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ABSTRACT

Background: There is considerable practice variation in labelling, diagnosis and treatment of
adults with sterile bone inflammation. We developed a expert consensus recommendations on
the disease definition, diagnosis and treatment of this rare condition.

Methods: Systematic literature review and Grading of Recommendations, Assessment, Develop-
ment and Evaluations-based appraisal of evidence, two Delphi surveys and three digital and in-
person consensus meetings with a multidisciplinary expert panel and patient representatives.
Results: A consensus disease definition was developed and the term ’chronic non-bacterial
osteitis’ (CNO) is proposed to describe adults with sterile bone inflammation. For initial imaging
evaluation of adults with suspected CNO, the panel recommends MRI or otherwise CT combined
with nuclear imaging. Whole-body imaging at initial evaluation can be considered for diagnostic
and prognostic purposes. Suggested first-line treatment in adults with active CNO includes non-
steroidal anti-inflammatory drugs/cyclooxygenase 2-inhibitors. Second-line treatment prefera-
bly consists of intravenous bisphosphonates, and otherwise tumour necrosis factor-a inhibitors.
Choice between them should be individualised, considering the presence of additional inflam-
matory features. The panel further discusses outcome measures, follow-up and management of
adverse events and complications.

Conclusions and future perspectives: These expert consensus recommendations are intended to sup-
port healthcare professionals worldwide in their care for adults with CNO. They also lay the
groundwork for establishing international patient registries, translational research lines and
multicentre trials, all of which are urgently required.

INTRODUCTION

mandible and pelvis may also be involved [6]. Initial radiologi-
cal signs comprise bone marrow oedema and osteolysis, while

Sterile bone inflammation (SBI) represents a rare and hetero-
geneous disease spectrum that affects children and adults [1].
Various terms are currently in use to describe patients with SBI,
including chronic nonbacterial osteomyelitis, chronic recurrent
multifocal osteomyelitis (CRMO), synovitis, acne, pustulosis,
hyperostosis, osteitis (SAPHO) syndrome, diffuse sclerosing
osteomyelitis (DSO), pustulotic arthro- osteitis (PAO), sternocos-
toclavicular hyperostosis (SCCH) and more [2]. The disease defi-
nition of SBI is complex, owing to its broad clinical presentation
and overlap with other autoinflammatory musculoskeletal and
non-musculoskeletal disorders [3—5]. In adults, SBI mostly man-
ifests as osteitis of the anterior chest wall, but the vertebrae,

170

progressive structural alterations secondary to inflammation
include sclerosis, hyperostosis, erosion, soft tissue ossification
and joint ankylosis [7]. Apart from bone inflammation, patients
may present with a range of other autoinflammatory features,
including musculoskeletal features (inflammatory arthritis, sac-
roiliitis, dactylitis, enthesitis), dermatological features (palmo-
plantar pustulosis (PPP), psoriasis, hidradenitis suppurativa,
severe acne), uveitis and inflammatory bowel disease [2,8]. The
clinical management of SBI presents major challenges. Unifying
diagnostic criteria are lacking, pathophysiology is largely
unknown and there are no standard outcome measures or evi-
dence-based treatment modalities [9,10]. Individuals with SBI
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endure high disease burden due to bone pain impacting daily
functioning, and, especially without timely treatment, are at risk
for complications such as skeletal deformities, compromised
joint functionality, neurovascular entrapment or vertebral frac-
tures [7,11—15]. The provision of care for patients with SBI is
fragmented, spread across diverse medical disciplines such as
rheumatology, orthopaedic surgery and endocrinology, with
wide variety in (off-label) treatment strategies [2]. Clearly, con-
sensus recommendations and a research agenda are necessary
steps towards clinical advancement for SBI. Recognising this
imperative, we convened a consensus group to formulate a dis-
ease definition, to choose an overarching name for the SBI spec-
trum, systematically develop recommendations for the
diagnosis and treatment and develop a research agenda.

We concentrate on chronic non-bacterial osteitis (CNO) that
occurs in adulthood, acknowledging the distinct clinical differ-
ences between adult-onset and paediatric-onset forms of the dis-
ease. Patients with adult-onset CNO typically present with
lesions confined to one or two areas in the axial skeleton. In con-
trast, childhood-onset CNO often follows a recurrent multifocal
pattern, also involving appendicular bones, and is more clearly
associated with systemic inflammation [1,16]. While the recom-
mendations focus on adult (-onset) CNO, we recognise that pae-
diatric patients wth CNO may transition into adulthood with
ongoing disease activity. The applicability of these recommen-
dations to such individuals will depend on the extent to which
their disease resembles the adult phenotype, thereby ensuring
that management strategies are appropriately tailored to their
specific clinical characteristics. The consensus recommendations
are intended to support healthcare professionals worldwide,
especially those who are not situated at expert centres and
encounter very limited numbers of adults with SBI. These gener-
ally include secondary care specialists working in rheumatology,
endocrinology, clinical osteology, orthopaedics, radiology and
nuclear medicine. Although we recognise the limited evidence

Physicians survey study

Preparations

May 2023
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supporting diagnostic and therapeutic recommendations for
adults with SBI, we are confident that they represent a valuable
synthesis of the best-available literature and clinical expertise.
As such, it has the potential to enhance care for adults with SBI
while future studies are awaited. The initial stage in developing
recommendations for diagnosis and treatment involved choos-
ing a unified name for the spectrum of SBI. After thoughtful dis-
cussion, the expert panel and patient representatives chose the
term ‘CNO’ for this spectrum, with distinctions made based on
age—adult CNO or paediatric CNO. The reasoning behind this is
detailed later in this document, but from this point, for clarity,
we will refer to the patient population of interest as ‘adult CNO’.

METHODS

This consensus project was initiated by ATL and EMW from
the Center for Bone Quality of the Leiden University Medical
Center. The project’s scope was adults with SBI (previously
labelled as chronic non-bacterial osteomyelitis, CRMO, SAPHO,
PAO, SCCH, DSO and henceforth designated as adult CNO). The
bone marrow oedema syndrome, traumatic causes of bone mar-
row oedema, spontaneous osteonecrosis and genetic syndromes
like Majeed or deficiency of the interleukin (IL)-1 receptor
antagonist were considered beyond the scope. The expert con-
sensus recommendations were developed and reported accord-
ing to the Appraisal of Guidelines Research and Evaluation-
Recommendations Excellence (see online supplemental file S1
for reporting checklist) [17] and endorsed by The European Cal-
cified Tissue Society, The European Reference Network of Rare
Bone Diseases (formally) and European Society of Endocrinol-
ogy (pending final publication). An overview of the project’s
steps is outlined in figure 1. As a first step, we conducted a phy-
sician survey study mapping current clinical practices for adults
with CNO, which is published elsewhere [18]. Based on this, the
domains of interest for the consensus recommendations were

Systematic literature review

Delphi survey #1

Premeeting (digital)

Consensus and guideline process

May 2024

Delphi survey #2

2-day meeting (in-person)

Draft manuscript

Follow-up meeting (digital)

Final manuscript

Figure 1. Schematic overview of consensus process.
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Figure 2. Visual representation of disease definition of adult CNO; skeletal distribution pattern of osteitis (left) and additional (extra)-skeletal features

(right). Reported as 95% CL.

chosen (see online supplemental file S2 for complete list). For all
domains, a systematic literature review was performed and
results were synthesised into summary of evidence tables, also
including the survey study results (online supplemental file S3).
Methods used for the systematic literature review with appraisal
of evidence, including the Grading of Recommendations, Assess-
ment, Development and Evaluations approach as outlined in the
Cochrane Handbook for Systematic Reviews of Interventions
[19] are detailed in online supplemental file S4. In-detail
descriptions of the expert panel constitution and the decision-
making process are presented in online supplemental file S4 as
well. Briefly, we assembled a diverse and inclusive expert panel
via inviting (a) all participants of the aforementioned physician
survey study, (b) experts via relevant international networks
and societies and (c) authors of scientific studies on CNO. Input
from patient representatives was arranged with the Dutch CNO
patient association. With the summary of evidence as resource
for expert panel members, the consensus recommendations
were subsequently developed over the course of two Delphi sur-
vey rounds (results outlined in online supplemental files S5 and
S6) and three meetings (two digital and a 2-day in-person). All
domains of interest were reviewed in the in-person meeting, as
well as a research agenda. Ultimately, the complete panel
assessed the final recommendations using a 0—10 Likert scale,
where 0 represented no agreement and 10 signified full agree-
ment. The metrics of agreement are presented in the recommen-
dation tables, which include the mean score, SD and the
percentage of panel members who rated the recommendation 8/
10 or higher.

CONSENSUS STATEMENT: DISEASE DEFINITION

Based on the systematic literature review, Delphi results and
panel discussions, it became evident that CNO represents a rare

172

and clinically heterogeneous disease spectrum (see also online
supplemental file S3, Q1A and Q1B for supportive evidence). It
is not known whether the full spectrum shares the same autoin-
flammatory mechanisms, or whether it entails multiple (par-
tially) distinct conditions. The connection between adult CNO
and musculoskeletal rheumatic diseases such as axial spondy-
loarthritis (axSpA) and psoriatic arthritis (PsA), which share
similar features, remains similarly ambiguous, as does the link
between adult and paediatric disease. Despite these uncertain-
ties, the panel proposes the following disease definition to cap-
ture the concept of adult CNO (figure 2).

CNO in adults is a condition characterised by SBI, which
affects one or multiple bones, and primarily manifests in the
anterior chest wall. Adult CNO may exhibit different temporal
patterns, including monophasic, chronic or relapsing-remitting.
Typical imaging characteristics of bone inflammation include
bone marrow oedema, osteolysis, increased tracer uptake on
nuclear imaging and in later stages, sclerosis, erosions, hyperos-
tosis (seen as endosteal and periosteal thickening), soft tissue
ossification and ankylosis [7,11,20—26] (see online supplemen-
tal file S2, Q2A and Q2B for supportive evidence). While iso-
lated bone inflammation is the most common presentation,
additional features that may be seen are:

* Musculoskeletal: inflammatory arthritis, sacroiliitis and pos-
sibly enthesitis and dactylitis.

* Non-musculoskeletal: PPP, psoriasis, hidradenitis suppura-
tiva, severe acne and rarely uveitis and inflammatory bowel
disease.

Regarding the skeletal distribution, the panel recognises that
the frequency of involvement sites is difficult to accurately esti-
mate, due to three factors. First, estimates from published
cohorts may be subject to referral bias, as certain distribution
patterns prompt referral to specific specialists (eg,
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CNO and axSpA:

Adult CNO - Sacroiliitis

« Uveitis

NSAIDs/COXIBs

« Enthesitis
«+ Dactylitis
« Psoriasis

rheumatologists for multifocal appendicular involvement, ortho-
paedic evaluation for a unifocal lesion, anterior chest wall
involvement and associated shoulder dysfunction). Second, the
involvement of certain sites may be easier and faster to diagnose
over others, which may distort estimates. Third, the presence of
silent lesions in up to 67% of patients and the lack of routine
whole-body imaging contribute to the potential underestimation
of specific skeletal involvement sites [20]. Notwithstanding, the
panel identifies the anterior chest wall, including the clavicles,
upper ribs and sternum, as the most frequently involved sites,
which is supported by recent meta-analyses reporting involve-
ment rates between 78% and 96% [2]. Following this, the spine,
appendicular skeleton, jaw and pelvis may be involved
[2,6,24,28]. Based on clinical experience (without available sup-
porting literature), the panel reports that most patients exhibit
multifocal involvement, although cases affecting a single bone
are also recognised.

Adult CNO may exhibit various additional features, some of
which lead a clinical overlap with axSpA and PsA (figure 3).
Although all features are susceptible to potential over-reporting
or under-reporting, the most prominent among these is the pres-
ence, or history of PPP, reported in 37%—68% of patients. Addi-
tionally, non-erosive peripheral arthritis is observed in 11%
—39% of cases, followed by psoriasis (4%—14%) and severe
acne (4%—13%) [2,29—32]. Uveitis, dactylitis, enthesitis, ero-
sive arthritis, hidradenitis suppurativa, tonsillitis, periodontitis
and inflammatory bowel disease have been documented in a
few CNO cases, although prevalence estimates are highly uncer-
tain [33—35]. Despite this variety of features, the panel’s experi-
ence is that the vast majority of adult patients with CNO present
with isolated osseous disease.

The panel recognises that adult patients with CNO present
mainly with bone pain, but symptomatology may vary signifi-
cantly depending on the sites and the presence of additional fea-
tures. According to recent literature, the typical age of
presentation falls within the range of 29—46 years, and 60%
—73% of the patients are female [2] (see online supplemental
file S3, Q1C for supportive evidence). In early CNO, physical
examination findings may reveal local soft-tissue swelling, ery-
thema, tenderness and impairment of function. CNO may prog-
ress over time to the point where bony swelling becomes
apparent, but due to the frequent diagnostic delay, patients
often present with a bony swelling already at first consultation.
According to the panel’s clinical experience, systemic symptoms

PsA, CNO and axSpA:

- Axial skeletal involvement

- Inflammatory arthritis
« New bone formation
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Figure 3. Venn diagram displaying conceptual overlap
between adult chronic non-bacterial osteitis (CNO) and axial
spondyloarthritis (axSpA) and psoriatic arthritis (PsA) based on
features seen in the multiple conditions. COXIB, cyclooxygen-
ase-2 inhibitor; NSAID, non-steroidal anti-inflammatory drug.

« Inflammatory bowel disease
« Symptoms responsive to

such as fever or unexplained weight loss are rare (fever noted in
up to 14%, as reported in literature) and warrant further investi-
gation to exclude other causes than CNO [2].

CONSENSUS STATEMENT: NOMENCLATURE

The panel unanimously recognises that the multitude of names
for ‘adults with SBI’ is confusing, inconvenient and burdensome
for patients (see online supplemental file S3, Q3 for overview).
From various names currently in use, several are deemed unsuit-
able by the panel, such as SCCH (too descriptive and narrow),
PAO (excluding patients without PPP) and CRMO (a recurrent
multifocal pattern is rare in adults). Although SAPHO is a widely
recognised term, its broad scope makes it poorly applicable to the
majority of patients who never develop additional features, leav-
ing the S, A and P of the acronym largely unfulfilled. This idea is
echoed by patient representatives, who prefer a concise name,
not laden with features that often do not occur. Alternatively,
‘chronic non-bacterial osteomyelitis’ effectively captures the core
disease feature, is short and inclusive and has recently been
adopted in the paediatric community. However, the panel per-
ceives that the term ‘osteitis’ better suits the pathology than
‘osteomyelitis’. Therefore, CNO has been proposed to represent
‘adults with SBI’ in clinical and research practice. For paediatric
CNO, a transition from ‘osteomyelitis’ to ‘osteitis’ is also antici-
pated. The panel recommends discontinuing the use of other his-
torical names, both in adults and children.

GENERAL RECOMMENDATIONS

R1: Consider referral to an expert centre for all adult patients
with CNO, and refer difficult-to-treat patients if not done initially

Rationale

Due to the rarity of the condition and the limited evidence on
diagnostics and treatment, the panel suggests considering refer-
ral to an expert centre for all patients, and specifically recom-
mends referral of all difficult-to-treat patients if not done
already (see ‘Treatment recommendations’ section). Depending
on healthcare system, expert centres may include tertiary refer-
ral centres, specific government-appointed facilities and centres
that are part of reference networks for rare diseases (table 1).
The panel and patient representatives further recognise that a
hub-and-spoke care model, involving periodic assessments at an
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Table 1
General recommendations
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General recommendations

Level of evidence for clinical utility

LoA, mean+SD LoA, % >8

(see online supplemental file S3)

R1: consider referral to an expert centre for all adult patients with
CNO, and refer difficult-to-treat patients if not done initially.

R2: adults with CNO should be diagnosed and treated by a multi-
disciplinary team, led by an expert in this disease, preferably a
rheumatologist. In the absence of a rheumatologist, a specialist
with expertise in autoinflammatory and bone-related disorders
should assume this role. The team should involve musculoskele-
tal imaging experts and other medical specialists according to the
presence of additional features.

R3: aim for long-term follow-up in all patients. When follow-up is
discontinued, inform patients that their condition may return
with similar but different features and involvement sites in the
future.

000

9.51+0.77 97.30%

9.51+0.80 97.30%

9.54+0.73 97.30%

° indicates 4-point scale ranging from very low to low to moderate to high according to the Grading of Recommendations, Assessment, Development and

Evaluations approach.
CNO, chronic non-bacterial osteitis; LoA, level of agreement.

expert centre with follow-up and treatment administered at
nearby clinics, would be a patient-friendly approach, minimis-
ing travel while ensuring expertise with larger patient numbers.

R2: Adults with CNO should be diagnosed and treated by a
multidisciplinary team, led by an expert in this disease, preferably
a rheumatologist. In the absence of a rheumatologist, a specialist
with expertise in autoinflammatory and bone-related disorders
should assume this role. The team should involve musculoskeletal
imaging experts and other medical specialists according to the
presence of additional features

Rationale

Adults with CNO should ideally be diagnosed and managed
by a multidisciplinary team, preferably led by a rheumatologist.
In the absence of a rheumatologist, another specialist with
expertise in autoinflammatory and bone-related disorders, such
as an endocrinologist or a clinician-osteologist, may take on this
role, depending on the healthcare system (see online supple-
mental file S3, Q4 for current overview and quality appraisal).
Close collaboration with musculoskeletal imaging experts is nec-
essary in all patients, and other disciplines should be involved as
necessary if additional features are present.

R3: Aim for long-term follow-up in all patients. When follow- up
is discontinued, inform patients that their condition may return
with similar but different features and involvement sites in the

future

Rationale

The panel agreed that development of new (rather than
evolving existing) bone lesions is very rare in adults. Only in the
anterior chest wall it is observed that more bones become
involved in the inflammatory process, for example, progressing
from one clavicle into rib and manubrial lesions. In other body
parts, like the spine, the involvement of bones is usually already
‘complete’ at presentation. However, there are no known pre-
dictors to identify patients at risk for new lesions [36—38], the
disease may follow a relapsing-remitting course, and additional
features like skin manifestations may occur long before or after
the presentation of osteitis. Therefore, long-term follow-up in all
patients is recommended. The frequency of follow-up visits
varies according to local protocols, healthcare organisation poli-
cies, patient-specific factors and importantly, treatment type.
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Generally, the panel considers it advisable to schedule follow-up
visits 3—6 months after the initial diagnosis, and with larger
intervals (eg, every 12—24 months) after clinical stabilisation.

DIAGNOSTIC RECOMMENDATIONS

Across the different stages of diagnostic evaluation, differential
diagnoses to consider in adults with suspected CNO include infec-
tious osteomyelitis, malignant bone tumours, other rheumatic mus-
culoskeletal diseases, Tietze’s syndrome, metabolic bone diseases
and sternoclavicular subluxation (table 2, figure 4). Clinical find-
ings suggestive of these diagnoses are listed in table 3.

R4: Perform clinical evaluation with specific attention for
additional features and fulfilment of axSpA and PsA
classification criteria. Consider diagnostic involvement of relevant
medical disciplines

Rationale

In adults with suspected CNO, the panel recommends per-
forming a thorough clinical evaluation including history of ini-
tial and presenting complaints, full medical history and family
history of autoinflammatory or autoimmune diseases in first-
degree relatives [39]. Atraumatic bone pain persisting for over
6 weeks, with inflammatory properties such as pain irrespective
of motion, or during the night, is suggestive of CNO [1,8,40
—42]. The patient should be assessed for other inflammatory
features (figure 2). Involvement from a dermatologist, ophthal-
mologist and gastroenterologist can be considered depending on
suspected features. It also is recommended to review whether
there is fulfilment of classification criteria for axSpA or PsA, as
this may have implications for clinical management.

R5: Conduct routine laboratory investigation with full blood and
differential count, inflammatory markers, renal function,
alkaline phosphatase, calcium, 25-hydroxy-vitamin D,
parathyroid hormone levels and phosphate. Consider on case- by-
case basis (eg, for differential diagnosis or pretreatment
evaluation): bone turnover makers, anti-CCP, RF, HLA-B27

Rationale

The panel acknowledges that most laboratory markers of
inflammation lack specificity for adult CNO, but may be used to
investigate differential diagnoses [2] (see online supplemental
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Table 2
Diagnostic recommendations
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Diagnostic recommendations

Level of evidence for clinical utility
(see online supplemental file S3)

LoA, mean+SD LoA, % >8

R4: perform clinical evaluation with specific attention for additional features
(figure 2) and fulfilment of axSpA and PsA classification criteria. Consider
diagnostic involvement of relevant medical disciplines.

R5: conduct routine laboratory investigation with full blood and differential
count, inflammatory markers, renal function, alkaline phosphatase, calcium,
25-hydroxy-vitamin D, parathyroid hormone levels and phosphate. Consider
on case-by-case basis (eg, for differential diagnosis or pretreatment evalua-
tion): bone turnover makers, anti-CCP, RF, HLA-B27.

R6: perform imaging of the suspected region, giving priority to a modality suit-
able for assessing both activity and structural changes. MRI should be pre-
ferred but combined [*°mTc]Tc-HDP SPECT/CT or PET/CT with a bone-
seeking radiotracer are reasonable alternatives.

R7: consider performing whole-body imaging in all patients at initial evalua-
tion to map clinically silent, but radiologically active lesions. Whole-body
MRI (with sagittal spinal images) should
be preferred, but [°°mTc] Tc-HDP SPECT/CT, PET/CT with a bone-seeking
radiotracer or bone scintigraphy alone are reasonable alternatives.

R8: do not perform routine bone biopsies. Reserve bone biopsies for cases with
inconclusive imaging and/or suspicion of malignancy or infectious osteomy-
elitis.

000

9.51+0.65 100.00%

9.27+0.87 97.30%

9.32+1.53 94.59%

8.92+1.79 86.49%

9.51+0.73 100.00%

° indicates 4-point scale ranging from very low to low to moderate to high according to the Grading of Recommendations, Assessment, Development and Evaluations
approach. See table 3 for differential diagnoses. See table 4 for advantages and disadvantages of MRI versus CT + nuclear imaging.
Anti-CCP, anticitrullinated protein antibodies; axSpA, axial spondyloarthritis; CNO, chronic non-bacterial osteitis; HLA-B27, human leucocyte antigen B27 typing;

LoA, level of agreement; [°°

tomography; PsA, psoriatic arthritis; RF, rheumatoid factor.

file S3, Q5 for supportive evidence). As part of the initial evalua-
tion, the panel recommends routinely measuring complete blood
count with white blood cell differential, and inflammation
markers to assess the degree of systemic inflammation. Renal
function should be included to assess the safety of medications.
Alkaline phosphatase, calcium, 25-hydroxy-vitamin D, phos-
phate and parathyroid hormone levels should routinely be mea-
sured to exclude other metabolic bone diseases, such as
osteomalacia, Paget’s disease or hypophosphatasia. The follow-
ing tests can be considered on a case-by-case basis:

* Bone turnover markers such as serum procollagen type I N
propeptide (P1NP) and C-terminal telopeptide (CTx); these
can be determined, preferably in fasting blood samples, to
aid the evaluation of other metabolic bone diseases [43—45].
Anticitrullinated protein antibodies (anti-CCP) and rheuma-
toid factor (RF); in patients presenting with inflammatory
(erosive) polyarthritis, elevated levels may support a diagno-
sis of rheumatoid arthritis.

Human leucocyte antigen B27 (HLA-B27) typing; in cases
with axial involvement or inflammatory back pain, these
may support the diagnosis of axSpA. HLA-B27 positivity has
so far not been shown to be associated with adult CNO.

R6: Perform imaging of the suspected region, giving priority to a
modality suitable for assessing both activity and structural
changes. MRI should be preferred but combined [*°mTc] Tc-HDP
SPECT/CT or PET/CT with a bone-seeking radiotracer are
reasonable alternatives

Rationale

Imaging of the clinically suspected region plays a pivotal role
in the diagnosis of adult CNO. The panel agrees that the goals of
imaging at initial evaluation are to (1) visualise characteristic

175

mTc]Tc-HDP SPECT/CT, technetium-labelled hydroxymethylene diphosphonate single positron emission CT; PET, positron emission

features associated with the condition, thereby aiding the diag-
nostic process and informing on prognosis and (2) assess inflam-
matory disease activity, should a diagnosis of CNO be
confirmed. Achieving both goals using a single scan is feasible
with either MRI or CT combined with a bone scintigraphy tech-
nique. Examples of the latter are technetium-labelled hydroxy-
methylene diphosphonate single positron emission CT ([*°mTc]
Tc-HDP SPECT/CT) and positron emission tomography (PET)/
CT with a boneseeking radiotracer such as sodium fluoride
[7,23,46—48] (see online supplemental file S3, Q6A and Q6B
for supportive evidence). The specific scan properties of MRI
and [**mTc] Tc-HDP SPECT/CT or PET/CT are listed in table 4.
The panel recommends MRI for the initial evaluation of adult
CNO, but considers [*’mTc]Tc-HDP SPECT/CT or PET/CT a rea-
sonable alternative, for the following reasons.

CT provides excellent visualisation of structural changes sec-
ondary to inflammation, which are often already seen at initial
evaluation owing to diagnostic delays [7]. These include sclero-
sis, erosions, hyperostosis (seen as endosteal and periosteal
thickening), soft tissue ossification and ankylosis [7,20—25]
(see online supplemental file S3, Q2A and Q2B for supportive
evidence). Structural changes are useful for the diagnosis of
CNO due to their specificity, and are valuable for prognosis since
they reflect the degree of accumulated skeletal damage. Struc-
tural changes are well visualised with CT, which can conve-
niently be combined with bone scintigraphy techniques
([*°mTc]Tc-HDP SPECT/CT or PET/CT) to evaluate disease
activity, with increased radiotracer uptake representing height-
ened osteoblastic activity. Of note, bone scintigraphy without CT
is inadequate for diagnosis of CNO, as radiotracer uptake is
highly non-specific and correlation with structural features is
thus crucial. A disadvantages of [*?mTc]Tc-HDP SPECT/CT and
PET/CT is that it only detects patients with CNO with structural
changes that have accumulated over time. As awareness for
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Adult with suspected CNO

R4: Clinical evaluation
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Review the presence of additional features and clinical overlap with axSpA and/or PsA.

Consider diagnostic involvement of relevant medical disciplines.

R5: Laboratory investigation

Determine full blood and differential count, inflammation markers, renal function,
alkaline phosphatate, calcium, parathyroid hormone, 24-hydroxy-vitamin D, phosphate.

Consider case-by-case: bone turnover markers, anti-CCP, RF, HLA-B27.

R6,7: Imaging ?

Perform imaging of the suspected region with MRI (preferred) or otherwise with
[#mTc]Tc-HDP SPECT/CT of PET/CT with a bone-seeking radiotracer.

Consider whole-body imaging to map clinically silent, but radiologically active lesions.

Integrated (multidisciplinary) assessment

CNO dismissed or

other diagnosis made CNO confirmed

Consider referral to an
expert centre (R1)

Proceed to treatment
algorithm (figure 4)

Consider additional
investigation,
including bone
biopsy (R8)

Inconclusive

Figure 4. Diagnostic algorithm for adult CNO. ANA, antinuclear antibody and immunofluorescence pattern; anti-CCP, anticitrullinated protein anti-
bodies; CNO, chronic non-bacterial osteitis; HLA-B27, human leucocyte antigen B27 typing; PET, positron emission tomography; RF, rheumatoid fac-

tor; [*°

disadvantages of MRI and CT + nuclear imaging.

CNO is rising, the panel anticipates physicians encountering
patients earlier in their disease course, in which other features
like bone marrow oedema and osteolysis are more prominent
(see online supplemental file S3, Q2A and Q2B for supportive
evidence). Although bone marrow oedema lacks specificity due
to its occurrence in other conditions and also healthy individuals
[21,25,46,49,50], the panel concurs that this feature is generally
helpful in the diagnostic process, particularly if it is seen in typi-
cal skeletal sites for CNO (eg, anterior chest wall, spine and man-
dible). The key relevance of bone marrow oedema as an early
and activity-related disease feature requires a preference for the
use of MRI. Other advantages of MRI include the detection of
soft tissue involvement and neurovascular structures, and the
lack of ionising radiation. Although somewhat less optimal than
CT, MRI also provides fair visualisation of structural changes
(see online supplemental file S3, Q2C for supportive evidence).
Based on their properties, the panel recommends MRI for the
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'mTc]Tc-HDP SPECT/CT, technetium-labelled hydroxymethylene diphosphonate single positron emission CT. ?See table 4 for advantages and

initial evaluation of adult CNO, but agrees that CT with nuclear
imaging ([°°mTc]Te-HDP SPECT/CT or PET/CT with bone-seek-
ing radiotracer) are other reasonable options. A combination of
MRI and CT may be used in certain circumstances. The panel
also acknowledges that CT provides better visualisation of the
anterior chest wall, as CT can detect subtle structural changes
and is less affected by breathing artefacts [7,51]. The panel
agrees that plain radiographs are of limited use for adult CNO,
as they have low sensitivity, do not provide information about
disease activity and are less suitable to assess the anterior chest
wall, spine and mandible [7,52]. Furthermore, the progression
of these lesions over time can provide critical information, aid-
ing in the exclusion of differential diagnoses. Hence, previous
imaging should be given considerable attention in the diagnostic
process. This approach may render repeated examinations
unnecessary or assist in selecting a complementary imaging
technique in complex cases.
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Table 3
Differential diagnostic considerations in suspected adult CNO
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Differential diagnosis

Specifically consider when presentation includes:

Infectious osteomyelitis
CRP or ESR, bactaeremia
Malignant bone tumour
new bone formation on imaging
Psoriatic arthritis

Systemic symptoms such as fever and chills, presumable port of entry, solitary bone lesion, significantly elevated
Unexplained weight loss, solitary bone lesion with quick growth, cortical destruction or perpendicular periosteal

Psoriasis (current, history or family history in first-degree relatives), inflammatory articular disease (joint, spine,

entheseal), nail dystrophy, dactylitis, juxta-articular new bone formation on hand or foot radiography

Axial spondyloarthritis

Inflammatory back pain, sacroiliitis, asymmetrical inflammatory arthritis, enthesitis, dactylitis, uveitis, psoriasis,

inflammatory bowel disease, pain responsive to NSAIDs, family history, HLA-B27 positivity, elevated CRP

Rheumatoid arthritis
CRP or ESR
Osteoarthritis

Symmetrical polyarthritis, specifically of small joints, characteristic erosions, anti-CCP or RF positivity, elevated

Older age at onset, history of strain or occurrence at dominant side, osteoarthritis in other locations, bony swelling

(depending on site; may be seen with sternoclavicular involvement), subchondral sclerosis or cysts, characteris-
tic osteophytes and joint space narrowing on imaging

Tietze’s syndrome
enthesitis in psoriatic arthritis
Paget’s disease

Pain in costosternal transitions, unilateral, self-limiting symptoms after weeks-months and not due to intercostal

Family history, pelvic or skull localisation, raised alkaline phosphatase, deformities, characteristically mixed

osteolytic and osteosclerotic aspect on imaging, age of onset usually >50 years

Osteomalacia

Generalised bone pain and muscle weakness, low serum phosphate, elevated alkaline phosphatase, low 25-

hydroxy-vitamin D, increased parathyroid hormone, bone demineralisation on imaging

Hypophosphatasia

Generalised bone pain and muscle weakness, dental abnormalities, low alkaline phosphatase levels, bone deminer-

alisation on imaging, mixed lytic and sclerotic lesions

Fibrous dysplasia

Bone deformities, neurological symptoms in case of skull involvement, other endocrinopathies in case of McCune-

Albright syndrome, expansive, lytic, ground-glass lesions on imaging

Anterior sternoclavicular subluxation
syndrome
Bone bruise

Recent trauma, unilateral swelling of sternoclavicular joint, history of connective tissue disorder like Ehlers-Danlos

Recent trauma, adjacent trauma-related lesions, self-limiting symptoms after 1—2 months

Other rare differential diagnoses for CNO in adults: (osseous manifestations of) sarcoidosis, gout, Langerhans cell histiocytosis, osteonecrosis with certain
involvement sites (eg, avascular osteonecrosis), ascorbic acid deficiency, Erdheim-Chester disease.

Anti-CCP, anticitrullinated protein antibodies; CNO, chronic non-bacterial osteitis; CRP, C reactive protein; ESR, erythrocyte sedimentation rate; HLA,
human leucocyte antigen; NSAIDs, non-steroidal anti-inflammatory drugs; RF, rheumatoid factor.

R7: Consider performing whole-body imaging in all patients at
initial evaluation to map clinically silent, but radiologically active
lesions. Whole-body MRI (with sagittal spinal images) should be
preferred, but [*’mTc]Tc-HDP SPECT/CT, PET/CT with a bone-
seeking radiotracer or bone scintigraphy alone are reasonable
alternatives

Rationale

The panel extensively deliberated whether routine whole-
body imaging is advisable for the diagnosis and initial evalua-
tion of adult CNO. It is known that up to 67% of patients may

Table 4
Relevant scan properties of [*’mTc] Te-HDP SPECT/CT or PET/CT versus
MRI for initial evaluation of adult CNO

Feature [*°mTc] Tc-HDP MRI
SPECT/CT or PET/CT
Detection of new bone  Very good Fair
formation
Detection of bone Fair (visualised Good
inflammation through bone turn-
over)
Detection of soft tissue ~ Poor Good
inflammation
Ease of performance Good Fair
Ease of interpretation Fair Poor
Ionising radiation Considerable None
Contraindications Few Metal, claustrophobia

CNO, chronic non-bacterial osteitis; [*mTc]Tc-HDP SPECT/CT, techne-
tium-labelled hydroxymethylene diphosphonate single positron emission
CT; PET, positron emission tomography.
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have clinically silent, but radiologically active lesions, which
remain undetected if imaging is only conducted in clinically sus-
pect areas [11,20,23,27] (see online supplemental file S3, Q6C
for supportive evidence). According to the panel, performing
routine whole- body imaging at initial evaluation offers two key
advantages. First, it allows for accurate mapping of the disease,
potentially supporting the CNO diagnosis when lesions follow a
specific distribution. Second, whole-body imaging may affect
clinical management when numerous silent lesions may be
interpreted as more severe or aggressive disease, or when silent
lesions carry a complication risk (eg, vertebral collapse with
highly active spinal lesion). However, it should be stressed that
it is unclear whether identifying these silent lesions will lead to
better patient outcomes (see online supplemental file S3, Q6C
for appraisal of evidence). The panel, therefore, suggests consid-
ering routine whole-body imaging at the initial evaluation of
adult CNO. The panel emphasises that whole-body imaging is
not a strict prerequisite for diagnosis, and should not come at
the expense of good- quality regional imaging. Techniques to be
considered include whole-body MRI (with sagittal images of the
spine), [*°mTc] Tc-HDP SPECT/CT, PET/CT or plain bone scin-
tigraphy.

R8: Do not perform routine bone biopsies. Reserve bone biopsies
for cases with inconclusive imaging and/or suspicion of
malignancy or infectious osteomyelitis

Rationale

The panel recommends against routinely perform bone biop-
sies in adults with suspected CNO and considering these only in
cases where the recommended imaging is inconclusive, and/or
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suspicion of malignancy or infectious osteitis is high. Suspicion
of malignancy is raised in scenarios characterised by involve-
ment of a single bone, atypical locations for CNO, rapid lesion
growth, evidence of cortical destruction on imaging, the pres-
ence of overt and/or severe systemic symptoms such as unex-
plained weight loss. Infection may be more likely in patients
with fever, significantly raised inflammation parameters, a sus-
pected infection source or confirmed bacteraemia.

TREATMENT RECOMMENDATIONS

The diverse clinical presentation of adult CNO renders formu-
lating uniform treatment recommendations challenging. These
recommendations thus centre on osteitis and its associated mor-
bidity, the core feature of the disease. In patients with additional
features and/or fulfilment of criteria for axSpA and PsA, estab-
lished treatment protocols should be followed, with treatment
preferably targeting both osteitis and the additional feature(s).
Furthermore, it should be stressed that the treatment recommen-
dations for adult CNO are largely based on low-level evidence
and expert opinion. Currently, all drugs listed are used off-label
based mainly on evidence from observational studies and case
reports (table 5, figure 5).

R9: Use the following treatment goals and outcome measures in
CNO management

* Relieving symptoms, as evaluated by bone pain likely
caused by osteitis.

Maintaining/Regaining functional capacity, as evalu-
ated by range of motion, fatigue, patient-reported func-
tional capacity and quality of life.

Reducing inflammation, as evaluated by focal inflamma-
tory signs on physical examination (if present), inflam-
mation markers (if previously raised) and radiological
signs of inflammation such as bone marrow oedema or
increased tracer uptake in the clinically and/or radiolog-
ically suspect lesions.

Preventing (the progression of) structural musculoskele-
tal damage.

Rationale

Clinicians and patient representatives identified four treat-
ment goals and associated outcome measures in adult CNO. Rec-
ognising that validated sets of outcome measures are yet to be
developed, the following is meant as a practical tool to support
clinical management. The panel unanimously agrees that the
patient’s well-being should be the primary consideration across
all goals. However, laboratory test results and imaging findings
may help to assess if symptoms can be attributed to active dis-
ease, since pain may also derive from neuropathic or nociplastic
mechanisms and structural changes in the skeleton [53].

1. Relieve symptoms: the panel recommends pain as the main
outcome measure, preferably measuring its severity on a
visual analogue scale or numerical rating scale. While
acknowledging the relevance of other types of pain to the
patient, the focus should be on pain that can reasonably be
attributed to osteitis.

. Regain and maintain functional capacity: the panel recom-
mends that this goal is evaluated by assessing the active and
passive range of motion in the affected part of the skeleton
and patient-reported outcomes such as fatigue and quality of-
life, which can be measured with standardised questionnaires

178

Ann Rheum Dis 84 (2025) 169—187

such as Brief Pain Inventory and Health Assessment Ques-
tionnaire Disability Index [54,55].

. Reduce inflammation: the panel emphasises that this is an
important treatment goal, as inflammation contributes to
symptoms in the acute phase, and likely to risk of skeletal
damage over time. Outcome measures include bone pain that
is likely caused by osteitis (just as in goal 1), focal inflamma-
tory signs on physical examination (if present at initial evalu-
ation), inflammation markers (if elevated at initial
evaluation) and radiological signs of inflammation such as
bone marrow oedema and increased tracer uptake in the clin-
ically and/or radiologically suspect lesions. For the latter, the
panel emphasises that longitudinal studies are needed to elu-
cidate the validity, utility and clinical relevance of bone mar-
row oedema or tracer uptake as an outcome measure, as it is
known that both may persist despite resolution of symptoms
(see online supplemental file S3, Q2C for summary of evi-
dence) [56,57]. The relevance of asymptomatic bone marrow
oedema or tracer uptake may depend on the location(s) and
extent of disease, and may influence treatment decisions in
some cases to protect the structural integrity of functionally
important joints and bones and reduce the risk of
complications.

. Prevent (the progression of) structural musculoskeletal damage:
this is monitored by imaging studies that depict secondary
structural changes, as well as indirectly by the clinical
assessment.

The panel recommends that the caring team should discuss
and agree on treatment goals with patients before the start of
treatment, as goals may vary among individuals and across dif-
ferent stages of the disease and influence treatment response
evaluation (see R11).

R10: Assess disease activity based on clinical symptoms (bone
pain likely caused by osteitis) and radiological measures (bone
marrow oedema or increased tracer uptake in the clinically and/
or radiologically suspect lesions). Include the presence of focal
inflammatory signs and elevation of inflammation markers if
applicable

The following categories can be used as guidance:

1. Corresponding clinical symptoms and radiological
disease activity: consider these patients as active CNO
and initiate treatment.

. Neither clinical symptoms nor radiological disease
activity: consider these patients as inactive CNO and
do not start treatment.

. Clinical symptoms without radiological disease activ-
ity: consider these patients as probably inactive CNO,
and first investigate other causes of pain.

. Radiological disease activity without clinical symp-
toms: consider these patients as having no clinically
relevant CNO activity, and decide on treatment in
shared decision.

Rationale

Defining disease activity in adult CNO is challenging due to
the lack of evidence supporting existing definitions and meas-
ures. According to the panel, disease activity assessment should
primarily be based on clinical symptoms of bone pain likely
caused by osteitis, and radiological measures of bone marrow
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Table 5
Treatment recommendations
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Treatment recommendations Level of evidence LoA, mean+SD LoA, % >8
(see online
supplemental file S3)
R9: use the following treatment goals and outcome measures in CNO management: oo 9.24+1.01 97.30%
« Relieving symptoms, as evaluated by bone pain likely caused by osteitis.
« Maintaining/Regaining functional capacity, as evaluated by range of motion, fatigue, patient-reported
functional capacity and quality of life.
* Reducing inflammation, as evaluated by focal inflammatory signs on physical examination (if present),
inflammation markers (if previously raised) and radiological signs of inflammation such as bone marrow
oedema or increased tracer uptake in the clinically and/or radiologically suspect lesions.
« Preventing (the progression of) structural musculoskeletal damage.
R10: disease activity assessment at initial evaluation (see text for further details) 000 9.16+0.76 100.00%
« Assess disease activity based on clinical symptoms (bone pain likely caused by osteitis) and radiological
measures (bone marrow oedema or increased tracer uptake in the clinically and/or radiologically sus-
pect lesions). Include the presence of focal inflammatory signs and elevation of inflammation markers if
applicable. The following categories can be used as guidance:
1. Corresponding clinical symptoms and radiological disease activity: consider these patients as active
CNO and initiate treatment.
2. Neither clinical symptoms nor radiological disease activity: consider these patients as inactive CNO
and do not start treatment.
3. Clinical symptoms without radiological disease activity: consider these patients as probably inactive
CNO, and first investigate other causes of pain.
4. Radiological disease activity without clinical symptoms: consider these patients as likely not having
clinically relevant CNO activity, and decide on treatment in shared decision.
R11: treatment response evaluation during follow-up (see text for further details) 000 9.27+0.69 100.00%
« Conduct a treatment response evaluation between treatment steps, primarily based on clinical measures,
but integrate radiological and biochemical measures as appropriate.
« Declare sufficient/insufficient response based on improvement, no change or worsening on relevant
measures, with the individual patient context and predetermined treatment goals as reference.
R12: general treatment recommendations oo 9.05+1.37 91.89%
« Provide patient education and lifestyle recommendations.
« Consider physiotherapy and dental examination.
« Short courses of oral prednisolone or intra-articular glucocorticoid injections may be considered as bridg-
ing options, awaiting the effect of other agents, throughout the treatment steps. Avoid the long-term use
of glucocorticoids.
R13: first-line treatment oo 9.30+0.81 100.00%
« Start NSAIDs/COXIBs in maximum tolerated and approved dosage in adults with active CNO.
— Consider directly adding/advancing to second-line treatment in patients with spinal bone lesions with
risk of vertebral collapse and in patients presenting with significant accumulated skeletal damage.
« Evaluate treatment response at 2—4 weeks:
— In case of sufficient response, continue and re-evaluate response at 12 weeks. Consider tapering or
ondemand treatment in case of sustained sufficient response.
— In case of insufficient response at 2—4 weeks or later, consider an NSAID/COXIB rotation or add/
advance to second-line treatment.
R14: second-line treatment eee 9.05+0.81 97.30%
« Start IVBP (generally preferred) or TNFi, depending on patient characteristics.
« csDMARDs can be considered, especially in patients with inflammatory polyarthritis, but it is not neces-
sary to trial these before considering TNFi.
« Evaluate treatment response at 3—6 months:
— In case of sufficient response, continue and re-evaluate response at 6—12 months. Consider tapering in
case of sustained sufficient response.
— In case of insufficient response, exchange for TNFi or IVBP or consider combination therapy. Similarly,
reevaluate response at 6—12 months. Consider tapering (one-by-one) in case of sustained sufficient
response.
R15: third-line treatment 9.54+0.65 100.00%
« Refer patients with insufficient response to IVBP and TNFi (or combined) to an expert centre, where a
range of other third-line treatment options may be considered (see text for details).
R16: complications and adverse effects of treatment 9.46+0.77 100.00%

* Be aware of the neurovascular complications in patients with anterior chest wall involvement and of the

risk of vertebral fractures in patients with spinal involvement.
« Monitor adverse treatment effects according to established guidelines.

° indicates 4-point scale ranging from very low to low to moderate to high according to the Grading of Recommendations, Assessment, Development and Evalua-

tions approach. See table 6 for agents and dosages to consider.

axSpA, axial spondyloarthritis; CNO, chronic non-bacterial osteitis; COXIB, cyclooxygenase-2 inhibitor; csDMARD, conventional synthetic disease-modifying
antirheumatic drug; IVBP, intravenous bisphosphonates; LoA, level of agreement; NRS, numerical rating scale; NSAID, non-steroidal anti-inflammatory drug;

PsA, psoriatic arthritis; TNFi, tumour necrosis factor-a inhibitors.

oedema/increased tracer uptake in the clinically and/or radio-
logically suspect lesions. Clinical signs of focal inflammation
and elevated inflammatory markers may contribute to the over-
all assessment, but they are observed in only a small number of

179

patients, making them limitedly informative for the majority.
Using clinical symptoms and radiological parameters as leading
reflectors of disease activity, the panel identified four main cate-
gories of patients as guidance.
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Adult with active CNO (R10) *°

R12: General recommendations

Throughout all treatment stages, provide patient education and lifestyle

recommendations.

Consider physiotherapy, dental examination and local glucocortoid injections or short
courses of oral prednisolone as bridging management options.

R13: First-line treatment
NSAID/COXIB in maximum tolerated and approved dosage

Response evaluation at 2-4 weeks (R11).€

Insufficient

Consider direct second-
line treatment with active
spinal lesions or significant
skeletal damage.

Sufficient

Consider tapering/switch to on-demand

Consider NSAID/COXIB rotation.

treatment with sustained sufficient

response at 12 weeks.

R14: Second-line treatment
Add or replace with IVBP (first choice) or TNFi 4

Response evaluation at 3-6 months (R11).¢

Insufficient

Sufficient

Consider tapering (one-by-one) in

Add or replace with TNFi or IVBP
respectively.

case of sustained sufficient
response at 6-12 months of either
or combined treatments.

Insufficient response to either of combined IV bisphosphonates and TNFi.

R15: Third-line treatment
Refer to expert centre (if not done already) for third-line treatment options.

Figure 5. Treatment algorithm for adult CNO. axSpA, axial spondyloarthritis; CNO, chronic non-bacterial osteitis; COXIB, cyclooxygenase-2 inhibitor;
csDMARD, conventional synthetic disease-modifying antirheumatic drug; IVBP, intravenous bisphosphonates; NSAID, non-steroidal anti-inflammatory
drug; PsA, psoriatic arthritis; TNFi, tumour necrosis factor-a inhibitors. *Active CNO defined as corresponding clincal and radiological disease activity,
optionally with focal inflammatory signs and/or elevated inflammation parameters. See R10 for details. In case of additional features or clinical over-
lap with axSpA and/or PsA, follow established treatment protocols and align with treatment for osteitis where possible. “Declare sufficient/ insuffi-
cient response based on clinical measures mainly, but integrate radiologic and biochemical measures as appropriate, with the individual patient
context and predetermined treatment goals as reference. See R11 for details. %csDMARDs may be consided as step 2 treatments too, especially in cases

with concomitant polyarthritis.

1. Corresponding clinical symptomsand radiological disease activity:
this category of patients should be regarded as having active
CNO. These patients may exhibit focal inflammatory signs
and elevated inflammation markers as well, but these are not
required to speak of active CNO. The panel recommends that
treatment is initiated in patients with active CNO.

2. Neither clinical symptoms nor radiological disease activity: this
category of patients should be regarded as inactive CNO.
Should elevated inflammation markers be seen, alternative
causes should be investigated as the relation to CNO is less
likely. The panel recommends that these patients do not
require treatment.

3. Clinical symptoms without radiological disease activity: the panel
would consider these patients as probably inactive CNO, and
recommends evaluating other causes of pain before treating
osteitis. Myalgia, central sensitisation, neuropathic pain and
pain originating from structural changes, such as mechanical
issues related to ankylosis, are potential alternative causes [53].

4. Radiological disease activity without clinical symptoms: the panel
leans towards classifying this group as having no clinically rele-
vant CNO activity, particularly if there are no focal
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inflammatory signs or elevated inflammation markers. This
classification is based on the lack of evidence that treating
patients with asymptomatic radiological activity improves out-
comes. Similarly, there is no evidence that withholding treat-
ment in such cases results in worse outcomes. In addition,
common imaging methods, such as [**mTc]Tc-HDP SPECT/CT,
can reveal imprinted tracer uptake patterns regardless of symp-
toms [58]. Since the panel recommends prioritising patient
symptoms in clinical management, this typically means refrain-
ing from treatment in cases of asymptomatic radiological activ-
ity. It is important to recognise that, although this is a patient-
centred approach, it disregards subclinical osteitis, which could,
in theory, cause long-term skeletal damage. Therefore, the deci-
sion to start treatment should be made through careful shared
decision-making. Particular cases in which treatment may be
justified despite the absence of pain are those in which radio-
logical activity poses a direct risk of complications, such as
highly active spinal lesions or imminent vertebral collapse. In
such cases, patients should be counselled on the potential bur-
dens and benefits of treatment as part of the shared decision-
making process (see also R14).
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R11: Conduct a treatment response evaluation between treatment
steps, primarily based on clinical measures, but integrate
radiological and biochemical measures as appropriate. Declare
sufficient/insufficient response based on improvement, no change
or worsening on relevant measures, with the individual patient
context and predetermined treatment goals as reference

Rationale

Defining treatment response criteria for adult CNO presents
several challenges. First, the prognostic value of various out-
come measures is unknown. Additionally, response may mani-
fest in one domain (eg, reduced bone pain caused by osteitis)
but not in others (eg, persistent bone marrow oedema or
increased tracer uptake in the clinically and/or radiologically
suspect region). Lastly, determining response adequacy is
always partly subjective, contingent on baseline conditions and
individual patient context. Hence, the assessment of treatment
response should be made by the treating physician, integrating
clinical, biochemical (if applicable) and radiological measures
within the patient’s context and predetermined treatment goals.

As guidance, the panel outlines three common scenarios:

1. Improvement in all disease activity domains: an improvement in

clinical and radiological activity, along with biochemical

measures (if applicable) is an all-round effect and thus can be
considered as sufficient response.

. No change or worsening in all disease activity domains:
unchanged or worsened clinical and radiological activity
along with biochemical measures (if applicable) can be con-
sidered as insufficient response.

. Improvement in some, but not all disease activity domains: incon-
sistent effect on clinical and radiological measures, along
with biochemical measures (if applicable) may be considered
as sufficient or insufficient, depending on patient context and
treatment goals.

The panel wishes to stress that, despite the importance of
radiological measures in declaring treatment response, routine
follow-up imaging is not required in all patients. In patients
with evident clinical (and optionally biochemical) improve-
ment, follow-up imaging is not essentially required to confirm
sufficient response. Naturally, in patients with lack of or differ-
ential clinical or biochemical improvement, local follow-up
imaging is helpful to incorporate radiological response in the
final assessment and to facilitate shared decision-making. Apart
from treatment response evaluations, local follow-up imaging
may also be considered if the differential diagnosis needs to be
explored further, or when new symptoms arise or complications
such as vascular occlusion, nerve compression or fractures are
suspected. Routine follow-up whole-body scans are not typically
recommended after the initial evaluation but may be a valid
option in specific cases, such as for patients with extensive dis-
ease which is difficult to assess with local imaging.

R12: Use the following as general treatment
recommendations:

¢ Provide patient education and lifestyle
recommendations

* Consider physiotherapy and dental examination

* Consider short courses of oral prednisolone or intraar-
ticular glucocorticoid injections as bridging options,
awaiting the effect of other agents. Avoid the long-
term use of glucocorticoids.
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R12: As general treatment recommendations: provide patient
education and lifestyle recommendations, consider physiotherapy
and dental examination, and consider short courses of oral
prednisolone or intra-articular glucocorticoid injections as
bridging options, awaiting the effect of other agents. Avoid the
long-term use of glucocorticoids

Rationale

The panel recommends that patient education should be
given (specifically because CNO is a rare disorder and often
diagnosed after significant delay). Lifestyle recommendations
are to be given to all patients as well, including smoking cessa-
tion, weight control and regular physical activity, thereby con-
tributing to general health. The panel recommends considering
physiotherapy in adult patients with CNO to optimise physical
functioning. Dental examination may further be considered, to
evaluate the presence of concomitant infections which have
been suggested to be associated with CNO [35,59—-64], as well
as to ensure adequate dental hygiene before the start bisphosph-
onate therapy to mitigate the small risk of osteonecrosis of the
jaw. Regarding the use of glucocorticoids, the panel agreed that
intra-articular glucocorticoid injections may provide short-term
relief in patients with joint involvement and can be considered
when awaiting the effect of other treatments (see online supple-
mental file S3, Q13 for summary of evidence). The same also
holds for oral glucocorticoids, which may be helpful as bridging
option in short courses with fast tapering. As the evidence sup-
porting glucocorticoids in CNO is scarce, management should in
no way rely on these agents, also given their adverse effect pro-
file [37,65,66]. Glucocorticoids may even pose controversial
effects, as they promote bone resorption, possibly worsening the
accelerated bone turnover that is seen in CNO lesions. However,
exact impact of glucocorticoids on CNO lesions, and its rele-
vance in clinical practice, is unknown.

R13: As first-line treatment, start non-steroidal antiinflammatory
drugs/cyclooxygenase-2 inhibitors in maximum tolerated and
approved dosage in adults with active CNO. Consider directly
adding/advancing to second-line treatment in patients with spinal
bone lesions with risk of vertebral collapse and in patients
presenting with significant accumulated skeletal damage

* Evaluate treatment response at 2—4 weeks after
initiation

* In case of sufficient response, continue and re-evaluate
response at 12 weeks. Consider tapering or on-demand
treatment in case of sustained sufficient response.

* In case of insufficient response at 2—4 weeks or later,
consider a non-steroidal anti-inflammatory drug
(NSAID)/cyclooxygenase-2 inhibitor (COXIB) rotation
or add/advance to second-line treatment.

Rationale

It should be emphasised that no randomised controlled trials
(RCTs) exist to inform the optimal treatment choice and dura-
tion in adult CNO. As first-line treatment in adults with active
CNO, panel recommends starting NSAIDs/COXIBs in maximum
tolerated and approved dosage for 2—4 weeks. This may be fol-
lowed by a trial of another NSAID/COXIB if the first did not pro-
vide benefit or was not tolerated [67,68] (see online
supplemental file S3, Q10 for summary of evidence). For
patients with prior NSAIDs/COXIBs usage, it is advisable to con-
firm adherence to the most optimal regimens. The panel
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recommends treatment response evaluation at 2—4 weeks after
initiation. In patients with sufficient response, treatment can be
continued; switching to on-demand treatment or dose tapering
can be considered with sustained sufficient response at 12
weeks. For patients with insufficient response at 2—4 weeks (or
later if response was initially sufficient), the panel suggests add-
ing/advancing to second-line treatments. Direct progression,
without NSAID/ COXIB trial, to second-line treatments is sug-
gested for:

* Patients with spinal bone lesions with risk of vertebral col-
lapse, for example, due to extensive bone marrow oedema
in a full vertebral body [69,70]. The panel specifically sug-
gests starting intravenous bisphosphonates (IVBP) in these
patients directly (with the addition of tumour necrosis fac-
tor-a inhibitors (TNFi) if indicated based on additional
features).

* Patients with significant accumulated skeletal damage, for
example, existing vertebral collapse or severe joint or ver-
tebral ankylosis and erosions.

For both groups, it should be noted that evidence on better
clinical outcomes with earlier and more aggressive treatment is
lacking, making this a fully eminence-based suggestion.

R14: As second-line treatment, start IVBP (generally preferred)
or TNFi, depending on patient characteristics. Conventional
synthetic disease-modifying antirheumatic drugs can be
considered, especially in patients with inflammatory polyarthritis,
but it is not necessary to trial these before considering TNFi

« Evaluate treatment response at 3—6 months

« In case of sufficient response, continue and re-evalu-
ate response at 6—12 months. Consider tapering in
case of sustained sufficient response.

« In case of insufficient response, exchange for TNFi or
IVBP or consider combination therapy. Similarly, re-
evaluate response at 6—12 months. Consider tapering
(one-by-one) in case of sustained sufficient response.

Rationale

As second-line treatment, the panel recommends IVBP and
TNFi as reasonable treatment options (see table 6 for specific
agents and dosages to consider, see online supplemental file S3,
Q11 for summary of evidence) [2,32,38,43,44,71—103]. Con-
ventional synthetic disease-modifying antirheumatic drugs
(csDMARDs) may be considered in this treatment line as well,
especially in cases with inflammatory polyarthritis, but the
majority of the panel recognises that there is more supportive
observational evidence for IVBP and TNFi in the treatment of
osteitis [2,32,37,71,89,91,104—107]. In any case, the panel con-
siders it unnecessary to trial csDMARDs before considering
TNFi, like it is required in, for example, rheumatoid arthritis.
Regarding IVBP and TNFi, the panel recommends IVBP as the
first preferred option, due to the more favourable adverse effects
profile (see also R16), lower costs, the fact that IVBP allow for
on-demand treatment courses and the relative ease of discontin-
uing treatment. IVBP are specifically recommended in patients
with active spinal lesions, although it should be noted there are
no data on whether IVBP can prevent complications in these

182

Ann Rheum Dis 84 (2025) 169—187

Table 6
Agents and dosages to consider for main treatment classes

Class Agents and dosages to consider in active treatment phase
(non-tapering dosages)

Of note: these depend on local regulations and guidelines

NSAIDs/COXIBs  Naproxen 375—1100 mg/day in two doses

Diclofenac starting at 150 mg/day in divided doses, main-
tenance 75—100 mg/day in divided doses Indomethacin
150 mg/day in divided doses

Ibuprofen 1800 mg/day in divided doses

Celecoxib 200—400 mg/day in divided doses

Etoricoxib 90 mg/day (or temporarily 120 mg/day)

Piroxicam 20 mg/day in one dose

Meloxicam 15 mg/day in one dose

Pamidronate intravenously 3 X 30 mg on 3 consecutive
days, every 3 months*

Pamidronate intravenously 45—90 mg (or 1 mg/ kg), every
month or every 3 months*

Zoledronate intravenously 5 mg, according to symptoms’

Infliximab 3—5 mg/kg intravenously at 0, 2 and 6 weeks,
and henceforth 3—5 mg/kg every 6—8 weeks or subcuta-
neously 120 mg/2 weeks

Etanercept 50 mg/week, subcutaneously

Adalimumab 40 mg/2 weeks, subcutaneously

Golimumab 50 mg/4 weeks, subcutaneously (may be
increased to 100 mg depending on weight)

Certolizumab 400 mg/4 weeks or 200 mg/2 weeks, subcu-
taneously (compatible with all trimesters of pregnancy
[118])

IVBP

TNFi

* According to clinical experience of the panel, pamidronate seems to be more
effective for pain reduction than zoledronate.

 Zoledronate carries logistical advantages, with—generally—fewer infusions
and associated admissions, thereby decreasing treatment burden and costs.
CNO, chronic nonbacterial osteitis; COXIB, cyclooxygenase-2 inhibitor; IVBP,
intravenous bisphosphonates; NSAID, non-steroidal anti-inflammatory drugs;
TNFi, tumour necrosis factor-« inhibitors.

patients. TNFi may be preferred over IVBP in patients with pri-
marily axial involvement, sacroiliitis or additional features like
inflammatory arthritis uveitis or inflammatory bowel disease
(resembling an axSpA phenotype). Ultimately, the choice should
be based on patient profile, contraindications to particular treat-
ments, cost considerations, logistics and patient factors and pref-
erences, including pregnancy considerations in females. During
second-line treatment, NSAIDs/ COXIBs can be maintained
when having been partially effective. Response evaluation to
IVBP and TNFi is recommended at 3—6 months after initiation.
In patients with sufficient response, the panel suggests continu-
ing treatment and re-evaluate at 6—12 months (from baseline).
While there is no evidence on the preferred treatment duration
in adult CNO, the panel majority suggests that after 6—12
months of sustained sufficient response, dose or interval taper-
ing can be considered. In this decision, the risk of flare after
treatment discontinuation should be weighed against the nega-
tive consequences of long-term treatment, including complica-
tions (see also R16) and patient burden. In patients with an
insufficient response at 3—6 months, switching to TNFi or IVBP,
or considering combination therapy, may be appropriate, with a
similar re-evaluation at 6—12 months. In case of combination
therapy and sustained sufficient response at 6—12 months, taper
the first-started drug first, and consider tapering the second-
started drug after another 6—12 months of sustained sufficient
response.

If disease reactivation occurs during tapering, treatment may
be resumed. However, if disease remains inactive during taper-
ing, the panel suggests it may be appropriate to discontinue
treatment at a certain point, depending on patient-specific
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factors and at the discretion of the physician. On disease reacti-
vation after a drug-free period, previously effective treatment
regimens may be restarted.

R15: Refer patients with insufficient response to IVBP and TNFi
(or combined) to an expert centre, where a range of other third-
line treatment options may be considered

Rationale

Difficult-to-treat patients with insufficient response to first-
line and second-line treatments need to be referred to an expert
centre if not already done, to optimise management. Strategies
may include the re-evaluation of diagnosis (possibly by bone
biopsy, if not performed initially), re-evaluation of disease activ-
ity (addressing the question of whether persistent pain likely
derives from ongoing inflammation, or may have alternative
sources as outlined before), referral to a pain specialist in case of
suspected neuropathic or nociplastic pain, optimisation of
comorbidity management and psychosocial support. In cases of
a confirmed active disease, IL-17 inhibitors (IL-17i), Janus
kinase inhibitors (JAKi) or IL-12/23i, and IL-23i are third-line
pharmacological treatment options, but it should be noted that
evidence on these treatment options is even more limited (see
online supplemental file S3, Q12 for summary of evidence). IL-
17i may be specifically considered in patients with overlapping
features of axSpA or PsA, such as sacroiliitis, dactylitis, enthesi-
tis, psoriasis, although paradoxical psoriatic skin lesions have
been reported in patients with CNO with PPP. JAKi has been
reported to improve both osteitis and skin manifestations of the
CNO spectrum, and may be administered if not contra-indicated
based on cardiovascular risk profile and cancer risk. IL-23i has
mostly been evaluated in CNO patients with PPP, with joined
efficacy for skin and osteitis symptoms. For IL-12/23i, reported
effects on osteitis are yet highly inconsistent. Concerning surgi-
cal intervention, the panel underscores the scarcity and variabil-
ity of data in adult CNO (see online supplemental file S3, Q12
for summary of evidence). Due to the invasive nature of surgical
procedures, and challenging anatomical regions such as the
anterior chest wall and spine, the panel suggests that consider-
ation for surgery should be reserved for cases with evident
hyperostotic complications and localised disease. Any decision
for surgery should involve a multidisciplinary team comprising
internal and surgical background physicians situated at an
expert centre.

R16: Be aware of the neurovascular complications in patients
with anterior chest wall involvement and of the risk of vertebral
fractures in patients with spinal involvement. Monitor adverse
treatment effects according to established guidelines

Rationale

During follow-up, clinicians should be aware of the neurovas-
cular complications in patients with anterior chest wall involve-
ment, such as subclavian vein obstruction and thoracic outlet
syndrome, and of the small risk of vertebral or clavicular frac-
tures should these bones be involved [25,108—111] (see online
supplemental file S3, Q15 for summary of evidence). Regarding
adverse treatment effects, the panel recommends following
established guidelines. Briefly, physicians should be aware of
gastrointestinal and cardiovascular side effects of NSAIDs/COX-
IBs. For patients receiving IVBP, common side effects include
acute phase reactions, which may be reduced with dose spread,
longer infusion times or additional anti-inflammatory medica-
tion in severe cases (table 6) [112]. Rare but serious
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complications include atypical femoral fractures and osteonec-
rosis of the jaw [113]. These complications have mainly been
seen in oncological patients; the absolute risk for patients with
CNO appears very low. This may be due to the relatively low
cumulative dosage received as compared with those needed to
treat tumour-induced hypercalcaemia. Risk may be further
reduced by ensuring good dental hygiene before treatment and
seeking surgical advice in case of dental procedures under
bisphosphonate treatment. Patients receiving TNFi predomi-
nately face a higher infection risk and should be monitored
accordingly. It is conventional practice that these patients are
screened for latent infection and vaccinated for relevant patho-
gens before start of treatment [114]. Also, there is some evi-
dence suggesting that anti-TNF-¢ can trigger psoriasis
(‘paradoxical psoriasis’) and this has been reported in several
CNO cases [80,82,115] (see online supplemental file S3, Q11
for summary of evidence). Since adult CNO has a clear female
predisposition and frequently occurs at childbearing age, it is
imperative to provide explicit guidance on the safety of various
medications before, during and after pregnancy and nursing [2].

CONCLUSIONS AND FUTURE PERSPECTIVES

This international initiative developed a first consensus state-
ment regarding the disease definition of adults with SBI. It was
agreed by the panel collectively to label this disease spectrum as
CNO in adults (adult CNO), and no longer use terms like SAPHO
syndrome, SCCH, PAO and CRMO. Building on this shared defi-
nition and name, the panel developed a first set of multidisci-
plinary consensus recommendations for diagnosis and treatment
of adult CNO. The main goal of this document is to assist clini-
cians in providing optimal care for their patients, as well as to
limit practice variation and standardise care pathways over dis-
ciplines and countries.

A major challenge encountered during the development of
recommendations was the scarcity of high-quality evidence, as
large-scale epidemiological studies and RCTs specific to CNO
are lacking. Consequently, the recommendations largely rely on
expert opinion, small cohort studies and case reports. Recognis-
ing the importance of ongoing research into CNO, the consensus
recommendations serve as a foundation for future collaborative
studies. As part of the in-person meeting of this initiative, future
research priorities were defined by the panel and patients repre-
sentatives (box 1).

Of priority, the establishment of an international registry for
adult patients with CNO is necessary to close the gaps in current
knowledge on the clinical, laboratory and radiological course of
the disease. A minimal dataset for a CNO registry as proposed
by the panel is provided in online supplemental file S7. As direct
spin-off of this initiative, possibilities are explored to build an
international registry. Requirements for such a registry include
formal governance structures that safeguard data access and
management, as well as the infrastructure for patients to enter
patient-reported outcome measures through digital question-
naires [116]. Candidate research questions to be addressed by
the registry include regional comparison of clinical phenotype,
incidence of new bone lesions and structural skeletal damage
during follow-up and the prognostic relevance of asymptomatic
radiological inflammation.

As for pathophysiology, an understanding of CNO’s underly-
ing mechanisms is currently limited. It is crucial to obtain both
systemic and local signatures of inflammatory activity in CNO,
as identification of these drivers is crucial to guide the develop-
ment or repurposing of treatments. To achieve this, the
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Box1 Future research priorities as identified by consensus
panel and patient representatives

Future research priorities as identified by consensus panel
Fundamentals
= Development and validation of classification criteria for
adult CNO.
= International registry and biobank for adult patients with
CNO including clinical, laboratory, radiological, treatment
data, patient-reported outcomes and storage of specimens.
Pathophysiology and biomarkers
= Environmental and/or genetic risk factors that trigger CNO
(specifically emphasised by patient representatives).
= Underlying mechanisms for and characteristics of patho-
physiological cascade, including systemic and local inflam-
mation, increased bone turnover and structural tissue
changes; identification of therapeutic targets.
= Primary drivers of site-specific nature of the disease.
= Predictors/Biomarkers of disease progression or the devel-
opment of new involvement sites.
= Predictors/Biomarkers of response to specific treatments.
Clinical trials and drug approval
= Development and validation of a (stratified) CNO disease
activity score in adults to use as study end point in clinical
trials, including patient-reported measures, imaging and
relevant biomarkers.
Randomised clinical trials, specifically those comparing
IVBP against placebo (running; EUDRACT 2020-001068-
27), TNFi against placebo, IVBP against TNFi, pamidronate
against zoledronate and other biologics as relevant based
on translational study results. Double-blind, placebo-con-
trolled design (allowing NSAIDs/COXIBs in both groups),
followed by open-label extension.
Imaging
= Prognostic relevance of radiological inflammation in
patients with clinical remission, and utility of follow-up
imaging in patients with clinical remission.
= Diagnostic accuracy of CT (+nuclear imaging) and MRI
(+nuclear imaging) in diagnosis of adult CNO, including
comparative analysis.
= Radiological evolution of adult CNO in larger patient num-
bers: frequency of progressive structural change, frequency
of new lesion sites and utility of whole-body imaging at
diagnosis and during follow-up.
Specifically emphasised by patient representatives
Research priorities additionally identified by patient
representatives:
= Strategies to reduce diagnostic delay.
= Factors associated with relapse and remission.
= Role of physical therapy, diet and other lifestyle factors on
disease outcomes.
CNO: chronic non-bacterial osteitis, COXIB: cyclooxygenase-2
inhibitor, IVBP: intravenous bisphosphonates, NSAID: non- steroidal
anti-inflammatory drugs, TNFi: tumour necrosis factor-a inhibitors.

establishment of an international biobank with systemic
(peripheral blood) and local (bone or joint specimens) biomate-
rials is needed. Subsequently, collaboration between centres to
exchange biomaterials and relevant techniques is needed (eg,
immunophenotyping, gene expression profiling, spatial tran-
scriptomics). A direct next step involves crafting a grant pro-
posal with collaborators experienced in translational research,
with the aim of launching such a project in the near future.

In the domain of treatment, there is clear need to conduct
RCTs to validly assess efficacy of different treatments. An RCT
comparing intravenous pamidronate against placebo is currently
running, and subsequent trials should preferably compare effi-
cacy between IVBP agents (eg, pamidronate against zoledro-
nate), TNFi against placebo, TNFi against IVBP or other
biologics based on immunological signatures as discovered in
translational studies [10]. The panel deliberated that randomis-
ing patients with CNO to a placebo group is ethically acceptable,
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provided they have the option to receive NSAIDs/COXIBs and
the placebo phase is short and succeeded by an open-label inter-
vention phase. To conduct these trials, there is need for a set of
validated classification criteria and outcome measures for adult
CNO, the latter being currently underway [117].

This consensus initiative has strengths and limitations.
Regarding strengths, this is the first attempt to develop recom-
mendations for the management of adults with CNO, based on
the best available evidence, international expertise and in col-
laboration with patient representatives. The initiative was inclu-
sive by involving numerous disciplines from a wider range of
countries, recognising the widespread experience with CNO.
The involvement of the Dutch CNO patient association ensured
patient representation in identifying treatment goals, outcome
measures and research priorities. In addition, the inclusion of
different syndromes causing SBI under a single entity, named
CNO, will facilitate the conduction of larger research studies to
address the unmet needs in the care of patients with CNO. Limi-
tations of this initiative mainly pertain to the limited evidence
supporting the recommendations, potentially compromising the
validity of the recommendations. Nevertheless, the text consis-
tently highlights the absence of evidence, and significant
emphasis is placed on weighing the risks and benefits of specific
clinical approaches. As such, the panel believes the recommen-
dations are of value, especially given the lack of alternative
resources. A second limitation is the comparatively low repre-
sentation of American and Asian experts relative to those from
Europe, despite considerable efforts made to include voices
from all continents in the process. Recognising this gap, we
designed the recommendations to be flexible, allowing it to be
adapted to various healthcare systems in different countries,
and aim at addressing this issue by further actively enhancing
geographical diversity in future updates.

Moving forward, the next steps for this project involve the
dissemination and implementation of the consensus recommen-
dations, which requires extensive communication through rele-
vant networks in rheumatology, endocrinology, orthopaedics,
radiology and paediatric rheumatology. The panel perceives
they are relatively easy to implement, as the recommendations
pertain to relatively low patient numbers and were developed
considering differences in the availability of diagnostic tests and
treatment between healthcare systems. Despite being flexible,
the recommendations offer a structured overview of diagnostic
and management considerations for clinicians and helps patients
understand what to expect. A potential challenge may arise from
the limited reimbursement and accessibility of TNFi in certain
regions. However, alternatives to TNFi are proposed. Anticipat-
ing future revisions of the recommendations, the panel hopes
for further advancements in research to provide a more robust
scientific foundation for updates.
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