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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, Development 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 preferably 
consists of intravenous bisphosphonates, and 
otherwise tumour necrosis factor-α inhibitors. 
Choice between them should be individualised, 
considering the presence of additional inflammatory 
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 support 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
Sterile bone inflammation (SBI) represents a rare and 
heterogeneous disease spectrum that affects children 
and adults.1 Various terms are currently in use to 
describe patients with SBI, including chronic non- 
bacterial osteomyelitis, chronic recurrent multifocal 
osteomyelitis (CRMO), synovitis, acne, pustulosis, 
hyperostosis, osteitis (SAPHO) syndrome, diffuse 
sclerosing osteomyelitis (DSO), pustulotic arthro- 
osteitis (PAO), sternocostoclavicular hyperostosis 
(SCCH) and more.2 The disease definition of SBI 
is complex, owing to its broad clinical presentation 
and overlap with other autoinflammatory muscu-
loskeletal and non- musculoskeletal disorders.3–5 
In adults, SBI mostly manifests as osteitis of the 
anterior chest wall, but the vertebrae, mandible 
and pelvis may also be involved.6 Initial radio-
logical signs comprise bone marrow oedema and 
osteolysis, while progressive structural alterations 
secondary to inflammation include sclerosis, hyper-
ostosis, erosion, soft tissue ossification and joint 
ankylosis.7 Apart from bone inflammation, patients 
may present with a range of other autoinflamma-
tory features, including musculoskeletal features 
(inflammatory arthritis, sacroiliitis, dactylitis, 
enthesitis), dermatological features (palmoplantar 
pustulosis (PPP), psoriasis, hidradenitis suppura-
tiva, severe acne), uveitis and inflammatory bowel 
disease.2 8 The clinical management of SBI pres-
ents major challenges. Unifying diagnostic criteria 
are lacking, pathophysiology is largely unknown 
and there are no standard outcome measures or 
evidence- based treatment modalities.9 10 Individuals 
with SBI endure high disease burden due to bone 
pain impacting daily functioning, and, especially 
without timely treatment, are at risk for compli-
cations such as skeletal deformities, compromised 
joint functionality, neurovascular entrapment or 
vertebral fractures.7 11–15 The provision of care 
for patients with SBI is fragmented, spread across 
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Recommendation

diverse medical disciplines such as rheumatology, orthopaedic 
surgery and endocrinology, with wide variety in (off- label) 
treatment strategies.2 Clearly, consensus recommendations and 
a research agenda are necessary steps towards clinical advance-
ment for SBI. Recognising this imperative, we convened a 
consensus group to formulate a disease definition, to choose an 
overarching name for the SBI spectrum, 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 
disease. Patients with adult- onset CNO typically present with 
lesions confined to one or two areas in the axial skeleton. In 
contrast, childhood- onset CNO often follows a recurrent multi-
focal pattern, also involving appendicular bones, and is more 
clearly associated with systemic inflammation.1 16 While the 
recommendations focus on adult (- onset) CNO, we recognise 
that paediatric patients wth CNO may transition into adult-
hood with ongoing disease activity. The applicability of these 
recommendations 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 recom-
mendations 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 generally include secondary care specialists working in 

rheumatology, endocrinology, clinical osteology, orthopaedics, 
radiology and nuclear medicine. Although we recognise the 
limited evidence supporting diagnostic and therapeutic recom-
mendations 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 treat-
ment involved choosing a unified name for the spectrum of SBI. 
After thoughtful discussion, the expert panel and patient repre-
sentatives chose the term ‘CNO’ for this spectrum, with distinc-
tions 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 marrow oedema, spontaneous osteonecrosis and genetic 
syndromes like Majeed or deficiency of the interleukin (IL)- 1 
receptor antagonist were considered beyond the scope. The 
expert consensus recommendations were developed and 

Figure 1 Schematic overview of consensus process.
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reported according to the Appraisal of Guidelines Research and 
Evaluation- Recommendations Excellence (see online supple-
mental file S1 for reporting checklist)17 and endorsed by The 
European Calcified Tissue Society, The European Reference 
Network of Rare Bone Diseases (formally) and European Society 
of Endocrinology (pending final publication). An overview of the 
project’s steps is outlined in figure 1. As a first step, we conducted 
a physician 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 
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 Interventions19 
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 repre-
sentatives was arranged with the Dutch CNO patient associa-
tion. With the summary of evidence as resource for expert panel 
members, the consensus recommendations were subsequently 
developed over the course of two Delphi survey rounds (results 

outlined in online supplemental files S5 and S6) and three meet-
ings (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 recom-
mendations using a 0–10 Likert scale, where 0 represented no 
agreement and 10 signified full agreement. The metrics of agree-
ment are presented in the recommendation 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 
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 (partially) 
distinct conditions. The connection between adult CNO and 
musculoskeletal rheumatic diseases such as axial spondyloar-
thritis (axSpA) and psoriatic arthritis (PsA), which share similar 
features, remains similarly ambiguous, as does the link between 
adult and paediatric disease. Despite these uncertainties, the 
panel proposes the following disease definition to capture 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. 

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% CI.
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Typical imaging characteristics of bone inflammation include 
bone marrow oedema, osteolysis, increased tracer uptake on 
nuclear imaging and in later stages, sclerosis, erosions, hyper-
ostosis (seen as endosteal and periosteal thickening), soft tissue 
ossification and ankylosis7 11 20–26 (see online supplemental file 
S2, Q2A and Q2B for supportive evidence). While isolated bone 
inflammation is the most common presentation, additional 
features that may be seen are:

 ► Musculoskeletal: inflammatory arthritis, sacroiliitis and 
possibly 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 
estimate, 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, rheumatol-
ogists for multifocal appendicular involvement, orthopaedic 
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 23 27 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 involvement rates 

between 78% and 96%.2 Following this, the spine, appendic-
ular skeleton, jaw and pelvis may be involved.2 6 24 28 Based on 
clinical experience (without available supporting 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 
presence, or history of PPP, reported in 37%–68% of patients. 
Additionally, 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, erosive 
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 experience 
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 
features. According to recent literature, the typical age of presen-
tation falls within the range of 29–46 years, and 60%–73% of 
the patients are female2 (see online supplemental file S3, Q1C 
for supportive evidence). In early CNO, physical examination 
findings may reveal local soft- tissue swelling, erythema, tender-
ness and impairment of function. CNO may progress over time 
to the point where bony swelling becomes apparent, but due 

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, cyclooxygenase- 2 inhibitor; NSAID, non- steroidal anti- inflammatory 
drug.
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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 such as fever 
or unexplained weight loss are rare (fever noted in up to 14%, 
as reported in literature) and warrant further investigation 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, 
leaving 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. Alterna-
tively, ‘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 
perceives 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 antic-
ipated. The panel recommends discontinuing the use of other 
historical 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 referral 
to an expert centre for all patients, and specifically recommends 
referral of all difficult- to- treat patients if not done already (see 
‘Treatment recommendations’ section). Depending on health-
care system, expert centres may include tertiary referral 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 expert centre 
with follow- up and treatment administered at nearby clinics, 

would be a patient- friendly approach, minimising 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 exper-
tise 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 supplemental file 
S3, Q4 for current overview and quality appraisal). Close collab-
oration with musculoskeletal imaging experts is necessary 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 clav-
icle 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 predictors to iden-
tify 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 recom-
mended. The frequency of follow- up visits varies according to 
local protocols, healthcare organisation policies, patient- specific 
factors and importantly, treatment type. 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.

Table 1 General recommendations

General recommendations

Level of evidence for 
clinical utility (see online 
supplemental file S3) LoA, mean±SD LoA, % ≥8

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

 ► ○○○ 9.51±0.77 97.30%

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.

 ► ○○○ 9.51±0.80 97.30%

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.

 ► ○○○ 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.
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DIAGNOSTIC RECOMMENDATIONS
Across the different stages of diagnostic evaluation, differ-
ential diagnoses to consider in adults with suspected CNO 
include infectious osteomyelitis, malignant bone tumours, other 
rheumatic musculoskeletal diseases, Tietze’s syndrome, meta-
bolic bone diseases and sternoclavicular subluxation (table 2, 
figure 4). Clinical findings 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 performing 
a thorough clinical evaluation including history of initial and 
presenting complaints, full medical history and family history of 
autoinflammatory or autoimmune diseases in first- degree rela-
tives.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, ophthalmologist and gastro-
enterologist 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 implica-
tions 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 diagnoses2 (see online supplemental file 
S3, Q5 for supportive evidence). As part of the initial evaluation, 
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, phosphate and 
parathyroid hormone levels should routinely be measured to 
exclude other metabolic bone diseases, such as osteomalacia, 
Paget’s disease or hypophosphatasia. The following 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 diag-
nosis 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 
[99mTc]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 features associated with the condition, thereby 
aiding the diagnostic process and informing on prognosis 
and (2) assess inflammatory disease activity, should a diag-
nosis of CNO be confirmed. Achieving both goals using 

Table 2 Diagnostic recommendations

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.

 ► ○○○ 9.51±0.65 100.00%

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.

 ► ○○○ 9.27±0.87 97.30%

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 [99mTc]Tc- HDP 
SPECT/CT or PET/CT with a bone- seeking radiotracer are reasonable alternatives.

 ► ○○○ 9.32±1.53 94.59%

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 [99mTc]Tc- HDP SPECT/CT, PET/CT with a bone- seeking radiotracer or bone 
scintigraphy alone are reasonable alternatives.

 ► ○○○ 8.92±1.79 86.49%

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

 ► ○○○ 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; [99mTc]Tc- HDP SPECT/CT, technetium- labelled hydroxymethylene diphosphonate single positron emission CT; PET, positron emission tomography; PsA, psoriatic 
arthritis; RF, rheumatoid factor.
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a single scan is feasible with either MRI or CT combined 
with a bone scintigraphy technique. Examples of the latter 
are technetium- labelled hydroxymethylene diphosphonate 
single positron emission CT ([99mTc]Tc- HDP SPECT/CT) 
and positron emission tomography (PET)/CT with a bone- 
seeking radiotracer such as sodium fluoride7 23 46–48 (see 
online supplemental file S3, Q6A and Q6B for supportive 
evidence). The specific scan properties of MRI and [99mTc]
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 [99mTc]Tc- HDP SPECT/CT or PET/CT 
a reasonable alternative, for the following reasons.

CT provides excellent visualisation of structural changes 
secondary to inflammation, which are often already seen 
at initial evaluation owing to diagnostic delays.7 These 
include sclerosis, erosions, hyperostosis (seen as endosteal 
and periosteal thickening), soft tissue ossification and anky-
losis7 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 

Figure 4 Diagnostic algorithm for adult CNO. ANA, antinuclear antibody and immunofluorescence pattern; anti- CCP, anticitrullinated protein 
antibodies; CNO, chronic non- bacterial osteitis; HLA- B27, human leucocyte antigen B27 typing; PET, positron emission tomography; RF, rheumatoid 
factor; [99mTc]Tc- HDP SPECT/CT, technetium- labelled hydroxymethylene diphosphonate single positron emission CT. aSee table 4 for advantages and 
disadvantages of MRI and CT+nuclear imaging.
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for prognosis since they reflect the degree of accumulated 
skeletal damage. Structural changes are well visualised with 
CT, which can conveniently be combined with bone scintig-
raphy techniques ([99mTc]Tc- HDP SPECT/CT or PET/CT) to 
evaluate disease activity, with increased radiotracer uptake 
representing heightened 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 [99mTc]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 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 typical skeletal sites for CNO (eg, anterior chest 
wall, spine and mandible). 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 supple-
mental file S3, Q2C for supportive evidence). Based on their 
properties, the panel recommends MRI for the initial evalu-
ation of adult CNO, but agrees that CT with nuclear imaging 
([99mTc]Tc- HDP SPECT/CT or PET/CT with bone- seeking 
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 visualisa-
tion of the anterior chest wall, as CT can detect subtle struc-
tural 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, aiding 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 

Table 3 Differential diagnostic considerations in suspected adult CNO

Differential diagnosis Specifically consider when presentation includes:

Infectious osteomyelitis Systemic symptoms such as fever and chills, presumable port of entry, solitary bone lesion, significantly elevated CRP or ESR, bactaeremia

Malignant bone tumour Unexplained weight loss, solitary bone lesion with quick growth, cortical destruction or perpendicular periosteal new bone formation on 
imaging

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

Osteoarthritis 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, characteristic osteophytes and joint space narrowing on imaging

Tietze’s syndrome Pain in costosternal transitions, unilateral, self- limiting symptoms after weeks- months and not due to intercostal enthesitis in psoriatic 
arthritis

Paget’s disease 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 demineralisation 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

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

Bone bruise 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.

Table 4 Relevant scan properties of [99mTc]Tc- HDP SPECT/CT or 
PET/CT versus MRI for initial evaluation of adult CNO

Feature
[99mTc]Tc- HDP SPECT/CT or 
PET/CT MRI

Detection of new bone 
formation

Very good Fair

Detection of bone 
inflammation

Fair (visualised through bone 
turnover)

Good

Detection of soft tissue 
inflammation

Poor Good

Ease of performance Good Fair

Ease of interpretation Fair Poor

Ionising radiation Considerable None

Contraindications Few Metal, 
claustrophobia

CNO, chronic non- bacterial osteitis; [99mTc]Tc- HDP SPECT/CT, technetium- labelled 
hydroxymethylene diphosphonate single positron emission CT; PET, positron 
emission tomography.
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or assist in selecting a complementary imaging technique in 
complex cases.

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 [99mTc]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 evaluation of 
adult CNO. It is known that up to 67% of patients may have 
clinically silent, but radiologically active lesions, which remain 
undetected if imaging is only conducted in clinically suspect 
areas11 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 considering routine 
whole- body imaging at the initial evaluation of adult CNO. The 
panel emphasises that whole- body imaging is not a strict prereq-
uisite 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), [99mTc]
Tc- HDP SPECT/CT, PET/CT or plain bone scintigraphy.

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 biopsies 
in adults with suspected CNO and considering these only in 
cases where the recommended imaging is inconclusive, and/or 
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 suspected 
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 
morbidity, the core feature of the disease. In patients with 
additional features and/or fulfilment of criteria for axSpA and 
PsA, established treatment protocols should be followed, with 
treatment preferably targeting both osteitis and the additional 
feature(s). Furthermore, it should be stressed that the treatment 
recommendations 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 evaluated 
by range of motion, fatigue, patient- reported functional 
capacity and quality of life.

 ► Reducing inflammation, as evaluated by focal inflamma-
tory signs on physical examination (if present), inflamma-
tion 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.

Rationale
Clinicians and patient representatives identified four treat-
ment goals and associated outcome measures in adult CNO. 
Recognising 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 consid-
eration across all goals. However, laboratory test results 
and imaging findings may help to assess if symptoms can be 
attributed to active disease, 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 vi-
sual analogue scale or numerical rating scale. While acknowl-
edging the relevance of other types of pain to the patient, the 
focus should be on pain that can reasonably be attributed to 
osteitis.

2. 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 question-
naires such as Brief Pain Inventory and Health Assessment 
Questionnaire Disability Index.54 55

3. 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 in-
flammatory signs on physical examination (if present at ini-
tial evaluation), inflammation markers (if elevated at initial 
evaluation) and radiological signs of inflammation such as 
bone marrow oedema and increased tracer uptake in the 
clinically and/or radiologically suspect lesions. For the latter, 
the panel emphasises that longitudinal studies are needed to 
elucidate the validity, utility and clinical relevance of bone 
marrow oedema or tracer uptake as an outcome measure, as 
it is known that both may persist despite resolution of symp-
toms (see online supplemental file S3, Q2C for summary of 
evidence).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 
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important joints and bones and reduce the risk of complica-
tions.

4. Prevent (the progression of) structural musculoskeletal dam-
age: this is monitored by imaging studies that depict second-
ary 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 
different 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.

Table 5 Treatment recommendations

Treatment recommendations
Level of evidence (see online 
supplemental file S3) LoA, mean±SD LoA, % ≥8

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 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.

 ► ○○○ 9.24±1.01 97.30%

R10: disease activity assessment at initial evaluation (see text for further details)
 ► 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.
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.

 ► ○○○ 9.16±0.76 100.00%

R11: treatment response evaluation during follow- up (see text for further details)
 ► 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.

 ► ○○○ 9.27±0.69 100.00%

R12: general treatment recommendations
 ► 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 bridging 

options, awaiting the effect of other agents, throughout the treatment steps. Avoid the long- term use of 
glucocorticoids.

 ► ○○○ 9.05±1.37 91.89%

R13: first- line treatment
 ► 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 on- 

demand 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.

 ► ○○○ 9.30±0.81 100.00%

R14: second- line treatment
 ► Start IVBP (generally preferred) or TNFi, depending on patient characteristics.
 ► csDMARDs 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- 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, re- 
evaluate response at 6–12 months. Consider tapering (one- by- one) in case of sustained sufficient response.

 ► ○○○ 9.05±0.81 97.30%

R15: third- line treatment
 ► 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).

9.54±0.65 100.00%

R16: complications and adverse effects of treatment
 ► 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.

9.46±0.77 100.00%

○ 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 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-α inhibitors.
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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 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 
measures. 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 oedema/increased tracer uptake in the clini-
cally and/or radiologically suspect lesions. Clinical signs of 
focal inflammation and elevated inflammatory markers may 

contribute to the overall assessment, but they are observed 
in only a small number of 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 categories of patients 
as guidance.
1. Corresponding clinical symptomsand radiological disease ac-

tivity: 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 rec-
ommends 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 re-
quire treatment.

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-α inhibitors. aActive CNO defined as corresponding clincal and radiological disease activity, 
optionally with focal inflammatory signs and/or elevated inflammation parameters. See R10 for details. bIn case of additional features or clinical 
overlap with axSpA and/or PsA, follow established treatment protocols and align with treatment for osteitis where possible. cDeclare sufficient/
insufficient 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. dcsDMARDs may be consided as step 2 treatments too, especially in 
cases with concomitant polyarthritis.
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3. Clinical symptoms without radiological disease activity: the 
panel would consider these patients as probably inactive 
CNO, and recommends evaluating other causes of pain be-
fore treating osteitis. Myalgia, central sensitisation, neuro-
pathic 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 clini-
cally relevant CNO activity, particularly if there are no focal 
inflammatory signs or elevated inflammation markers. This 
classification is based on the lack of evidence that treating 
patients with asymptomatic radiological activity improves 
outcomes. Similarly, there is no evidence that withholding 
treatment in such cases results in worse outcomes. In ad-
dition, common imaging methods, such as [99mTc]Tc- HDP 
SPECT/CT, can reveal imprinted tracer uptake patterns re-
gardless of symptoms.58 Since the panel recommends pri-
oritising patient symptoms in clinical management, this 
typically means refraining from treatment in cases of asymp-
tomatic radiological activity. 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 decision 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 radiological activi-
ty 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 burdens and 
benefits of treatment as part of the shared decision- making 
process (see also R14).

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 pres-
ents several challenges. First, the prognostic value of various 
outcome measures is unknown. Additionally, response may 
manifest 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 base-
line 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.

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

3. Improvement in some, but not all disease activity domains: 
inconsistent effect on clinical and radiological measures, 
along with biochemical measures (if applicable) may be con-
sidered 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) 
improvement, follow- up imaging is not essentially required 
to confirm sufficient response. Naturally, in patients with 
lack of or differential clinical or biochemical improvement, 
local follow- up imaging is helpful to incorporate radiolog-
ical response in the final assessment and to facilitate shared 
decision- making. Apart from treatment response evalua-
tions, 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 occlu-
sion, 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 disease 
which is difficult to assess with local imaging.

R12: Use the following as general treatment 
recommendations:

 ► Providepatient education and lifestyle recommendations
 ► Consider physiotherapy and dental examination
 ► 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.

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 recom-
mendations are to be given to all patients as well, including 
smoking cessation, weight control and regular physical 
activity, thereby contributing to general health. The panel 
recommends considering physiotherapy in adult patients 
with CNO to optimise physical functioning. Dental exam-
ination may further be considered, to evaluate the pres-
ence 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 bisphosphonate 
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 treat-
ments (see online supplemental 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 supporting glucocorti-
coids in CNO is scarce, management should in no way rely 
on these agents, also given their adverse effect profile.37 65 66 
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Glucocorticoids may even pose controversial effects, as they 
promote bone resorption, possibly worsening the acceler-
ated bone turnover that is seen in CNO lesions. However, 
exact impact of glucocorticoids on CNO lesions, and its 
relevance in clinical practice, is unknown.

R13: As first-line treatment, start non-steroidal anti-
inflammatory 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)/cycloox-
ygenase- 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 
duration 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 followed by a trial of another NSAID/COXIB if 
the first did not provide benefit or was not tolerated67 68 (see 
online supplemental file S3, Q10 for summary of evidence). 
For patients with prior NSAIDs/COXIBs usage, it is advis-
able to confirm adherence to the most optimal regimens. 
The panel recommends treatment response evaluation 
at 2–4 weeks after initiation. In patients with sufficient 
response, treatment can be continued; switching to on- de-
mand 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 adding/advancing to 
second- line treatments. Direct progression, without NSAID/
COXIB trial, to second- line treatments is suggested for:

 ► Patients with spinal bone lesions with risk of vertebral 
collapse, for example, due to extensive bone marrow 
oedema in a full vertebral body.69 70 The panel specifically 
suggests starting intravenous bisphosphonates (IVBP) in 
these patients directly (with the addition of tumour necrosis 
factor-α inhibitors (TNFi) if indicated based on additional 
features).

 ► Patients with significant accumulated skeletal damage, for 
example, existing vertebral collapse or severe joint or verte-
bral 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- 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, 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 Conventional 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 recog-
nises 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 considers it unnecessary to trial csDMARDs 
before considering TNFi, like it is required in, for example, 
rheumatoid arthritis. Regarding IVBP and TNFi, the panel 

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, maintenance 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

IVBP Pamidronate intravenously 3×30 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†

TNFi Infliximab 3–5 mg/kg intravenously at 0, 2 and 6 weeks, and henceforth 3–5 mg/kg every 6–8 weeks or subcutaneously 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, subcutaneously (compatible with all trimesters of pregnancy118)

*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-α inhibitors.
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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 discontinuing 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 patients. TNFi may be preferred over 
IVBP in patients with primarily 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, contra-
indications to particular treatments, cost considerations, logistics 
and patient factors and preferences, including pregnancy consid-
erations 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 continuing 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 tapering can be considered. In this decision, the 
risk of flare after treatment discontinuation should be weighed 
against the negative consequences of long- term treatment, 
including complications (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 
tapering, the panel suggests it may be appropriate to discon-
tinue treatment at a certain point, depending on patient- specific 
factors and at the discretion of the physician. On disease reac-
tivation 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 activity 
(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, enthesitis, 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 oste-
itis symptoms. For IL- 12/23i, reported effects on osteitis are yet 
highly inconsistent. Concerning surgical intervention, the panel 
underscores the scarcity and variability of data in adult CNO 
(see online supplemental file S3, Q12 for summary of evidence). 
Due to the invasive nature of surgical procedures, and chal-
lenging anatomical regions such as the anterior chest wall and 
spine, the panel suggests that consideration 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 back-
ground 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 involved25 108–111 (see online supple-
mental file S3, Q15 for summary of evidence). Regarding adverse 
treatment effects, the panel recommends following established 
guidelines. Briefly, physicians should be aware of gastrointes-
tinal and cardiovascular side effects of NSAIDs/COXIBs. For 
patients receiving IVBP, common side effects include acute phase 
reactions, which may be reduced with dose spread, longer infu-
sion times or additional anti- inflammatory medication in severe 
cases (table 6).112 Rare but serious complications include atyp-
ical femoral fractures and osteonecrosis 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 hypercal-
caemia. 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 predominately face a higher infection risk and 
should be monitored accordingly. It is conventional practice 
that these patients are screened for latent infection and vacci-
nated for relevant pathogens before start of treatment.114 Also, 
there is some evidence suggesting that anti- TNF-α can trigger 
psoriasis (‘paradoxical psoriasis’) and this has been reported in 
several CNO cases80 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 definition and name, the panel developed a first set of 
multidisciplinary consensus recommendations for diagnosis and 
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treatment of adult CNO. The main goal of this document is to 
assist clinicians in providing optimal care for their patients, as 
well as to limit practice variation and standardise care pathways 
over disciplines 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. 
Recognising 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 representatives (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 ques-
tionnaires.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 under-
lying 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 development 
or repurposing of treatments. To achieve this, the establishment 
of an international biobank with systemic (peripheral blood) and 
local (bone or joint specimens) biomaterials is needed. Subse-
quently, collaboration between centres to exchange biomaterials 
and relevant techniques is needed (eg, immunophenotyping, 
gene expression profiling, spatial transcriptomics). A direct next 
step involves crafting a grant proposal with collaborators experi-
enced 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 efficacy between IVBP agents (eg, pamidronate 
against zoledronate), TNFi against placebo, TNFi against 
IVBP or other biologics based on immunological signatures 
as discovered in translational studies.10 The panel deliber-
ated that randomising patients with CNO to a placebo group 
is ethically acceptable, provided they have the option to 
receive NSAIDs/COXIBs and the placebo phase is short and 
succeeded by an open- label intervention phase. To conduct 
these trials, there is need for a set of validated classifica-
tion 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 
recommendations for the management of adults with CNO, 
based on the best available evidence, international exper-
tise and in collaboration with patient representatives. The 
initiative was inclusive 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 iden-
tifying treatment goals, outcome measures and research 
priorities. In addition, the inclusion of different syndromes 
causing SBI under a single entity, named CNO, will facilitate 

Box 1 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 
pathophysiological cascade, including systemic and local 
inflammation, 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 
development 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- controlled 
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 
numbers: 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-α 
inhibitors
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the conduction of larger research studies to address the 
unmet needs in the care of patients with CNO. Limitations 
of this initiative mainly pertain to the limited evidence 
supporting the recommendations, potentially compromising 
the validity of the recommendations. Nevertheless, the text 
consistently highlights the absence of evidence, and signifi-
cant emphasis is placed on weighing the risks and benefits 
of specific clinical approaches. As such, the panel believes 
the recommendations are of value, especially given the lack 
of alternative resources. A second limitation is the compar-
atively low representation 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 
recommendations, which requires extensive communication 
through relevant 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 avail-
ability of diagnostic tests and treatment between healthcare 
systems. Despite being flexible, the recommendations offer a 
structured overview of diagnostic and management consid-
erations 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. Anticipating 
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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AGREE-Recommendation EXcellence  
(AGREE-REX) Reporting Checklist  
 
This checklist is intended to guide the reporting of clinical practice 
guideline recommendations. 
 

Manuscripts related to the AGREE-REX are being submitted to peer-reviewed 
journals for publication. Citations will be added here when they become 
available.  
 
For more information about the AGREE-REX Reporting Checklist, please visit 
the AGREE Enterprise website at www.agreetrust.org. 

 

CHECKLIST ITEM REPORTING CRITERIA 
Page 

# 

ITEM 1: CLINICAL APPLICABILITY 
 

1. Evidence 
 
The following criteria 
are related to the 
evidence supporting 
the recommendations. 

To be reported: 
 

 Risk of bias related to the study designs of the supporting evidence 
 Consistency of the results (i.e., similarity of results across studies) 
 Directness of evidence to the clinical/health problem (i.e., addresses 

the exact interventions, populations and outcomes of interest) 
 Precision of the results (e.g., width of confidence intervals of individual 

studies or meta-analyses)  
 Magnitude of the benefits and harms 
 Likelihood of publication bias 
 Possibility of confounding variable (if applicable) 
 Dose-response gradient (if applicable) 

 

2. Applicability to 
Target Users 
 
The following criteria 
are related to the 
applicability of the 
recommendations to 
target users. 

To be considered during development and reporting of the 
recommendations and supporting text:  
 
 A clinical/health problem that is relevant to the intended target users  
 Alignment between the target user’s scope of practice and targeted 

patients/populations 
 Alignment between the target user’s scope of practice and 

recommended actions 
 Alignment between the direction of the recommendations (i.e., in 

favour of or against a particular action) and the trade-offs between 
harms and benefits 

 Alignment between the definitiveness or strength of the 
recommendations and the trade-offs between harms and benefits 

 

3. Applicability to 
Patients/Population 
 
The following criteria 
are related to the 
applicability of the 
recommendations to 
patients/populations. 

To be reported: 
 
 Outcomes relevant to the targeted patients/populations that were 

considered in the development of evidence base 
 Recommended actions that have the potential to impact outcomes 

relevant to patients/populations 
 How the importance of outcomes to patients was determined 
 How to tailor recommendations for application to individual (or subsets 

of) patients or populations (e.g., based on age, sex, ethnicity, 
comorbidities) 

 

S3

R9, p 18-19
S4
Table 3/4 
and 6/7

5-6

Latter two:

Rationale 

for R1-R16
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DOMAIN 2: VALUES AND PREFERENCES 
 

4. Values and 
Preferences of 
Target Users 
 
The following criteria 
are related to the target 
users’ values and 
preferences. 

To be reported: 
 
 Values and preferences of the target users that were considered in 

relation to the recommended actions  
 Factors related to target user acceptability of the recommended 

actions that were considered (e.g., the acceptability of learning new 
clinical skills or the need to adapt current routine) 

 Differentiation between recommended actions for which clinical 
flexibility and individual patient tailoring is more or less appropriate in 
the decision-making process  

 Range of recommended actions that are acceptable in the clinical 
community, including the preferred option (if relevant), and why it is 
the preferred choice 

 

5. Values and 
Preferences of 
Patients/Population 
 
The following criteria 
are related to the 
values and preferences 
of patients/populations. 
 

To be reported: 
 
 Values and preferences of the target population (e.g., patients, family, 

caregivers) that were considered in relation to the recommended 
actions 

 Factors related to patient/population acceptability of the 
recommended actions that with considered (e.g., motivation, ability to 
achieve outcomes, expectations, perceived effectiveness) 

 Differentiation between recommended actions for which patient choice 
and/or values are likely to play a large or small part in the decision-
making process  

 Statement about whether tools for assisting in patient decision-making 
would be beneficial 

 

6. Values and 
Preference of 
Policy/Decision-
Makers 
 
The following criteria 
are related to the 
values and preferences 
of policy/decision-
makers. 

To be reported (if applicable): 
 
 Needs of policy and decision-makers that were considered in the 

formulation of the recommendations 
 Impacts of the recommendations on policy and system-level decision-

making that were considered in the formulation of recommendations 
 Impacts of the recommendations on health equities that were 

considered in the formulation of recommendations 
 Description of any required changes to policy to align with the 

recommendations 

 

7. Values and 
Preferences of 
Guideline 
Developers 
 
The following criteria 
are related to guideline 
developers’ values and 
preferences and the 
integration of values 
and preferences from 
other stakeholders. 

To be reported: 
 
 Values and preferences that guideline developers brought to the 

development process 
 How guideline developer values and preferences influenced their 

interpretation of the balance between benefits and harms 
 Methods used to integrate values and preferences, especially when 

they differ between stakeholders 

 

DOMAIN 3: IMPLEMENTABILITY 
 

R9, p 18-19
S4
Table 4
Table 7

Table 2 and 6

Nomenclature;
Page10 
S4, R9, 

N/A

S4
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8. Purpose 
 
The following criteria 
are related to the 
implementation goals 
and intended impacts 
of the guideline. 

To be considered during the development and reporting of the 
recommendations and supporting text:  
 
 Alignment of guideline recommendations with the implementation 

goals (e.g., for advocacy, policy change)  
 Anticipated impacts of recommendation adoption on individuals (e.g., 

patients, populations, target users), organizations, and/or systems 

 

9. Local Application 
and Adoption 
 
The following criteria 
are related to the local 
application and 
adoption of the 
recommendations. 

To be reported: 
 
 Types and degree of change required from current practice 
 Differentiation between recommendations for which local adaptation 

may be more or less relevant 
 Factors that are important for successful dissemination  
 Issues that can influence the adoption of the recommendations and 

tools and/or advice for implementers, such as: 
o Advice on how-to tailor recommendations for the local setting 
o Resources needed to implement the recommendations and their 

associated costs 
o Economic analysis 
o Required competencies or training to implement 

recommendations 
o Data required to implement and monitor the adoption of 

recommended actions 
o Strategies to overcome barriers related to provider acceptability 

and/or patient/population and/or policy acceptability of the 
recommended action(s). 

o Criteria that can be used to measure recommendation 
implementation and quality improvement 

 

 

27-28

27-28
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Supplemental material 2: Domains of interest 

 
Note: This domain list was developed prior to the consensus decision to use “adult CNO” and 
therefore initially referred to “adults with SBI”. We have retrospectively updated this designation into 
“adult CNO” for clarity.   
 

Category Question 

Disease definition 

and name 

1. What are clinical characteristics of adult CNO? 

A. Skeletal distribution pattern 

B. Additional (extra-skeletal) features 

C. Demographics, risk factors, physical exam findings 

 2. What are imaging characteristics of adult CNO? 

 A. Structural imaging features in early disease and long-term disease 

 B. Other diagnostic imaging features 

 C. Imaging features related to disease activity 

 3. What is the preferred name to use for adult CNO?  

Diagnosis 4. Where and how is care for adult CNO preferably organized?   
 

5. Which laboratory tests are indicated for suspected adult CNO? 
 

A. Routine laboratory tests 
 

B. Optional laboratory tests 
 

6. What type of imaging is preferred for suspected adult CNO? 
 

A. Imaging preferences for structural characterization of bone lesions 
 

B. Imaging preferences for assessment of disease activity 
 

C. Imaging preferences for asymptomatic lesion screening 
 

7. In what cases is a bone biopsy indicated as part of the diagnostic work-up? 

Treatment 8. What are treatment goals in adult CNO? 
 

9. Which outcome measures should be used for the treatment goals as agreed 

upon? And what does this imply for treatment indications? 
 

10. What are considerations regarding contents and duration of step 1 treatment? 
 

11. What are considerations regarding contents of step 2 treatment? 
 

12. What are considerations regarding contents of step 3 treatment? 
 

13. What are considerations regarding ancillary treatments? 
 

14. What are considerations regarding the treatment of additional (extra-skeletal) 

features? 
 

15. What are considerations during patient follow-up? 

Research agenda -- What are research priorities in the near future? 
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Supplemental material 3: Summary of Evidence 
 

Last update: April 18th 2024  
 

Note: This document was developed prior to the consensus decision to use “adult CNO” and therefore initially referred to “adults with SBI”. We have 
retrospectively updated this designation into “adult CNO” for clarity.   
 

Disease definition and Name 

Q1: What are clinical characteristics of adult CNO? 

 

A: Skeletal distribution 

pattern 

Identification 

of studies 
Summary of evidence 

Physician survey 

results 
Level of evidence  

Anterior chest wall Recent meta-

analysis used. 

Pooled involvement rate 89%, 95% CI 78-96 (1).  Not queried. For estimated prevalence of involvement:  

Moderate 

(Due to 6/21 studies included in meta-analysis 

displaying high risk of bias)  

Spine 

Cervical  

Thoracic  

Lumbar  

Recent meta-

analysis used. 

Additionally 

searched for 

“lumbar”, 
“thoracic”, 
“cervical”. 

Pooled involvement rate for spine in general 25%, 95% CI 16-

37. 

 

Cervical, thoracic and lumbar spine are involved (as defined 

by increased isotope uptake) in 4.5%, 21% and 33% 

respectively according to one cohort study (2), and 2.8%, 

2.8%, 4.7% according to another (3). Another CT-based study 

found a predilection for the thoracic vertebrae in patients with 

spinal involvement (4).  

Not queried. For estimated prevalence of spinal involvement:  

Moderate 

(Due to 6/21 studies included in meta-analysis 

displaying high risk of bias)  

 

For estimated prevalence of specific spinal level 

involvement: 

Very low 

(Due to indirectness, imprecision and inconsistency)  

Mandible Recent meta-

analysis used. 

Pooled involvement rate 1%, 95% CI 0-3 (1). Not queried. For estimated prevalence of involvement:  

Moderate 

(Due to 6/21 studies included in meta-analysis 

displaying high risk of bias) 

Peripheral bones Recent meta-

analysis used. 

Pooled involvement rate 4%, 95% CI 1-10 (1). Not queried. For estimated prevalence of involvement:  

Moderate 

(Due to 6/21 studies included in meta-analysis 

displaying high risk of bias)  

 

B: Additional (extra-

skeletal) features 

Identification 

of studies 
Summary of evidence 

Physician survey 

results 
Level of evidence  

Sacroiliitis Recent meta-

analysis used. 

Pooled prevalence 12%, 95% CI 6-20 (1). Not queried. For estimated prevalence of this feature:  

Moderate 

(Due to 6/21 studies included in meta-analysis 

displaying high risk of bias) 
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Non-erosive/destructive 

arthritis of peripheral 

joints 

Recent meta-

analysis used. 

Pooled prevalence 24%, 95% CI 11-39 (1). Reported as 

“sometimes/often” 
seen by 56%. 

For estimated prevalence of this feature: Low 

(Due to 6/21 studies included in meta-analysis 

displaying high risk of bias, and imprecision) 

Erosive/destructive 

arthritis of peripheral 

joints 

“erosive 

arthritis”, 
“erosive 
synovitis”, 
“destructive 
arthritis”, “peri-
articular 

erosion”, 
“periarticular 
erosion” 

A single report describes a case with erosive peripheral 

polyarthritis. The authors present the case as unusual, as 

arthritis is usually non-erosive in adult CNO (5).   

 

One case series (n=12) describes the pathogenesis of adult 

CNO as starting with a destructive sternoclavicular arthritis 

(6).  

Not queried. For estimated prevalence of this feature: Very low 

(Due to imprecision; only case reports/series) 

Dactylitis “dactylitis”, 
“sausage digit” 

Prevalence only reported in one cohort study (n=39), where it 

was 20% (7). Two case reports describe the co-occurence of 

dactylitis and adult CNO (8).  

Not queried. For estimated prevalence of this feature: 

Very low 

(Due to imprecision; few/only one study) 

Signs compatible with 

enthesitis in the peripheral 

skeleton 

“enthesitis”, 
“entheses”, 
“enthesopathy” 

Prevalence of peripheral enthesitis was 28% and 20% in two 

cohort studies (n=67 and n=20 respectively) (9, 10). One case 

report demonstrates peripheral enthesitis in adult CNO (11). 

Enthesopathy rather than enthesitis is additionally reported in 

several case reports/series, as are entheseal abnormalities on 

ultrasound (12-15). 

Not queried. For estimated prevalence of this feature: 

Very low 

(Due to imprecision; few/only one study) 

Pustulosis palmoplantaris Recent meta-

analysis used. 

Pooled prevalence 53%, 95% CI 37-68 (1).  Reported as 

“sometimes/often” 
seen by 83%. 

For estimated prevalence of this feature: 

Low 

(Due to 6/21 studies included in meta-analysis 

displaying high risk of bias, and imprecision) 

Psoriasis Recent meta-

analysis used. 

Pooled prevalence 8%, 95% CI 4-14 (1). 

 

Reported as 

“sometimes/often” 
seen by 78%. 

For estimated prevalence of this feature: 

Moderate 

(Due to 6/21 studies included in meta-analysis 

displaying high risk of bias) 

Severe acne Recent meta-

analysis used. 

Pooled prevalence 8%, 95% CI 4-13 (1).   

 

Reported as 

“sometimes/often” 
seen by 80%. 

For estimated prevalence of this feature: 

Moderate 

(Due to 6/21 studies included in meta-analysis 

displaying high risk of bias) 

Hidradenitis suppurativa “hidradenitis” Limited data on prevalence. Prevalence was 2% in one 

retrospective study (n=41 patients) (16). 

Reported as 

“sometimes/often” 
seen by 48%. 

For estimated prevalence of this feature: 

Very low 

(Due to imprecision; few/only one study) 

Inflammatory bowel 

disease 

Recent meta-

analysis used. 

Pooled prevalence 1%, 95% CI 0-3 (1).   

 

Not queried.  For estimated prevalence of this feature: 

Moderate 

(Due to 6/21 studies included in meta-analysis 

displaying high risk of bias) 
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Uveitis “uveitis”, 
“ocular”, “eye” 

Limited data on prevalence. A handful case reports describe 

uveitis in adult CNO (17, 18). 

Not queried. For estimated prevalence of this feature: 

Very low 

(Due to imprecision; only case reports) 

C: Demographics, risk 

factors, physical exam 

findings 

“Adults with sterile bone 
inflammation…” 

Identification 

of studies 
Summary of evidence 

Physician survey 

results 
Level of evidence  

Usually present during 

midlife (30-50 years of 

age). 

Recent meta-

analysis used.  

Pooled mean age of onset is 38 95% confidence interval (CI) 

29-46 (1). 

Not queried. Moderate 

(Due to 6/21 studies included in meta-analysis 

displaying high risk of bias) 

Are predominately 

female. 

Recent meta-

analysis used.  

Pooled female predisposition of 67%, 95% CI 60-73 (1).  Not queried. Moderate 

(Due to 6/21 studies included in meta-analysis 

displaying high risk of bias) 

Mainly present with 

inflammatory bone pain, 

which can be chronic or 

relapsing-remitting. 

Recent reviews 

and large cohort 

studies used.  

 

Alternatively 

searched for 

“asymptomatic”, 
“subclinical” 
and 

“coincidental” 
cases.   

Pain is a highly prevalent symptom in adult CNO, ranging 

from 96-100% (3, 19-22).  

 

Several fully asymptomatic cases are described in case reports 

and series, as well as subclinical lesions revealed with whole 

body imaging, mainly in pediatric patients (6, 23-26). 

Median rating of 

4.0 (on 5 point 

Likert scale) 

regarding 

importance of this 

feature to speak of 

adult CNO.  

Moderate 

(Due to indirectness: generally reported as “pain” 
rather than “inflammatory bone pain” specifically) 
 

Show abnormalities 

during physical 

examination e.g. Swelling, 

local inflammatory signs. 

 

“swelling”, 
“erythema”, 
“redness”, 
“local 
inflammatory”, 
“local 
inflammation” 

 

*Limited to only 

larger cohort 

studies > 100 

patients. For 

fever, recent 

meta-analysis 

was used.  

Only two large cohort studies have reported exact rates of 

physical examination findings at presentation, that is 61% 

bone swelling, 33% acute inflammatory signs (n=213 in total, 

Dutch cohort) (3) and 39% bone swelling (n=77, United 

Kingdom cohort) (27). Other studies use descriptive terms like 

“occasionally”, “with or without”, “sometimes” (28-30). 

Swelling seems more pronounced in adult CNO compared to 

bacterial osteomyelitis in one cohort study of n=156 (exact 

prevalence not reported) (31). 

 

Pooled prevalence of fever 4%, 95% CI 0-14 (1).   

Median rating of 

3.0 (on 1-5 Likert 

scale) regarding 

importance of this 

feature to speak of 

adult CNO. 

For the estimated prevalence of physical examination 

abnormalities: 

Very low 

(Due to inconsistency, imprecision) 

 

For estimated prevalence of fever: 

Moderate 

(Due to 6/21 studies included in meta-analysis 

displaying high risk of bias) 
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Are frequently past or 

active smokers.  

“smoking”, 
“tobacco”, 
“intoxication” 

Prevalence of past or active smoking is 53%, 59% and 64% in 

three cohort studies (n=213, n=51, n=164 respectively) (28, 

32, 33); two on pustulotic arthro-osteitis (i.e. PPP + sterile 

bone inflammation), and one on sterile bone inflammation, 

with or without PPP.  

 

The prevalence of active smoking among PPP patients (with 

or without sterile bone inflammation) has been reported at 

71% and  94% in two cohort studies (n=286 and n=136 

patients) (34, 35) and adjusted odds ratio of PPP with past or 

active smoking is 9.5 compared to psoriasis vulgaris and 36 

compared to other dermatological conditions in one case 

control study (n=125) (36). 

Not queried.  

 

 

 

 

 

 

 

Low 

(Due to indirectness: two cohorts of patients with 

pustulotic arthro-osteitis, who form a slightly 

different population as the smoking-associated feature 

of PPP is present per definition, and no proper case-

control studies performed in adult CNO only) 
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Q2: What are imaging characteristics of adult CNO? 

 

A: Structural 

imaging features 

in early disease 

and long-term 

disease 

Identification of 

studies 
Summary of evidence 

Physician survey 

results 
Level of evidence 

Osteosclerosis Studies were not 

selected 

systematically 

through key 

words. Included 

were studies 

reporting imaging 

data for ≥40 adult 
patients, and 

reviews on 

imaging features 

of adult CNO 

published from 

2010 onwards. 

Osteosclerosis in adult CNO is described to evolve over time as a healing 

response to active osteitis. While osteosclerosis represents chronic 

inflammatory change, patients usually present with a radiologic picture 

that has accumulated over years (of note: mean diagnostic delay in adult 

CNO is 5 years (1)), which then already includes osteosclerosis (37-40). 

Sclerotic changes usually progress over time and complete resolution is 

rare, though has been reported (37, 41). Sclerosis also differentiates CNO 

patients from non-CNO patients (42).  

Scored as typical 

imaging feature by 

64% of physicians 

(not stratified for 

early vs. Long-term 

disease). 

For general association of this feature with 

adult CNO: Moderate 

(Due to indirectness: no comparative 

studies between adult patients and 

controls) 

 

For prevalence estimates of these features: 

Low 

(Prevalence could not be pooled in recent 

meta-analysis due to heterogeneity and 

selective reporting of data) 

Osteolysis In adult CNO, early disease may be characterized by lytic bone destruction 

in medullary areas. This has been reported for different localizations of 

adult CNO, including the clavicle, mandible, and spine (9, 37, 40, 43, 44). 

The healing (in long-term disease) process may also display a mixed 

lytic/sclerotic image (37, 40). It should be noted that a substantial part of 

the evidence on osteolysis as an imaging feature in the cited reviews 

pertains to paediatric CNO. 

Scored as typical 

imaging feature by 

39% of physicians 

(not stratified for 

early vs. Long-term 

disease). 

Bone erosions Cortical bone erosions may develop as a result of both osteitis or arthritis 

in early stages of adult CNO (40, 45). In the spine, these occur mostly at 

the anterior vertebral end plates (4, 39, 46). 

Scored as typical 

imaging feature by 

22% of physicians 

(not stratified for 

early vs. Long-term 

disease). 

Soft tissue 

calcification/ossific

ation 

Prolonged inflammation may give rise to paravertebral or ligamentous 

ossification in adult CNO, in contrast to paediatric patients where this 

feature is not seen (4, 39, 47). Ossification of the costal cartilage is also 

common (48), as is calcification of the costoclavicular ligaments in 

patients with anterior chest wall involvement (42).    

Scored as typical 

imaging feature by 

10% of physicians 

(not stratified for 

early vs. Long-term 

disease). 

Hyperostosis Hyperostosis, reflected as endosteal and periosteal thickening, is another 

chronic inflammatory change occurring in longstanding adult CNO (9, 38, 

40). However, similar to osteosclerosis, hyperostosis may already be a key 

feature detected at presentation as radiologic changes may already have 

evolved during the period between onset and diagnosis (1, 37). In spinal 

adult CNO, hyperostosis may manifest as anterior bony bridges over 

discovertebral junctions (37), whereas in the anterior chest wall, 

hyperostosis may occur at the costosternal transitions (49). Hyperostotic 

Scored as typical 

imaging feature by 

78% of physicians 

(not stratified for 

early vs. Long-term 

disease). 
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changes are generally irreversible (37). Hyperostosis also differentiates 

CNO patients from non-CNO patients (42). 

Ankylosis Ankylosis may occur in later stages of disease, mostly in the axial skeleton 

(sternoclavicular joints, sacroiliac joints, sternocostal joints, costochondral 

areas, manubriosternal joint or pubic symphysis) (39, 46, 47). A recent 

MRI-based study found ankylosis in the anterior chest wall in 80% of 

patients (48).  

Scored as typical 

imaging feature by 

10% of physicians 

(not stratified for 

early vs. Long-term 

disease). 

B: Other 

diagnostic imaging 

features 

Identification of 

studies 
Summary of Evidence 

Physician survey 

results 
Level of evidence  

Bone marrow 

oedema (BMO) 

Studies were not 

selected 

systematically 

through key 

words. Included 

were studies 

reporting imaging 

data for ≥40 adult 
patients, and 

reviews on 

imaging features 

of adult CNO 

published from 

2010 onwards. 

Bone marrow oedema (BMO) is a frequent observation during the acute 

phase of osteitis in adult CNO (39, 44). BMO was found in 89% (n=71) in 

a recent cohort study of MRI-findings of adult CNO of the anterior chest 

wall (48). BMO, altogether, appears as a sensitive imaging finding, but is 

also nonspecific due to its broad range of causes .  

BMO scored as 

typical imaging 

feature by 58% of 

physicians. 

For general association of this feature with 

adult CNO:  

Moderate 

(Due to indirectness: no comparative 

studies between adult patients and 

controls) 

 

For prevalence estimate of this feature: 

Moderate 

(Prevalence could not be pooled in recent 

meta-analysis due to heterogeneity and 

selective reporting of data, but more recent 

study has assessed BMO prevalence 

exhaustively) 

Increased isotope 

uptake on nuclear 

imaging 

99% (95% CI 96-100) of adult CNO patients display increased isotope 

uptake on nuclear imaging at sites of bone inflammation, suggesting high 

sensitivity of this finding. Increased isotope uptake also shows good 

correlation with abnormalities on CT (45). However, increased uptake is 

also known to lack specificity as it is associated with various differential 

diagnoses.  

The characteristic bull-head sign, representing increased uptake of the 

medial clavicles and manubrium sterni is only present in 8% (95% CI 1-

10) (1). Key clinical and radiologic features or a highly typical distribution 

pattern therefore remain important for diagnosis of adult CNO (50). 

Not queried.  For general association of this feature with 

adult CNO:  

Moderate 

(Due to indirectness: no comparative 

studies between adult patients and 

controls) 

 

For prevalence estimate:  

Moderate 

(Due to 6/21 studies included in meta-

analysis displaying high risk of bias)  

C: Imaging 

features related to 

disease activity 

Identification of 

studies 
Summary of Evidence 

Physician survey 

results 
Level of evidence 

Bone marrow 

oedema (BMO) 

Studies were not 

selected 

systematically 

BMO and soft tissue oedema assessed by MRI can aid the differentiation 

between acute and chronic disease (40) and is incorporated in the MRI 

scoring tool proposed for paediatric CNO (51). One paediatric study 

Not queried. Very low 

(Due to indirectness, inconsistency, 

imprecision; few studies performed in 
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through key 

words. Included 

were studies 

reporting imaging 

data for ≥40 adult 
patients, and 

reviews on 

imaging features 

of adult CNO 

published from 

2010 onwards. 

demonstrated a good correlation between clinical symptoms (biochemical, 

functional impairment and physician assessment) and MRI score at 

baseline, but not at 6 and 12 months follow-up (52). A pilot trial in mainly 

adult CNO patients demonstrated the significant decrease BMO after 

therapy with pamidronate (53). However, it remains unknown to what 

degree BMO resolves in response to disease remission, and what the 

prognostic value of residual BMO in asymptomatic patients is.  

adult patients, disease activity indices 

remain to be validated) 

Increased isotope 

uptake on nuclear 

imaging  

For technetium labelled hydroxymethylene diphosphonate bone 

scintigraphy, it has been demonstrated that increased isotope uptake will 

persist despite remission of inflammatory activity of bone lesions (54), and 

therefore is limitedly helpful to differentiate active from non-active 

disease.  

 

PET can theoretically differentiate active from silent lesions (37, 49, 55). 

PET demonstrated moderate to substantial agreement with CT and bone 

scintigraphy in a study in 26 patients. Uptake on PET did not correlate 

well with clinical symptoms (55). This poor correlation resulted partly 

from a large number of patients reporting pain in specific musculoskeletal 

regions, without PET revealing increased uptake at these sights, and a 

substantial proportion of patients with subclinical lesions. It therefore 

remains unknown if tracer uptake is a proper indicator of disease activity.  

 Very low 

(Due to indirectness (for PET: no 

longitudinal study so no information on 

responsivity of PET in relation to changed 

clinical parameters), and imprecision (only 

1 study per modality). 
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Q3: What is the preferred name of the clinical entity of “adults with sterile bone inflammation”?  

 

“The preferred name for the clinical 
entity of “adults with sterile bone 

inflammation” is…” 

Identification of 

studies 
Summary of evidence Physician survey results Level of evidence  

Chronic nonbacterial osteomyelitis 

(CNO) 

Recent meta-

analysis and 

reviews published 

from 2010 

onwards 

discussing 

terminology used.  

The nomenclature surrounding adult CNO is diverse. A 

geographical preference was seen in a recent meta-

analysis, where it was found that Chinese, Italian and 

French studies tend to refer to SAPHO, whereas Japanese 

studies use PAO. Dutch, German, Belgian and 

Scandinavian studies generally use CNO or SCCH (1).  

Many more terms (>50) to describe subsets of or related 

entities to adult CNO are encountered in current literature 

including condensing osteitis of the clavicle, inter-costo-

sternal ossification, acquired hyperostosis syndrome (21). 

The term CRMO appears to be reserved for paediatric 

disease mostly, infrequently occurring as a label in adult 

literature.  

 

In clinical practice, physicians tend to use different labels 

according to disease phenotype (e.g. CNO in cases with 

isolated bone involvement, SCCH in case of anterior chest 

wall involvement, SAPHO in case of dermatitis or 

synovitis, CRMO in patients who have alternating 

locations or have presented at young age). Various authors 

believe that CNO, SAPHO, CRMO, SCCH and PAO are 

part of the same clinical spectrum chiefly characterized by 

autoinflammatory bone lesions (with or without extra-

skeletal symptoms) (56). 

Physicians use the following 

terms (alone, or in combination 

with others): 

 

CNO: 36%  

SAPHO: 36% 

CNO or SAPHO according to 

clinical picture: 50% 

SCCH: 31% 

PAO: 3%  

CRMO: 36% 

 

N/A 

Synovitis, acne, pustulosis, hyperostosis, 

osteitis (SAPHO)-syndrome  

Synovitis, acne, pustulosis, hyperostosis, 

osteitis (SAPHO)-syndrome: complete 

or incomplete 

Chronic nonbacterial 

osteomyelitis/synovitis, acne, pustulosis, 

hyperostosis, osteitis (ADULT CNO) 

Sternocostoclavicular hyperostosis 

(SCCH).  

Pustulotic arthro-osteitis or pustolotic 

arthro-osteopathy (PAO).  

Chronic recurrent multifocal 

osteomyelitis (CRMO). 
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Diagnosis 
 
Q4: Where and how is care for adults with CNO preferably organized?   

 

Organization of care Identification of studies Summary of evidence 
Physician survey 

results 
Level of evidence 

Preferred physician to provide care 

for adults with CNO.  

“specialist”, “physician”, 
“department”, 
“dermatologist”, 
“rheumatologist”, 
“orthopedic”, “internist”, 
“clinical care’’ 

No available literature on the question which 

physicians ideally see patients with adult CNO. 

However, the vast majority of studies on adult 

CNO derive from rheumatology departments. One 

retrospective study (n=25) compared the clinical 

management of adult CNO between 

rheumatologists and dermatologists, and found 

marked differences in therapeutic preference, but 

overall no difference in therapeutic outcome (57). 

Not specifically 

queried, but 

responding physicians 

were rheumatologists 

(n=31), 

endocrinologists (2), 

and orthopedic surgeon 

(n=1).  

Very low 

(Due to imprecision: only one study 

evaluating differences in patient 

outcomes between different medical 

specialties).  

Preferred location/centre type to 

provide care for adults with CNO.  

“center”, “centre”, 
“specialized”, “expert”, 
“referral” 

No available literature on the question where care 

adult CNO is ideally situated, or whether care at an 

expert centre leads to better patient outcomes. 

Most responding 

physicians were 

situated at university 

medical centres (86%), 

suggesting ADULT 

CNO care may be 

primarily situated here. 

Very low 

(Due to indirectness: no studies 

evaluating differences in patient 

outcomes at regular versus expert 

referral centres).  
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Q5: Which laboratory tests are indicated for suspected adult CNO? 

 

A: Routine laboratory tests 

 

Identification of 

studies 
Summary of evidence Physician survey results Level of evidence  

Generic inflammation 

markers (full blood count 

with leucocyte differentiation, 

erythrocyte sedimentation rate 

(ESR), C-reactive protein 

(CRP)). 

Recent meta-

analysis used. 

ESR and CRP are raised in 43%, 95%CI 27-59 and 54%, 95% 

CI 34-73 of patients. Elevation of ESR and CRP is mostly 

mild to moderate (1).  

Inflammation markers are 

often/always determined 

by 86% of physicians. Of 

note, the survey did not 

query how often these 

markers were elevated 

according to physician’s 
experience.  

For prevalence estimate of raised 

markers: 

Low 

(Due to 6/21 studies included in meta-

analysis displaying high risk of bias, 

and imprecision) 

 

For diagnostic value/clinical utility: 

Very low 

(Due to indirectness; clinical utility and 

diagnostic value of inflammation 

markers not studied in adults) 

Alkaline-phosphatase (ALP) Recent meta-

analysis used. 

ALP (generic) is elevated in 17%, 95%CI 7-31 of patients (1), 

but may also be used to evaluate the differential diagnosis of 

other high bone turnover diseases like Paget’s disease and 

osteomalacia.  

Not queried.  For prevalence estimate of raised 

markers: 

Low 

(Due to 6/21 studies included in meta-

analysis displaying high risk of bias, 

and imprecision) 

 

For diagnostic value/clinical utility: 

Very low 

(Due to indirectness; clinical utility and 

diagnostic value of this marker not 

studied in adults) 

Serum calcium, phosphate, 

parathyroid hormone.  

“calcium”, 
“phosphate”, 
“parathyroid”, 
“PTH” 

Practically no data on abnormal calcium/phosphate 

homeostasis in adult CNO, apart from a recent case study 

reporting transient hypercalcemia in adult CNO patient (58). 

 

Alternatively, calcium, phosphate and parathyroid hormone 

might be used to evaluate the differential diagnosis of 

metabolic bone disorders.  

Not queried. For prevalence estimate of raised 

markers: 

Very low 

(Due to indirectness; no studies 

performed) 

 

For diagnostic value/clinical utility: 

Very low 

(Due to indirectness; clinical utility and 

diagnostic value of these markers not 

studied in adults) 
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B: Optional laboratory tests 

 

Identification of 

studies 
Summary of evidence Physician survey results Level of evidence  

Bone markers osteocalcin, 

serum procollagen type I N 

propeptide (P1NP) and C-

terminal telopeptide (CTx). 

“bone marker”,  
“P1NP”, “ctx”, 
“beta-crosslaps”, 
“procollagen 
type I N 

propeptide”, 
“osteocalcin”, 
and “C-terminal 

telopeptide” 

In a cohort study of n=213 patients, mean concentration of 

P1NP and CTx was normal at diagnosis (3). Similar results 

were found in a pilot randomized controlled trial in n=12 

patients, with normal CTx, osteocalcin and P1NP levels at 

baseline (53). Another study of n=58 patients found that CTx 

is elevated (but not exceeding normal range) in patients with 

active as compared to stable disease, and that CTx is 

positively correlated with pain scores, while osteocalcin was 

not (59). A prospective study evaluating the utility of bone 

turnover markers in predicting the efficacy of bisphosphonate 

therapy found that 7/13 patients had elevated CTx at baseline, 

and that elevated CTx was a predictor of clinical response to 

treatment with intravenous pamidronate (60). Lastly, one case 

series evaluating the change in bone markers after 

bisphosphonate therapy demonstrated increased osteocalcin in 

2/3 patients, and increased CTx in 2/3 patients at baseline 

(61). There are limited data on the utility of following up on 

bone turnover markers. Available data derive mostly from 

studies evaluating the efficacy of bisphosphonate therapy, in 

which bone markers show decrease as a result of treatment. It 

is yet unclear whether decrease in bone markers is associated 

with clinical improvement, i.e. What the clinical relevance of 

bone markers at follow-up is (53, 61). 

Bone markers are 

often/always used by 42% 

of physicians but were not 

regarded useful for 

diagnosis. Of note, the 

survey did not query how 

often these markers were 

elevated according to 

physician’s experience. 
 

Generally regarded 

unhelpful to monitor 

disease course. 

For prevalence estimate of raised 

markers: 

Low 

(Due to inconsistency, indirectness 

(mean markers reported instead of % 

raised)) 

 

For diagnostic value/clinical utility: 

Very low 

(Due to imprecision; only one small 

study evaluating the prognostic value 

of bone turnover markers, and 

indirectness; diagnostic value of 

determining bone markers not studied 

in adults) 

Anti-citrullinated protein 

antibodies (anti-CCP) and 

rheumatoid factor (RF). 

  

For RF: NA, 

recent meta-

analysis used 

 

For anti-CCP: 

“anti-CCP”, 
“Anti-

citrullinated 

protein 

antibodies” 

RF is present in 3%, 95%CI 1-6 of patients (no higher 

prevalence than found in general population) (1), but is a key 

diagnostic in the evaluation of the differential diagnosis of 

rheumatoid arthritis, which may be considered in case of 

peripheral synovitis (62).   

 

Anti-CCP antibodies were evaluated in one cohort study only, 

and elevated in 0% of patients (n=90) (63). 

Not queried. For prevalence estimates:  

Moderate 

(Due to 6/21 studies included in meta-

analysis displaying high risk of bias)  

 

For diagnostic value/clinical utility: 

Very low 

(Due to indirectness; not studied, 

though its limited diagnostic value may 

be inferred from its normal prevalence) 

Anti-nuclear antibodies 

(ANA) and 

immunofluorescence pattern. 

Recent meta-

analysis used. 

ANA is positive in 5%, 95%CI 0-13 of patients (no higher 

prevalence than found in general population) (1).  

Not queried. 
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Human Leucocyte Antigen 

(HLA)-B27. 

Recent meta-

analysis used. 

HLA-B27 is present in 5%, 95% CI 3-6 of patients (no higher 

prevalence than found in general population) (1), but is a key 

diagnostic in the evaluation of the differential diagnosis of 

spondylarthritis, which may be considered in case of 

inflammatory back pain.   

Not queried. 

Fecal calprotectin. “calprotectin”, 
“calgranulin” 

No data found, but estimated prevalence of inflammatory 

bowel disease in adult CNO is 1%, see Q1C. 

Not queried. For evidence of the prevalence estimate 

of inflammatory bowel disease, see 

Q1C.  

 

For diagnostic value/clinical utility: 

Very low 

(Due to indirectness: prevalence, 

clinical utility and diagnostic value not 

studied) 

Serum angiotensin-converting 

enzyme (ACE) and soluble 

IL-2 receptor levels.  

“angiotensin”, 
“soluble”, 
“sarcoid”, 
“sarcoidosis”, 
“granulomatous”, 
“granuloma"  

No data found for the use of these markers in the diagnostic 

work-up for adult CNO, addressing sarcoidosis as a 

differential. However, musculoskeletal manifestations of 

sarcoidosis are well-described and estimated to occur in 25-

30% of patients. They may form a differential of adult CNO if 

skeletal lesions are located at sights typical for both diseases 

(64).  

Not queried. Very low 

(Clinical utility and diagnostic value of 

these markers not studied) 

 

Q6: What type of imaging is preferred for suspected adult CNO? 

 

A: Imaging 

preferences for 

structural 

characterization of 

bone lesions 

Identification of 

studies 
Summary of evidence 

Physician survey 

results 
Level of evidence  

Computed 

tomography (CT) 

Studies were not 

selected 

systematically 

through key words. 

Included were studies 

reporting imaging 

data for ≥40 adult 
patients, and reviews 

on imaging features 

of adult CNO 

CT is especially sensitive in revealing chronic structural changes like 

sclerosis, hyperostosis, bone expansion (hyperostosis), new bone 

formation (ossification of ligaments, ankylosis (37, 44). These changes 

are well-appreciated by CT (37, 38, 44, 47). While many of these features 

can be visualized on plain X-rays too, CT is superior in evaluating subtle 

abnormalities, as well as their extent (37, 49).  

 

CT seems preferred over MRI for imaging the anterior chest wall 

specifically, due to its superior ability to detect subtle structural bone 

changes (37) and the fact that MRI of the anterior chest wall is associated 

with high artefact risk due to breathing motions (65). Notwithstanding, 

Used 

“always/often” by 
42%, preferred by 

8% (not stratified 

per treatment goal 

or localization). 

Regarding the superiority of one 

imaging modality over the other: 

Very low 

(Due to indirectness: larger head-to-head 

studies comparing different modalities 

against each other in adult CNO not 

performed but in one study; utility of 

modalities based on theory, clinical 

experience, and extrapolation from other 

diseases) 
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published from 2010 

onwards. 

few to no comparative studies in adult CNO have been performed to 

compare CT against MRI for this region. In a pilot randomized trial in 

adult CNO patients treated with pamidronate or placebo, the anterior chest 

wall was scanned with both modalities at baseline, and CT revealed more 

lesions than MRI (53). 

Magnetic resonance 

imaging (MRI) 

MRI can detect early acute (inflammatory) changes like BMO or soft 

tissue oedema and structural (chronic) changes like accumulated fatty 

metaplasia in adult CNO (37, 44, 49). MRI is specifically preferred for the 

evaluation of the sacroiliac region in patients with suspected sacroiliitis 

(50, 66, 67). In the anterior chest wall, MRI visualizes enthesitis, osteitis 

and synovitis, but structural characterization of the lesions remains better 

appreciated by CT (48). Whole body MRI is an exhaustive imaging 

modality capturing multifocal bone involvement and can also reflect 

subclinical lesions (25, 40, 68). It can also capture the evolvement or 

resolution of lesions and has a distinct advantage of not imposing 

radiation (25, 40, 68-71). 

Used 

“always/often” by 
64% and also 

preferred by 47% 

(not stratified per 

treatment goal or 

localization). 

Plain X-Ray Plain X-rays may be negative in 80% of patients in the first 3 months of 

disease according to one study (72); other studies have underscored the 

low sensitivity of plain X-rays in early disease too (40). Plain X-rays can 

detect hyperostosis, sclerosis, and osteolysis, but mostly in advanced 

disease as subtle changes are often not visualized (37, 46, 50).  

Used “almost 
always/often” by 
53%, only 

preferred by 3%.  

B: Imaging 

preferences for 

assessment of 

disease activity 

Identification of 

studies 
Summary of evidence 

Physician survey 

results 
Level of evidence  

Magnetic resonance 

imaging (MRI) 

Studies were not 

selected 

systematically 

through key words. 

Included were studies 

reporting imaging 

data for ≥40 adult 
patients, and reviews 

on imaging features 

of adult CNO 

published from 2010 

onwards. 

See also Q2C. BMO and soft tissue oedema assessed by MRI can aid the 

differentiation between acute and chronic disease (40). Various paediatric 

and adult studies have evaluated MRI-derived disease activity indices and 

their correlation with clinical outcome measures and proposed 

standardized scoring systems for their assessments to be validated in 

further studies (25, 51, 71, 73, 74). In adults, an MRI-score assessing the 

axial skeletal disease activity improved after therapy and correlated with 

biochemical and clinical parameters of disease activity at baseline and at 

follow-up (74). One paediatric study demonstrated a good correlation 

between clinical symptoms (biochemical, functional impairment and 

physician assessment) and the CROMRIS MRI score at baseline, but not 

at 6 and 12 months follow-up (52). 

Used 

“always/often” by 
64% and also 

preferred by 47% 

(not stratified per 

treatment goal or 

localization). 

Low 

(Due to imprecision and indirectness; 

very few studies addressing the specific 

question, none evaluate head-to-head 

against other modalities) 

Diffusion weighted 

magnetic resonance 

imaging (DW-MRI) 

Limited data yet available. Change in apparent diffusion coefficient was 

evaluated as an outcome measure in adult CNO using data from a 

randomized pilot trial, and demonstrated to be feasible in terms of 

assessment time; correlations with clinical parameters of disease activity 

were not reported in this proof-of-concept study (75).  

Not queried.  Very low 

(Due to imprecision and indirectness; 

only one study and correlation with 

clinical activity not reported) 
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Whole body bone 

scintigraphy 

(WBBS)/Technetium 

labeled 

hydroxymethylene 

diphosphonate single 

positron emission 

computed 

tomography 

([99mtc]Tc-HDP 

SPECT/CT) 

WBBS can detect changes in osteoblastic activity which may result from 

inflammation, and displays the complete skeleton in one investigation. 

However, WBBS does not differentiate active and chronic lesions as both 

give increased isotope uptake (37), and may underestimate abnormalities 

in the anterior vertebrae due to insufficient spatial resolution (46). When 

directly combined with CT ([99mtc]Tc-HDP SPECT/CT) the sensitivity 

increases due to superior anatomical orientation (46), but it still lacks the 

ability to differentiate active from non-active lesions (37). The value of 

follow-up imaging with WBBS/[99mtc]Tc-HDP SPECT/CT has been 

evaluated in one study, which found the increased tracer uptake to persist 

despite clinical remission, following a so-called imprinting pattern (54). 

WBBS alone 

“almost/often” 

used by 44%, 

preferred by 14% 

(not stratified per 

treatment goal or 

localization). 

Direct 

combination with 

CT ([99mtc]Tc-

HDP SPECT/CT) 

“almost/often” 

used  by 25%, 

preferred by 14% 

(not stratified per 

treatment goal or 

localization). 

Very low  

(Due to indirectness; only one studies 

performed on value of this technique as 

a follow-up disease activity evaluator) 
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Positron emission 

tomography (PET) 

with CT (PET/CT) 

“positron emission 
tomography”, “PET”, 
“PET/CT” 

Fluorodeoxyglucose (FDG)-PET/CT: 

FDG-PET/CT is comparable to 99mtc]Tc-HDP SPECT/CT in detecting 

osteitis lesions in adult CNO and also has the ability to differentiate acute 

and chronic lesions according to several case reports (37, 49, 55). One 

study evaluated 18F-FDG PET/CT in adult CNO and found similar 

capacity in revealing bone lesions compared to [99mtc]Tc-HDP 

SPECT/CT, but the agreement between uptake on PET and clinical 

symptoms was poor (55). However, this poor correlation resulted partly 

from a large number of patients reporting pain in specific musculoskeletal 

regions, without PET revealing increased uptake at these sights, and a 

substantial proportion of patients with subclinical lesions.  

 

Sodium fluoride positron emission tomography with CT ([18F]NaF-

PET/CT):  

Current evidence on the role of [18F]NaF-PET/CT in adult CNO is 

limited. However, [18F] NaF -PET/CT generates higher resolution images 

in shorter scanning time and with less radiation exposure compared to 

[99mtc]Tc-HDP SPECT/CT and is suited to differentiate acute and chronic 

lesions in similar fashion as FDG-PET/CT (40, 76). Also, [18F] NaF-

PET/CT yields quantitative parameters of bone turnover that correlate 

with biochemical measures of inflammation in adult CNO, and also 

visualizes the process of new bone formation as NaF precipitates in young 

osteoid (76).  

 

Fibroblast-activation-protein inhibitors (FAPIs)-based PET/CT (68 

Ga-FAPI-04 PET/CT): 

One study has compared the value of 68 Ga-FAPI-04 PET/CT against 

conventional [99mtc]Tc-HDP SPECT/CT, in which it was slightly more 

sensitive in identifying osteoarticular lesions. Another study compared 68 

Ga-FAPI-04 PET/CT against FDG-PET/CT and observed higher 

sensitivity and better correlation with clinical symptoms (77).  

FDG-PET/CT 

Used 

“almost/often” by 
17%, preferred by 

14 (not stratified 

per treatment goal 

or localization) 

 

Other PET/CT 

modalities not 

queried. 

 

For FDG-PET/CT and ([18F]NaF-

PET/CT):  

Very low 

(Due to imprecision; only one study per 

modality, and indirectness: no 

longitudinal data) 

 

For 68 Ga-FAPI-04 PET/CT: 

Low 

(Due to imprecision: only two studies, 

and indirectness: no longitudinal data) 

 

C: Imaging 

preferences for 

asymptomatic 

lesion screening 

Identification of 

studies 
Summary of evidence 

Physician survey 

results 
Level of evidence  

Whole body 

magnetic resonance 

imaging (WB-MRI) 

Studies were not 

selected 

systematically 

through key words. 

Included were studies 

reporting imaging 

data for ≥40 adult 

See Q6A/B for general advantages and disadvantages of this technique. Used 

“always/often” by 
64% and also 

preferred by 47% 

(not stratified per 

treatment goal or 

localization). 

Regarding the prevalence of 

asymptomatic lesions: 

Low 

(Due to imprecision, inconsistency) 

 

Regarding the clinical value of 

asymptomatic lesion screening, 
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Whole body bone 

scintigraphy 

(WBBS)/ 

Technetium labeled 

hydroxymethylene 

diphosphonate single 

positron emission 

computed 

tomography 

([99mtc]Tc-HDP 

SPECT/CT) 

patients, and reviews 

on imaging features 

of adult CNO 

published from 2010 

onwards. 

See Q6B for general advantages and disadvantages of this technique. 

WBBS/[99mtc]Tc-HDP SPECT/CT can reveal subclinical lesions, which 

are estimated to be present in up to 67% of patients (38, 40, 46, 78).  

WBBS alone 

“almost/often” 

used by 44%, 

preferred by 14% 

(not stratified per 

treatment goal or 

localization). 

Direct 

combination with 

CT ([99mtc]Tc-

HDP SPECT/CT) 

“almost/often” 

used  by 25%, 

preferred by 14% 

(not stratified per 

treatment goal or 

localization). 

irrespective of the modality used: 

Very low 

(Due to indirectness: prognostic value of 

asymptomatic lesions and herewith the 

utility of screening yet unknown)  

 

 

Positron emission 

tomography (PET) 

with CT (PET/CT) 

See Q6B for general advantages and disadvantages of this technique and 

specific tracers. FDG-PET/CT and 68 Ga-FAPI-04 PET/CT have been 

shown to identify asymptomatic lesions (55, 77, 79). For [18F]NaF-

PET/CT, this has not been reported but in theory, this modality should 

visualize subclinical lesions in like manner.  

Used 

“almost/often” by 
17%, preferred by 

14 (not stratified 

per treatment goal 

or localization). 
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Q7: In what cases is a bone biopsy indicated as part of the diagnostic work-up? 

 

Subtopic 
Identification of 

studies 
Summary of evidence 

Physician survey 

results 
Level of evidence  

Role of bone biopsies in suspected 

adult CNO. 

“biopsy”, 
“histopathological”, 
“histopathology”, 
“mimicking”, 
“mimick”, 
“mimicker”, 
“masquerade”, 
“masquerading”, 
“malignancy”, 
“infection”, 
“infectious 
osteomyelitis”, 
“bacterial 
osteomyelitis” 

Bone biopsies are performed in 24%, 95% CI 16-32 of 

adult patients and reveal nonspecific inflammation in 97%, 

95% CI 89-100 of cases, with negative cultures in 

practically all except for 1%, 95% CI 0-9 positive for 

proprionibacterium acnes (1). There are numerous case 

reports describing suspected infectious or malignant 

disease excluded at histological level, before diagnosis of 

adult CNO was made (80-93). As clinical and radiologic 

understanding of adult CNO has improved over time, 

recent reviews and opinion papers generally assert that a 

biopsy – which is also associated with patient burden and 

local complications like periosteal thickening (94) - is no 

longer standard in the diagnostic work-up. Rather, biopsies 

may be considered in cases clinically suspect for 

malignancy or infection.  

 

One case report describes a patient with malignant bone 

lesions which were clinically diagnosed as adult CNO. 

Here, not performing a biopsy would have led to a missed 

diagnosis of severe pathology (95).  

 

In pediatric CNO bone biopsies are generally reserved for 

cases with unifocal disease, constitutional symptoms and 

nocturnal bone pain  (1, 56, 96, 97). The specific 

indications for a bone biopsy in adult CNO are still less 

well-defined.  

Bone biopsies are 

performed 

differentially 

(never/rarely by 55%, 

sometimes/often by 

42%, always by 3%). 

Biopsies are regarded 

a “very useful” or 
”essential” diagnostic 
by 30% of physicians, 

remaining 70% scored 

as “little useful”, “not 
useful”. 

65% of physicians do 

not regard it essential 

to exclude malignancy 

at histological level, 

35% do. 

57% of physicians do 

not regard it essential 

to exclude infection at 

histological level, 43 

% do. 

Very low  

(Due to indirectness; diagnostic 

accuracy studies evaluating non-

invasive diagnostics like imaging 

against biopsies have not been 

performed) 
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Treatment 
 

Q8: What are treatment goals in adult CNO? 

 

Proposed treatment goals 
Identification 

of studies 

Summary of 

evidence 
Physician survey results Level of evidence 

To relieve patient symptoms.  

No literature search 

performed. 

Decrease/absence of pain selected by 65% and 35% respectively as a relevant 

treatment goal and by 100% as a criterium for remission.  

N/A 

To help maintain/regain functional 

capacity. 

Functional improvement/full physical recovery selected by 70% and 13% 

respectively as a relevant treatment goal. 

Improved/free range of motion selected by 65% and 13% respectively as a 

relevant treatment goal. Restored functioning selected by by 68% of 

physicians as a criterium for remission. 

N/A 

To reduce inflammation to the 

lowest level possible.  

Decrease/normalization of radiologic inflammation selected by 57% and 4% 

respectively as a relevant treatment goal. 

Decrease/normalization of bone turnover selected by 22% and 9% 

respectively as a relevant treatment goal. 

 

Absence of inflammatory signs at physical examination selected by 59% of 

physicians as a criterium for remission. 

 

Normalization of previously raised inflammation markers selected by 59% of 

physicians as a criterium for remission. 

 

Absence of strongly increased uptake on “nuclear imaging” selected by 42% 
of physicians as a criterium for remission; not stratified for specific modality.  

N/A 

To prevent structural bone and joint 

damage.  

Stabilization of structural changes selected by 56%, and prevention of 

complications selected by 35% as relevant treatment goals. 

N/A 
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Q9: Which outcome measures should be used for the treatment goals as agreed upon?  

A: Potential outcome measures for 

relieving CNO-related symptoms 
Identification of studies Summary of evidence 

Physician survey 

results 
Level of evidence 

Overall pain. No literature search performed, regarded as generic part of follow-up. Pain 

scores are recommended in the paediatric CNO consensus treatment plan as a 

follow-up measure (98).   

 

Patient-reported pain 

(not specifically 

queried if this should 

include a numerical 

score) is monitored by 

96% of physicians.  

N/A 

Pain with emphasis on inflammatory 

bone pain. 

“neuropathic pain”, 
“widespread pain”, 
“fibromyalgia”, 
“sensitization” 

One study has found a prevalence of comorbid 

fibromyalgia in adult CNO of 18% (99), which was 

also associated with worse patient reported 

outcomes. Likewise, fibromyalgia, sensitization 

and also neuropathic pain are frequent contributors 

to total pain in axial spondylarthritis (100-102). 

Pain stratification may therefore be relevant during 

follow-up, as different pain types warrant different 

therapeutic approaches.  

Not queried. Regarding the prevalence of 

alternative pain phenotypes: 

Very low 

(Due to imprecision; only 

one study performed) 

 

Regarding the value of pain 

stratification in evaluation 

of disease activity: 

Very low 

(Due to indirectness: no 

studies performed with this 

question) 

B: Potential outcome measures for 

maintaining or regaining functional 

capacity 

Identification of studies Summary of evidence 
Physician survey 

results 
Level of evidence 

Range of motion of joints surrounding 

lesion areas. 

No literature search performed, regarded as generic part of follow-up. 

 

Not queried, but likely 

implied by “Functional 
capacity” (see below)  

N/A 

Functional capacity. No literature search performed, regarded as generic part of follow-up. 

 

Monitored by 96% of 

physicians.  

N/A 

Fatigue No literature search performed, regarded as generic part of follow-up. Not queried. N/A 

C: Potential outcome measures for 

reducing inflammation 
Identification of studies Summary of evidence 

Physician survey 

results 
Level of evidence 

Signs of active inflammation at 

physical examination, if previously 

present. 

No literature search performed, regarded as generic part of follow-up. Monitored by 

practically all 

physicians.  

N/A 

Inflammation markers (blood 

count/ESR/CRP). 

No literature search 

performed, regarded as 

generic part of follow-up.  

ESR/CRP are also recommended in the paediatric 

CNO consensus treatment plan as a follow-up 

measure (98).   

Generally regarded 

unhelpful to monitor 

disease course, but 

Regarding the estimated 

prevalence of raised 

markers: see Q5.  
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 nevertheless collected 

by 61%.  

Signs of active inflammation on 

imaging like bone marrow oedema, 

joint effusion, increased isotope 

uptake. 

Studies were not selected 

systematically through 

key words. Included were 

studies reporting imaging 

data for ≥40 adult 
patients, and reviews on 

imaging features of adult 

CNO published from 

2010 onwards. 

See also Q2 for a review on this topic. For WBBS 

and SPECT, the value of follow-up imaging has 

been evaluated in one study, which found the 

increased tracer uptake to persist despite clinical 

remission, following a so-called imprinting pattern 

(54). It follows that WBBS and SPECT might not 

be informative to monitor disease course in adult 

CNO, as they do not differentiate chronic from 

acute disease (37). However, it should be noted 

that numerous case reports describe the marked 

decrease in uptake on WBBS or SPECT after 

therapy, suggesting that clinically meaningful 

differences can be detected. PET has the ability to 

differentiate active from silent lesions (37, 49, 55), 

so may candidate as a follow-up imaging tool. 

Likewise, MRI can visualize signs of active 

inflammation (bone marrow oedema, soft tissue 

oedema, joint effusion) which also show (partial) 

resolution after treatment (25, 40, 68). Various 

paediatric and adult studies have evaluated MRI-

derived disease activity indices which include 

BMO, soft tissue oedema, joint effusion (25, 51, 

71, 73, 74). The paediatric CNO consensus 

treatment plan recommends these signs to be 

included in therapeutic monitoring (98) 

22% of physicians use 

follow-up nuclear 

imaging, either 

WBBS, SPECT or 

PET.   

 

22% of physicians use 

follow-up nuclear 

imaging, either 

WBBS, SPECT or 

PET.   

 

52% of physicians use 

follow-up MRI. 

Regarding the issue 

whether follow-up imaging 

adequately reflects disease 

activity (and may therefore 

be used as a readout) 

See Q2 

D: Potential outcome measures for 

preventing structural bone and joint 

damage 

Identification of studies Summary of evidence 
Physician survey 

results 
Level of evidence 

Structural abnormalities like sclerosis, 

hyperostosis, erosions as assessed by 

imaging 

No additional literature 

search performed, see Q2 

for literature review of 

imaging during the 

disease course of adult 

CNO.  

The number of radiologic lesions are also 

recommended in the paediatric CNO consensus 

treatment plan as a follow-up measure (98).   

52% of physicians use 

follow-up MRI to track 

radiologic disease 

course. 

Very low 

(Due to indirectness: 

absence of studies 

evaluating the utility of 

following structural 

progression of disease by 

imaging) 

E: Remaining considerations Identification of studies Summary of evidence 
Physician survey 

results 
Level of evidence 

Use of standardized methods or 

surveys to evaluate PROMs like pain, 

functioning, and fatigue in clinical 

No systematic literature 

search performed.  

In axial spondylarthritis, disease activity 

measurements generally make use of NRS-11 

scales to score pain and functioning, and there are 

Not queried.  Very low 

(Due to indirectness: 

absence of studies 
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practice (e.g. Visual Analogue Scale 

(VAS) or numerical rating scale 

(NRS), SF or RAND-36). 

specifically validated quality of life instruments for 

the condition (103).  

evaluating the validity and 

utility of standardized 

measuring tools for proms) 

 

Treatment indications and 

considerations for patients without 

clinical symptoms, but radiologic 

disease activity.  

“asymptomatic”, 
“indication”, 
“subclinical”, “disease 
course”, “follow-up” 

Over a follow-up period of 12 years, 53% of adult 

patients develop new bone lesions according to one 

study (72). However, there is no literature at 

current that resolves whether disease progression 

or extension can be effectively prevented with 

treatment in asymptomatic patients.  

18% of physicians 

would start treatment 

in asymptomatic 

patients, who, e.g. 

display radiologic 

signs of inflammation. 

The remaining 72% 

would only initiate 

treatment in presence 

of pain.  

Very low 

(Due to indirectness: 

absence of studies 

addressing the prognostic 

relevance of asymptomatic 

lesions on patient 

outcomes) 

 

  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Ann Rheum Dis

 doi: 10.1136/ard-2024-226446–19.:10 2024;Ann Rheum Dis, et al. Winter EM



22 

 

Q10: What are considerations regarding contents and duration of step 1 treatment? 

*Treatment domain focusses on the treatment of sterile bone inflammation in adult CNO. Treatment of additional (extra-skeletal) features is addressed in Q14. 

 

Subtopic Identification of studies Summary of evidence 
Physician survey 

results 
Level of evidence 

Use of non-steroidal anti-

inflammatory drugs (NSAIDs)/ 
cyclooxygenase-2 inhibitors 

(COXIBs) in treatment-naive 

adult CNO patients.  

Recent meta-analysis 

used, and also sought for 

“NSAID”, “non steroidal 
anti inflammatory 

drugs”, 

“cyclooxygenase-2 

inhibitor”, “COXIB”. 

 

EULAR 

recommendations for 

axial spondylarthritis 

were additionally 

consulted. 

Step 1 treatment with NSAIDs/COXIBs yields good response in 

14% (95% CI 0-42) of patients, and partial response in 60% of 

patients (total n=488) (1). There are limited studies that 

compare the clinical outcomes between NSAIDs/COXIBs 

versus direct step 2 therapies in adults. In paediatric patients, 

direct step 2 treatments (infliximab, methotrexate with/without 

single-shot zoledronic acid) yield better clinical results than step 

1 NSAIDs/COXIBs, in which NSAIDs/COXIBs also did not 

prevent structural tissue damage in 1 patient (104). Another 

paediatric study of n=70 patients found that NSAIDs/COXIBs 

were less likely to induce clinical improvement than direct step 

2 therapy (105). Contrarily, NSAIDs/COXIBs were reasonably 

effective in another paediatric cohort as step 1 therapy (69). In 

the consensus treatment plan for paediatric CNO, 

NSAIDs/COXIBs are the common step 1 treatment, except in 

patients with spinal involvement (98). 

 

In axial spondylarthritis, NSAID/COXIB monotherapy is 

recommended in all patients if it can sufficiently control 

symptoms. NSAIDs/COXIBs should only be administered with 

the attempt to control symptoms, and not to prevent structural 

disease progression over time (66). As for long-term 

NSAID/COXIB use in general, it is known that discontinuation 

due to intolerance of maximum dosage is common and 

frequently a reason for step-up therapy to be initiated (106). 

83% of 

physicians apply 

nsaids as first-line 

treatment (but 

17% directly 

applied other 

agents: 

bisphosphonates 

or sulfasalazine) 

Very low  

(Due to risk of bias, 

imprecision, inconsistency 

and indirectness) 

 

Preferred duration of 

NSAIDs/COXIBs therapy (at 

maximum approved and 

tolerated dosage). 

Recent meta-analysis 

used, and also sought for 

“NSAID”, “non steroidal 
anti inflammatory 

drugs”, 

“cyclooxygenase-2 

inhibitor”, “COXIB”. 

 

EULAR 

recommendations for 

axial spondylarthritis 

No literature evaluating the preferred duration of 

NSAIDs/COXIBs therapy in adult CNO, nor the need for 

NSAIDs/COXIBs rotation. 

 

In general guidelines for axial spondylarthritis, response to 

NSAIDs/COXIBs is determined after 2-4 weeks, after which a 

second course of  a different NSAID/COXIB is considered. 

Similarly, for psoriatic arthritis evaluation of NSAID/COXIB 

first-line therapy is recommended after 4 weeks (66, 107).  

Not queried. Very low  

(Due to indirectness: 

absence of studies on the 

preferred duration) 

Necessity of an NSAID/COXIB 

rotation before step-up.  

Very low  

(Due to indirectness: total 

absence of studies on the 

added value of NSAID 

rotation) 
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were additionally 

consulted. 

Direct step-up treatment in 

patients with active spinal 

lesions. 

“fracture”, “spinal”, 
“spine”, “vertebrae”, 
“vertrebral” 

No studies available on the prognostic value of spinal bone 

lesions, and whether more aggressive (step 2) treatment leads to 

better outcomes in these patients. However, spinal lesions form 

an indication for direct step 2 treatment with pamidronate in the 

consensus diagnosis and treatment plan for paediatric CNO, in 

order to minimize the risk of pathological fractures (98). In 

adults, pathological fractures in osteitis areas have been reported 

too, in the clavicle (108-112) as well as vertebrae (113, 114). 

However, whether complications like fractures can be prevented 

with more aggressive treatment from the start is yet unknown. 

Not queried.  Very low  

(Due to indirectness: no 

studies in adults on 

prognostic relevance of 

this characteristic and 

whether direct step-up 

improves patient 

outcomes) 

 

Direct step-up treatment in 

patients with significant skeletal 

damage attributable to sterile 

bone inflammation/osteitis. 

 “NSAID”, “non 
steroidal anti 

inflammatory drugs”, 

“cyclooxygenase-2 

inhibitor”, “COXIB”, 
“step-up”, “step-down”, 
also studies covering 

treatment in cohorts of  

>10 patients were 

reviewed. 

No studies available on the prognostic value of significant 

skeletal damage, and whether more aggressive (step 2) 

treatment leads to better outcomes in such patients.  

Not queried. 

Direct step-up treatment in 

patients with pronounced 

systemic inflammation (e.g. 

High ESR/CRP) attributable to 

sterile bone 

inflammation/osteitis. 

 “NSAID”, “non 
steroidal anti 

inflammatory drugs”, 

“cyclooxygenase-2 

inhibitor”, “COXIB”,  
“step-up”, “step-down”, 
also studies covering 

treatment in cohorts of  

>10 patients were 

reviewed. 

No studies available on the prognostic value of pronounced 

systemic inflammation, and whether more aggressive (step 2) 

treatment leads to better outcomes in such patients.  

Not queried. 
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Q11: What are considerations regarding contents of step 2 treatment? 

*Treatment domain focusses on the treatment of sterile bone inflammation in adult CNO. Treatment of additional (extra-skeletal) features is addressed in Q14. 

 

Step 2 treatment: 

options 

Identification of 

studies 
Summary of evidence 

Physician survey 

results 
Level of evidence 

Conventional synthetic 

disease modifying anti-

rheumatic drugs 

(csDMARDs) like 

methotrexate, 

sulfasalazine, 

leflunomide. 

“methotrexate”, 
“MTX”, 
“sulfasalazine”, 
“salazopyrine”, 
“SSA”, 
“leflunomide”, 
“LFN” 

A recent systematic literature review reported a response rate of 47% 

for csDMARDs (methotrexate, sulfasalazine, or leflunomide). A meta-

analysis found a good response rate of 8% and partial response rate of 

55% (methotrexate or sulfasalazine, total n=204) (1, 115). 

 

Several case reports assert the efficacy of methotrexate in patients with 

adult CNO. These patients were usually also suffering from arthritis or 

cutaneous symptoms. Methotrexate is applied either as monotherapy or 

combination therapy with NSAIDs/COXIBs, prednisolone, 

sulfasalazine, TNF-alpha inhibitors (TNFi) or bisphosphonates and is 

reported to improve articular and cutaneous symptoms (12, 116-118). 

In one cohort study on n=41 patients, 4 received methotrexate and only 

2 achieved partial clinical response. One retrospective study reports the 

use of csDMARDs in general (either sulfasalazine or methotrexate) and 

found pain relief in only 4/14 patients who received these agents (119). 

 

For sulfasalazine, scarce reports indicate a partial efficacy of 

monotherapy in 1/6 patients (16, 116), and several reports discuss the 

failure of sulfasalazine (29, 120). Combined therapy with sulfasalazine 

and methotrexate has been reported with favorable outcomes (116, 

121). Leflunomide has specifically been reported to improve nail 

involvement in adult CNO (122).  

 

Methotrexate or sulfasalazine are included in one of the consensus 

treatment plans for paediatric CNO (98) as csDMARD monotherapy.  

22% of physicians use 

methotrexate as step 2 

treatment. 

Very low  

(Due to risk of bias, 

imprecision, 

inconsistency, 

indirectness, suspected 

publication bias) 

 

Intravenous 

bisphosphonates. 

“bisphosphonates”, 
“pamidronate”, 
“APD”, “pamidronic 
acid”  
“zoledronate”, 
“zoledronic acid”, 
“ibandronate”, 
“ibandronic acid”, 
“risedronate”, 
“risedronic acid”, 
“neridronate”, 
“neridronic acid”,  

Pamidronate: A relatively high number of studies describe the 

efficacy of intravenous pamidronate in adult CNO, containing one 

*pilot double-blinded randomized controlled trial showing radiologic 

and clinical improvement as compared to placebo (n=6 patients per 

arm) (53). Two recent literature reviews found response rates of 88% 

and 83% (good) and 9% (partial) (total n=112) (1, 115). Besides, 

multiple prospective and retrospective studies and case reports 

demonstrated clinical and radiologic response in the majority of 

patients. One study also demonstrated an association with clinical 

response and increased CTx at baseline, and another described its 

positive effects on PPP-lesions in specific too (16, 41, 60, 123-130). 

Pamidronate is mostly administered in 3-month intervals (either 3x30 

42% of physicians use 

bisphosphonates as 

step 2 treatment; 28% 

use pamidronate, 14% 

use other 

bisphosphonates.  

19% use 

bisphosphonates (not 

specified which) as 

step 3 treatment.  

 

Very low  

(Due to risk of bias, 

imprecision, 

inconsistency, 

indirectness, suspected 

publication bias) 

*The one RCT still 

demonstrates high risk of 

bias as assessed by ROB-

2. 
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mg on consecutive days, 60 mg, or 90 mg per cycle), or in monthly 

intervals with 1 mg/kg or 60 mg as standard dosage.  

 

Zoledronate: Positive clinical and radiological response has also been 

described for intravenous zoledronate in several case reports (131-134), 

with regimen ranging 4-5 mg per 6 months. In a small cohort study, 

intravenous zoledronate (0.025 mg/kg every 3 months) was compared 

with pamidronate (1 mg/kg/month; first dose administered over 3 

consecutive days) in 16 children with CNO, leading to similar clinical 

outcomes in both groups, while zoledronate allows for a more 

convenient dosage and logistics (135). One report in adults compared 

30 patients treated with zoledronate to other studies treating similar 

patients with pamidronate, yielding similar clinical improvements at 3-

days after treatment as well (136).  

 

Others: Intravenous ibandronate, risedronate and neridronate led to 

clinical improvement in several cases (61, 137-139) (140). Data on the 

use of oral bisphosphonates are scarce; only one report depicts 

successful treatment of adult CNO of the mandible with oral 

alendronate (141). 

 

General: A retrospective study in 34 patients found quicker disease 

control with bisphosphonates than with immunosuppressive 

drugs(142).  

 

Bisphosphonates are included in one paediatric CNO consensus 

treatment plan, recommending either pamidronate (1mg/kg every 

month, max. 60 mg) or zoledronate (1 mg/kg/dose for 3 consecutive 

days every 3 months) (98)/ In comparison with TNFi, pamidronate 

seems to lead to faster radiologic response in paediatric patients. 

However, response seems less durable, as more flares were observed 

under pamidronate than under TNFi (143).  

Tumor necrosis factor 

alpha inhibitors 

(TNFi). 

“TNF”, “tumor 
necrosis factor”, 
“adalimumab”, 
“infliximab”, 
“etanercept”, 

“certolizumab” 

A recent systematic review and meta-analysis report response rates of 

85%, and 94% (57% good; 37% partial) (total n=76 for the meta-

analysis) (1, 115). A recent prospective study comparing the safety and 

efficacy of guselkumab and adalimumab in adult CNO found 

comparable clinical response rates with significant improvement in 

both groups, a continuation rate of 9/13 patients at 6-months for 

adalimumab, and a 39% incidence of adverse events (144). In a 

retrospective study of n=45 multi-step refractory patients treated with 

tnfi, etanercept, adalimumab and infliximab yielded partial response or 

remission in 21/30, 22/22, and 10/18 patients respectively (145). 

Several case series assert the (partial) effectiveness of TNFi on clinical, 

19% of physicians use 

TNFi as direct step 2 

treatment.  

56% of physicians use 

TNFi as step 3 

treatment. 

Very low  

(Due to risk of bias, 

imprecision, 

inconsistency, 

indirectness, suspected 

publication bias) 
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biochemical, and dermatological parameters in adult CNO, with 

response favouring adalimumab over infliximab and etanercept (12, 17, 

120, 146-164). TNFi has been reported to improve ocular 

complications (165). Certolizumab has been evaluated in one case 

report, with improvement on osteoarticular and skin symptoms(166).  

 

Several reports are less positive, indicating TNFi (specifically 

infliximab) indicating that radiologic osteitis may persist or even 

expand under TNFi treatment (16, 167, 168) and TNFi can induce 

paradoxical psoriatic skin lesions (145, 146, 150, 169-172). 

 

TNFi is commonly combined with csDMARDs and NSAIDs/COXIBs 

(12, 152, 168, 169, 173).  

 

In paediatric CNO, TNFi (either etanercept, adalimumab, infliximab) is 

recommended as one of the three consensus treatment plans, either as 

monotherapy or in combination with methotrexate (98). 

Step 2 treatment: 

specific subtopics 

 

Identification of 

studies 
Summary of evidence 

Physician survey 

results 
Level of evidence 

Specific preference for 

intravenous in patients 

with active spinal bone 

lesions, so as to 

minimize risk of 

pathological fractures. 

“fracture”, “spinal”, 
“spine”, “vertebrae”, 
“vertrebral” 

Spinal lesions form an indication for direct step 2 treatment with 

pamidronate in the consensus diagnosis and treatment plan for 

paediatric CNO, in order to minimize the risk of pathological fractures. 

(98) In adults, pathological fractures in osteitis areas have been 

reported in the clavicle (108-112) as well as vertebrae (113, 114). 

Not queried. Very low  

(Due to indirectness: no 

studies addressing the 

efficacy of 

bisphosphonates against 

other medications in these 

patients) 

 

Specific preference for 

TNFi in patients with a 

history of uveitis or 

inflammatory bowel 

disease. 

No systematic 

literature search 

performed, EULAR 

recommendations for 

axial spondylarthritis 

consulted.  

For patients with axial spondylartritis with manifestations of uveitis or 

inflammatory bowel disease, there is superior evidence for the efficacy 

of specific TNFi than for other biologics (66). Extrapolating to adult 

CNO, which may also co-present with uveitis or enteropathy, patients 

with these features might benefit from specific TNFi as a specific 

biologic most.  

Not queried. Low 

(Due to indirectness: no 

studies assessing this 

strategy in adult CNO) 

Specific preference to 

initiate TNFi as step 2 

treatment, and not a 

csDMARD, in patients 

presenting with axial 

disease and 

overlapping features 

No systematic 

literature search 

performed, EULAR 

recommendations for 

axial spondylarthritis 

consulted.  

Patients with an overlapping phenotype of axial spondylarthritis and 

adult CNO may benefit most from therapies that have already been 

found effective in axial spondylarthritis, like TNFi, which could steer 

choice for biologic therapy (66). A similar line of reasoning is upheld 

for paediatric CNO, in which patients with sacroiliitis are preferably 

treated with TNFi (96).  

Not queried.  Low 

(Due to indirectness: no 

studies assessing this 

strategy in adult CNO) 
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with axial 

spondylarthritis. 

Maintenance of  

NSAID/COXIB or 

csDMARD aside from 

biologic/antiresorptive 

therapy if the drug has 

been partly helpful.   

“combination”, 
“monotherapy”, 
“add-on” 

 

EULAR 

recommendations for 

axial spondylarthritis 

and psoriatic arthritis 

were additionally 

consulted. 

For adult CNO, there is no proper evidence directly comparing 

combination therapy of NSAIDs/COXIBs and csDMARDs with 

biologics or antiresorptives versus monotherapy. However, several 

reports assert the effectiveness of combination therapies and report 

cases in which it was superior to a biologic or bisphosphonate alone 

(10, 19, 174-176). In psoriatic arthritis, it is currently recommended to 

continue the csDMARD of methotrexate when adding a biologic, whilst 

there is no conclusive evidence that this combination therapy is 

preferred over biologic monotherapy (107). Methotrexate may be 

reduced in dosage if patients clinically respond to biologic treatment. In 

the paediatric CNO consensus treatment plan, methotrexate is 

suggested in addition to TNFi either as intended combination therapy, 

or to suppress the generation of antichimeric anti-TNF antibody 

production (98). 

Not queried. Very low  

(Due to risk of bias, 

imprecision, 

inconsistency, suspected 

publication bias). In 

psoriatic arthritis, there is 

also no conclusive 

evidence that combination 

therapy is more effective 

than biologic 

monotherapy). 
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Q12: What are considerations regarding contents of step 3 treatment? 

*Treatment questions focus on the treatment of sterile bone inflammation in adult CNO. Treatment of additional (extra-skeletal) features is addressed in Q14. 

 
Step 3 treatment: 

options 

 

Identification of 

studies 

Summary of evidence Physician survey 

results 

Level of evidence 

Interleukin-17 

inhibitors (IL-17i) 

“secukinumab”, 
“ixekizumab”, 
“brodalumab”, “IL-

17”, “interleukin 17”, 

“IL-17A”, 
“interleukin 17A” 

Increased Th17-lymphocyte numbers and elevation of Th17-related 

cytokines in bone lesions have been found in adult CNO patients, 

prompting the hypothesis that this pathway is a key disease driver, and 

blockage might improve symptoms (177, 178). Secukinumab was 

effective in reducing (radiologic) osteitis, patient reported health, and 

skin symptoms in two series of n=12 and n=4 patients, and response 

seemed associated with increased numbers of Th17-lymphocytes at 

baseline in the former study (179, 180). Various case reports confirm 

the efficacy of both secukinumab and brodalumab (172, 181-184). One 

study showed poor clinical effects of secukimab in adult CNO and two 

others reported paradoxical psoriatic skin lesions induced by therapy, 

particularly in patients with PPP (185-187). 

6% of physicians use 

IL-17i as step 3 

treatment.  

 

Very low  

(Due to risk of bias, 

imprecision, inconsistency, 

suspected publication 

bias). 

Interleukin-23 

inhibitors 

 “IL-23”, “interleukin 
23”, “guselkumab”, 
“tidrakizumab”, 
“risankizumab” 

Guselkumab has been shown effective in improving osteoarticular and 

dermatologic manifestations for adult CNO in a prospective study 

(n=12), a retrospective study (n=5), in an exploratory analysis of a 

randomized placebo-controlled trial* (n=45), and a case report (144, 

188-190). Risankizumab has been described as inducing sustained 

remission in two case reports (191, 192).   

Not selected by any of 

the physicians as step 2 

or 3 treatment.   

Very low  

(Due to risk of bias, 

imprecision, inconsistency, 

suspected publication 

bias). 

* The RCT still poses high 

risk of bias as assessed 

with to rob-2 

Interleukin-12/23 

inhibitors (IL-12/23i) 

“IL-12”, “interleukin 
12”, “IL-23”, 
“interleukin 23”, 
“ustekinumab” 

Ustekinumab was evaluated in a series of 3 patients, but was 

ineffective for osteoarticular symptoms, partly effective for PPP, but 

caused a paradoxical flare of psoriasis in one patient (185). Two other 

case reports describe conflicting results, one demonstrating overall 

little efficacy for osteoarticular symptoms and one reporting significant 

improvement of both osteoarticular and skin manifestations (193, 194).  

Not selected by any of 

the physicians as step 2 

or 3 treatment.   

Very low  

(Due to risk of bias, 

imprecision, inconsistency, 

suspected publication 

bias). 

Interleukin-6 inhibitors “IL-6”, “interleukin 
6”, “tocilizumab”, 
“sarilumab” 

Tocilizumab has been reported to give clinical and radiologic 

improvement in adult CNO in one case report, but also failed in two 

others (195, 196). Treatment with tocilizumab was complicated by the 

development of an aseptic subcutaneous abscess in the anterior chest 

wall in one patient with adult CNO and secondary amyloid A 

amyloidosis (197). 

3% of physicians use 

IL-6i as step 3 

treatment. 

 

Very low  

(Due to risk of bias, 

imprecision, inconsistency, 

suspected publication 

bias). 

Interleukin-1 inhibitors “IL-1”, “interleukin 
1”, “canakinumab”, 
“anakinra” 

Three studies (2 case reports and series of n=6) have reported the 

efficacy of anakinra on clinical, biochemical and radiologic disease 

activity (198-200), but one reported failure (201). Canacinumab was 

evaluated in one case report of a paediatric CNO patient and found 

Not selected by any of 

the physicians as step 2 

or 3 treatment.   

Very low  

(Due to risk of bias, 

imprecision, inconsistency, 
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effective in the short term to control bone and skin manifestations, but 

not in inducing long-term remission of skeletal symptoms (202).  

suspected publication 

bias). 

Janus kinase (JAK)-

inhibitors 

“janus kinase”, 
“JAK”, “baricitinib”, 
“tofacitinib” 

Multiple case reports have asserted the efficacy of the JAKi tofacitinib 

(almost exclusively as monotherapy) in adult CNO, with improvement 

of osteoarticular symptoms in most patients (17, 113, 203-209). 

Tofacitinib has also been reported to improve dermatological 

manifestations in adult CNO in a prospective study of n=13 patients 

and case reports (186, 209-211), and paradoxical psoriatic skin lesions 

induced by other therapies like IL-17i (187). Two retrospective studies 

(n=13 and n=12) showed efficacy of tofacitinib on pain, radiologic 

inflammation assessed by MRI and skin lesions (212, 213). A case 

series of 5 patients treated with baricitinib reported improvement in 

inflammation indices and led to clinical remission in 4 (214).  

3% of physicians use 

JAKi as a step 2 

treatment. 

Very low  

(Due to risk of bias, 

imprecision, inconsistency, 

suspected publication 

bias). 

Surgical intervention 

(in cases of unifocal 

involvement or 

hyperostotic 

complications) 

“surgery”, “surgical”, 
“resection”, 
“curettage”, 
“operative” 

In general, there are very limited data on operative management of 

adult CNO. In a case series of 4 patients with unifocal osteitis of the 

clavicle, extended curettage caused improvement of symptoms (215). 

Other surgical reports pertain to mandibular osteitis mostly, where 

resection of the affected bone shows favourable outcomes but also high 

recurrence rate (216-218). Curettage improved symptoms and 

prevented spinal destruction in one patient with spondylitis, but did not 

in a case with femoral involvement (219, 220). The potential of 

remodelling surgery after remission of mandibular CNO has also been 

reported (221).  

3% of physicians use 

surgery as a step 3 

treatment.  

Very low  

(Due to risk of bias, 

imprecision, inconsistency, 

suspected publication 

bias). 
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Q13: What are considerations regarding ancillary treatment? 

 

Potential ancillary treatments Identification of studies Summary of evidence 
Physician survey 

results 
Level of evidence 

Intra-articular glucocorticoids 

(in case of local disease activity, 

e.g. in sternoclavicular joint or 

in cases of peripheral 

mono/oligoarthritis). 

“intra-articular” 
“injection”, “articular 
injection” 

 

In addition, (ASAS)-

EULAR recommendations 

for axial spondylarthritis 

and psoriatic arthritis were 

consulted. 

One prospective study evaluated the efficacy of intra-

articular glucocorticoid injections in the sternoclavicular 

joint in adult CNO, without improvement of osteitis in 

MRI and patient health assessment (222). Another 

retrospective study found clinical improvement in 17 out 

of 27 patients treated with intra-articular injections (29). 

Intra-articular glucocorticoids may be considered as 

adjunctive therapy for psoriatic arthritis and axial 

spondylarthritis in cases to treat local joint inflammation 

(66, 107). 

8% of physicians 

administer 

glucocorticoid 

injections as step 2 

treatment. 

Very low  

(Due to risk of bias, 

imprecision, inconsistency, 

suspected publication 

bias). 

Short (not long) courses of oral 

prednisolone. 

No systematic literature 

search performed; ASAS-

EULAR recommendations 

for axial spondylarthritis 

and psoriatic arthritis were 

consulted.  

In axial spondylarthritis, systemic glucocorticoids are 

only recommended for short-term use in case of purely 

axial disease. Data on long-term use are absent, while the 

adverse effects of systemic glucocorticoids are well-

established and should prompt cautious use. In psoriatic 

arthritis, systemic glucocorticoids are not recommended 

for purely axial disease (66, 107). Extrapolating these 

recommendations for adult CNO, systemic 

glucocorticoids may be considered for short-term use, 

mostly in patients with peripheral disease. 

 

Systemic glucocorticoids may cause flares of psoriasis, 

but recent studies have indicated that this risk is much 

lower than traditionally presumed (223).  

3% of physicians use 

oral prednisolone as 

step 2 treatment.  

Very low  

(Due to indirectness: no 

studies performed in adult 

CNO) Intramuscular 

methylprednisolone acetate. 

6% of physicians use 

intramuscular 

methylprednisolone as 

step 2 treatment. 

Physiotherapy  “physiotherapy”, “physical 
therapy”, “rehabilitation”, 
“exercise” 

One case report describes the role of physical therapy 

and rehabilitation in the treatment of adult CNO (224). In 

axial spondylarthritis, the positive effects of exercise 

programmes are well-established and it is recommended 

to consider physiotherapy in all patients (66, 225). 

61% of physicians 

recommend 

physiotherapy to adult 

CNO patients.  

Very low  

(Due to indirectness: no 

studies performed in adult 

CNO) 

Smoking cessation “smoking”, “tobacco”, 
“intoxication” 

No specific data on the prognostic benefit of smoking 

cessation in adult CNO. However, (see Q1D), prevalence 

of active smoking among adult CNO patients is high, its 

association with PPP is well-established, and, obviously, 

smoking cessation has important general health benefits 

irrespective of diagnosis of adult CNO.  

70% of physicians 

discuss the importance 

of smoking cessation.  

Very low  

(Due to indirectness: no 

studies performed in adult 

CNO) 
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Q14: What are considerations regarding treatment of additional (extra-skeletal) features? 

Subtopic Identification of studies Summary of evidence Physician survey results Level of evidence 

Treatment alterations in case of 

additional (extra-skeletal) features; 

adherence to established treatment 

protocols, and preferably alignment 

with treatment for sterile bone 

inflammation/osteitis if possible. 

No systematic literature search performed.  Not specifically queried, but data 

indicate that physicians try to optimize 

therapy according to the combination 

of manifestations, using multi-angled 

therapy where possible. 

N/A 
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Q15: What are considerations during patient follow-up in adult CNO? 

Subtopic 
Identification of 

studies 
Summary of evidence 

Physician 

survey results 
Level of evidence 

Necessity of long-term follow-up  “Long-term”, 
“longterm”, 
“follow-up”, 
“clinical course”, 
“disease course” 

 

Existing evidence highlights that adult CNO may have a 

chronic disease course, with both persistence of presenting 

features and the development of new manifestations. During 

long-term follow-up (5-23 years in the cited studies), an 

important proportion of patients develop bone lesions or 

arthritis at new localizations (29, 72, 125), supporting 

patient instruction to be mindful of similar but also different 

symptoms in the future. 

Not queried. Regarding the incidence of new 

bone or joint lesions during long-

term follow-up: 

Moderate  

(Due to imprecision, indirectness) 

 

Regarding the clinical utility of 

long-term follow-up: 

Low 

(Due to indirectness: never studied 

whether this improves patient 

outcomes) 

Patient education on recurrence of 

symptoms. 

Not queried.  

Complication awareness: vertebral 

fractures in patients with spinal 

involvement. 

“fracture” Pathological fractures form an important complication of 

spinal CNO in paediatric patients (98). In adults, 

pathological fractures in osteitis vertebrae have been 

reported too (113, 114), as well as fractures at other 

involvement sites such as the clavicle (226, 227).  

Not queried. Very low  

(Due to imprecision: only several 

case reports available)  

Complication awareness: 

neurovascular obstruction due to 

hyperostotic compression in patients 

with anterior chest wall involvement, 

(thoracic outlet syndrome or 

subclavian vein obstruction). 

“venous”, 
“obstruction”,  
“thrombosis”, 
“vascular”, 
“thoracic outlet”, 
“subclavian” 

Numerous publications report the complication of 

neurovascular obstruction in adult CNO, usually caused by 

hyperostotic mechanic compression (121, 228-244). 

Compression may be asymptomatic, but may also case 

thrombosis and be a presenting feature. Nerve compression 

may cause numbness or paraesthesia in the ipsilateral arm. 

In severe cases, neurovascular obstruction may warrant 

surgical intervention. A recent cohort study in MRI-findings 

in the anterior chest wall found a prevalence of 18% for 

venous stenosis in adult CNO patients (48). 

Not queried. Low  

(Due to imprecision; only several 

case reports and one cohort study 

available) 
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Supplemental material 4: Detailed methods for consensus process 

 

Systematic literature review: data collection 

The systematic literature review addressed the domains of interest (see S2), covering the disease 

definition, name, organization of care, diagnostics and treatment. A search was conducted for Embase, 

Emcare, Web of Science, and Cochrane (initial search February 2021) and Pubmed (initial search May 

11th 2023, last update April 18th 2024) The search string (see below) aimed to retrieve literature on the 

full spectrum of CNO, also including pediatric studies. In total, n=1385 papers were retrieved, excluding 

duplicates. Per domain of interest, papers were selected by searching title, abstract, and full text for key 

words (specified in the summary of evidence). Relevance of identified papers was assessed by reading 

full text by ATL. For several themes, the search was limited at the discretion of ATL, EMW and OMD 

to recent (systematic) reviews or studies with larger patient numbers only, as specified in the summary 

of evidence. The summary of evidence focused mainly on literature for adult CNO. When evidence 

from pediatric studies was considered relevant , this is explicitly mentioned in the text. In addition, the 

current European Alliance of Associations for Rheumatology (EULAR) recommendations for axial 

spondylarthritis (axSpA) and psoriatic arthritis (PsA) were consulted as these patients populations bear 

some clinical resemblance to adult CNO. Relevant considerations are embedded in the summary of 

evidence, with explicit mentioning that they were conceived for axSpA or PsA as appropriate. Lastly, 

for several domains that surpass the domain of CNO in specific (e.g. on differential diagnoses), 

supportive evidence was added manually. Current clinical practice standards were derived from a 

physician survey study that has been published previously (1).  

 

Systematic literature review: full search string 

(("Hyperostosis, Sternocostoclavicular"[majr] OR "sterno-costo-clavicular hyperostosis"[ti] OR 

"sternocostoclavicular hyperostosis"[ti] OR "sterno costoclavicular hyperostosis"[ti] OR "sternocosto 

clavicular hyperostosis"[ti] OR ("SCCH"[ti] AND "hyperostosis"[ti]) OR "SAPHO"[ti] OR "Acquired 

Hyperostosis Syndrome"[majr] OR "acquired hyperostosis syndrome"[ti] OR "Acquired 

Hyperostosis"[ti] OR "Acute pseudoseptic arthritis and palmoplantar pustulosis"[ti] OR "Aseptic 

osteomyelitis"[ti] OR "Bilateral clavicular osteomyelitis"[ti] OR "CRMO"[ti] OR "Chronic mandibular 

osteomyelitis"[ti] OR "chronic multifocal osteomyelitis"[ti] OR "Chronic multifocal symmetrical 

osteomyelitis"[ti] OR "chronic non bacterial osteomyelitis"[ti] OR "chronic non hematogenous 

osteomyelitis"[ti] OR "chronic recurrent multifocal osteomyelitis"[ti] OR "Chronic recurrent 

osteomyelitis"[ti] OR "Chronic sclerosing osteitis"[ti] OR "Chronic symmetric osteomyelitis"[ti] OR 

"Clavicular hyperostosis"[ti] OR "Clavicular periosteal new bone formation"[ti] OR "Condensing 

osteitis of the clavicle"[ti] OR "Diffuse sclerosing osteomyelitis"[ti] OR "Hyperostosis Syndrome"[ti] 

OR "Intersternocostoclavicular ossification"[ti] OR "Multifocal chronic osteomyelitis"[ti] OR 

"Multifocal sterile osteomyelitis"[ti] OR "Musculoskeletal syndromes associated with acne"[ti] OR 
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"non bacterial osteitis"[ti] OR "non bacterial osteomyelitis"[ti] OR "nonbacterial osteitis"[ti] OR 

"nonbacterial osteomyelitis"[ti] OR "Non-infectious osteitis"[ti] OR "Osteomyelitis of the bilateral 

clavicles"[ti] OR "pustulotic arthritis"[ti] OR "Pustulotic arthro-osteopathy"[ti] OR "Recurrent 

hyperostosis of the clavicle"[ti] OR "Sclerosis and hyperostosis of the manubrium sterni"[ti] OR 

"Spondylarthropathy with hidradenitis suppurativa and acne conglobata"[ti] OR "sternocostoclavicular 

osteoarthritis"[ti] OR "sternocostoclavicular pain"[ti] OR "sternocostoclavicular syndrome"[ti] OR 

"Subacute and chronic symmetrical osteomyelitis"[ti] OR "pustulotic arthro-osteitis"[ti] OR "pustulotic 

arthroosteitis"[ti] OR "sternocostoclavicular arthro-osteitis"[ti] OR "sternocostoclavicular 

arthroosteitis"[ti] OR "inter-sterno-costo-clavicular ossification"[ti] OR "intersterno costoclavicular 

ossification"[ti] OR "intersternocostoclavicular ossification"[ti] OR ("arthro-osteitis"[ti] AND 

"pustulosis"[ti])) AND english[la] 

 

Systematic literature review: methods for appraising level of evidence 

An appraisal of the quality of evidence was evaluated using the GRADE approach as outlined in the 

Cochrane Handbook for Systematic Reviews of Interventions (2). GRADE was performed by ATL 

and checked with EMW and OMD.  

• For each statement or outcome in this Summary of Evidence, level of evidence is rated as 

“very low”, “low”, “moderate”, or “high”.  

• Level of evidence may differ per clinical context. For example, for a certain laboratory 

marker, we may have “high” level of evidence on how often or how much it is increased, but 

we have no studies (“very low”) level of evidence on whether the evaluation of this marker 

improves diagnostic certainty or patient outcomes. Similarly, we may have a fair estimate on 

the prevalence of asymptomatic lesions (“moderate”), yet no studies on whether screening for 

them has clinical consequence or improves patient outcomes (“very low”). In such cases, the 

level of evidence is based on clinical utility to improve patient outcomes. This is 

specified in the summary of evidence where relevant.  

• Evidence deriving from observational studies pertaining to clinical features in CNO/SAPHO 

was initially categorized as “high” level of evidence as for prevalence estimates 

randomization does not increase the validity. 

• Evidence deriving from randomized controlled trials (RCTs) was initially categorized as 

“high” level of evidence.  

• Evidence deriving from non-randomized studies of intervention (NRSIs) was initially 

categorized as “low” level of evidence 

• Level of evidence was lowered in the presence of the following factors: 
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o Significant risk of bias due to e.g.: confouding (NRSIs), absence of allocation 

concealment or absence of blinding (RCTs), loss to follow-up, selective reporting of 

outcomes.  

o Inconsistency in findings across studies (heterogeneity) 

o Indirectness (poor applicability of study results to the population of adult 

CNO/SAPHO) 

o Imprecision (large uncertainty in effect estimates, or few/only one study) 

• Level of evidence was decreased by one level for each factor that prompted “serious 

concerns”, or by two levels for each factor that prompted “very serious” concerns.  

o If only one/very few studies were available for the question at hand, level of evidence 

was marked as “very low” on the base of very serious imprecision.  

o Due to the general scarcity of literature in adult CNO/SAPHO, the presence of 

publication bias, which traditionally also lowers the level of evidence, could not be 

properly assessed. 

• Level of evidence was increased one level for each of the following factors: 

o Particularly large effect sizes 

o Presence of dose-response relationships 

o Plausible residual opposing confounding 

Expert panel constitution 

To assemble a diverse expert panel, several strategies were employed (see also figure A). Firstly, 

individuals who had participated in the physician survey study were invited. These individuals had been 

approached via European Alliance of Associations for Rheumatology (EULAR), Rare 

Immunodeficiency, Autoinflammatory and Autoimmune Diseases Network (ERN RITA), European 

Reference Network on Connective Tissue and Musculoskeletal Diseases (ERN ReCONNET), European 

Reference Network on Rare Bone Disorders (ERN BOND), European Society of Endocrinology (ESE), 

European Calcified Tissue Society (ECTS), Rare Bone Disease Action Group, South East Asia and 

Pacific Area League Against Rheumatism (APLAR), Japan College of Rheumatology (JCR), American 

Society for Bone and Mineral Research (ASBMR), International Osteoporosis Foundation (IOF), 

International Federation of Musculoskeletal Research Societies (IFMRS)) (n=32) (1). Simultaneously, 

invitations were sent to first and last authors of CNO-related publications from the past 5 years, if not 

participated in the survey study already (n=46, total number of invited participants n=78). Moreover, 

the consensus initiative was disseminated via the aforementioned networks, with the addition of 

Childhood Arthritis and Rheumatology Research Alliance (CARRA), the American College of 

Rheumatology (ACR), Paediatric Rheumatology European Society (PRES), European Association of 

Nuclear Medicine (EANM) and the professional networks of EMW. This led to spontaneous 

applications from associated experts (n=21 in total). Recognizing the scarcity of expertise in CNO, the 
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initiative remained open to participants even after its formal commencement. ATL, OMD, and OB 

fulfilled the tasks of research fellow, supervising methodologist and chair, and minutes secretary 

respectively and were not eligible to formally vote.  

Formulation of the expert consensus recommendations  

A schematic overview of the process for the development of the recommendations is presented in Figure 

1. A two-survey Delphi process was started in May 2023. Both Delphi surveys were executed using the 

General Data Protection Regulation-compliant system of Calibrum (Surveylet); as only participant’s 

opinions were assessed, no personal details of individual patients were gathered. Statements for the first 

Delphi were derived from the Summary of Evidence by ATL, EMW and OMD, and piloted by two 

collaborators who had previously participated in the preparatory physician survey study (GC and HGZ) 

(see S5 for Delphi survey 1, including data overview). Experts were invited to provide anonymous 

ratings for each statement on a 9-point Likert scale, along with the opportunity for free-text commentary, 

such as suggestions for reformulations or additional content.      

  

In total, 44 experts completed Delphi survey 1, of whom 36 were invited and 8 had volunteered via 

relevant networks (see above). Consensus on a specific statement was defined as a median score of at 

least 7/9 (indicating positive agreement with the statement), with an interquartile range (IQR) no larger 

than 25% of the total scale (indicating acceptable spread of scores). Group median scores, degree of 

spread, bipolarity assessments, and stakeholder group differences were analysed with SPSS Statistics 

version 25, IBM corp.  

The results, plus a compilation of free-text comments, were made available before the first digital pre-

meeting (June 2023, attended by n=39/44 survey completers). This meeting involved a structured 

discussion on the results of the first Delphi survey, with emphasis on dissent items.  

Afterwards, a second Delphi survey was developed (see S6 for the survey, including data overview). At 

this point, 2 experts withdrew from the project due to time constraints, and 13 more had self-applied 

via relevant networks. Of the total of 55 enrolled experts, n=43 completed the second Delphi survey in 

August 2023.  

Following similar analysis strategies, the results of the second Delphi survey set the framework for a 

two-day in-person meeting held in October 2023, attended by 36 out of 55 panel members. This meeting 

incorporated in-depth discussions across all domains of interest, including a session featuring 

presentations from imaging experts (ANC, TD, FS, JT), a session with representatives from the Dutch 

CNO patient association, and a round-table session on a future research agenda. 
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Of note that after the second Delphi round, we transitioned from formal level of agreement metrics to a 

more open discussion format. The discussions were thematically organized around key topics such as 

disease definition, naming conventions, diagnostics, and treatment strategies. Each session began with 

an overview of the data from both Delphi rounds to inform the discussions, which were led by an 

independent methodologist. In most cases, the panel was able to reach unanimous consensus on the text 

presented in the final manuscript. However, in instances of differing opinions, votes were held to capture 

the majority viewpoint while addressing opposing perspectives as considerations within the 

recommendations. Minutes were kept to be able to reiterate panel member’s individual viewpoints in 

follow-up meetings and during manuscript revisions. 

 

Synthesizing all information from the Summary of Evidence, the two Delphi surveys, and the two 

meetings, a draft recommendations were prepared and circulated for feedback. A digital follow-up 

meeting was held in February 2024 to resolve remaining points of discussion. Subsequently, a revised 

version of the document was circulated and amended. Eventually, the final recommendations were also 

rated by the full panel on a 0-10 Likert scale, with 0 indicating no agreement and 10 indicating full 

agreement. Level of agreement metrics are displayed in the recommendation tables with mean score 

and standard deviation, as well as the proportion of the panel rating the recommendation 8/10 or higher. 

Authorship on the eventual manuscript was determined based on active participation, meeting 

attendance, and adherence to the International Committee of Medical Journal Editors (ICMJE) 

authorship guidelines.  
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2023 consensus initiative for diagnosis and treatment of adult CNO-SAPHO 

 

 

2023 Consensus Initiative For Diagnosis and Management of Chronic 

Nonbacterial Osteomyelitis (CNO)/Synovitis, Acne, Pustulosis, Hyperostosis, 

Osteitis (SAPHO)-Syndrome in Adults 
Delphi round 1 – Analysis 
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2023 consensus initiative for diagnosis and treatment of adult CNO-SAPHO 

 

Methods for data analysis 

- Consensus was assessed per statement by calculating medians and interquartile ranges of the 1-9 point Likert scale (1 representing total disagreement, 

9 representing total agreement) and labelled as follows: 

 Consensus Median ≥ 7 with IQR ≤ 2.25 (25% of total scale) 

 Near consensus Median ≥ 7 with IQR ≤ 3 (30% of total scale) 

 Negative consensus Median ≤ 3 with IQR ≤ 2.25 

 Near negative consensus Median ≤ 3 with IQR ≤ 3 

 Consensus at another level Median 4-6, and IQR ≤ 2.25 

 Near consensus at another level Median 4-6, and IQR ≤ 3 

 Dissent Any median, and IQR > 3  

 

- All open text comments are listed below the pertaining question 

- Subgroup analysis was performed according to number of patients under clinical care (<10 vs. ≥10) and remarkable differences in scoring are 

discussed as appropriate, indicated with * 

- Bipolarity analysis was performed by visual inspection of histograms and comparison of median and mode, and remarkable bipolarity is discussed as 

appropriate, indicated with ** 

- Conditional questions were further evaluated by comparing paired responses or correlations between related questions and discussed as appropriate, 

indicated with *** 

 

  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Ann Rheum Dis

 doi: 10.1136/ard-2024-226446–19.:10 2024;Ann Rheum Dis, et al. Winter EM



2023 consensus initiative for diagnosis and treatment of adult CNO-SAPHO 

 

Results 
 

Number of completed responses: 44 

 

Q0: What is your medical specialty?  

 
 

 

 

 

 

Specialization

26 Adult Rheumatologist
8 Pediatric Rheumatologist
1 Adult and Pediatric Rheumatologist
1 Adult Rheumatologist and Osteologist
3 Immunologist
4 (Internist)-Endocrinologist
1 Orthopedic Surgeon
2 Radiologist

n = 44
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Q0: How many patients do you have under your clinical care (new cases and follow-up?)  
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2023 consensus initiative for diagnosis and treatment of adult CNO-SAPHO 

 

Theme 1: Disease (spectrum) definition 
 

Q1. What are key clinical characteristics of “adults with sterile bone inflammation”?  
 

Statement 

“Adults with sterile bone inflammation, in our experience…” 

Median (IQR)  Consensus 

assessment 

1. Usually present during midlife (30-50 years of age). 7.00 (6.50-8.00) Near consensus 

“Age at diagnosis is most often situated between 30 and 50 years of age. This is only descriptive and not important for diagnosis nor has to reflect onset” 

2. Are predominately female. 7.00 (5.00-8.00) Near consensus 

“Is descriptive but not relevant for diagnosis nor necessarily correct. Can be due to confounders, misdiagnosis, different disease expression or activity” 

 

“In my experience, at onset males are usually younger than females, and severe acne and/or hidradenitis suppurativa is their main skin involvement” 

 

“I confirm: not exclusively women, I did care for 3 men in the past, so in my situation I guess w:m 3:1 to 4:1” 

3. Mainly present with inflammatory bone pain, which can be chronic or relapsing-remitting. 8.00 (7.75-9.00) Consensus 

“Patients have pain in the back, at different locations of the appendicular skeleton. But how do you distinguish bone pain from other pain? It's redundancy, 

post hoc the pain is attributed to bone pain (usually after imaging). It can be a one episode event, relapsing-remitting or chronic. This is also of main 

interest for giving the condition a correct name. Bad terminology has extremely bad consequences on short and long term” 

 

“In my experience, the most frequent localizations of bone pain are the anterior chest wall and the dorso-lumbar spine” 

4. Often suffer from other auto-inflammatory comorbidities (general). 5.00 (3.00-7.00) Dissent 

“But no autoimmunity disorders” 

 

“Is important in giving the condition a correct name. Sterile -bone inflammation facultative + a, b, c” 

 

“Auto-inflammation syndromes are rare, maybe wording should be changed into auto-immune diseases” 

 

“There is overlap with clinical features of spondylo-arthritis in a proportion of patients” 

 

“We would clarify what does other auto-inflammatory comorbidities mean” 

5. May have/have had/develop sacroiliitis. 7.00 (5.00-8.25) Dissent 
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2023 consensus initiative for diagnosis and treatment of adult CNO-SAPHO 

 

“In Japan and Report from China, Axial involvement is common in SAPHO especially in PAO (Pustulo-arthro osteitis), seen about 40%” 

 

“At least with most of the generally accepted definitions. Not sure that the SI-joint really is involved or whether is only / mainly the surrounding bone” 

6. May have/have had/develop peripheral synovitis. 7.00 (5.00-8.00) Near consensus 

*Tended to be scored less positively by 

physicians caring for ≥10 patients vs. < 
10 patients: median 6.00 (4.00-7.50) vs. 

median 7.00 (5.50-9.00), p=0.071. 

“General problem of definitions of conditions with different possible features. Some persons which clearly can be classified as psoriatic arthritis have 

sterno-clavicular arthritis. Some persons only have real sterno-clavicular arthritis and no known other joint involvement; most with sterno-clavicular 

complaints have no arthritis but degenerative or ligament or no locomotoric conditions. The SC joint has a synovium, so nothing special” 

 

“Might be as an overlap to pure psoriatic arthritis” 

 

“Clinically apparent arthritis is not always peripheral synovitis” 

 

“Peripheral synovitis may be further specified if it is synovitis related to peripheral joint or also joint related to the anterior chest wall eg. sternoclavicular 

joint.” 

7. May have/have had/develop peripheral erosive synovitis. 5.00 (3.00-7.00) Dissent 

“Only in cases which also meet the PsA criteria” 

 

“May also have spinal involvement: bony vertebral, spondylodiscitis” 

 

“Depends on definition of conditions” 

 

“Never saw a case of peripheral destructive synovitis” 

 

“Usually seen in SC joints/Sterno-coracoid joints” 

 

“Erosive if related to joints in the anterior chest wall. Not related to peripheral joints.” 

8. May have/have had/develop dactylitis. 5.00 (3.00-6.00) Dissent 

“Only in cases which also meet the PsA criteria” 

 

“Is mainly tenosynovitis. Part of the spectrum or not? If psoriasis and palmar, plantar pustulosis are in, it has to be in too” 
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“If you add PsA in SAPHO, answer is yes, but we rarely see dactylitis in SAPHO/PAO” 

9. May have/have had/develop peripheral enthesitis. 5.50 (4.00-7.00) Dissent 

“If you add PsA in SAPHO, answer is yes, but we rarely see peripheral enthesitis in SAPHO/PAO” 

 

“Will be extremely difficult to distinguish from bone inflammation and even just mechanic stress. May have / had signs compatible with ...” 

 

“Definition of and detection of enthesitis is sometimes debatable....” 

10. May have/have had/develop pustulosis palmoplantaris. 8.00 (6.00-9.00) Near consensus 

“Is a part of disease definition, that’s why commonly seen (self-fulfilling prophecy)” 

 

“More than 80% of SAPHO are PAO in Japan and China” 

11. May have/have had/develop psoriasis. 6.00 (6.00-8.00) Consensus at 

another level 

“Yes, but how to distinguish from PsA?” 

 

“In PPP/PAO in Japan, psoriasis is a rare in PPP patients. As for the term PPP in Japan, we believe it is classified into PPP Type A and Type B:  PPP in 

Japan is pustular bacterid of the hands and feet proposed by Andrews and is classified as a type of pustulosis. We often see this lesions with concomitant 

local infection  such as periodontal disease(eg, apical abscess) or/and recurrent tonsilitis. However, in Europe and the United States, pustular psoriasis of 

extremities reported by Barber is often considered to be PPP. PPP (or PPPP) as used in Western articles is often used as an abbreviation for palmo-plantar 

pustular psoriasis (part of psoriasis, not with concurrent infections),  and together with acrodermatitis continua Hallopeau, as categorized into localized 

pustular psoriasis. The former is sometimes referred to as Andrews' Type A and the latter as Barber's Type B.” 

12. May have/have had/develop severe acne. 7.00 (5.00-8.00) Near consensus 

“It is only 10-20% of total SAPHO in Japan (report in GRAPPA survey conducted in 2021)” 

13. May have/have had/develop hidradenitis suppurativa. 5.50 (3.00-7.00) Dissent 

“Very rarely seen” 

 

“Also other neutrophilic dermatoses” 

 

“Never saw a case of both diseases, but maybe...” 

 

“It is only 10-20% of total SAPHO in Japan (report in GRAPPA survey conducted in 2021)” 
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14. May have/have had/develop inflammatory bowel disease. 4.00 (3.00-6.00) Consensus at 

another level 

“Only relevant if prevalence exceeds prevalence in the general population (plus wrong sterile bone inflammation diagnosis)” 

 

“Could be, if CNO/SAPHO is seen as a special subgroup of spondylarthropathies, but I did not see a case” 

 

“Our GI department follows >1000 IBD patients. We really see IBD+SAPHO”. 
15. May have/have had/develop uveitis. 3.00 (2.75-5.00) Consensus at 

another level 

“Could be, if CNO/SAPHO is seen as a special subgroup of spondylarthropathies, but I did not see a case” 

 

“I have never seen it” 

16. Show abnormalities during physical examination at presentation, e.g. swelling, local inflammatory 

signs. 

8.00 (6.00-9.00) Near consensus 

“May show…” 

17. Are frequently past or active smokers.  5.00 (3.00-6.00) Near consensus 

at another level 

“Not relevant for diagnosis. May be a modulating factor. Kids usually don't smoke and can get CRMO.” 

 

“As far as I remember my cases, all were non-smokers” 

 

“In patients with PPP its a known association, unclear what it is in patients without PPP, SCCH for instance” 

 

“High ex/current Smoking rate in PAO/SAPHO is seen in Japan” 
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Q2: What are key imaging characteristics of “adults with sterile bone inflammation”? 

 

Statement 

“Adults with sterile bone inflammation, in our experience…” 

Median (IQR)  Consensus 

assessment 

1. Display osteosclerosis on imaging at presentation. 7.00 (5.00-7.75) Near consensus 

“Depends on time of onset of symptoms until specialists evaluation, which can be many months to years” 

 

“Since bone marrow edema (acute osteitis) is the active/early signs of the disease, sclerosis is somewhat later stage” 

2. Display osteosclerosis on imaging during follow-up. 8.00 (7.00-9.00) Consensus 

“Since bone marrow edema (acute osteitis) is the Active/early signs of the disease, sclerosis is somewhat later stage” 

3. Display osteolysis on imaging at presentation. 6.00 (4.00-7.00) Near consensus 

at another level 

“But typical erosions for example in SCCH” 

 

“May display osteolysis on imaging” 

4. Display osteolysis on imaging during follow-up. 6.00 (5.00-7.00) Consensus at 

another level 

“May display osteolysis on imaging” 

 

“May display, in axial disease?” 

5. Display hyperostosis on imaging at presentation. 6.00 (5.00-7.75) Near consensus 

at another level 

“Many patients present with hyperostosis at presentation, but in many cases the diagnosis is several years later than the onset” 

 

“If it is delayed diagnosis, hyperostosis is seen at presentation” 

 

“May display hyperostosis on imaging” 

6. Display hyperostosis on imaging during follow-up. 8.00 (6.25-9.00) Near consensus 

“May? Probably minimal hyperostosis in most cases.” 

7. Display specific signs in bone on MRI on fat suppression sequences at presentation. 8.00 (6.00-8.00) Consensus 

“By no means specific.” 
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“Specific? better typical, because tumorous infiltration or bacterial infection may look alike in MRI” 

 

“Display increased signal within the bone marrow on fluid-sensitive images” 

 

“Bone marrow edema(acute osteitis), STIR(T2 Fat suppression) high, T1 Low lesion” 

8. Display specific signs in bone on MRI on fat suppression sequences during follow up. 7.00 (5.00-8.00) Near consensus 

“The MRI findings seem to be less typical during longterm disease in my experience” 

 

“Display increased signal within the bone marrow on fluid-sensitive images” 

 

“Consider to ask questions that both relate to active and chronic signs of bone inflammation” 

 

“Fat-deposition , STIR(T2 Fat suppression) low, T1 high lesion. and hyperostosis/ankylosis/osteolytis lesions can be seen during follow up” 

9. Display increased uptake/diffusion on quantitative imaging techniques like nuclear imaging or 

diffusion weighted Magnetic Resonance Imaging (MRI) at presentation. 

8.00 (6.00-8.75) Near consensus 

“Not in inactive disease” 

 

“Display increased tracer uptake on bone scintigraphy. (The DWI can be covered on the MRI section above as it is a different imaging modality to nuclear 

medicine)” 

 

“May specify if increased uptake is at presentation or during follow up. Increased uptake is in this case scored at presentation.” 
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Q3. What is the preferred name of the clinical entity?  

 

Note: henceforth, the name CNO/SAPHO is used throughout this document for the sake of clarity, but this name is subject to change according to the 

outcome of Q2. 

 

Statement 

“The preferred name for the clinical entity of “adults with sterile bone inflammation” is…” 

Median (IQR)  Consensus 

assessment 

1. Chronic nonbacterial osteomyelitis (CNO) in all patients. 6.00 (3.00-8.00) Dissent 

** Bipolarity in responses observed: 

n=17 scored as 1-3 (strong disagreement) 

and n=19 as 7-9 (strong agreement).  

"This might be used as an umbrella term with subsets, maybe like SLE / lupus nephritis." 

 

"I would prefer one grouping term with needs to: - adequately describe the main feature of the disease - comprehend all possible subclasses and phenotypes 

- is acceptable by the current medical community 'it rings a bell'. So maybe CNO/SAPHO might be better at the moment, with a review in x years." 

2. Chronic nonbacterial osteomyelitis (CNO) in case of sterile bone inflammation only, but synovitis, 

acne, pustulosis, hyperostosis, osteitis (SAPHO)-syndrome in case of bone plus skin and/or joint 

inflammation.  

7.00 (3.00-9.00) Dissent 

** Some bipolarity in responses 

observed: n=13 scored as 1-3 (strong 

disagreement) and n=24 as 7-9 (strong 

agreement). 

"CNO is a more pathologic entity, whereas SAPHO is a more clinical diagnosis." 

 

"CNO or CRMO if only bone is involved - that's my current wording :-) sometimes even incomplete SAPHO syndrome." 

 

"Also, you can say incomplete SAPHO, in case of osteitis, hyperostosis, and synovitis, without skin involved." 

 

"This could be useful to discriminate the two forms (isolated bone inflammation from joint and skin disease) for clinical or translational studies." 

3. Synovitis, acne, pustulosis, hyperostosis, osteitis (SAPHO)-syndrome in all patients. 3.00 (1.00-5.00) Dissent 

"Most of the cases are incomplete SAPHOs." 

 

"If only bone is involved, I would miss other features of a syndrome - one might probably solve this with wording 'incomplete SAPHO syndrome'." 

 

"It's easier in routine care and covers the entire spectrum, but not appropriate for studies." 
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4. Chronic nonbacterial osteomyelitis/synovitis, acne, pustulosis, hyperostosis, osteitis (CNO/SAPHO) in 

all patients.  

4.50 (1.00-8.00) Dissent 

** Bipolarity in responses observed: 

n=17 scored as 1-3 (strong disagreement) 

and n=15 as 7-9 (strong agreement). 

"A main problem is that many terms are used, and this creates confusion. An effort should be made to establish a term that replaces all previously used 

terms. The combined term CNO/SAPHO is probably the term that could be used to describe all cases." 

 

"This combination is not currently used." 

5. Sternocostoclavicular hyperostosis (SCCH) in all patients.  1.00 (1.00-3.75) Near negative 

consensus 

“This would only allow such patients into the definition” 

6. Pustulotic arthro-osteitis or pustolotic arthro-osteopathy (PAO) in all patients.  1.00 (1.00-2.00) Negative 

consensus 

7. Chronic recurrent multifocal osteomyelitis (CRMO) in all patients. 3.00 (1.00-5.00) Dissent 

*Tended to be scored less positively by 

physicians caring for ≥10 patients vs. < 
10 patients: median 2.00 (1.00-4.00; near 

negative consensus) vs. median 4.00 

(2.00-7.50), p=0.073. 

"In Germany, a widely used name." 

 

"A commonly used term, but this wording requires multifocality, while some patients have clinical symptoms only in one bone region." 

 

"This entity is more frequent in children." 
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Q4. What physicians preferably see and treat adult CNO/SAPHO? 

 

Statement 

“Patients should preferably be under treatment of a…” 

Median (IQR)  Consensus 

assessment 

1. Bone-oriented specialist, specifically rheumatologist, internist, endocrinologist, immunologist or 

osteologist. 

8.00 (7.00-9.00) Consensus 

2. Any bone-oriented specialist, those with surgical background like orthopedic surgeon trauma surgeon 

included. 

3.00 (1.00-5.25) Dissent 

*Tended to be scored less positively by 

physicians caring for ≥10 patients vs. < 
10 patients: median 3.00 (1.00-4.50) vs. 

median 4.00 (2.50-6.50), p=0.074. 

3. Any specialist, not necessarily bone-oriented, dermatologists included.  2.50 (1.00-3.50) Near negative 

consensus 

4. Preferably a rheumatologist. 8.00 (6.75-9.00) Consensus 

“From a patients perspective one specialist is preferred in cases of a rare chronic disease to bundle expertise. From a disease perspective having 

rheumatologists and endocrinologists working together with other specialists is preferable as multiple organs can be targeted.” 
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Theme 2: Preferred diagnostics 
 

Q5: Which laboratory investigations are indicated for suspected adult CNO/SAPHO? 

 

Statement 

“The laboratory diagnostic work-up of suspected adult CNO/SAPHO should include…” 

Median (IQR)  Consensus 

assessment 

1. Generic inflammation markers (full blood count with leucocyte differentiation, erythrocyte 

sedimentation rate (ESR), C-reactive protein (CRP)). 

9.00 (8.00-9.00) Consensus 

“Although not all patient have elevated APR” 

2. (Bone-specific) alkaline-phosphatase (bsALP). 7.00 (5.00-9.00) Dissent 

"Very stable marker, which (if increased value seen at diagnosis) can be a good marker during follow-up." 

 

"Sclerosis + increased APh may also point to Paget's disease, so important for differential diagnosis." 

3. Serum calcium, phosphate, parathyroid hormone.  8.00 (6.00-9.00) Near consensus 

"I think a hyperparathyroidism is a clinically different disease but maybe not? Never heard of an association." 

 

“For differential diagnosis” 

 

“Because of treatment with bisphosphonates” 

4. Bone markers osteocalcin, serum procollagen type I N propeptide (P1NP) and C-terminal telopeptide 

(CTx). 

5.00 (3.00-6.25) Dissent 

"Maybe for research purposes." 

 

"Pre-analytic difficulties, that's why I would give a modest recommendation..." 

 

"Unclear to me what is known about the diagnostic and prognostic value of CTx and other markers in clinical practice." 

 

"It could be optime but these kinds of analyses are not available in many centers." 

5. Anticyclic citrullinated peptide antibodies (anti-CCP) and rheumatoid factor (RF). 3.00 (1.00-5.00) Dissent 

"If associated synovitis." 

 

"Only in cases with an unclassified peripheral synovitis. The clinical image is often very different in my opinion." 
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"If the patient has synovitis in SC/sterno-coracoid joints." 

 

"Only with peripheral synovitis, which is infrequent." 

6. Anticyclic citrullinated peptide antibodies (anti-CCP) and rheumatoid factor (RF), only if presentation 

includes peripheral synovitis.  

7.00 (3.75-9.00) Dissent 

"This would routinely be done in a rheumatologic first contact for every joint inflammation patient for differential diagnosis, but I would not insist on this 

for the diagnosis of SAPHO." 

 

"Peripheral synovitis/arthralgia." 

 

"Still depending on the other presenting features, i.e., axial features." 

7. Anti-nuclear antibodies and differentiation. 3.00 (1.00-5.00) Dissent 

"Will be commonly done at rheumatologists' first visit, but not needed for the diagnosis of SAPHO." 

 

"In adult rheumatology, ANA-positive autoimmune disorders do not resemble CNO/SAPHO, but in the work-up of younger patients, it might have some 

value." 

 

"Not mandatory” 

 

“Before anti-TNF." 

8. HLA-B27. 5.50 (4.00-8.25) Dissent 

"Only in case of axial involvement." 

 

"Will be commonly done at rheumatologists' first visit, especially in inflammatory back pain or sacroiliitis in imaging, but not needed for the diagnosis of 

SAPHO." 

 

"Ambivalent because axial spondyloarthritis is considered in the differential diagnosis and HLA-B27 is part of the ASAS spondyloarthritis criteria. 

Nevertheless, it adds only diagnostic value in doubtful cases and has little diagnostic value on its own. Screening in all inflammatory back pain reduces 

sensitivity of SpA criteria and results in a substantial part of misclassification of regional back pain syndromes. In my opinion, if SpA is obvious from 

imaging, I don't have to test HLA-B27. And likewise, if SpA is unlikely from a clinical point of view, it doesn't add enough diagnostic value to change the 

diagnosis." 

 

"Not mandatory." 
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9. HLA-B27, only if presentation includes inflammatory back pain. 6.00 (3.00-8.25) Dissent 

“30% of patients with PsA are asymptomatic” 

 

"Ambivalent because axial spondyloarthritis is considered in the differential diagnosis and HLA-B27 is part of the ASAS spondyloarthritis criteria. 

Nevertheless, it adds only diagnostic value in doubtful cases and has little diagnostic value on its own. Screening in all inflammatory back pain reduces 

sensitivity of SpA criteria and results in a substantial part of misclassification of regional back pain syndromes. In my opinion, if SpA is obvious from 

imaging, I don't have to test HLA-B27. And likewise, if SpA is unlikely from a clinical point of view, it doesn't add enough diagnostic value to change the 

diagnosis." 

10. Fecal calprotectin. 3.00 (1.75-6.00) Dissent 

11. Fecal calprotectin, only if presentation includes enteropathic symptoms suggestive of IBD.  8.00 (5.00-9.00) Dissent 

12. Serum angiotensin-converting enzyme (ACE) and soluble IL-2 receptor levels.  2.00 (1.00-3.25) Negative 

consensus 

"I prefer to use only the sIL2-R, not ACE." 

 

"I think the diagnostic value of these tests needs to be revised or will be revised in the near future because they do not perform so well in cases of 

sarcoidosis." 

13. Serum angiotensin-converting enzyme (ACE) and soluble IL-2 receptor levels, only if presentation 

includes symptoms suggestive of sarcoidosis.  

7.00 (5.00-8.00) Near consensus 
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Q6: What type of diagnostic imaging is preferred for suspected adult CNO/SAPHO? 

 

Statement 

“In suspected adult CNO/SAPHO, the preferred imaging modality is…” 

Median (IQR)  Consensus 

assessment 

1. Computed tomography (CT) 5.50 (3.00-7.75) Dissent 

** Bipolarity in responses observed: 

n=12 scored as 1-3 (strong disagreement) 

and n=20 as 7-9 (strong agreement). 

"It depends on manifestation/localization." 

 

"Perhaps early in the diagnostic odyssey if malignancy is suspected." 

 

"If contraindication for MRI." 

 

"I think the preferred imaging modality is ideally the one with the best predictive properties. Do we know and what is the gold standard then? Also, 

availability plays a part as PET-CT is not always available. Fluor-PET is only in a few centers available, as is Whole-body MRI. We only have CT and 

MRI in our center, which results in a work-up that is maybe not the preferred work-up. When PCTechnetium-labeled hydroxymethylene diphosphonate 

single photon emission computed tomography. When PCT-CT is unavailable, CT + SPECT/WBBS is a good starting point, maybe whole body MRI as an 

alternative if available." 

 

"Good for a targeted (painful) region." 

2. Whole body bone scintigraphy (WBBS). 5.00 (3.00-7.75 Dissent 

"Adequate for screening multiple osteitis lesions." 

 

"If MRI not available." 

 

"Commonly used." 

3. Technetium labeled hydroxymethylene diphosphonate single positron emission computed tomography 

([99mTc]Tc-HDP SPECT/CT)  

5.00 (3.00-7.00) Dissent 

"I have no experiences." 

 

"Limited access." 

 

"If to detect subclinical localizations to establish monostotic or polyostotic forms." 
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"The best for mapping/found asymptomatic lesions." 

4. Fluorodeoxyglucose (FDG)-positron emission tomography (PET) with CT (FDG-PET/CT) 3.00 (2.00-5.00) Near negative 

consensus 

"I have no experience with PET-CT personally." 

 

"Rarely available/reimbursed." 

5. Sodium fluoride positron emission tomography with CT ([18F]NaF-PET/CT) 4.00 (2.00-6.00) Dissent 

"Probably a good or better alternative to Tc-SPECT/CT but not widely available." 

 

"Limited access in some countries." 

 

"We only do it for research; however, I consider whole body MRI the best option." 

 

"Rarely available/reimbursed." 

 

"But not available in my center." 

 

"This might become the best in the future, but limited availability and difficult protocol/logistics around the fluoride." 

 

"Might be useful but needs more studies (many aspecific lesions) and requires an experienced reader." 

6. (Whole body) Magnetic Resonance Imaging (MRI). 8.00 (5.00-9.00) Dissent 

"Current routine is clinically focused, not whole body." 

 

"Regional MRI of areas with suspected CNO. Whole-body MRI can be used to screen for asymptomatic lesions or in patients with multiple suspected sites 

of CNO." 

 

"Good, but the access to this imaging could be difficult in routine care. As CT, it should be used for a targeted/painful body region." 

 

“Suggest also to ask question about MRI of the anterior chest wall” 

7. Diffusion weighted (whole body) Magnetic Resonance Imaging (DW-MRI).  5.00 (3.00-7.00) Dissent 

** Bipolarity in responses observed: 

n=13 scored as 1-3 (strong disagreement) 

and n=18 as 7-9 (strong agreement). 
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"Not always available." 

 

"It's very difficult to propose a preferred imaging method. We don't have comparative studies or detailed descriptions of the value of bone inflammation for 

most of the mentioned techniques. 99Tc scintigraphy without SPECT-CT, however, is only an option if SPECT-CT isn't available. CT alone is excellent for 

imaging hyperostosis or bone condensation but doesn't capture activity. MRI and FDG PET can capture extra-skeletal features but are less easily available, 

and reading all images carefully and correctly is difficult. Imaging will depend on the scope. What may be needed in therapy studies most often will not be 

needed in clinical practice." 

 

"Not aware whether in use in my region." 

 

"It is a good imaging technique, but it isn't available." 
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Q7: Are there other specific imaging considerations in adult CNO/SAPHO? 

 

Statement: Median (IQR)  Consensus 

assessment 

1. CT (either alone or with PET/SPECT) is preferred over MRI for imaging the anterior chest wall.  5.50 (3.25-8.00) Dissent 

** Bipolarity in responses observed: 

n=11 scored as 1-3 (strong disagreement) 

and n=20 as 7-9 (strong agreement). 

"Undecided - radiologists' task ;-)" 

 

"Combination can be very also useful, as MRI adds information on active inflammation. Note that new CT and MRI imaging techniques are rapidly 

developing, and both techniques will become better in the near future for combining information on structural lesions and active inflammation." 

2. Plain X-rays have no value in the work-up of suspected CNO/SAPHO. 5.00 (2.00-7.00) Dissent 

*Tended to be scored more positively by 

physicians caring for ≥10 patients vs. < 
10 patients: median 5.00 (3.00-7.00) vs. 

median 4.00 (1.00-5.50), p=0.039. 

"They are usually what brings the patient into the clinic in the first place." 

 

"They still have value to see damage, but sensitivity and specificity are low." 

 

"Because easily accessible, they are still often used. Maybe helpful in spinal involvement (typical sclerosis of one or more complete vertebrae) or 

sacroiliitis." 

 

"They can be useful for easy access for the evaluation of sacroiliac involvement." 

 

"In case of delayed diagnosis patients, the answer is yes." 

3. Whole body imaging (WBBS, PET/CT, whole body MRI, whole body CT) is advisable in all patients 

(even if presenting with seemingly limited disease). 

8.00 (5.25-9.00) Dissent 

“I tend to do whole body imaging, but I doubt what the added value is in the mature patients with only sternal complaints” 

4. Axial skeletal imaging with MRI should be done in patients with a history of inflammatory back and/or 

posterior pelvis and/or neck pain. 

8.00 (7.00-9.00) Consensus 

"Not with a history of it, it may be useful in patients who still complain about it." 
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"Unless conventional radiology already has shown SpA features. MRI is the second step in case of doubt." 

 

"Axial involvement is common." 

 

“Axial skeletal imaging should be specified also to include question about MRI of SI-joints”. 
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Q8: In what cases is a bone biopsy indicated as part of the diagnostic work-up? 

 

Statement 

“Bone biopsies..” 

Median (IQR)  Consensus 

assessment 

1. Are indicated in all suspected CNO/SAPHO patients to rule out malignancy or infection.   2.50 (1.00-5.25) Dissent 

“Never had a case with malignancy in the differential diagnosis, but they may exist." 

 

"In GRAPPA survey, 80% of specialists do not perform biopsy upon diagnosis." 

2. Should be considered in difficult CNO/SAPHO where suspicion of malignancy or infection is high. 9.00 (8.00-9.00) Consensus 

"Where suspicion of malignancy or infection is high, always consider it in an early stage." 

 

"Mainly for unifocal bone lesion." 
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Theme 3: Treatment 
 

Q9: What are treatment goals in adult CNO/SAPHO? 

 

Statement 

“Treatment goals in adult CNO/SAPHO are…” 

Median (IQR)  Consensus 

assessment 

1. To relieve patient symptoms.  9.00 (8.75-9.00) Consensus 

2. To help maintain/regain functional capacity. 9.00 (8.00-9.00) Consensus 

3. To reduce inflammation to the lowest level possible.  8.00 (7.00-9.00) Consensus 

"Don't treat lab values, treat patients." 

 

"My first aim is the pain of the patient/quality of life. 'Lowest level possible' sounds to me like a marketing slogan for pharmaceutical companies producing 

costly biologicals." 

 

"It is the assumption that statement one and two follow from disease control (statement three and four) in diseases like rheumatoid arthritis. It is important 

to take patients' preferences into account. We do a lot of research on patient preferences in rheumatic diseases." 

4. To prevent structural bone and joint damage.  8.00 (7.00-9.00) Consensus 

"Structural bone and joint damage for most patients is secondary. But nearly all want to be free of pain and be able to function." 

 

"A core set of outcome variables should be defined for research questions regarding interventions/therapy. I would think all of the above + possible 

additional quality of life and/or imaging outcomes (inflammation next to structural damage)." 
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Q10: Which patient reported, biochemical and radiological measures do we recommend to be collected to monitor disease course? 

 

Statement 

“Follow up in adult CNO/SAPHO should include … to monitor disease course” 

Median (IQR)  Consensus 

assessment 

1. Overall pain scores. 9.00 (7.00-9.00) Consensus 

"The scores are useless in individual patients but useful in studies." 

 

"A patient panel interview or study is warranted in case this exercise is to determine relevant outcome measures for CNO patients." 

2. Pain scores stratified for inflammatory bone pain, mechanic pain, and overall pain. 7.00 (3.25-9.00) Dissent 

** Bipolarity in responses observed: 

n=11 scored as 1-3 (strong disagreement) 

and n=24 as 7-9 (strong agreement). 

"Most patients are not distinguishing." 

 

"Many patients cannot differentiate inflammatory vs. mechanical pain. Maybe better to ask for pain during exercise/the day vs. also suffering from pain at 

rest/at night." 

 

"It would be difficult to ask patients to differentiate between the two types of pain. There could be additional scores for morning discomfort/stiffness, night 

pain, and physician's disease activity assessment." 

 

"I doubt if this is instructable on a larger scale. An alternative could be using index joints/areas in study settings." 

3. Range of motion of joints surrounding lesion areas. 7.00 (5.00-8.75) Dissent 

"Where possible." 

 

"It can be helpful on an individual basis but not for general monitoring." 

4. Functional capacity. 8.00 (7.00-9.00) Consensus 

“How do you evaluate this correctly? Scores like HAQ or BASDAI / BASFI don't work for individual patients but are useful in comparative studies if the 

groups are big enough.” 

5. Inflammation markers (blood count/ESR/CRP). 8.00 (7.00-9.00) Consensus 

"CRP!" 
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"If increased in the beginning, it might be helpful markers during follow-up. If very high, it may point to infection. However, maybe 50% of patients have 

normal CRP and ESR. Blood count is normally unremarkable in SAPHO, but it may point to the differential diagnosis of bacterial infection (including 

procalcitonin)." 

6. (Bone specific) Alkaline phosphatase (bsALP). 5.00 (3.25-6.00) Near consensus at 

another level 

***Positively correlated to score of Q5.2 

(is bsALP indicated for suspected adult 

CNO/SAPHO?); Spearman’s rho 0.431, 
p=0.004. 

"We do not have these exams widely accessible." 

 

"Probably not reliable for assessing outcomes but relevant for safety." 

 

"If increased at the time point of starting a therapy, then helpful for monitoring. If normal at the beginning, no use." 

 

"I do not know its value." 

7. Bone markers osteocalcin, serum procollagen type I N propeptide (P1NP) and C-terminal telopeptide 

(CTx). 

4.50 (3.00-5.00) Consensus at 

another level 

***Positively correlated to score of Q5.3 

(are P1NP and CTx indicated for 

suspected adult CNO/SAPHO?); 

Spearman’s rho 0.463, p=0.002. 
"Probably not very reliable for outcomes but relevant in studies." 

 

"Selected cases only. Difficult pre-analytical situation." 

 

"I do not know its value." 

8. Imaging: modality that can monitor structural changes resulting from inflammation (e.g. hyperostotic 

changes, erosive changes).  

7.00 (5.00-8.00) Near consensus 

"In studies or if doubts in diagnosis or treatment results." 

 

"Not needed in easy cases with very successful treatment." 

 

"Regional MRI or WB-MRI preferred." 
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"Only if it informs shared decision-making regarding disease-modifying therapies. So in case primary or patient-related outcome measures are not 

reached." 

 

"MRI once a year." 

9. Signs of acute inflammatory activity assessed by WBBS or SPECT. 5.00 (3.00-6.00) Near consensus at 

another level 

***Positively correlated to score of Q6.2 

(is WBBS preferred as diagnostic 

imaging for adult CNO/SAPHO?); 

Spearman’s rho 0.528, p<0.001. 
"In studies or doubts on treatment results." 

 

"Might be discussed in cases with new pain/regions involved. Not very useful for general follow-up." 

 

"Only if it informs shared decision-making regarding disease-modifying therapies." 

 

"Radiation exposure." 

10. Signs of acute inflammatory activity assessed by PET, MRI, or DW-MRI. 7.00 (5.00-8.00) Near consensus 

"In studies or if doubts on diagnosis or treatment results." 

 

"Not needed in easy-going cases." 

 

"Signs of acute inflammation on imaging, preferably MRI." 

 

"WB-MRI preferred (with STIR images)." 

 

"Only if it informs shared decision-making regarding disease-modifying therapies." 
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Q11: Which of these measures determine treatment success or failure? 

 

Statement Median (IQR)  Consensus 

assessment 

1. Overall pain scores. 8.00 (7.00-9.00) Consensus 

2. Pain scores stratified for inflammatory bone pain, mechanic pain, and overall pain. 7.00 (5.25-8.75) Dissent 

***Positively correlated to score of 

Q11.2 (should these stratified parameters 

be collected during follow-up?); 

Spearman’s rho 0.908, p<0.001. 
“Additional scores such as morning discomfort/stiffness, night pain could be used in addition to pain scores to capture symptoms due to inflammation 

(versus mechanical pain or pain sensitisation).” 

3. Range of motion of joints surrounding lesion areas. 7.00 (5.00-8.00) Near consensus 

4. Functional capacity. 7.50 (6.00-9.00) Near consensus 

“How to assess?” 

5. Inflammation markers (blood count/ESR/CRP). 7.00 (5.00-9.00) Dissent 

“CRP” 

6. (Bone specific) Alkaline phosphatase (bsALP). 4.00 (2.00-6.00) Dissent 

“Influenced by bishosphonates whether they worded or not.” 

7. Bone markers osteocalcin, serum procollagen type I N propeptide (P1NP) and C-terminal telopeptide 

(CTx).  

4.00 (2.00-5.00) Near consensus at 

another level 

“Influenced by bishosphonates whether they worded or not.” 

8. Imaging: modality that can monitor structural changes resulting from inflammation (e.g. hyperostotic 

changes, erosive changes).  

7.00 (5.00-8.00) Near consensus 

“Only in studies” 

 

“The possibility of reaching significant improvement on pain and functional PRO is likely to be influenced of the presence of structural lesions and the 

location of these lesions (for instance SC-abnormalities can have a high impact). This needs to be taken into account when determining treatment goals in 

RCTs and in clinical practice.” 

9. Signs of acute inflammatory activity assessed by WBBS or SPECT. 5.00 (3.00-7.00) Dissent 
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** Bipolarity in responses observed: 

n=12 scored as 1-3 (strong disagreement) 

and n=15 as 7-9 (strong agreement). 

“Only in studies” 

10. Signs of acute inflammatory activity assessed by PET, MRI, or DW-MRI. 7.00 (5.00-8.00) Near consensus 

“Only in studies” 

 

"Signs of acute inflammatory activity assessed by imaging, preferably MRI." 

 

"Bone marrow edema on MRI can be regarded as a sign of inflammation, but it is also frequently found in osteoarthritis and other structural lesions (like 

those found in CNO/SAPHO/SCCH) and also after 'normal' or physiological mechanical stress (sports, etc.). Not always easy to determine the relevance." 

 

"Only for treatment failure in routine care. Not recommended to confirm treatment success. Maybe for assessing treatment efficacy for studies." 
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Q12: Is step 1 treatment with non-steroidal anti-inflammatory drugs (NSAIDs) reasonable in all patients? 

 

Statement 

“NSAIDs are reasonable as a step 1 treatment…” 

Median (IQR)  Consensus 

assessment 

1. In all patients, irrespective of disease extent or severity, in absence of contra-indications (CIs). 8.00 (5.75-9.00) Dissent 

"I think the next comments can be summarized to extra-bone manifestations, and yes, they have to be treated separately. They reduce pain in most patients 

and can therefore even help to sustain the diagnosis or not." 

 

"...and used in high to maximal doses for at least 2-4 weeks (clinically comparable to axial spondyloarthritis). Please use NSAIDs/coxibs because some 

people still tend to differentiate both." 

 

"I tend to favor this approach unless robust scientific evidence points to a much better outcome in case of strategy Q12-2 and/or Q12-3. Even in SpA both 

axial and peripheral NSAIDs are still first-line and are advised for at least two courses with adequate duration (total of 4 weeks minimum)." 

2. Generally in all patients, but those with spinal lesions warrant step 2 treatment from the start.  7.00 (5.00-9.00) Dissent 

“Will depend of the extend of spinal lesions” 

 

“As far as I know, there are no data” 

 

“Step 2 treatment covers many agents and approaches and is a very broad group. May need to consider discussing what is the next step after NSAID. 

Options include traditional DMARD, biological DMARD (TNFi vs non-TNF), and IV bisphosphonate.” 

3. Generally in all patients, but those with significant synovitis warrant step 2 treatment from the start.  7.00 (5.00-8.25) Dissent 

“As far as I know, there are no data” 

 

“I would discriminate oligo- (try NSAID) to polyarthritis (go for step 2)” 

4. Generally in all patients, but those with dactylitis warrant step 2 treatment from the start. 7.00 (5.00-8.00) Near consensus 

*Scored more positively by physicians 

caring for ≥10 patients vs. < 10 patients: 
median 7.00 (5.50-8.50; near consensus) 

vs. median 5.00 (4.00-7.50), p=0.047. 

5. Generally in all patients, but those with marked biochemical inflammation warrant step 2 treatment 

from the start. 

5.00 (3.75-7.00) Dissent 

**Some bipolarity in responses 

observed: n=10 scored as 1-3 (strong 
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disagreement) and n=17 as 7-9 (strong 

agreement). 

“As far as I know, there are no data” 

 

“Unless it is a proven better strategy in achieving remission or preventing structural damage.” 

6. Generally in all patients, but those already presenting with significant bone/joint damage warrant step 2 

treatment from the start. 

7.00 (5.00-9.00) Dissent 

“If bisphosphonates or RANK-L inhibition prove to be effective in reduction of bone damage I would combine this with NSAIDs from the start.” 

7. After failure of one NSAID, a second trial with another NSAID should be considered before initiating 

step 2 treatment.  

3.50 (2.00-6.00) Dissent 

"Depends on the NSAID or COXIB used. If Ibuprofen (most often underdosed use), Diclofenac, Meloxicam, Piroxicam full dose, or Etoricoxib at 

ankylosing spondylitis dose should be tried." 

 

"Another NSAID or COXIB." 

 

"After the failure of one NSAID, a second trial with another NSAID could be considered in patients with disease limited to few sites and/or mild 

symptoms." 

 

"To try a second NSAID is okay, as long as there are no features of more severe disease and/or spine involvement." 

 

"The time period for both trials as well as the total period after which effectiveness can be determined should be defined." 
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Q13: How long should patients preferably be treated with NSAIDs before considering step 2 treatment? 

 

Statement 

“NSAID treatment (for one agent) should last…before declaring NSAID-refractory disease and 

considering step 2 treatment.” 

Median (IQR)  Consensus 

assessment 

1. 1 week 2.00 (1.00-6.00) Dissent 

"I prefer a trial period of 2 weeks in higher to maximal approved dose” 

 

“For one NSAID." 

2. 1 month  8.00 (4.75-8.25) Dissent 

*Scored more positively by physicians 

caring for ≥10 patients vs. < 10 patients: 
median 8.00 (6.50-9.00; near consensus) 

vs. median 5.00 (2.00-8.00), p=0.047. 

"At least 2 weeks of treatment per NSAID." 

 

"With NSAID rotation in this period." 

3. 3 months 5.00 (2.00-7.00) Dissent 

** Bipolarity in responses observed: 

n=15 scored as 1-3 (strong disagreement) 

and n=15 as 7-9 (strong agreement). 

"This is only acceptable if pain is reduced significantly (e.g., >50%). If there is no real improvement, I would not like my patients with severe symptoms to 

suffer." 

 

"This is a difficult question in the light of absence of evidence. It is determined by: 

When is a first effect to be expected? 

When is maximum effect to be expected? 

What time is needed for development of structural lesions? 

What is the total window of opportunity? 

Experience and analogy to SpA say one might examine the effect after one month and then decide to switch in case of nonresponse and continue in case of 

partial response with another evaluation after 3 months. Maybe this is one for the research agenda." 

 

"Corticosteroids could be recommended for reducing short recurrent flare-ups, but it might be too long of a duration for a single painful lesion." 
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Q14: What are treatment considerations for step 2 and 3 treatment in NSAID-refractory adult CNO/SAPHO? 

 

Statement 

General preferences 

“In absence of contraindications or specific indications for another treatment…” 

Median (IQR)  Consensus 

assessment 

1. Conventional synthetic disease modifying anti-rheumatic drugs (csDMARDs) like methotrexate, 

sulfasalazine, leflunomide are the preferred treatment.  

5.00 (3.00-7.00) Dissent 

"In case of associated arthritis, methotrexate is a recommended treatment option. However, it has to be dosed high enough, as there may have been 

underdosing in the reports. Leflunomide is not the first choice but may be used in some situations. Sulfasalazine may be added on if there is concurrent 

inflammatory bowel disease." 

 

“This will strongly depend of the extend of the disease. and distribution of bone lesions. Eg if only synovitis in one sternoclavicular joint.” 

 

"Methotrexate is recommended only if peripheral joints are involved." 

 

"In Asia, we also use igratimod as a conventional synthetic disease-modifying antirheumatic drug (csDMARD)." 

2. Intravenous bisphosphonates are the preferred treatment..  7.00 (5.00-9.00) Dissent 

"In case of predominantly bone involvement, bisphosphonates can be helpful for bone-related symptoms. They could be considered as a second-line 

treatment option specifically for bone involvement. Zoledronate is generally more convenient to use compared to pamidronate." 

 

"Yes, bisphosphonates are relatively cheap and effective in many patients, but they are not specifically approved for this particular use. Therefore, there 

may be bureaucratic hurdles involved in prescribing them." 

 

"In cases of osteitis, I would prefer bisphosphonates over immunomodulation. If there is synovitis or clinical arthritis present, I would also consider starting 

a disease-modifying antirheumatic drug (DMARD). In situations of uncertainty, I might choose to use both treatments. It's important to note that case 

reports and case series have limitations and may be subject to reporting bias, with relatively short follow-up periods of up to one year. Some cases of 

treatment failure with bisphosphonates have been reported in patients who subsequently tried TNF inhibition." 

3. Tumor necrosis factor alpha inhibitors (TNFi) are the preferred treatment. 7.00 (6.00-8.00) Consensus 

"yes, but not in cases of severe PPP" 

 

"in third line after bisphosphonates" 

 

"If cs DMARDs fail or in mainly axial inflammation after NSAIDs - COXIBs failed." 
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"IMHO, equally effective to bisphosphonates, but much more costly and no clear idea, how long to treat, which doses to be used, number of relapses after 

treatment cessation. For reimbursement. those patients are coded as axSpA or PsA, so no additional bureaucracy...." 

 

"If treatment with biphosphonate isn't effective, it is better to start with anti-tnf or both of them, depending on the structural lessons and the bone oedema 

and response of treatment" 

 

"Third line in case of arthritis/synovitis" 

4. Interleukin-17 inhibitors (IL-17i) are the preferred treatment. 6.00 (3.00-7.00) Dissent 

** Bipolarity in responses observed: 

n=12 scored as 1-3 (strong disagreement) 

and n=12 as 7-9 (strong agreement). 

"step 3 in case of skin involvement" 

 

"Case reports describe some good results. May be after TNFi and failure." 

 

"maybe preferred in cases with skin involvement, but low level of experience" 

 

"if it is not response to anti-TNF and also is related to spondyloarthritis and PsA is a good option use il12-23 and il17 inhibitor" 

 

"on biological basis an option in individual cases" 

5. Interleukin-12/23 inhibitors (IL-12/23i) are the preferred treatment. 4.00 (2.75-6.00) Dissent 

"step 3 in case of skin involvement" 

 

"case reports not very convincing" 

 

"no experiences, may not be effective in the axial skeleton as in spondyloarthritis." 

 

"In addition, IL23 inhibitor including risankizumab and guselkumab were both approved in Japan for PPP/PAO treatment" 

6. Interleukin-6 inhibitors are the preferred treatment. 2.00 (1.00-4.00) Near negative 

consensus 

"Not at present. Less safe than anti-TNFs. Lack of data. May be interesting, regarding the inflammatory cytokine pathway." 

 

"It depends on the pathology; if is an anti-inflammatory syndrome, probable it response to antiIl1" 
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"I don't see how this works but can be my shortage of knowledge" 

7. Interleukin-1 inhibitors are the preferred treatment. 4.00 (2.00-5.00) Dissent 

"Only in phenotype of autoinflammatory activity/phenotype" 

 

"Not at present. Less safe than anti-TNFs. Lack of data. May be interesting, regarding the inflammatory cytokine pathway; may be a 4th step." 

 

"I would like to add another drug, which was not available for a long time and is now quite costly: calcitonine (I did have a couple of patients between 

2002- ~2012, who were extremely well with relatively short courses of calcitonine while failing with TNFi and i.v. bisphosphonates at that time." 

 

"NOT approved in Japan for PPP/PAO" 

Preferences for specific patient groups 

“In absence of contraindications…” 

8. Conventional synthetic disease modifying anti-rheumatic drugs (csDMARDs) like methotrexate, 

sulfasalazine, leflunomide are specifically preferred in patients with significant peripheral synovitis. 

7.00 (5.75-8.25) Near consensus 

“Methotrexate is also working for bone and skin. Should always be considered. If handled correctly it's very save. More active than sulfasalazine. Saver 

than leflunomide.” 

9. Intravenous bisphosphonates are specifically preferred in patients with spinal bone lesions. 7.00 (6.00-9.00) Near consensus 

“Not preferred but should be considered. Don't do nothing for extra-skeletal.” 

10. Within the class of intravenous bisphosphonates, intravenous pamidronate is the bisphosphonate of 

choice. 

7.00 (5.00-9.00) Dissent 

"Zoledronate." 

 

"would give no written preference --- and personally use zoledronic acid (cheaper, higher bone affinity - so longer and better effect expected - but very 

limited data); others used ibandronate or clodronate instead" 

 

"Zolendronic acid is easier to administer in outpatient setting." 

 

"I use mostly zoledronate" 

 

"Based on body of evidence and lesser body of evidence of ibandronate? Biologically both should work.” 

 

“We often use oral BP" 
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11. In patients with a history of uveitis or inflammatory bowel disease, TNFi is specifically preferred as 

biologic. 

8.00 (7.75-9.00) Consensus 

“Maybe those patients suffer primarily from axSpA with one/few additional features of SAPHO” 

 

“Needs to be specified as not all are equal for both diseases!” 

 

“But rarely develop uveitis” 

12. In patients with prominent psoriasis, IL-17i or IL-12/23i are specifically preferred as biologic. 6.00 (5.00-8.00) Near consensus at 

another level 

“No. First try TNFi in adjunction to MTX. If this isn't efficient enough, next step could be IL-17i or IL12/23i.” 

 

“maybe from theoretical point of view but need more data” 

 

“IL23 is also the choice” 

13. In patients presenting with axial disease and overlapping features with axial spondylarthritis, direct 

step 2 treatment with TNFi or IL-17i is preferred over a csDMARD like methotrexate. 

8.50 (7.75-9.00) Consensus 

“There may be some arguments for this but mainly if diagnosis is in doubt.” 

14. Intra-articular glucocorticoids can be considered in case of local disease activity (e.g. in 

sternoclavicular joint or in cases of peripheral mono/oligoarthritis). 

7.00 (5.00-9.00) Dissent 

"but this normally would not relieve bone pain...." 

 

"yes, for symptom relief but is not a replacement/alternative in my opinion, this needs to be very clear" 

15. Janus kinase (JAK)-inhibitors may be considered in multi-step refractory CNO/SAPHO. 7.00 (5.00-8.00) Near consensus 

“I would like to see this tested in a prospective, randomized clinical trial!!!” 

 

“Yes, possibly the next option in refractory cases (step 4)” 

16. Surgical intervention may be considered in cases of local osteitis/hyperostotic complications or in 

multi-step refractory disease.  

3.50 (2.00-6.00) Dissent 

"Yes, but only if pharmacological therapy has failed or for extra-skeletal complications of hyperostosis. The indication shouldn't be made by the surgeon 

alone." 

 

"very, very last resort." 

 

"Depends on the case; severity, location, disease control, expected outcome." 
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Considerations on sequentiality and combination therapy 

17. Specific biologic therapy should be chosen based on spectrum of clinical symptoms, any 

contraindications to specific therapy, costs and logistics, and patient preference. 

8.00 (7.00-9.00) Consensus 

“Leave out patient preferences. It's a typical expensive word. Medicine shouldn't be a self-service shop. You certainly have to take patients preferences in 

to account if reasonable but it's the society who pays thousands of EUR yearly for the treatment and it's not fair to waste money just for preferences without 

presumed objective surplus value.” 

18. If a csDMARD has been partly helpful, it should be retained if a biologic treatment/antiresorptive 

treatment is started in addition. 

7.00 (6.00-9.00) Near consensus 

"At least as overlapping treatment" 

 

"At least at the beginning" 

 

"NSAIDs only at the start, as it may take weeks before the biologic agent works. Methotrexate should be retained but dose reduction should be considered 

once disease is under control." 

 

"But can/should be reduced after achieving a good clinical and biological response" 

19. Most biologic therapies should generally be considered in multi-step refractory patients (e.g. to 

NSAIDs, csDMARDs, local glucocorticoids, bisphosphonates).  

7.00 (5.00-8.25) Dissent 

"If signs of active synovitis, SAPHO are present" 

 

"Not sure about bisphosphonates. Depends on the whole spectrum." 

20. TNFi are a good option as step 2 treatment, directly following NSAIDs. 7.00 (5.00-8.00) Near consensus 

*Tended to be scored more positively by 

physicians caring for ≥10 patients vs. < 
10 patients: median 8.00 (6.50-8.50; 

consensus) vs. median 7.00 (4.50-8.00), 

p=0.092. 

"But careful use highly active PPP" 

 

"We shouldn't ruin health care systems by making useless costs." 

 

"Only higher than IL17i due to longer/more experience" 

 

"It depends on clinical and if the pathology is associated with spondylarthritis" 
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"In osteitis I would prefer bisphosphonates or direct combination" 

 

"IL23 first in Japan since it is approved" 

21. IL-17i are a good option as step 2 treatment, directly following NSAIDs. 5.00 (3.00-6.25) Dissent 

** Some bipolarity in responses 

observed: n=13 scored as 1-3 (strong 

disagreement) and n=10 as 7-9 (strong 

agreement). 

"We shouldn't ruin health care systems by making useless costs." 

 

"I would think about anti-IL1 agent prior to anti-IL17" 

 

"Less evidence, but on theoretical ground effective" 

Considerations on ancillary treatments 

22. Short courses of oral prednisolone can be helpful in the management of CNO/SAPHO.  5.50 (3.00-7.00) Dissent 

** Bipolarity in responses observed: 

n=13 scored as 1-3 (strong disagreement) 

and n=16 as 7-9 (strong agreement). 

"Can be helpful to give csDMARDs or bDMARDs the time to work. Should definitely not be a long-term strategy." 

 

"The duration is short and the dose range might be mentioned in recommendations, even if this is only expert opinion. (e.g. 0.5-1.0 mg/kg prednisolone 

with fast tapering to zero within 4-6 weeks)" 

 

"Not for long time" 

23. Intramuscular methylprednisolone acetate periodically offers a better option to short courses of oral 

prednisolone. 

3.00 (2.00-5.00) Near negative 

consensus 

*Scored less positively by physicians 

caring for ≥10 patients vs. < 10 patients: 
median 2.00 (1.50-3.50; negative 

consensus) vs. median 5.00 (2.50-5.00), 

p=0.047. 

"No own experience" 
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"Less side effects, lower cumulative dose, frequently used in our practice for all inflammatory rheumatological diseases and osteoarthritis" 

24. Long-term use of oral prednisolone should be avoided.  9.00 (8.00-9.00) Consensus 

“There is absence of evidence, no clear recommendation besides 'we don't really know the effects'” 

25. Physiotherapy should be considered in all patients to optimize physical capacity.  8.00 (6.00-9.00) Near consensus 

“Sounds useful, but i guess, no robust evidence...” 

26. Smoking cessation should be recommended to all patients.  9.00 (7.75-9.00) Consensus 

“Given some similarities with axSpA and PsA, I would strongly recommend stopping smoking." 

 

"This is just a waste of time. All smokers know that it isn't healthy. You then should also waste your time on recommending the obese with skin disease to 

lose weight until they are normal weight. And to stop drinking alcohol. And to move enough. And so on and so on. Avoid recommendations with extremely 

low chances of success." 

 

Q15: How do we define remission in adult CNO/SAPHO? 

 

Statement 

“For adult CNO/SAPHO, remission should include…” 

Median (IQR)  Consensus 

assessment 

1. Resolution of inflammatory bone pain.  9.00 (8.00-9.00) Consensus 

"Or substantial improvement (= no disturbed sleep due to pain, pain VAS </= 3/10)" 

 

"Pain should be included in the 'core set', and the threshold should be subject of investigation." 

 

"Doesn't account for extra-skeletal symptoms. Most patients don't distinguish inflammatory pain from pain or even feeling bad from whatever reasons. You 

should specify: by the judgment of the treating physician." 

2. Restored functioning to previous or acceptable level. 8.00 (6.00-8.00) Consensus 

"There might be other patient-related experiences living with SAPHO-CNO that might need to be targeted: fatigue, sleep, mental health, chronic 

widespread pain/AMPS. Need to study PRO measures to understand this." 

 

"You can't restore damaged joints. Remission could be: no objectable signs of inflammation and extra-skeletal symptoms. You clearly have to distinguish 

damage from disease activity. Functioning can be determined by inflammation, by damage, by not disease related other conditions, and very importantly by 

coping and mindset." 
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"Restored functioning is difficult as: - we mostly do not know functioning before the onset of disease, and functional scores themselves are: - it is 

dependent on disease duration and age. - it is sometimes used as an outcome for validation of remission criteria." 

3. Absence of signs of active inflammation at musculoskeletal examination (e.g. bone swelling with soft 

tissue involvement, joint swelling) 

8.50 (8.00-9.00) Consensus 

"Yes, active inflammation indicates a state of non-remission." 

 

"Works only for peripheral joint involvement and extra-skeletal. Bone deformation is damage, not activity." 

4. Normalisation of previously raised systemic inflammatory markers.  8.00 (7.00-9.00) Consensus 

“... and not attributed to other causes. Should however regarded as only one among other parameters.” 

5. Absence of strongly increased uptake on WBBS or SPECT.  5.00 (4.25-7.00) Dissent 

"Should be no increased uptake at the regions of interest. Probably, in general, you should assess clinical remission from the absence of any objective 

symptoms. May be low or very low disease activity could be considered." 

 

"Yes, but: - Clinical signs and symptoms should prevail - Whole-body bone scintigraphy (WBBS)/PET/MRI might be combined into one criterion with a 

scoring chart/system (0 to 4, for instance). It should be investigated what the prognostic value is of residual inflammation on imaging in those patients in 

clinical remission, on functional capacity and structural damage, to know the additional value of including this. So maybe a clinical/biochemical score + the 

strong wish for an additional imaging score, the latter being a research agenda question." 

6. Absence of strongly increased uptake on PET.  6.00 (5.00-7.00) Consensus at 

another level 

***Positively correlated to score of 

10.10 (should signs of active 

inflammation on e.g. PET or MRI be 

followed-up in adult CNO/SAPHO?; 

Spearman’s rho 0.353, p=0.019. 
“Should I be happy with normal PET/MRI, if patient still complains significant pain? Otherwise, do I have to adjust therapy, if patient feels well??? I 

usually treat symptoms and diseases of patients, and not images.” 

 

"Should be no increased uptake at the regions of interest. Probably, in general, you should assess clinical remission from the absence of any objective 

symptoms. May be low or very low disease activity could be considered." 

7. Absence of bone marrow edema, soft tissue edema or joint effusion on MRI. 7.00 (5.00-8.75) Dissent 

***Positively correlated to score of 

10.10 (should signs of active 

inflammation on e.g. PET or MRI be 
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followed-up in adult CNO/SAPHO?; 

Spearman’s rho 0.378, p=0.011. 
"Only if MRI is performed.” 

 

“In detail, follow-up MRI for one target lesion (osteitis).” 

 

“Yes, but only for bone and joint.” 

 

“Regional or whole-body MRI is the preferred modality used to track bone lesions.” 

 

“Improvement of acute osteitis lesion by MRI may be delayed after resolution of symptoms and signs.” 

 

“May be interesting for studies.” 

 

“Often also during the phase of remission of the disease, when the patient is fine without any pain, sign, or symptoms, MRI shows soft bone marrow 

edema."” 
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Q16: What are considerations during patient follow-up in CNO/SAPHO? 

 

Statement Median (IQR)  Consensus 

assessment 

1. Long-term follow up is important in CNO/SAPHO, due to the temporal dissociation of different 

clinical features.  

9.00 (7.00-9.00) Consensus 

“I would stop follow up in successfully treated patients with the wording: maybe its gone forever, but sometimes there are relapses, please feel free to make 

a new appointment if symptoms recur” 

2. Patients should be advised, after end of follow up, that their condition might return with similar clinical 

features at some time in the future. 

8.50 (8.00-9.00) Consensus 

3. Patients should be advised, after end of follow up, that their condition might return with different 

clinical features at some time in the future. 

8.00 (7.00-9.00) Consensus 

“Would prefer previous wording” 

4. Patients with spinal involvement should be monitored for pathological vertebral fractures. 7.00 (6.00-9.00) Near consensus 

“I guess, there are no data on that or only few case reports... Would not be my current practice as osteologist...” 

 

“I agree, if monitoring is coupled with a treatment advice” 

5. Patients with anterior chest wall involvement should be monitored for neurovascular obstruction due to 

hyperostotic compression (thoracic outlet syndrome, v. subclavia obstruction, etc.) 

6.00 (5.00-8.00) Near consensus at 

another level 

“They shouldn't be monitored in general but should be investigated if they have compatible complaints and / or clinical signs.” 

 

“Only if clinically presented, but no regular rule to follow.” 

 

“What are treatment implications in case of venous stenosis? Do we switch therapy? What is the number needed to monitor to prevent one thrombotic 

event?" 
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Domains of interest 
 

Disease (spectrum) definition 

1. What are the clinical characteristics of adults with “sterile bone inflammation”?  
A. Skeletal distribution pattern 

B. Additional (extra-skeletal) features) 

C. Demographics, risk factors, physical exam findings 

2. What are imaging characteristics of “adults with sterile bone inflammation”? 

A. Structural imaging features in early disease and long-term disease 

B. Other diagnostic imaging features 

C. Imaging features related to disease activity 

3. What is the preferred name of the clinical entity?  

4. Which physicians preferably see and treat adults with CNO/SAPHO? 

 

Diagnostics 

5. Which laboratory tests are indicated for suspected adult CNO/SAPHO? 

A. Routine laboratory tests 

B. Optional laboratory tests 

6. What type of imaging is preferred for suspected adult CNO/SAPHO? 

A. Imaging preferences for the identification of structural changes in bone 

lesions 

B. Imaging preferences for assessment of disease activity 

C. Imaging preferences for asymptomatic lesion screening 

7. When is a bone biopsy indicated as part of the diagnostic work-up? 

 

Treatment 

8. What are the treatment goals in adult CNO/SAPHO? 

9. What are the treatment goals? 

A. Relieve patient symptoms  

B. Maintain/regain functional capacity 

C. Reduce inflammation to the lowest level possible 

D. Prevent structural bone and joint damage 

E. Other considerations 

10. What is the best option as a first-line treatment (step 1) and what should be its 

duration? 

11. What is the best option as a second-line treatment (step 2), and what should be its 

duration?  

12. What is the best option as a third-line treatment (step 3), and what should be its 

duration?  

13. Whichancillary treatments should be considered in adults with CNO/SAPHO? 

14. What are the treatment considerations for patients with CNO and extra-skeletal 

features? 

15. What are the follow-up considerations for adults with CNO/SAPHO? 
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Methods 
In Delphi round 2, we assessed the level of agreement between participants for each question answered 

as outlined in Table 1... The level of agreement ranged from dissent to consensus, based on predefined 

criteria specific to question type. Theparticipants could add open-text comments below each question. 

Comments with similar content were grouped for clarity and conciseness. 

Table 1: Definition of consensus levels per question type 

Type of questions Consensus Near-consensus Negative 

consensus 

Dissent 

1-9 point Likert scale for 

prevalence 

 

Any median 

with IQR ≤ 2.25 
Any median 

with IQR ≤ 3 
N.A. Any median, 

and IQR > 3 

1-9 point Likert scale for 

agreement 

 

Median ≥ 7 with 
IQR ≤ 2.25 

Median ≥ 7 with 
IQR ≤ 3 

Median ≤ 3 with 
IQR ≤ 2.25 

Any median, 

and IQR > 3 

Agree/Disagree questions 

 

≥67% “agree” 

 

56-67% “agree” ≤33% “agree” 33-55% “agree” 

> 2 option questions One option 

selected by 

≥67% 

 

One option 

selected by 

56-67% 

 

One option 

selected by 

≤33% 

 

Other 

Symbolized with: ● ♦ ● X 
 

 

 

  

Commented [MOU1]: When and how? It would be best to 

explain the process 
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Consensus initiative: panel group member characteristics 
 
Table 1: Delphi response rate, medical specialty, caseload and country of residence of consensus 

initiative members (n=58 total) 

 

Medical specialization (n (%))  

Adult rheumatologist 31 (53%) 

Pediatric rheumatologist 8 (14%) 

Adult + pediatric rheumatologist 1 (2%) 

Adult rheumatologist + osteologist 1 (2%) 

Immunologist 3 (6%) 

(Internist)-endocrinologist 4 (7%) 

Orthopedic surgeon 1 (2%) 

Radiologist 7 (12%) 

Nuclear medicine physician 1 (2%) 

Dermatologist 1 (2%) 

Adult CNO/SAPHO caseload (median (IQR))  

New referrals/year 4 (2-10) 

Confirmed cases under care 10 (5-22) 

Country of residence (n (%))  

United Kingdom 12 (21%) 

Netherlands 9 (16%) 

France 6 (10%) 

Italy 5 (9%) 

Germany 5 (9%) 

Belgium 4 (7%) 

United States 4 (7%) 

Denmark 2 (3%) 

Spain 2 (3%) 

Japan 1 (2%) 

New Zealand 1 (2%) 

Brazil 1 (2%) 

Russia 1 (2%) 

Tunisia 1 (2%) 

China 1 (2%) 

Canada 1 (2%) 

Greece 1 (2%) 

Israel 1 (2%) 

Survey response rate (n (%)) Delphi Round #1 Delphi Round #2 

Registered participants at survey launch 47 58 

Completed survey responses 44 (94%) 43 (74%) 
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1. Disease (spectrum) definition 

1.1 Clinical characteristics of “adults with sterile bone inflammation” 
In both Delphi round #1 and the digital pre-meeting, the disease definition of adult CNO/SAPHO 

syndrome was recognized as complex. This initiative regards "adults with sterile bone inflammation" 

as a starting concept. This concept specifically excludes genetic syndromes such as Majeed syndrome 

and Deficiency of IL-1 Receptor Antagonist (DIRA), and also excludes pediatric CNO. 

1.1A: Skeletal distribution pattern 

According to group discussions, "adults with sterile bone inflammation" form a clinically diverse 

population, with various skeletal distribution patterns. These were further evaluated in Delphi Round 

#2, as shown in figure 1.1A. 

 

Figure 1.1A: Skeletal distribution pattern as seen by respondents in adults with sterile bone 

inflammation (presented as median, interquartile range). ●: consensus, ♦: near-consensus, X: dissent 

Skeletal distribution pattern: free-text comments (clustered if appropriate) 

Sites of involvement: 

“Anterior chest wall: sometimes in relation to spondyloarthritis  or psoriatic arthritis”  

“Cervical spine: No idea. Is probably often missed.”  

“Mandible is not frequently seen in adults presenting with SAPHO/CNO i.m.h.o”  

“Peripheral bones: also more frequently in CRMO/younger patients, can transfer to adult age 
however.”  

Diagnostic evaluation: 

0 10 20 30 40 50 60 70 80 90 100

> 1 bone involved

Peripheral

Mandible

Lumbar spine

Thoracic spine

Cervical spine

*Symmetrical

Anterior chest wall

Skeletal distribution pattern

% of patients

Commented [MOU2]: What does this mean? 
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“I think it is really dependant of the way of recruitment and specialty; multifocal disease may present 
to rheumatologist/internist, unifocal disease may present at orthopedic surgeon” (n=3) 

“It is usually lesions in a typical distribution that lead to a suspected diagnosis, so involvement of the 
anterior chest wall is likely prevalent as it prompts diagnosis.” (n=2) 

“Above percentage may change if we would screen everyone with whole body imaging” (n=2) 

Regarding the definition of “multifocal”: 

“Multifocal involvement means more than two manifestations” (n=2) 

Regarding the definition of “symmetrical”: 

"By symmetrical I understand both sides (bilateral), rather than involved to the same degree of 

severity at both sides." (n=3) 

Regarding the classification and terminology of skeletal distribution: 

“Does bilateral anterior chest wall involvement (SCCH) fall under 'unifocal' or 'multifocal'? Might 

consider a specific note on this in a classification proposal.” 

“For clarity's sake, I suggest these questions regarding skeletal involvement, instead of those about 
unifocal and multifocal involvement: - One or more lesions isolated to the sternocostoclavicular 

region (separate ORPHANET code 178311 for Isolated SCCH) - Lesions in the SCC region + other 

axial localisations (mandible/spine/pelvis) - Unifocal axial lesion, no involvement of SCC region 

(mandible? pelvis) In my experience, unifocal lesions are rarely seen in isolation at presentation, 

except for the mandible, probably because of the natural history of the disorder and the still prevalent 

delay in diagnosis, thus missing the early stages of the disease.” 

“It may be considered to define the term peripheral bones or to use the term the appendicular skeleton 

instead” 

“For me, there seem to be different patient subsets, some with full blown SAPHO, some only axial +/- 
thoracic or sternoclavicular inflammation, others more or less only (mostly proximal) long bone 

inflammatory activity.” 

“Do we include DSO as CNO?” 

“Pelvis in occasionally involved - considered axial skeletal” 

  

Commented [MOU3]: Two or more bone sites involved 
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1.1B: Additional (extra-skeletal) features 

According to group discussions, "adults with sterile bone inflammation" form a clinically diverse 

population, with various additional (extra-skeletal) features. The group prefers to describe additional 

(extra-skeletal) features as additions to the primary disease characteristic of "sterile bone inflammation", 

and not to make strict diagnostic subcategories according to these features. Features were evaluated 

once more in Delphi Round #2, as depicted in figure 1.1B. 

 

Figure 1.1B: Additional (extra-skeletal) features as seen by respondents in adults with sterile bone 

inflammation (presented as median, interquartile range). ●: consensus, ♦: near-consensus, X: dissent  

Additional (extra-skeletal) features: free-text comments (clustered if appropriate) 

"Iliitis 70%. Sacroiliitis as in SpA <10%."  

"Sacroillitis in 10% of all patients, 30% of those with only /preferably central disease"  

"If new diagnosis and treated 0% erosive, 0% destructive."  

"Pustulosis palmoplantaris: This is a feature strongly pointing to the diagnosis, so may be 

overrepresented"  

"History of psoriasis/acne should also count" (n=2) 

"Hidradenitis: Maybe underreported, I do not perform complete skin search, do not explicitly ask for 

it (only asking for psoriasis and pustulosis)"  
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Severe acne
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1.1C: Demographics, risk factors, physical exam findings 

In Delphi Round #1, consensus was already achieved on the main presenting symptom of adults with 

sterile bone inflammation, that is inflammatory bone pain, which can be chronic or relapsing-remitting. 

Other demographics, risk factors, and physical exam findings were further queried in Delphi Round #2 

and are depicted in figure 1.1C. 

 

 

Figure 1.1C: Demographics, risk factors, physical exam findings as seen by respondents in adults 

with sterile bone inflammation (presented as median, interquartile range). ●: consensus, ♦: near-

consensus, X: dissent  

Demographics, risk factors, physical exam findings: free-text comments (clustered if 

appropriate) 

"CNO/SAPHO seems to be rare in elderly (or misdiagnosed..)" 

"For physical exam findings: not so impressive, that I would remember it." 

"Number given for those with thoracic involvement. Depends, no chronic bone swelling in patients 

with mostly long bone inflammation" 
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1.2 Imaging characteristics of “adults with sterile bone inflammation” 

1.2A Structural imaging features in early and long-term disease 

Delphi Round #1 contained questions about imaging features at theirinitial presentation and  during 

follow-up, in order to understand which features are considered prominent in early vs. long-term stages 

of the disease. However, group comments emphasized that the time of presentation in adult 

CNO/SAPHO depends on diagnostic delay and, therefore, does not necessarily represent early disease. 

Also, more distinguishment was needed between structural features that develop over time, and features 

that may fluctuate with disease activity. For the latter, it was noted that imaging features representing 

disease activity do not always correlate with clinical symptoms. These nuances have now been 

addressed in Delphi Round #2. 

 

Figure 1.2A: Structural imaging features in early (upper) and long-term (lower) disease as seen by 

respondents in adults with sterile bone inflammation (presented as median, interquartile range). ●: 
consensus, ♦: near-consensus, X: dissent  
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Structural imaging features: free-text comments (clustered if appropriate) 

"It is difficult to define early disease, as opposed to disease on initial presentation due to diagnostic 

delay” (n=2) 

"Osteolysis and erosions, particularly around the sternoclavicular joints, and in long-term disease, 

depends on therapy."  

"Osteosclerosis is a typical feature of long-standing disease."  

1.2B Other diagnostic imaging features 

 

 

Figure 1.2B: Respondent’s opinion on the utility of bone marrow edema (BME) and increased 

isotope uptake on nuclear imaging as diagnostic imaging features in suspected sterile bone 

inflammation. ●: consensus, ♦: near-consensus 

Agree, 73%

"BME is helpful as a diagnostic imaging feature in suspected sterile
bone inflammation”

Disagree, 22%
Do not know, 5%

•

Agree, 63%
Disagree, 22%
Do not know, 15%

“Increased isotope uptake on nuclear imaging is helpful as a
diagnostic imaging feature in suspected sterile bone inflammation”

◆

Commented [MOU4]: In the main manuscript it is 

referred as BMO 
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Other diagnostic imaging features: free-text comments (clustered if appropriate) 

Regarding BME: 

“BME reflects the inflammatory process” (n=9) 

“BME is too nonspecific to be diagnostic (has a broad differential diagnosis)” (n=14) 

“BME is mainly helpful in combination with specific localizations (within bone itself, e.g. not 
exclusively in subchondral bone, and within skeleton) or other typical clinical or imaging features” 
(n=8) 

“BME is helpful and therefore makes MRI the preferred imaging tool in CNO/SAPHO” (n=6) 

“BME may be less useful in chronic disease due to delayed improvement” (n=3) 

"BME can be masked on MRI due to the presence of associated sclerosis/hyperostosis and can be 

missed in small anatomical parts such as costochondral articulations due to the worse anatomical 

definition of MRI with respect to CT in the evaluation of the chest wall (main point of affectation of 

this disease)”  

Regarding isotope uptake: 

“Diagnostic value of isotope uptake depends on the tracer used” (n=2)  

“Diagnostic value of isotope uptake depends on the distribution” (n=5)  

“Isotope uptake is too nonspecific to be diagnostic” (n=11) 

“Only if MRI is not available: MRI is more specific” (n=6) 

“Very helpful, sensitive feature” (n=8) 

"SPECT-CT should always be added to WBBS if available."  

“Does not necessarily correlate with clinical symptoms” (n=2) 

“Convenient technique: scans whole body, can detect asymptomatic lesions” (n=2) 
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1.2C Imaging features related to disease activity 

 

Figure 1.2C: Respondent’s opinion on the utility of bone marrow edema (BME) and increased 

isotope uptake on nuclear imaging as reflectors of disease activity in adults with sterile bone 

inflammation. ●: consensus, ♦: near-consensus 

Imaging features relating to disease activity: free-text comments (clustered if appropriate) 

Regarding BME: 

“BME represents tissue changes (like e.g. vascularization) that we would expect in acute or subacute 
bone inflammation” (n=19) 

"Bone marrow edema (BME) like changes can persist weeks/months after resolution of the symptoms, 

and they are not always well correlated with inflammatory markers." (n=6) 

Agree, 90%
Disagree, 5%

“Bone marrow edema (BME) is helpful to differentiate active from
non-active disease”

Do not know, 5%

•

Agree, 63%
Disagree, 24%
Do not know, 13%

“Increased isotope uptake on nuclear imaging is helpful to
differentiate active from non-active disease”

◆
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“BME can have other causes than active bone inflammation as well” (n=4) 

"BME can be an objective disease activity marker (in the way that clinical complaints not always can)   

"BME is frequently associated with pain in my patients, and similar to other diseases such as SpA or 

bone fracture."  

"In two cohorts we applied an MRI score (synovitis/effusion/edema and more) with the goal to assess 

the disease activity in a more scientific way, but it seems to be difficult."  

“Yes, but only informative if BME is substantial”  

"This may be relevant in particular for lesser weight-bearing bones, i.e., clavicle."  

Regarding isotope uptake: 

"Active inflammation implies increased vascularization and/or osteoblastic activity and thereby result 

in increased isotope uptake, so isotope uptake is useful to monitor activity" (n=8) 

"Isotope uptake is not specific for active inflammation" (n=4) 

"Captures active bone formation. Does not capture osteolysis without any formation. No 

hypercaptation in silent disease."(n=2) 

“Increased uptake also persists despite clinical improvement with some tracers” (n=4) 

“Good measure of activity is MRI is not available” (n=7) 

“Should not be used routinely to evaluate disease activity due to radiation” (n=2) 

"In my opinion, isotope uptake is very helpful in the evaluation of this disease. It provides information 

before structural changes are present (such as sclerosis/hyperostosis) and can monitor (from the 

quantitative and qualitative point of view) the disease. Quantitative assessment is not possible with 

MRI."  

"I agree, but there are some remarks to take into consideration. False positive signals in and around 

joints are seen more often since scanning techniques have been improved over recent years, maybe 

also true for bones? Don't know if data is present. [18F]fluorodeoxyglucose (FDG)-PET might also 

reflect bone formation more than active osteitis, as has been shown for ankylosing spondylitis.”  
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1.3 Preferred name for the spectrum of “adults with sterile bone inflammation” 
The importance of a uniform and appropriate name for the entity of "adults with sterile bone 

inflammation" is broadly felt. In the pre-meeting, it was emphasized that the name should reflect the 

core characteristic of the disease, i.e. sterile bone inflammation; the core name may then be 

supplemented with additional features as appropriate. Continuity in naming children and adults was 

advocated, to ensure that children transitioning to adulthood do not receive a different label for their 

condition. The term "SAPHO" was deemed very broad since the vast majority of patients do not exhibit 

all the features of the SAPHO acronym (incomplete representation). It was recognized that patients 

should be able to communicate their naming preferences, as they are the ones who eventually carry the 

label. In Delphi Round #2, responders were asked to allocate 100 points freely among the naming 

options below, reflecting their preference. 

c  

Figure 1.3: Preferred name for the clinical spectrum of “adults with sterile bone inflammation” 
(represented by total number of points received). CNO = Chronic nonbacterial osteomyelitis. SAPHO 

= Synovitis, acne, pustulosis, hyperostosis, osteitis – syndrome, CRMO = chronic recurrent multifocal 

osteomyelitis, PAO = pustulotic arthro-osteopathy, SCCH = sternocostoclavicular hyperostosis, CSBI 

= chronic sterile bone inflammation, SBI = sterile bone inflammation. * representing the two highest 

total scores. 

Nomenclature: free-text comments (clustered if appropriate) 

In favour of CNO/SAPHO: 

“It is best to use a term that shows that CNO/CRMO and SAPHO are essentially part of the same 

syndrome, and should be studied together in future clinical trials."  

"CNO/SAPHO is useful because it is broad and the terms are well-known” (n=4) 
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"It is important to keep the entity SAPHO in the title as it englobes many features that could or not be 

all present (complete or incomplete) and add an entity for patients who only have osteitis which is 

chronic and sterile (CNO).” 

"SAPHO remains relevant because it is a common occurrence in medicine that patients affected by a 

classical syndrome do not exhibit all features of the syndrome. The value of SAPHO relies on the fact 

that features are well summarized in an easy-to-remember name."  

In favour of CNO: 

"It is important to use the same name for children and adults, and CNO is now used in pediatric 

patients too." (n=4) 

“CNO is the most inclusive term; includes both unifocal and multifocal disease, describes the core 

disease, additional features may be added” (n=4) 

"SAPHO is a helpful label in patients with other features in the syndrome, but not as an overarching 

diagnostic label as very few fulfil all symptoms. " (n=3) 

Regarding (C)SBI: 

"Introducing a new name for the disease such as CSBI or SBI will cause even more confusion and 

unclarity” (n=5) 

“SBI might be a good descriptive option and encompasses the core feature, but it can also be too 

general and unspecific.” (n=3) 

Other: 

"Essentially there is no need to use the wording chronic in the name, there may also be single 

episodes; for these patients the word “chronic” is misleading” (n=3) 

“I struggle with lumping monogenic disease together with CNO and SAPHO. An improvement may 

be mendelian autoinflammatory bone disease versus what you are trying to define here. Some rare 

CNO cases may have monogenic causes."  

"Proposing a nomenclature change is really challenging. It can only be successful if adapted by the 

medical community, both physicians and patients. It might be a good subject for a focus group study 

amongst patients and a broader survey amongst physicians.”  

"My preference goes for combining CNO and SCCH in adults into CNO/SCCH for the following 

reasons. The term chronic nonbacterial osteomyelitis (or osteitis) has been widely adopted as a 

distinct disease entity in paediatric patients over a decade and a half ago, and its use in adults has 

widely followed suit over the past decade. Second, just as CRMO is by far the most common clinical 

presentation in paediatric CNO, and the disorder is named by paediatric consensus CNO/CRMO in 

this population, it is my view that since SCCH is the most common presentation of CNO in adults, we 

should follow the same logic and consequently name the disorder CNO/SCCH in adults. We could 

also consider adopting the nomer CNO/SAPHO but only for the few patients with CNO/SCCH 

demonstrating the full spectrum of the originally described components of the SAPHO syndrome”  

"PAO is commonly used for pregnancy-associated osteoporosis."  
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1.4 Clinical care aspects 
The group already agreed on the recommendation to have adult CNO/SAPHO patients be seen by a 

bone-oriented specialist, with a preference for rheumatologists. There was no consensus regarding the 

inclusion of specialists with surgical background in this recommendation. Two newly formulated 

statements were evaluatedin Delphi Round #2 (see figure 1.4). 

 

Figure 1.4: Recommendations regarding clinical care aspects in adult CNO/SAPHO (presented as 

median level of agreement, interquartile range). ●: consensus 

Clinical care aspects: free-text comments (clustered if appropriate) 

"A hub and spoke model can work well, e.g., annual review at a specialist centre, but also local care 

for the management of drugs such as DMARDs/biologics. This may be cost-effective and patient-

friendly" (n=2) 

"Rheumatologists are more familiar with the use of DMARDs and are able to prescribe them. Other 

specialists might not be able to prescribe and monitor treatment with biologics."  

"Not sure whether an immunologist belongs in the list, but might be hospital/center-dependent."  

"Since we do not know much about this disease and the studies in the literature are scarce, I believe 

that patients should be referred to specialist centers. Since there are no guidelines, rheumatologists 

tend to treat SAPHO at their discretion, mostly by extrapolating SpA guidelines on SAPHO. By 

referring patients to expert rheumatologists at designated centers, a database would be easy to create, 

and this is an important thing to consider."  

"Really not always possible but doesn't mean it couldn't be an ideal, but expertise needs to be shared, 

treatment is challenging and once-in-a-lifetime cases may not get excellent care."  

"Maybe it's easier to name a bone specialist than a referral center with specific expertise."  

1 2 3 4 5 6 7 8 9

...at a specialized referral center

...of a bone-oriented specialist,
preferably rheumatologist, internist, 

endocrinologist, immunologist, or
osteologist

Adult CNO/SAPHO patients should be under treatment...

Level of agreement
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2. Diagnostics 

2.5 Laboratory evaluation of suspected CNO/SAPHO 
Generally, the diagnosis of adult CNO/SAPHO seems not to be heavily reliant on blood tests. There 

was (near) consensus on the use of generic inflammation markers and serum calcium, phosphate, and 

parathyroid hormone as standard part of the diagnostic process. Regarding other markers, it was noted 

that they lack specificity for adult CNO/SAPHO but may be conducted to explore differential 

diagnoses. Several markers were deemed useful to determine before the start of specific treatments 

(e.g. bone markers before treating with bisphosphonates, or ANA and differentiation before treating 

with anti-TNFa). Particular markers were found useful only upon indication, and not for routine 

evaluation (e.g. HLA-B27).  

In Delphi Round #2, routine versus optional tests were stratified, and results are depicted below. 

2.5A: Routine laboratory tests 

 

 

Figure 2.5A: Recommendations regarding routine laboratory investigations in suspected adult 

CNO/SAPHO (presented as median level of agreement, interquartile range). ●: consensus 

Routine laboratory tests: free text comments (clustered if appropriate) 

“ESR should be left out.” 

“PTH should be left out. Should only be measured if s-Ca is abnormal.” (n=2) 

“VitD and renal tests should be done routinely commensurate with bone profile tests - many levels of 

reasons why!” 
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2.5B: Optional laboratory tests 

 

Figure 2.5B: Recommendations regarding routine laboratory investigations in suspected adult 

CNO/SAPHO (presented as median level of agreement, interquartile range) ●: consensus, ♦: near-

consensus, X: dissent.  

Optional laboratory tests: free-text comments (clustered if appropriate) 

"Any test should be considered if there is an indication - these are all reasonable." (n=3) 

“For all these extra optional markers it is questionable whether the bone specialist should perform 

these laboratory tests, or the preferred specialist like an stomach/intestine/liver doctor for fecal 

calprotectin and a pulmonologist for ACE/IL2” (n=2) 

“Anti-CCP and RF only in case of arthritis/synovitis” (n=2) 

"ANA doesn't add anything to the diagnosis or differential diagnoses; limited use as a screening test." 

(n=2) 

"ANA can be done before anti-TNF." (n=2) 

"HLA-B27 in the case of axial involvement only."  

"Fecal calprotectin only in case of suspicion of associated IBD." (n=2) 

"Bone markers only if future monitoring is suspected (e.g., bisphosphonates treatment)." (n=2) 
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2.6 Imaging preferences in adult CNO/SAPHO 
Imaging plays a crucial role in the diagnosis and monitoring of adult CNO/SAPHO. The main outcome 

of Delphi Round #1 and the digital pre-meeting was that there is no "one-size-fits-all scan". The 

preferred modality likely depends on the specific goal, patient characteristics, and availability at the 

treating center. While some techniques may be considered optimal, others may be acceptable. So far, 

MRI emerges as the preferred diagnostic and follow-up imaging technique. Nevertheless, it was 

emphasized by the participating radiologists that CT provides superior images compared to MRI when 

imaging the anterior chest wall, a frequently involved site in adult CNO/SAPHO. Hence, the anterior 

chest wall may be best structurally visualized with CT, combined with a modality that informs about 

disease activity like MRI or nuclear imaging. Delphi Round #2  addressed these nuances in the imaging-

related questions. Results are displayed below.  

2.6A: Imaging preferences for structural characterization of bone lesions 

 

Figure 2.6A: Preferred, acceptable, and non-preferred imaging modalities for structural 

characterization of bone lesions in adult CNO/SAPHO, stratified per skeletal region. No consensus 

evaluation performed yet. 

Imaging preferences for structural characterization: free-text comments (clustered if 

appropriate) 

Reported advantages of CT as compared to MRI (general) 

- Better structural characterization of lesions 

- Visualizes more specific features 

- Suitable to evaluate bone compression/neurovascular complications  
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- Better spatial resolution 

- Faster than MRI 

 

Reported disadvantages of CT as compared to MRI (general) 

- CT entails radiation exposure, especially if low-dose CT is not available  

- It is questionable whether the structural evaluation that CT is better at providing has any therapeutic 

consequence  

- No information on disease activity (e.g. with bone marrow edema) 

- Poorer assessment of soft tissue inflammation  

 

Regarding the anterior chest wall: 

“CT is superior as it is less influences by motion artefacts” (n=2) 

“For the anterior chest wall, combination of CT and MRI may be preferred" (n=2) 

" X-rays are not sensitive for early disease" (n=4) 

“X-rays may be helpful as a screening tool” (n=2) 

“All are acceptable, despite differences in predictive value." (n=5) 

Regarding the spine/SI-region: 

"MRI allows you to assess for sacroiliitis, which may mean I can get funding for biologics through 

my healthcare system."  

"MRI is good for the purpose of structural characterization of bone lesions in the spine/SI joints and is 

not subject to radiation.” (n=3) 

"In AxSpA diagnosis, we, ASAS, recommend MRI to detect both acute and structural lesions in the 

spine and SI joints."  

"X-rays can be fine for the SI-region." (n=2) 

"Ideally, one would like to have one modality with good visualization of both structural lesions and 

bone marrow edema/inflammation”  

"MRI is not good for axial bone structural lesions but may be used for the SI region (especially if ZTE 

sequences are done)."  

"Lumbar spine and overall SI joints are well seen with each modality. All may have value, but with 

the specific question CNO/SAPHO, I'd suggest MRI > CT (> plain X-ray)."  

Regarding peripheral skeleton: 

"Of course, MRI may pick up erosion earlier than plain x-ray, but we always use XR first to follow 

RA patients (easily accessible, low cost)"  

"Plain X-rays can give valuable information in addition to MRI; i.e., OA changes may be better 

visible on plain X-rays."  

"MRI is better for peripheral arthritis (more sensitive). I think osteitis will be best investigated with 

MRI, as is arthritis. Hyperostosis/sclerosis can be seen on plain x-rays." (n=2) 

"MRI will allow us to characterize the bone lesions but also surrounding tissue, i.e., on the presence 

of enthesitis or synovitis."  

"For peripheral joints, ultrasound is preferred."  
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Regarding the mandible: 

"I preferred CT because you get good information in a fast way, but MRI is also good for the 

evaluation of the jaw, especially in early disease” (n=3) 

"MRI has no radiation exposure, and it picks up both acute and structural lesions. Not suitable with 

braces, in these cases tomography is preferred. With mandibular CNO/SAPHO, there is often soft 

tissue involvement that can be better appreciated by MRI." (n=3) 

"MSK radiology specialists should advise here." (n=2) 

"X-rays of the mandible are very difficult to interpret and do not describe soft tissue involvement or 

activity." (n=3) 

2.6B: Imaging preferences for assessment of disease activity 

 

 

Figure 2.6B: Preferred, acceptable, and non-preferred imaging modalities for disease activity 

assessment in adult CNO/SAPHO. MRI= Magnetic resonance imaging, DW-MRI=Diffusion 

weighted magnetic resonance imaging, [18F]NaF-PET/CT= Sodium fluoride positron emission 

tomography with CT, WBBS=Whole body bone scintigraphy, ([99mTc]Tc-HDP SPECT/CT 

=Technetium labeled hydroxymethylene diphosphonate single positron emission computed 

tomography. No consensus evaluation performed yet. 

*18F-FDG PET/CT was already regarded a non-preferred imaging technique in Delphi Round #1, so 

was not included in further Delphi questions of round 2. 

Imaging preferences for disease activity assessment: free-text comments (clustered if 

appropriate) 

Regarding MRI: 

"Very sensitive for BME/inflammation and therefore preferred to monitor activity" (n=13) 

“Activity monitoring requires low radiation exposure burden, therefore only MRI is feasible” (n=6) 

"The resolution of DW-MRI is typically not as good as standard MRI protocols and therefore not 

suited to assess structural changes" (n=2) 

“T2W Fat saturated MRI is good enough to show active inflammation of the skeletal system.” 

“DW-MRI needs the cooperation of radiologist” 
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Regarding nuclear imaging: 

“PET/CT is preferred if you want to rule out infection” 

"Nuclear imaging evaluates the inflammatory process. 99mTc-HDP SPECT/CT usually is easily 

available, radiation exposure is relatively low. Whole-body images are easy to read. SPECT-CT gives 

indications of structural changes if compared to previous images and damage” 

"Bone scintigraphy using NaF PET (-CT) is relatively new compared to the classical 99mTc based 

bone scintigraphy. Indications largely coincide with the indications for classical 99mTc based bone 

scintigraphy. Fluoride can have certain advantages compared to 99mTc labeled tracers. The 

incorporation or binding is faster, so the scan can be performed after a shorter incubation period, and 

generally the PET (-CT) scanner has higher sensitivity and spatial resolution compared to planar 

gamma cameras or even SPECT (-CT). The dose used, and with that, the absorbed dose to the patient 

is lower than with 99mTc labeled tracers. Imaging is always 3D, and often the accompanying CT will 

offer attenuation correction and anatomical information. Also the signal is (semi-) quantitative. My 

second best is Technetium labeled hydroxymethylene diphosphonate single positron emission 

computed tomography ([99mTc]Tc-HDP SPECT/CT)." 

"WBBS can be used as a diagnostic tool but it is not ideal for follow-up as it can remain abnormal for 

a prolonged period of time." (n=2) 

"I am not sure if head-to-head diagnostic and monitoring has been done, but [18F]NaF-PET/CT is a 

promising tool, though we don't have one." 

"Regarding 18F-PET/CT: Not invasive, complete. Superior performance over 99mTC bone 

scintigraphy.” 

Regarding availability/logistics/radiation: 

"A localized lesion is easy to assess by MRI, but in case of a multifocal disorder, whole-body 

scintigraphy or PET will be advantageous unless whole-body MRI is a possibility."  

“PET-CT is more expensive than MRI and increases radiation exposure." 

"[18F]NaF-PET/CT is probably limitedly available." (n=3) 

"PET/CT is limitedly available compared to MRI." (n=2) 

“Nuclear imaging is more available in clinical practice compared to MRI” (n=2) 

"Availability and costs need be considered” (n=2) 

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Ann Rheum Dis

 doi: 10.1136/ard-2024-226446–19.:10 2024;Ann Rheum Dis, et al. Winter EM



 

23 

 

2.6C: Imaging preferences for asymptomatic lesion screening 

 

Figure 2.6C: Respondent’s opinion regarding the need for asymptomatic lesion screening in adult 
CNO/SAPHO. FU=follow up. 

 

Figure 2.6C (continued): Preferred, acceptable, and non-preferred imaging modalities for 

asymptomatic lesion screening in adult CNO/SAPHO. WB-MRI= Whole Body Magnetic resonance 

imaging, [18F]NaF-PET/CT= Sodium fluoride positron emission tomography with CT, 

WBBS=Whole body bone scintigraphy, ([99mTc]Tc-HDP SPECT/CT =Technetium labeled 

hydroxymethylene diphosphonate single positron emission computed tomography  

*18F-FDG PET/CT was already regarded a non-preferred imaging technique in Delphi Round #1, so 

was not included in further Delphi questions of round 2. 
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Asymptomatic lesion screening: free-text comments (clustered if appropriate) 

"Screening is useful for mapping bone lesions. Help for diagnosis." (n=2) 

"Spinal lesions may arise late and without symptoms." 

"Availability and radiation and cost should be considered." (n=2) 

"I would consider it if there are multiple symptomatic areas." 

"I think it should be routinely done, although we are not able to do it." 

"While there is controversy regarding whether asymptomatic lesions represent active disease, it is 

important to gather prospective data, and only by regular MRIs is one able to have a better idea re: 

clinical correlation of asymptomatic lesions." 

"Treatment of the diseases includes treatment of asymptomatic lesions." 

"One can debate about screening upon diagnosis. It will have no added value if the patient and doctor 

have already agreed upon starting therapy. Only if asymptomatic lesions require treatment and there is 

a high rate of therapeutic success, for instance prevention of structural damage, then we should 

screen." 

Regarding the preferred screening modality: 

"MRI confers no radiation (which is particularly important for screening purposes) and will display 

silent lesions.” (n=8) 

"Availability and radiation and cost should be considered." (n=5) 

"WBBS is simple and available for screening as compared to MRI, and has lower radiation than 

SPECT/CT." (n=5) 

"[18F]NaF-PET/CT might be more promising but is not widely available and maybe too academic" 

(n=6) 

"Downside of WBBS is that it can show uptake in degenerative disease whereas MRI can 

discriminate better between CNO and degenerative disease."  

"Sodium Fluoride PET/CT I think it's better, also with 18Ga." 

2.7 Bone biopsies  
In Delphi Round #1, there was already agreement about the role of bone biopsies in suspected adult 

CNO/SAPHO. These should not be performed routinely, but should be considered in difficult cases 

where suspicion of malignancy or infection is high. Red flags include lesionswith unifocal involvement 

and/or rapidly growing,, evidence of cortical destruction on imaging, systemic symptoms like weight 

loss and fever, or other clinical signs that favour thediagnosis of malignancy or infection. 
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3. Treatment 

3.8 Treatment goals  
In Delphi Round #1, there was already group consensus on several treatment goals for CNO/SAPHO, 

which include relieving symptoms, maintaining/regaining functional capacity, preventing structural 

bone and joint damage, and reducing inflammation to the lowest possible level. Regarding "reducing 

inflammation", there is uncertainty within the group regarding the relevance and prognostic value of 

residual inflammatory signs on imaging. Whether these signs should influence treatment decisions 

remains unclear. Overall, the group prioritizes patient symptoms over laboratory and radiological 

findings as treatment goals, and also acknowledges the need to develop andvalidate patient-centred 

outcomes,. 

3.9 Readout parameters for specified treatment goals  

 

Figure 3.9: Respondent’s opinion on readouts per specified treatment goal (presented as median level 

of agreement, interquartile range) ●: consensus, ♦: near-consensus, X: dissent 

Readouts for treatment goals: free-text comments (clustered if appropriate) 

Regarding patient-reported outcomes: 

"Overall pain can be frequent in CNO. It should be addressed, but only inflammatory pain is a sign of 

active disease” (n=2) 
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"Fatigue is a non-specific symptom, important for the patient, but with multiple mechanisms and 

endless confounding factors." (n=5) 

"It is unclear how to define inflammatory bone pain" (n=3) 

"Health Assessment Questionnaire - Disability Index (HAQ-DI) can be used. Ability to work." 

"Standardized surveys for PROMs are only useful in comparative studies. They are time-consuming 

and less useful for clinical practice." (n=2) 

"Improving range of motion is a valid treatment goal, but will be reflected in functional capacity and 

symptom relief and QOL scales." 

"I would not categorize fatigue under functional capacity. I would involve patient preferences in the 

choice of clinical outcome parameters." 

"VAS on what location, for how long, last day/last week?" 

"Not sure whether SF36 will be used in daily routine for an individual patient, but might be a good 

tool to compare groups (e.g., before and after specific therapy) as we have no validated specific 

questionnaire (and I doubt whether we would need this due to the relatively broad spectrum of disease 

features...)" 

Regarding radiologic inflammation and structural damage: 

"Importance of radiologic inflammatory signs depends on where - spine MUST be without edema, 

other areas may not be as worrisome, e.g., long bones." 

"Radiologic inflammation is not always coupled with clinical symptoms or biologic markers of 

inflammation. Importance of residual inflammation is unknown.” (n=3) 

"Radiologic inflammation can be used if the clinical picture is unclear, for example, if not sure if 

persistent symptoms are due to persistent inflammation. 

"I prefer the patient's opinion over some STIR signal without clinical signs... But would like to have 

this information and lab tests at some time of follow-up." 

"Prevention of structural damage won't be possible if already present at diagnosis, so maybe rephrase 

into 'no progression'." 

Regarding treatment initiation in asymptomatic patients: 

"Unfortunately, we do not know if treatment prevents structural damage." (n=3) 

"Treatment should be started immediately when the patient has lesions to prevent structural changes 

as well as pain." 

"Some asymptomatic lesion may require treatment, especially in the spine. This may justify 

preventive treatment to avoid evolution, and should be discussed with the patient." (n=7) 

"SCCH with slow growth can affect veins and more, a follow-up without treatment, but reevaluation 

by imaging to exclude/detect increasing SCCH seems to me necessary." 

"Like in Paget's it depends on location." 
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3.10 Step 1 treatment considerations 
The group input so far revealed two key concerns regarding management. First, the diverse clinical 

presentation of adult CNO/SAPHO makes it challenging to formulate uniform treatment approaches. 

For all treatment questions, it was therefore decided to focus on the treatment of sterile bone 

inflammation (being the core feature of the disease spectrum). Second, treatment recommendations for 

adult CNO/SAPHO will be largely eminence-based as there is a lack of robust evidence. Regarding step 

1 treatment, the group generally opts for NSAIDs/COXIBs in the majority of patients. There was little 

agreement on indications to skip NSAID/COXIB treatment and advance with step 2 treatment directly. 

There was also insufficient agreement on the need for NSAID/COXIB rotation, and the total duration 

of NSAID/COXIB therapy. Delphi Round #2 addressed these issues in more detail, yielding the results  

shown below. Of note, for step 1 treatment, fully treatment-naïve patients were assumed for sake of 

clarity. 

  

Figure 3.10: Respondent’s opinion on the role, duration, and rotation of NSAIDs/COXIBs as step 1 

treatment in most treatment naïve CNO/SAPHO patients. ●: consensus, ♦: near-consensus, X: dissent 
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Requirement of  NSAIDs/COXIBs rotation before declaring
refractory disease and advancing to step 2 treatment

X
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Figure 3.10 (continued): Reasons to skip NSAIDs/COXIBs treatment and advance to step 2 

treatment. ●: consensus, ♦: near-consensus, X: dissent 

Step 1 treatment: free text comments (clustered if appropriate) 

"In most treatment-naive patients, this will not suffice to obtain substantial pain decrease." (n=2) 

"We do strongly recommend Non-Pharmacological treatment as a 1st line conjunctive treatment such 

as management of focal infection eg, periodontal infection/tonsillitis/sinusitis if it is indicated and 

smoking cessation. Since in Japan, 85% of SAPHO are PPP related osteo-arthritis (PAO) (we reported 

in 2020 in Rheumatol Ther 2020, 883-891). Similarly, reports from China agree that >80% of SAPHO 

patients have PPP lesions (Yu et al. Arthritis Res & Ther 2020, 22, 216). PPP exacerbated by focal 

infection was first described by Andrews as Pustular bacterid,(Andrews GC, Machacek GF: Pustular 

bacterid of the hands and feet, Arch Dermatol, 1935; 32: 837–847.) and the majority of our patients 

with PPP (>80%) are this character, reported from Yamamoto et al (Pustulotic arthro-osteitis 

associated with palmoplantar pustulosis, J Dermatol, 2013; 40: 857–863). Furthermore, PAO was first 

described by Dr. Sonozaki in 1979 (Arch Orthop Trauma Surg 1979;95:13-22) followed by case 

series in 1981 (Ann Rheum Dis 1981, 40, 547-553) before SAPHO definition by Prof. Khan in 1987." 

"I don't have experience with newly diagnosed CNO/SAPHO, but I can imagine that, even in light of 

the moderate results (pooled response is 'good' in 14%) in clinical studies, a 4-week NSAID course in 

a treatment-naive patient, repeated for another 4 weeks in case of a partial response, before stepping 

up is a valid approach. There is analogy in that approach to inflammatory arthritis (rheumatoid 

arthritis, spondyloarthritis). In practice, most patients will already have been given an NSAID trial by 

their GP or specialist, although often not in the optimal dosage and sufficiently long period." 

"If there are no signs of multifocal destructive disease (i.e., peripheral erosive polyarthritis)." 

Treatment duration: 

"If the patient continues with pain, we have to start bisphosphonate monthly during 6 months to be 

well-tolerated." 

"If taken at the full dose each day, then steady-state drug levels are reached in 3-5 days, and so 

judgment on therapeutic effects will be known within 1-2 weeks." (n=2) 

"If the patient fails to respond in 4 weeks, it is unlikely that long-term treatment will be of any value." 

(n=2) 
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"For peripheral CNO/SAPHO 4 weeks may be reasonable but often the patients come to a physician 

with a long duration of pain and a likely pre-trial with NSAIDs. I would vote for 2-3 weeks duration." 

"Depends on symptoms, as needed, may also be longer” (n=2) 

"Coming from axial spondyloarthritis, it might be helpful to say at least two different NSAIDs at 

maximal doses over one month - but I think no studies exist here. Every one of my patients had been 

treated with at least one NSAID, many even with 2 or 3 different substances (either OTC or 

prescribed by GP or orthopedist in private practices) before being sent to a specialist." 

Second trial of NSAID/COXIB: 

"Long-term NSAIDs are a greater risk than some of the other options." (n=2) 

"The possibility of a meaningful response upon a second NSAID (following a complete lack of 

response to the first one) is low." (n=3) 

"If piroxicam, meloxicam, diclofenac, or etoricoxib are used for more than one week at full dose 

without sufficient effect, no other NSAID / COXIB step is needed. If lower doses than full dose of the 

above-mentioned or if ibuprofen or celecoxib are used, an additional NSAID / COXIB trial of at least 

one week should be performed." 

"But not more than two different ones." 

"It depends on the severity of the symptoms and the extent of the disease. If the symptoms are more 

manageable and the disease is limited then a second NSAID would be considered first, but it should 

not be considered a necessary step for every patient." (n=2) 

"In general in rheumatology, I recommend 2 rotations (i.e., x3 NSAIDs tried) - chance of side effects 

on one / chance of inefficacy on one / taking into consideration the known idiosyncratic therapeutic 

effect." 

"Same as AxSpA treatment, ASAS/EULAR AxSpA treatment recommendation updated in 2022. I 

believe you are talking about patients having received sufficient doses at an appropriate frequency. 

While a high dose of naproxen (and others) is necessary to see improvement in pediatric CNO, UK 

colleagues are frequently using insufficiently low doses." 

"For example, one short half-life and a long half-life drug." 

"I guess the advice to use at least two NSAIDs can be challenged. I cannot easily find the literature 

that supports, for instance, the ASAS-EULAR guideline on AS, which states that one should rotate. 

But maybe there is data on the subject. Regarding step 1: In DCP, there is a distinction between the 

effect on pain and on inflammation, and there is a distinction between non-responders and partial-

responders. This can be taken into account when making a statement. In DCP, I personally don't see 

large improvements from a second NSAID course in non-responders. Disease-specific features or 

targeted organs (skin, joints) may also have a role in a step-up versus combination therapy-approach.” 

Indications for treatment escalation (step 2): 

“Spinal lesions form an indication only if there was evidence of vertebral collapse” 

“Patients with extended disease and high inflammatory burden are unlikely to respond to NSAIDs 

alone” 

“Pain is also a step-up criterium” 

“Or active MRI findings in long standing diseases” 
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“The patients with pronounced systemic inflammation but no spinal lesions or damage might actually 

be the ones who benefit from NSAIDs. In Ax-SpA CRP is a prognostic marker for NSAID response.” 

 

3.11 Step 2 treatment considerations 
For step 2 treatment, not one "preferred" approach could yet be formulated, as choices are dependent 

on numerous patient and contextual factors. Overall, it seems like intravenous bisphosphonates and 

anti-TNF alpha are most frequently used as step 2 agents, but their preferred order (or direct 

combination) is not yet clear. Delphi Round #2 attempted to identify the global preferences regarding 

step 2 treatment, proposing several strategies that were frequently mentioned in earlier discussions 

(figure 3.11). Of note, for step 2 treatment, patients refractory to NSAIDs/COXIBs, or those with 

indications for direct step 2 treatment as identified by the group were assumed.  

 

Figure 3.11: Respondent’s preferred approach in step 2 treatment of bone inflammation/osteitis in 
adult CNO/SAPHO. IV BP=intravenous bisphosphonates, Anti-TNF alpha=Tumour Necrosis Factor-

alpha inhibitors, csDMARD=conventional synthetic disease-modifying anti-rheumatic drug, 

“addition/replacement” signifying addition of the second drug, of full replacement with the second 
drug if the first drug yields insufficient response.  

** Not chosen by any : “Direct combination of csDMARD and IV BP" and "Direct combination of 

csDMARD and anti-TNFa" and “none of the above” 

Step 2 treatment considerations: free-text comments (clustered if appropriate) 

Choice remains highly dependent on the skeletal distribution (unifocal or multifocal) and the presence 

of additional features (n=8) 

IV BP first; addition/replacement with anti-TNFa, 53%

Anti-TNFa first; addition/replacement with IV BP, 26%

Direct combination of IV BP + anti-TNFa, 3%

csDMARD first; addition/replacement with anti-TNFa, 11%

csDMARD first; addition/replacement with IV BP, 8%

General step 2 approach to treat bone
inflammation/osteitis in adult CNO/SAPHO

*63% would minimally  include IV BP with spinal lesions ◆

X

Commented [MOU5]: TNF alpha or TNFα 
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"Preference for BP in spinal lesions depends on the feature of the lesions."  

Anti-TNF alpha agents: 

"Prescription of anti-TNF alpha drugs is limited by healthcare system to those with specific features 

leading to reimbursement” (n=2) 

"With spinal lesions, BPs should be given together with anti-TNF alpha” (n=3) 

"If there is many lesions or enthesitis of the spine, I would go for anti-TNF."  

"What is non-response, in case of secondary failure, because of antibodies, start another anti-TNF. In 

difficult casus IL17 blocker, particular with eg sacroiliac involvement."  

"Anti-TNF is possible to be effective to nearly all domains of adult CNO/SAPHO, other medicine 

could be add-on when the response of anti-TNF is not sufficient, but change to other biologics or 

targeted medicines in case no response at all."  

"In women of reproductive age, anti-TNF alpha agents would be preferable over bisphosphonates."  

"Even though BPs appear effective based on published evidence we should acknowledge that most of 

these data are relatively old, prior to biologics, when treatment options were extremely limited. In my 

mind anti-TNF appear as the most robust tools for sterile bone inflammation and are a reasonable step 

2 treatment option."  

Conventional syntheticDMARDs (csDMARDs): 

"Generally methotrexate (MTX) first. Efficient, cheap, very few serious side effects in the hands of 

MTX well-educated and experienced medical healthcare providers (not too much influenced by 

pharmaceutical companies) if the patient takes it correctly.”  

"In my cohorts 80% of patients reach a remission of CNO only bDMARDs (preferentially TNFi), 

however, 20% already on cDMARDs (MTX, other) with/without bisphosphonates, therefore I 

recommend the escalation starting from three months csDMARDs followed by bisphosphonate add-

on (before bDMARDs). Single patients with high level of painful disease (concerning mandibula, 

clavivula or others) also need for a few weeks glucorticosteroids (after NSAR failure)."  

"I tend to avoid csDMARDs unless strong sense this is PsA spectrum disease with peripheral skeletal 

phenotype.”  

"There are two RCT (strong evidence) to suggest IL23 inhibitor improve PPPASI (some patients have 

PAO in the studies), eg, Risankizumab and Guselkumab. So I do recommend replacing TNFi to 

bDMARDs including TNFi,IL23i and perhaps IL17i."  
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3.12 Step 3 treatment considerations 
Delphi Round #2 evaluated which treatments/interventions may be considered in multi-step refractory 

adults with CNO/SAPHO to manage sterile bone inflammation/osteitis (see figure 3.12). 

 

Figure 3.12: Considerations for step 3 treatment of bone inflammation/osteitis in adult CNO/SAPHO. 

IL=interleukin, JAKi=janus kinase inhibitors, #: complication, ●: (negative) consensus, ♦: near-

consensus, X: dissent 

Step 3 treatment considerations: free-text comments (clustered if appropriate) 

"Consider anti-IL-1 treatment; there is some evidence in children and usually permitted." (n=3) 

"Anti IL-17 and anti IL-23 may be considered particularly in case of skin involvement." (n=2) 

"At present I'm hesitant regarding IL-17, IL-12, IL-23, and JAKs. I would consider these only if 

nothing else helps or had to be stopped, but this is not very likely. Anti-IL23 and JAKi could be 

discussed but I would say in the next step (not same level as anti-IL17)." 

"I have doubts about anti-IL17 but I would suggest a very formal approach for this initiative. State the 

present evidence regarding pathophysiological mechanisms and case-reports/series with 

bDMARDs/tsDMARDs, and refrain from speculations." 

"Surgical intervention: I have good experience in two cases with synovectomy in the manifestation of 

osteitis/synovitis in the region of SCCH." 

" Please change IL12 to IL12/23 inhibitor which is Ustekinumab. Then I choose Yes for IL12/23. 

Anti-23s (Guselkumab and Risankizumab as stated above) remain the important selections as well." 

"Anti-IL-12/23 is not available so far in our hospital, I have no idea about them." 

"JAKi in younger patients <65 years." 
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3.13 Ancillary treatment considerations 
Delphi Round #2 evaluated which treatments/interventions may be considered as ancillary treatments 

in adult CNO/SAPHO (see figure 3.13). 

 

Figure 3.12: Considerations for ancillary treatments in adult CNO/SAPHO. ●: consensus, X: dissent 

Ancillary treatment options: free-text comments (clustered if appropriate) 

"Lifestyle recommendations (smoking cessation, physical activity, weight control, etc.): You can talk 

about it but they all already know and the result of bothering the patient will be very close to zero."  

"I avoid steroids. Can be of limited therapeutic impact and risk of rebound psoriasis issue if palmar-

planta pustulosis."  

"I think all can play a role in adequate management, especially in difficult-to-treat cases, which are 

many. Again, patient-preferences would be interesting to study on these subjects."  

3.14 Treatment considerations for additional (extra-skeletal) features 
The questions above have concentrated on treatment of sterile bone inflammation/osteitis in adult 

CNO/SAPHO, as recommended during group discussions. However, this core manifestation of adult 

CNO/SAPHO can be accompanied by additional (extra-skeletal) features, which may warrant different 

treatments. These treatments may complement the treatments for sterile bone inflammation/osteitis (e.g. 

CNO/SAPHO + clinically apparent arthritis may be treated with intravenous bisphosphonates + 

methotrexate), or one agent may conveniently target multiple features. (e.g. CNO/SAPHO + features 

compatible with axSpA like sacro-iliitis or uveitis may be jointly treated with anti-TNFa.) 

As apparent from Delphi Round #2, there is unanimous consensus (100% agreement) about including 

the statement below (or a slightly modified version) in the final recommendations to address this issue. 

This way, the final recommendations leave room for clinicians to optimize treatments according to 

specific patient phenotype. 

"In case of additional (extra-skeletal) features, follow established treatment protocols 

accordingly. Align or combine with treatment for sterile bone inflammation/osteitis if 

applicable. 

Features may include: psoriasis, pustulosis palmoplantaris, hidradenitis suppurativa, dactylitis, 

arthritis, sacro-iliitis, uveitis, inflammatory bowel disease" 
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Treatment considerations for additional (extra-skeletal) features : free-text comments (clustered 

if appropriate) 

“This is what I do.  If there are further features then I can get different drugs.” 

“Fully agree. it has been done the same for axial SpA.  As there is no strong evidence for one 

treatment rather than another, extraosseous manifestations can be very useful in choosing the 

appropriate treatment.” 

“In my experience at least 50% (or even more) of the CNO patients meets the criteria of PsA or AS 

diagnosis, I think, for treatment choice an relevant aspect” 

“Topical treatment (skin: acne, psoriasis, pustulosis), systemic treatment with retinoids for acne if 

necessary”  

“In many patients, especially younger males hidradenitis suppurativa strongly affect quality of life. 

Uveitis, especially if recurrent, and IBD are not ancillary problems” 

“I think it would add largely to the practical use of the initiative, and thereby the 

adaptation/implementation. Any thought on how to implement it the end result?” 

“Long sentence reads difficult.  In case of extra-skeletal features (e.g. at the skin) one might consider 

to use combination therapy (e.g. bisphosphonate plus methotrexate) or initial choice of  advanced 

treatments (e.g. TNF inhibitors or others) to target all structures with one drug.” 
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3.15 Follow-up 
The group agreed in Delphi Round #1 that long-term follow-up is important due to the temporal 

dissociation of different clinical features. In that regard, patients should be advised that after the end of 

follow-up, their condition might return with similar or different clinical features in the future. 

Complication monitoring was further evaluated in Delphi Round #2, yielding the results as shown 

below. 

 

Figure 3.15: Respondent’s opinion regarding follow-up considerations (presented as median, 

interquartile range). ●: consensus  

Follow-up: free-text comments: 

“Neurovascular complication is not something that I have personally encountered.” (n=2) 

“Neurovascular complication does not need to be mentioned here. I think this is very rare and doesn’t 
need to be mentioned in a guideline” 
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in patients with spinal lesions
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in patients with ACW involvement
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Supplemental material 7: Minimal dataset for patient registry for adult CNO  
Generic data elements: consent, date of birth, sex at birth, current gender, country at birth, country of residence, follow-up status, date of death if applicable, 
first contact with centre, clinician responsible, date of first clinical manifestations, how diagnosis was reached, date of diagnosis, biobank samples available 
for research.  

Of note: The form is filled out at initial referral, and subsequently during follow-up with either periodic consultation depending on local protocols (minimally 

every 2 years), or with a major treatment switch or change in clinical picture. The data system should capture differences between the initial form and follow-

up forms as representing changes in clinical course and management (e.g. new additional features, treatment switches). The form may be potentially be 

supplemented with patient reported outcomes (PROs) and patient reported outcome measures (PROMs), which can be filled out by the patient directly. 

PROMs relevant to CNO include, among others, Brief Pain Inventory Short Form and EQ-5D. 

Data elements for condition specific module for adult CNO 

Variable Response type & options Comments 
Type of imaging performed Checkbox 

- Magnetic Resonance Imaging (local) 
- Magnetic Resonance Imaging (total body) 
- Computed Tomography (local) 
- Computed Tomography (total body) 
- ([99mTc]Tc-HDP SPECT/CT 

- PET/CT (if checked; specify tracer in free text) 
- Plain X-ray 

Automatically deduces whether total body 
imaging has been performed 

Localization of CNO bone lesions  Checkbox 

Total-body skeleton image with zoom-in possibility in typical 
regions such as: 
- Clavicles (left/right) 
- Ribs (left/right, including level) 
- Sternum  
- Spine (including vertebral level) 
- Mandible (left/right) 
- Ilium (left/right) 
- Other (specify) 

Automatically yields total number of bone 
lesions 
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Radiologic activity of CNO bone 
lesions 

Severe/moderate/mild/none Defined by bone marrow oedema or increased 
radiotracer uptake, will be assessed by central 
review of images 

Skeletal damage (erosions 
hyperostosis, ankylosis, soft tissue 
ossification) due to CNO 

Yes/no, if yes, checkbox for specification Exact definitions of erosions, hyperostosis, 
ankylosis and soft tissue ossification including 
typical localizations given in field instruction. 

Bone biopsy performed Radio buttons 

Yes/no 

 

Additional features (history or 
current) 

Checkbox 

- Arthritis 

- Sacro-iliitis 

- Enthesitis 

- Dactylitis 

- Palmoplantar pustulosis 

- Psoriasis 

- Hidradenitis suppurativa 

- Severe acne 

- Uveitis 

- Inflammatory bowel disease 

 

Other auto-inflammatory features 
(history or current) 

Radio buttons 

Yes/no, if yes, free-text specification 

 

Smoking habit Dropdown 

Past/current/never 
 

Work participation Full absence from (paid) work due to CNO/partial absence from 
(paid) work due to CNO/no absence from (paid) work due to 
CNO 

 

Positive family history (1st degree 
relatives) for 
autoinflammatory/autoimmune 
disease 

Radio buttons 

Yes/no 

List of autoinflammatory/autoimmune diseases 
is provided.  

Bone pain at CNO lesion site Radio buttons 

Yes/no, if yes, specify Numerical Rating Scale (NRS) for pain if 
available 

 

Focal inflammatory signs at physical 
examination 

Radio buttons 

Yes/no 

E.g. erythema, warmth, soft tissue swelling 
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Erythrocyte sedimentation rate  Numeric (mm/h)  

C-reactive protein Numeric (mg/L)  

Treatment history for CNO or CNO-
related symptoms 

Checkbox 

- NSAID/COXIB  
- csDMARD  
- Bisphosphonates (IV) 
- Bisphosphonates (oral) 
- TNFi  
- Other biologic DMARD  
- Glucocorticoids (systemic) 
- Glucocorticoids (intra-articular) 
- Opioids 

- Surgery 

- Physical therapy 

- Other (free text) 

Include treatment for osteitis AND treatment for 
additional features, if present.  

Current treatment for CNO Checkbox 

- NSAID/COXIB 

- csDMARD 

- Bisphosphonates  
- TNFi 
- Other biologic DMARD  
- Glucocorticoids (systemic) 
- Glucocorticoids (intra-articular) 
- Opioids 

- Surgery 

- Physical therapy 

- Other (free text) 
 

All that all selected prompt a follow-up question for type, 
administration route, and dose 

Include treatment for osteitis AND treatment for 
additional features, if present. 

Indication for current treatment Checkbox 

- Bone pain at CNO lesion site 

- To improve functioning or quality of life 

- Prevention of complications  

Complications may include: vertebral collapse 

Structural skeletal damage secondary to 
inflammation may include: erosions, 
hyperostosis, ankylosis, soft tissue ossification  
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- Prevention of structural skeletal damage secondary to 
inflammation  
- Additional features (if selected, specify which based on 
previous entry)  

Adverse effects of current treatment Free text  
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