CNO

The goals of diagnostic imaging in CNO are primarily to avoid 
diagnostic biopsy by narrowing the differential diagnosis.9 Research has 
shown that retrospective application of the Bristol or Jansson criteria 

could decrease bone biopsies by at least 80 %. However, biopsy is rec
ommended in all cases of single-site CNO, except for those involving the 
medial clavicle. Biopsy should also be considered in cases where there is 
only spinal involvement in children below the age of 5 years. In patients 
with suspected multi-focal CNO, biopsy should be performed only when 
the diagnosis is uncertain.25

CNO has some characteristic patterns of distribution of multifocal 
disease as well as typical individual lesion imaging features that can 
assist in making a diagnosis.3,8 Even though X-rays can demonstrate lytic 
lesions (in the early phase of the disease), sclerosis and hyperostosis 
(later in the disease), vertebral end-plate irregularity/notching,6 and 
compression fractures/vertebra plana and kyphosis, these often fail to 
demonstrate a distinct lesion in the spine for making a final diag
nosis22,26,27 A normal X-ray also does not exclude CNO9; Falip et al 
found that 55 % of their patients with spinal involvement had normal X- 
rays.6 MRI, in particular WBMRI, is the modality of choice for evaluating 
patients with suspected or confirmed CNO. MRI detects skeletal lesions 
better than clinical examination19 and allows detection of asymptomatic 
lesions which, when multifocal, can provide the basis for narrowing the 
differential diagnosis. WBMRI is designed for coverage and speed for 
detecting multiple lesions.28 WBMRI protocols usually consist of coronal 
short-tau inversion recovery (STIR) (Fig. 3) of the entire body including 
all extremities, without contrast.21,23,24 In CNO, this needs to ensure 

Fig. 5. a and b: MRI of the lumbosacral spine in a child with chronic non-bacterial osteomyelitis (CNO) showing spondylodiscitis. Sagittal (a) and coronal (b) STIR 
MRI demonstrate a spondylodiscitis pattern of involvement of contiguous vertebra L5 and S1, which demonstrate abnormal signal, with irregularity of the inferior L5 
endplate and superior S1 endplate as well as height loss of the intervening disc (arrows). There is no associated soft tissue mass or tissue edema.
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detection of spinal lesions; therefore, sagittal STIR images of the spine 
have recently been recommended to be performed routinely. This is 
because of the increased awareness of spinal lesions in CNO and because 
coronal images are perceived to be less sensitive for detecting spinal 
lesions (Fig. 3 b and c), including any resultant vertebral height loss and 
kyphosis.3,6,28 Some MRI protocols prefer a turbo inversion recovery 
magnitude (TIRM) sequence instead of STIR, with the whole body ac
quired in coronal and sagittal planes. TIRM is very sensitive in detecting 
early edema of the bone marrow in early osteomyelitis.29 Additionally, 
T1-weighted sequences are useful to characterize findings seen on the 
fluid sensitive sequences and distinguish these from normal hemato
poietic marrow in the pelvis and spine.30 During initial patient evalua
tion, T1 imaging with contrast is also helpful in differentiating CNO 
lesions from infection and tumors.25 Initial imaging can be expanded to 
add more detailed imaging of any areas of interest for making a defin
itive diagnosis, especially for locations such as the spine, hands, and feet.

Most cases of spinal CNO involve the thoracic spine,8,17,20,24,31 fol
lowed by the lumbo-sacral and less commonly the cervical spine.4,26

Even though involvement of the spine is often multifocal, it is reportedly 
unusual to have two contiguous vertebral bodies involved (Fig. 4).5,6,8

However, Guariento et al found that 17 % of their population had some 
contiguous spondylodiscitis pattern, making the differential diagnosis 
with infectious spondylodiscitis more challenging. It is important to 
highlight that the majority of those patients had a mixed pattern where 
both continuous and non-continuous involvement were present.17

There are minor discrepancies in the literature about the distribution 
of abnormal signal within the vertebral body. Some authors report that 

the abnormal signal is usually located at the anterior vertebral body,24

while others have described the superior and the posterior vertebral 
body as the most affected area. Moreover, in a study by Guariento et al 
35 % of cases the vertebral edema pattern diffuse.17 Posterior elements, 
pedicles, lamina, facets, and spinous processes can be affected (Fig. 4),24

but in the majority, the posterior element edema is continuous with the 
vertebral body edema.17 Only in rare cases are the posterior elements 
the sole region of spinal involvement.17,20 Spinal CNO lesions predom
inantly demonstrate lytic destruction with erosion of the vertebral 
endplates, ranging in frequency from 57 to 73 % of cases17,20 (Fig. 5). 
This location is considered the equivalent of the peri-physeal and met
aphyseal portion of long bones.32 Subchondral sclerosis and adjacent 
bone marrow changes displaying decreased T1W signal and some degree 
of increased T2W signal can also be seen.26 The low T1W signal of CNO 
is important for differentiating lesions from normal red marrow which 
shows an intermediate T1W signal, despite both having a moderately 
high signal on STIR.15,23,24 When vertebral collapse occurs, the MRI 
signal can be variable.6 Diffusion-weighted imaging (DWI) can also be 
used,24 showing a high ADC value within the lesions.33 This may be 
useful to differentiate CNO from malignancy, but further validation of 
this feature is necessary.23,34

Spinal lesions have previously also been described as being 
spondylodiscitis-like (Fig. 5) (i.e., discitis above or below the involved 
vertebra with decreased water content in the nucleus pulposus), leading 
to a decrease in the T2W signal.8,26,32 Typically, however, disease does 
not cross the disc which helps differentiate CNO from infectious cau
ses.6,23,35 Most importantly, in distinguishing CNO spinal lesions from 

Fig. 6. a and b: Progression of chronic non-bacterial osteomyelitis (CNO) with developing kyphosis. Sagittal STIR MRI at initial presentation (a) and follow-up (b) is 
ideal for demonstrating the progression of spinal CNO lesions (white arrows) with worsening vertebral height loss, development of multiple vertebra plana, addi
tional vertebral body and posterior element lesions, as well as progressive kyphosis. The contiguous vertebral involvement in this patient is not typical for CNO.

S. Andronikou et al.                                                                                                                                                                                                                            Clinical Imaging 125 (2025) 110564 

5 



infection (including tuberculosis) and malignancy, CNO usually does not 
demonstrate a soft tissue mass.23,26 When soft tissue changes are found, 
they are often mild. However, it has been shown that lesions which 
demonstrate excessive bone growth may demonstrate significant soft 
tissue components which may be mistaken for tumor-related soft tissue 
masses.25 A range of frequencies has been reported for increased signal 
of the soft tissues on STIR, from being ‘rare’ to seen in up to 45 % of 
cases.3,17,20 This may reflect differences in methodology among studies 
when analyzing soft tissue inflammation.

3.1. Complications

Vertebral fracture can result in height loss and even vertebra plana 
(Fig. 6).3,14 Vertebral height loss and resultant complications—such as 
kyphosis and scoliosis—can all be present at the spinal disease recog
nition17 or develop during the course of known disease. In the cohort of 
Jansson et al, almost half of patients with vertebral fracture developed 
scoliosis,12 and Hospach et al found that 22 % of their CNO study pop
ulation had scoliosis or kyphosis.4

3.2. Evolution and treatment-related imaging findings

The high signal intensity of CNO lesions on STIR images is often seen 
to regress concomitantly with the resolution of pain, and gradually there 
is a return to normal fatty marrow signal intensity.20,26 Follow-up MRI is 
recommended to be performed at 3, 6, and 12 months, which can also 
inform the aggressiveness of treatment approach,2 followed by 6 
monthly scans thereafter. This is where the main power of WBMRI lies as 
the optimal diagnostic tool in disease follow-up after CNO diagnosis 
(Fig. 7).

On early imaging after bisphosphonate treatment, T2W and STIR 
may be unremarkable, while T1W shows a mild hyperintensity of the 
epiphyseal plates. Later, the equivalent of “zebra lines” in the long 
bones, corresponding to layers of sclerosed non-decalcified cartilage at 
the metaphasis, results in a “bone-in-bone” appearance at the vertebral 
bodies, i.e., a double contour (Fig. 8).36,37

4. Differential diagnosis of spinal CNO

The differential diagnosis of spinal lesions in children is discussed 
according to distribution below.

4.1. Single spinal lytic lesions including vertebra plana

These can be due to Ewing sarcoma (peak age 15 years), but an extra- 
osseus mass accompanies these lesions at disease presentation.32,38

Langerhans cell histiocytosis (LCH) is typically the main cause of 
vertebra plana, typically in younger children. Other causes of vertebra 
plana include acute lymphoblastic leukemia, other neoplasms, and 
infection.38,39 However, unlike CNO, the soft tissue is altered in ≥50 % 
of cases.32,38,40–43

4.2. Multifocal vertebral lesions

Leukemia usually shows a diffuse pattern of involvement in the 
spine, while lymphoma can cause focal, patchy, or diffuse vertebral le
sions.44,45 Both demonstrate bone marrow replacement with a sharp 
transition between normal and abnormal marrow, which differs from 
the bone marrow edema in CNO. However, superimposed fractures and 
collapse can also occur, with leukemia and lymphoma leading to acute 
bone edema indistinguishable from CNO.45 Spinal metastases in chil
dren are usually secondary to neuroblastoma (younger children) and 
may be accompanied by a soft tissue mass32 with spinal canal involve
ment, not seen in CNO.46

4.3. Spondylodiscitis and contiguous vertebral involvement

Tuberculous (TB) spondylitis most often affects the lower thoracic 
and lumbar spine.47,48 It mainly involves the vertebral bodies and disc 
destruction, with contiguous involvement of multiple vertebrae later in 
the disease.23 On MRI, TB is shown to involve the anterior vertebral 
body and demonstrates low T1 and high T2 signal in the endplates like 
CNO. However, it demonstrates a typical paraspinal and/or epidural soft 
tissue mass/abscesses and subligamentous spread across multiple 

Fig. 7. (a-e): Natural history of chronic non-bacterial osteomyelitis (CNO) spinal lesions demonstrating height recovery of vertebra plana. Sagittal T2-weighted MRI 
from presentation at 5 years of age (a) and for over 13 years until age 18 years (b-e) in a girl with a history of recurrent back pain, associated with recurrent bone pain 
in other sites of the body. Sagittal T2W MRI of the spine demonstrates multifocal vertebral involvement, initially with vertebra plana at T7 and some superior height 
loss of T12. Follow-up at 6 years of age and 7 years of age demonstrates the vertebra plana at T7 and progressive height loss of the T12 vertebral body. Follow-up 
sagittal T2W at 11 years and most recent follow-up sagittal T2W at 18 years of age demonstrate the recovery of vertebral body height of the T7 and T12 vertebra, 
though not entirely normal morphologically, without use of pamidronate (bisphosphonate) therapy.
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vertebral segments, which are not features of CNO.41,48,49 Pyogenic 
spondylitis typically affects the lumbar spine as contiguous vertebral 
body disease with disc involvement.50 Irregularities and destruction of 
the end plates with low T1W and high T2W signal are similar to CNO, 
but the epidural extension deep to the posterior longitudinal ligament as 
well as paraspinal inflammation of the soft tissue or fluid collections 
distinguish pyogenic spondylitis from CNO.30,38 Osseus involvement in 
deficiency of interleukin-1 receptor antagonist (DIRA) presents as 
recurrent osteomyelitis with osteolytic lesions, which can involve the 
spine and lead to spinal cord compression and cervical vertebral 
fusion.51,52

4.4. Multifocal vertebral height loss

Idiopathic osteoporosis, or more commonly in children, osteoporosis 
secondary to prolonged glucocorticoid treatment, can cause multiple 
vertebral fractures at multiple levels. Much like CNO lesions, these can 
be asymptomatic.38,53 Hypophosphatasia is a monogenic inborn defect 
of bone metabolism that leads to defective bone mineralization and has 
MRI appearances similar to sporadic CNO.54,55 Scheuermann disease is 
the most common cause of kyphotic deformity in adolescents, but it 
typically affects three or more consecutive thoracic vertebrae with disc 
degeneration, and even though marrow signal is normal, it can mirror 
advanced CNO of the spine on MRI.32,56,57

4.5. Pitfalls

Residual red marrow or red marrow reconversion, due to an 
increased hematopoietic demand occurring initially in the axial skel
eton, is demonstrated on MRI as multifocal high signal on STIR but 
shows intermediate signal on T1W (not lower than muscle signal).41,45

Therefore, differentiating spinal CNO lesions from marrow reconversion 
requires that a T1W weighted sequence be performed, where CNO will 
demonstrate a low T1W signal.41,45,58

5. Conclusion

The frequency of spinal lesions in CNO is likely underestimated due 
to routine WBMRI being performed largely only in the coronal plane. 
The addition of sagittal STIR imaging of the spine as a routine sequence 
is recommended for suspected CNO, with the appreciation that spinal 
lesions probably occur in more than one-third of children with sporadic 
CNO. A diagnosis of CNO should be considered in instances of unifocal 
and multifocal vertebral lesions, vertebra plana, and spondylodiscitis 
detected on MRI in children. In patients with suspected CNO, the pur
poseful search of a spinal lesion using WBMRI is important because 
when detected in association with a lesion in another skeletal site, the 
differential diagnosis would change to that of a multifocal disease and 
increase the likelihood of CNO. In addition, because spinal lesions can 

Fig. 8. a-c: Lumbo-sacral spine imaging after bisphosphonate treatment for chronic non-bacterial osteomyelitis (CNO) demonstrating a “bone-in-bone” appearance of 
the vertebral bodies, i.e., a double contour (arrows) on plain X-ray (a) and sagittal T1W MRI (b). Follow-up imaging after multiple bisphosphonate doses has resulted 
in a “multiple-bone-in-bone” appearance (arrows) on plain radiograph (c), which is the equivalent of zebra lines at the metaphyses of long bones.
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cause significant complications and poor outcomes, these warrant more 
aggressive treatment that can result in recovery.

Spinal CNO may be unifocal or multifocal and usually involves the 
vertebral bodies, but it can also involve the posterior elements, typically 
in the region of the endplates, with sparing of the disc. Less commonly, 
CNO can cause a spondylodiscitis with contiguous vertebral involve
ment. Lesions are typically of low T1 and high T2 signal intensity but do 
not typically demonstrate an associated soft tissue mass, differentiating 
CNO from neoplastic and infective disease. Importantly, vertebral height 
loss and development of vertebra plana are complications of spinal CNO, 
but vertebral body height can be regained, and some deformities can be 
reversed with aggressive management.
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