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Objective. To define non-bacterial osteitis (NBO) as a clinical entity possibly associated with autoimmune manifestations.

Patients with sterile osteitis were analysed to develop diagnostic criteria.

Methods. A total of 89 patients with non-bacterial inflammatory bone lesions were observed for a median of 49 months.

History, diagnostic imaging, laboratory and histological data were obtained. Mutation analysis in the genes PSTPIP1 and

PSTPIP2 was performed.

Results. Patients had an onset of disease at a median age of 10 yrs [interquartile range (IQR) 7.5–12] and suffered a median

period of 21 (IQR 9–52) months with a median of three foci per patient. Twenty percent of all the patients demonstrated

associated autoimmune disorders, particularly of the skin and bowel. The majority of bone lesions were located in the vertebrae

and metaphyses. Slight-to-moderate elevation of inflammation values were found in all the patients and antinuclear antibodies

were elevated in 30%. Non-steroidal anti-inflammatory drugs (NSAIDs) were effective in 85% of the patients. HLA-B27 and

Human Leukocyte Antigen-DR (HLA-DR)-classification did not differ from the general population. Autoimmune diseases in

40% of all the families, multiply affected family members, linkage to 18q21 and mouse models strongly indicate a genetic basis

for NBO. We observed three different courses of disease regarding the duration of complaints, rate of complications and

associated autoimmune manifestations leading to a new classification of NBO.

Conclusions. Clinical analysis of our cohort leads us to define NBO as a distinct disease entity with three clinical presentations:

acute NBO, chronic recurrent multifocal osteomyclitis or persistent chronic NBO. Diagnostic criteria were proposed to

differentiate NBO from diseases with similar clinical presentation.

KEY WORDS: Non-bacterial osteitis (NBO), Chronic recurrent multifocal osteomyelitis (CRMO), SAPHO syndrome, Complications,
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Introduction

Non-bacterial bone inflammations with or without associated
diseases were described at all ages and at all sites of the skeleton
[1–7]. Histological investigations showed non-specific inflamma-
tion, fibrotic and/or hyperostotic regeneration [1]. Bacteriological
investigations of the bone lesions, however, remained negative
[1, 8] and no infectious agent was to be found [1, 7, 9–11].
A number of terms [4, 12, 13] are used to describe diseases with
non-bacterial osteitis (NBO) including the SAPHO (synovitis,
Acne, Pustulosis, Hyperostosis, Osteitis) syndrome, pustulotic
arthro-osteitis, CRMO (Chronic Recurrent Multifocal
Osteomyelitis), chronic sclerosing osteomyelitis, lympho-
plasmacellular osteomyelitis and others.

SAPHO syndrome and CRMO present with osteitis as a
common feature. CRMO was regarded to be the paediatric subset
of SAPHO syndrome [4, 14]. Recently, however, adults with
CRMO [15] and children with SAPHO syndrome [5, 16, 17] were
described. In fact, CRMO and SAPHO syndrome share several
features: osteitis (sterile bone lesions with non-specific signs of
inflammation), unifocal or multifocal presentation, pustulosis,

hyperostosis and a good general state of health without spiking
fevers, organomegaly, weight loss or fatigue.

Several clinicians [3, 4, 18, 19] assume a common pathway for
the different diseases associated with osteitis looking at clinical,
radiological and histological findings.

Supporting the hypothesis of a single pathogenetic pathway for
‘primary’ sterile osteitis, we defined a cohort due to the isolated
sterile bone lesions without any other underlying disorders. Clinical,
immunological and genetic findings of 89 juvenile and adult patients
with osteitis and without arthritis at first presentation were analysed.
Diagnostic criteria were established for two main purposes:

� Distinguishing NBO from other disease entities with similar
clinical presentation.

� To diagnose patients with osteitis alone.

Subjects and methods

Subjects

We retrospectively evaluated 89 patients with sterile bone
inflammation, who had been diagnosed at or referred to the
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University Children’s Hospital, Munich between 1977 and 2005.
Patients were from various ethnic backgrounds: 75 German,
four Serbo-Croatian, three Turkish, one American, one South-
American, one Guinean and one English. In three families, a
parent was of French descent and in one family, of Italian descent.

All patients presented with at least one radiologically verified
osteomyelitic and/or sclerotic bone focus. Patients were followed
up for a period of 18 months to 28 yrs (median: 49 months).

Patients were divided by clinical presentation:

(i) Group 1 consisted of 17 patients with complaints lasting not
longer than 6 months and presenting with at least one bone
lesion. This group was defined as having acute non-bacterial
osteitis (ANBO).

(ii) Group 2 consisted of 33 patients with persistent complaints
(without remissions) lasting longer than 6 months, and
presenting with at least one bone lesion. These patients were
defined as having chronic non-bacterial osteitis (CNBO).

(iii) Group 3 consisted of 39 patients with multiple bone lesions,
or one bone lesion plus palmoplantar pustulosis (PPP), and
recurrent flares with remissions. These patients were defined
as having CRMO.

Clinical evaluation

We obtained a complete history, reviewed medical records and
performed at least one physical examination for each patient.
All patients were investigated by a single rheumatologist (A.J.).
Fifty-three patients had not been seen in the last 6 months before
data analysis and were clinically updated by phone using a
standardized questionnaire, which addressed complaints since
the last visit, associated diseases and current medication.
Investigation of clinical criteria focused on the most common
features seen in our patients and reports in the literature.

X-rays performed at the University Children’s Hospital,
Munich or elsewhere were evaluated by a single radiologist with
long-term experience in bone disorders (K.S.).

Laboratory values including complete and differential blood
count, levels of serum immunoglobulins, immunoglobulin G (IgG)
subclasses, C-reactive protein (CRP), antinuclear antibodies
(ANA), HLA-typing, HLA-B27 detection and serum tumour
necrotis factor-� (TNF-�), were assessed during flares. HE
(haematoxylin–eosin) stained histological preparations were all
evaluated by a single pathologist (J.D.).

Genetic studies

Mutation screening in the genes PSTPIP1 and PSTPIP2 was
performed in genomic DNA in 10 CRMO patients presenting with
multiple, symmetrical bone foci, several relapses, hyperostosis and
PPP. Coding sequences of PSTPIP1 (Gen bank: NM_003978)
and PSTPIP2 (Gen bank: NM_024430) were amplified in a
standard 25�l polymerase chain reaction (PCR) reaction based on
genomic DNA. PCR primers are available upon request. PCR
products were purified on QIAquick columns (Qiagen), sequenced
using Big Dye terminator chemistry (Applied Biosystems) and
analysed with an automated ABI 3100 DNA sequencer (Applied
Biosystems).

The study was approved by the Ethics Committee of the
medical faculty of the Ludwig–Maximilians University, Munich
(Germany). Written consent was obtained from all the patients.

Statistical analysis

Clinical and laboratory data were analysed in Microsoft Excel
and Stata 8.2 (StataCorp, Texas, USA). Average values were
given in medians with interquartile ranges (IQR, 25–75th
percentile). Differences between groups were tested for categorical
data by Fisher’s exact chi-square test and for continuous data
by the Kruskal–Wallis rank test.

Results

Clinical presentation

Local pain of the bone was the leading symptom. Patients
presented in a good state of health. Sixty-five percent (n¼ 58) of
all the patients were female (clinical and laboratory data are
summarized in Table 1). In 87% (n¼ 77), disease onset was before
18 yrs of life, ranging from 33 months to 54 yrs of age, with a
median of 10 (IQR 8–12) yrs. Seventeen patients (19%) showed no
more than one bone focus. Thirty-five patients (39%) initially
presented with one bone lesion. Seventeen (49%) of these
35 patients developed additional [1–6] bone foci during the
course of the disease. Fifty-four patients (61%) presented with at
least two (range 2–14) bone foci. All together, 321 foci were
detected over time, resulting in a median of 3.0 (IQR 2–5) per
patient. Symmetrical afflictions were observed in 20 patients with
multifocal disease (Fig. 1), of whom 15 were classified as CRMO
patients. The course of the disease lasted a median of 21 months
(IQR 8–52). Fifty patients (56%) were free of complaints after
a median of 29 months. More than one member was affected with
NBO in 6% of the families. These family relationships were: father
and son, monozygotic twin sisters, two pairs of sisters, and, in one
family, two sisters and their father. Multiply affected family
members were observed in all the subgroups of NBO (Table 1).

Associated diseases

In 31% of the patients, associated diseases were present (Table 1).
Typical psoriatic afflictions of the skin and/or nails were found
in four patients. PPP before (n¼ 6) or during (n¼ 12) an acute
attack was found in all the groups (Fig. 2).

Chronic bowel disease occurred before or during bone
involvement in six patients; two patients were affected by
Crohn’s disease, three patients by ulcerative colitis and one
patient by coeliac disease. Associated autoimmune diseases were
most frequently seen in CRMO patients (Table 2). Magnetic
resonance imaging (MRI) revealed arthritis with minor synovial
exudation in five patients. Their bone foci were located next to the
sternoclavicular (n¼ 2), hip (n¼ 2) and ileosacral (n¼ 1) joints.
None of these five patients developed clinical arthritis. Family
history was positive for autoimmune diseases in 39%.

Right Left

Mandible 1.5%

Clavicle 5%

Scapula 1%

Ribs 4%

Vertebrae  30%

Sternum 3%

Humerus 3%

Ulna 1%

Radius 1%

Femur 11%

Patella 1%

Feet  9%
Including in descending order:
Calcaneus, talus, metatarsal,
navicular, cuneiforms, cuboid   

Pelvis 11%

Tibia 15%

Fibula 2%

FIG. 1. Bone involvement in 89 patients with NBO; bone lesions
located on the patient’s left side occurred bilaterally, symmetri-
cally in at least one patient.
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TABLE 1. Clinical and laboratory data of the 89 patients with NBO. Comparison of the three subgroups

ANBO n¼ 17 CRMO n¼ 39 CNBO n¼ 33 Total n¼ 89

Clinical manifestation
Median of onset in years of age 10 (IQR 8–11) 9 (IQR 8–10.5) 11 (IQR 7–15) 10 (IQR 8–12)
Median number of bone foci 2 (IQR 1–4) 4 (IQR 3–6) 3 (IQR 2–3) 3 (IQR 2–5)
Median duration of complaints in months 4 (IQR 3–6) 29 (IQR 18–67) 21 (IQR 14–43) 21 (IQR 8–52)
Female gender 9/17 (53%) 28/39 (72%) 22/33 (67%) 58/89 (65%)
Patients without complaints in the last 18 months 17/17 (100%) 19/39 (49%) 14/33 (42%) 50/89 (56%)
Unifocal presentation 5/17 (29%) 3/39 (8%) 9/33 (27%) 17/89 (19%)
Symmetrical bone lesions 3/17 (18%) 15/39 (38%) 2/33 (6%) 20/89 (22%)
Vertebral manifestation 4/17 (23%) 19/39 (49%) 10/33 (30%) 33/89 (37%)
Sternal and/or clavicular manifestation 6/17 (35%) 15/39 (38%) 11/33 (33%) 32/89 (36%)
Pelvic manifestation 0/17 (0%) 10/39 (26%) 06/33 (18%) 16/89 (18%)

Complications
Resistant complaints 0/17 (0%) 7/39 (18%) 5/33 (15%) 12/89 (13%)
Pathological fractures 1/17 (6%) 19/39 (49%) 6/33 (18%) 26/89 (29%)
Vertebral fractures derived from pathological fractures 1/17 (6%) 17/39 (44%) 3/33 (9%) 21/89 (24%)
Hyperostosis 2/17 (12%) 11/39 (28%) 4/33 (12%) 17/89 (19%)

Associated autoimmune diseases
PPP 3/17 (18%) 12/39 (31%) 3/33 (9%) 18/89 (20%)
Inflammatory bowel disease 1/17 (6%) 3/39 (8%) 2/33 (6%) 6/89 (7%)
Psoriasis 0/17 (0%) 3/39 (8%) 1/33 (3%) 4/89 (4%)

Diseases in primary or secondary relatives
NBO 5/17 (29%) 3/39 (8%) 3/33 (9%) 11/89 (12%)
Psoriasis 5/17 (29%) 11/39 (28%) 2/33 (6%) 18/89 (20%)
Chronic arthritis 0/17 (0%) 7/39 (18%) 7/33 (21%) 14/89 (16%)
Inflammatory bowel disease 1/17 (6%) 5/39 (13%) 0/33 (0%) 6/89 (7%)
PPP 1/17 (6%) 1/39 (3%) 0/33 (0%) 2/89 (2%)
Others: Alopecia areata, spondylitis ankylosans, Hashimoto
thyreoiditis, overlap syndrome, sarcoidosis

0/17 (0%) 5/39 (13%) 1/33 (3%) 6/89 (7%)

Inflammation serum values
ESR >15/30 14/17 (82%) 33/39 (85%) 26/33 (79%) 73/89 (82%)
CRP >0.5mg/dl 10/17 (59%) 31/39 (79%) 21/33 (64%) 62/89 (70%)
CRP >5mg/dl 4/17 (24%) 6/39 (15%) 3/33 (9%) 13/89 (15%)
TNF-� >25 pg/ml 11/11 (100%) 19/29 (66%) 13/25 (52%) 43/65 (66%)
Elevated total serum IgG 3/15 (20%) 7/38 (18%) 3/33 (9%) 13/86 (15%)
Elevated serum IgG1 3/11 (27%) 6/34 (18%) 3/27 (11%) 12/72 (17%)
Elevated serum IgG2 3/11 (27%) 9/34 (26%) 8/27 (30%) 20/72 (28%)
Elevated serum IgG3 1/11 (9%) 0/34 (0%) 4/27 (15%) 5/72 (7%)
Serum IgD >100 IU/ml 2/11 (18%) 4/33 (12%) 2/27 (7%) 8/68 (12%)
ANA �1:120U/ml 4/15 (27%) 14/36 (39%) 9/31 (29%) 27/82 (33%)

Histological findings of bone biopsies
Chronic inflammation:
Mild (¼ few lymphocytes <50% of marrow cavities) 0/4 (0%) 12/21 (57%) 8/11 (73%) 20/36 (56%)
Moderate (¼ scattered lymphocytes >50% of marrow cavities) 2/4 (50%) 6/21 (29%) 2/11 (18%) 10/36 (28%)
Severe (¼ dense lymphoid and plasma cell infiltrates
>50% of marrow cavities)

2/4 (50%) 3/21 (14%) 1/11 (9%) 6/36 (17%)

Fibrosis of the marrow cavity:
None 0/4 (0%) 4/21 (19%) 0/11 (0%) 4/36 (11%)
Mild (¼ small increase in marrow fibroblasts) 1/4 (25%) 8/21 (38%) 7/11 (64%) 16/36 (44%)
Moderate (¼ dense collagenous fibres with newly formed capillaries) 1/4 (25%) 4/21 (19%) 3/11 (27%) 8/36 (22%)
Severe (¼ intermediate changes) 2/4 (50%) 5/21 (24%) 1/11 (9%) 8/36 (22%)

Purulent inflammation (¼ aggregates of neutrophilic granulocytes) 2/4 (50%) 6/21 (29%) 0/11 (0%) 8/36 (22%)

TABLE 2. Proposed major and minor diagnostic criteria of NBO

Major diagnostic criteria Minor diagnostic criteria

1. Radiologically proven osteolytic/-sclerotic bone lesion A. Normal blood count and good general state of health
2. Multifocal bone lesions B. CRP and ESR mildly-to-moderately elevated
3. PPP or psoriasis C. Observation time longer than 6 months
4. Sterile bone biopsy with signs of inflammation and/or fibrosis, sclerosis D. Hyperostosis

E. Associated with other autoimmune diseases apart from PPP or
psoriasis

F. Grade I or II relatives with autoimmune or autoinflammatory
disease, or with NBO

NBO is confirmed by two major criteria or one major and three minor criteria.
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Complications

Forty-six percent of all the patients developed complications
consisting of therapy-resistant complaints, functionally or cosmet-
ically relevant hyperostosis (Fig. 3A and B) and pathological bone
fractures (Table 1). Pathological bone fractures were the most
frequent complications in 28% of all the patients, presenting in
76% (16 out of 21 patients) as vertebral fractures (Fig. 4) as well
as vertebra plana. Nearly half (46%) of the patients with vertebral
fractures consequently developed a scoliosis >108. Pathological
bone fractures also occurred in the acetabulum (n¼ 1), clavicle
(n¼ 1), cuboid (n¼ 1), femur (n¼ 1) and tibia (n¼ 1).

Imaging

Conventional X-rays were performed in 88 (99%) patients. Most
bone lesions (31%) were localized in the metaphyses close to
the growth plates (Fig. 3A). Thirty patients (34%) developed
moderate-to-severe sclerosis as a long-term complication. Sixteen
patients (18%) demonstrated a complete radiological recovery.

Periostal reaction was always seen in the 16 lesions of the
sternal part of the clavicula. Involved vertebrae revealed osteolytic
or sclerotic areas in the marginal zone similar to the findings seen
in Scheuermann’s disease.

Eighty of 89 (90%) patients with NBO underwent
skeletal scintigraphy. In three of our patients, scintigraphy
revealed no positive uptake during an acute attack
while histological examination of the bone specimens determined
non-specific inflammation. An additional 53 painless bone lesions
were detected by skeletal scintigraphy performed during the first
manifestation in 23 patients. Twenty of these silent foci involved
the vertebrae.

MRI was performed in 72 (81%) patients. As described before
[20–22], lesions of vertebrae, ribs, pelvis and in the smaller bones
of the hands and feet were recorded more accurately by an MRI.
MRI discovered additional, clinically non-detectable, inflam-
matory effusions in the region of osteitic foci, which we considered
to be reactive. In 22 (25%) patients, a computer tomography (CT)
scan was performed for a more detailed evaluation, which
consequently revealed additional bone destruction in four patients.

Histology

Biopsy was performed in 52 patients. Thirty-six biopsies
were re-evaluated showing signs of non-specific inflammation
(Fig. 5, Table 1). Histology revealed no significant differences
between patients with ANBO, CNBO or CRMO with regard to
chronic inflammation and fibrosis of the marrow. No purulent
inflammation was seen in CNBO.

Laboratory values

Patients showed normal blood counts during the attack. Thirty
percent of the patients had ANA levels �1:120U/l. Specific
antibody testing was carried out in cases of ANA�1:240 U/l, but
no specific antibodies were verified. Serum immunoglobulin A
(IgA) and immunoglobulin M (IgM) were within the normal
ranges. Rheumatological investigations revealed normal values of
complement components (C3 and C4) and RF for all the patients.

Compared with normal populations, HLA-B27, with
an incidence of 7% (3 of 34 CRMO, 2 of 28 CNBO),
was not increased. Interestingly, none of the patients with
ANBO (n¼ 10) was positive for HLA-B27.

Human Leukocyte Antigen-DR (HLA-DR)-typing performed
in 44 patients showed no correlation.

FIG. 2. Severe palmoplantar pustulosis in an adult patient
with NBO.

FIG. 3. Profound hyperostosis in a boy with NBO. (A) Osteolytic
changes in the distal, left tibial metaphysis with appositional
bone growth into marginal zones at 9 yrs of age. (B) Massive
hyperostosis of left distal tibia after multiple relapses at 15yrs of age.

FIG. 4. MRI of severe bone destruction at the 5th thoracic
vertebra in a 22-year-old female with NBO.
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Treatment

On a suspicion of bacterial osteomyelitis, 74% (n¼ 66) of all
patients had been treated with intravenous and/or oral antibiotics
at the onset of the disease. Eighty-seven percent (n¼ 77) of our
patients received non-steroidal anti-inflammatory drugs (NSAIDs)
as a continuous or intermittent therapy (Naproxen 10, 15mg/kg/day).
Thirteen of the 77 patients were NSAID-non responders who had
not experienced any pain relief after 3 months of therapy, or
relapsed three or more times. Those patients received prednisolone
(2mg/kg/day orally for 5 days) or hydrocortisone (10mg/kg/day
i.v. for 3 days). Steroids led to a transient response concerning
pain and inflammatory values in all the patients treated. Six
patients who relapsed frequently received either methotrexate or
azathioprine without any clinical benefit. Four adult patients
received pamidronate. One of them showed remission for a period
of 2 yrs, the second one demonstrated a relief from symptoms and
the other two did not respond to pamidronate at all. Infliximab
induced remissions over a period of 3 months in one patient, and
another patient with severe colitis and osteitis is in complete
remission for a period of 17 months.

Genetic findings

Ten CRMO patients were selected for mutation screening in the
genes PSTPIP1 and PSTPIP2. Except for several known
polymorphisms, no mutations were detected.

Comparison of the three groups

Two-thirds of the CRMO and CNBO patients were female as
compared with about half of the ANBO patients, revealing no
statistical significance (P¼ 0.156) (Table 1). Median onset of
disease did not vary between ANBO, CRMO and CNBO subsets.
ANBO patients had a significantly (P< 0.001) shorter duration of
disease (4 months) than patients with CNBO (21 months) or
CRMO (29 months). The median number of bone foci was two in
ANBO, three in CNBO and four in CRMO patients (P¼ 0.001).
Unifocal presentation occurred more frequently (P¼ 0.048) and
symmetrical bone lesions were less frequently detected in patients
with ANBO and CNBO than with CRMO (P¼ 0.003) (Table 1).
Pelvic manifestations were not seen in ANBO, but seen in 18%

and 26% of the CNBO and CRMO patients, respectively
(P¼ 0.054).

Forty-two percent of the CNBO patients, 49% of the CRMO
and all the ANBO patients (P¼ 0.097) were free of complaints in
the last 18 months. CRMO patients presented with 2–13 (median 4)
attacks. The longest observed interval between consecutive attacks
was a period of 37 months in a CRMO patient.

Pathological fractures, mainly of vertebral origin, occurred in
49% with CRMO, in 18% with CNBO and in 6% with ANBO
(P¼ 0.001). Overall, CRMO was associated with the highest rate
of complications and associated autoimmune diseases of patients
and relatives. Serum inflammatory values did not differ except
for serum-TNF-�, which was elevated to 100% in ANBO, to 66%
in CRMO and to 52% in CNBO. Histological investigations
revealed chronic inflammation and fibrosis in all the groups, while
no purulent inflammation was seen in CNBO.

Clinical criteria

Applying our proposed clinical criteria (Table 2), all the patients
met at least one major plus three minor criteria. Fourteen (82%)
patients with ANBO, 21 (64%) patients with CNBO and 14 (36%)
patients with CRMO met one to two major and up to four
minor criteria. Four major and at least three minor criteria were
found in one ANBO, one CNBO and five CRMO patients. The
four major criteria were detected with the following frequencies:
(i) osteolytic/-sclerotic bone lesions in 85%; (ii) multifocal disease
in 81%; (iii) PPP in 20% of all the patients; and (iv) the fourth
major criteria, ‘sterile bone biopsy with signs of inflammation
and/or fibrosis or sclerosis’, was present in 94% of the 52 patients
who underwent biopsy. Re-evaluation of biopsy specimens was
possible in 36 patients and revealed presence of major criteria in
all the 36 patients. The six minor criteria were: (i) normal blood
count with good general condition; (ii) and moderately elevated
inflammation markers, both found in 97% of all the patients;
(iii) all the patients had been observed longer than 6 months;
(iv) hyperostosis occurred in 17 (19%) and (v) associated
autoimmune diseases apart from PPP in 12 (13%) patients; and
(vi) family members with NBO were observed in 12% of the
patients out of all the 85 families. Reviewing all possible
combinations of criteria, the largest group consisted of 11% of
all the patients who showed osteolytic/-sclerotic bone lesions,
multifocal disease with normal blood count and elevated
inflammation markers during observation for more than
6 months. Major criteria, (i) and (ii), and the minor criteria,
(i), (ii), and (iii), were seen to be present in 53 (60%) of all the
89 patients, although some of these 53 patients demonstrated
additional criteria.

Discussion

Guided by the CRMO mouse models [18, 23] and by our own
observations [24] that sterile bone inflammation might underlie
a single pathogenetic pathway, we defined a cohort with non-
bacterial osteitis but with no other underlying disorders. Clinical,
immunological and genetic findings of 89 juvenile and adult
patients with osteitis and without arthritis at first presentation
have been analysed, revealing NBO as a distinct disease entity.

Reviewing the literature and summarizing our clinical and
laboratory findings, we developed clinical criteria to diagnose
NBO (Table 2). Applying the proposed diagnostic criteria, we
found that the fewer the criteria met, the more likely the ANBO
was diagnosed; and the more criteria that were met, the more
likely the CRMO was diagnosed. This classification of the patients
into defined groups might help to find prognostic indicators.
Prospective clinical application of the diagnostic criteria is
ongoing.

FIG. 5. Bone biopsy of a focus at the right proximal femur
revealing lympho-plasmacellular infiltration and fibrosis in
patient with NBO. HE (haematoxylin-eosin)-stained, 40-fold
magnification.
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Sterile bone lesions are well-known and are thoroughly
described as a criteria of the SAPHO syndrome [2–4, 10, 11, 15,
18, 19] and of other similar disorders like pustulotic artho-
osteitis and CRMO [4, 6, 7, 11–13, 20, 25]. Arthritis, pustulosis,
acne, hyperostosis or CRMO were proposed—amongst other
conditions—as the inclusion criteria of the SAPHO syndrome [3].
However, osteitis is a common presentation in patients with the
SAPHO syndrome, but is not required for the diagnosis. Features
such as arthritis, psoriasis and/or severe acne seen in the SAPHO
patients might not be pathopyhsiologically related.

A classification based on osteitis—including bone lesions
without other SAPHO criteria—seemed more reasonable to us
for promising clinical and genetic research on sterile bone lesions.
According to our inclusion criteria, dermatoses and arthritis
occurred less frequently in our osteitis-based cohort than seen
in patients with the SAPHO syndrome [2, 4, 5]. Acne fulminans,
which can be associated with NBO, is a disorder with highly
elevated inflammation markers and is present predominantly in
adolescent males [6, 26], suggesting a heredity factor other than
that seen for NBO.

Arthritis does not seem to be associated with NBO. Only one
girl, who was in addition HLA-27-positive, developed reactive
arthritis 2 years after NBO remission—the only one out of our
cohort suffering from ‘primary’ NBO in a median observation
time of 49 months.

Three different clinical courses of NBO were observed in our
cohort, consisting of ANBO, CRMO and CNBO. ANBO, which
has not been described previously, was presented by 19% of our
patients. ANBO shares more features with CRMO than with
CNBO such as PPP, associated diseases and purulent inflam-
mation, but resolves within 6 months. As ANBO patients might
relapse and convert into CRMO, all our ANBO patients were
recently re-evaluated, but no relapses had been reported (median
complaint-free interval of ANBO was 31 months, longest interval
between two relapses in CRMO in our patients was 37 months).
Patients with CNBO presented with persistent pain and also
showed fewer associated autoimmune diseases, as did their
relatives compared with ANBO and CRMO.

More complications, especially vertebral fractures, were present
in patients with classical CRMO than in CNBO. Two of our
CRMO patients underwent stabilizing surgery since they were
suffering from fractures of the cervical spine with imminent
myelocompression. Vertebra plana and vertebral fractures have
been reported previously [10, 21, 25, 27]. Some authors postulated
CRMO and SAPHO as being a feature of spondylarthropathy
[3, 21, 28]. Even though 30% of our patients had bone foci of
the vertebrae, oligoarthritis and enthesitis, which would define
juvenile spondylarthropathy, were not present [29]. In addition,
our NBO patients showed no association with HLA-B27 in
contrast to patients with spondylarthropathy [30].

The erythrocyte sedimentation rate (ESR), CRP and serum-
TNF-� seemed to be the valuable laboratory parameters to detect
flares in all the subgroups [2, 4, 5, 10, 11]. ANA were elevated in
30% of all the patients, and autoimmune diseases present in
primary/secondary relatives in 40% of all families. Comparable
data have not been described before, leading us to postulate that
NBO belongs to the spectrum of autoimmune disorders.
Treatment is still symptomatic, because the underlying defect of
NBO still remains unknown.

NSAIDs—still the drugs of first choice—induced remission
in 85% of our patients [2, 4, 7, 10, 19]. Remission was defined as
no pain, decrease of elevated inflammation markers back to
normal values and no radiological progression. In 13 NSAID-
non-responders, steroids were effective for short-term relief. Six
of our patients did not respond to azithromycin. Azithromycin
was reported to be effective in patients with CRMO pre-
viously [31]. Bisphosphonates seem to induce remissions in the
SAPHO syndrome [2, 4, 16, 17, 19, 32], but have not been
approved for use in our cohort for the treatment of children.

Pamidronate was effective in one out of four adult patients
and induced partial relief in a second patient. Two of our patients
were treated successfully with the TNF-inhibitor infliximab as
reported previously [33–35]. Controlled therapeutic regimes are
strongly needed in this disease with its severe complications
affecting quality of life.

Family members in our cohort who were afflicted by this
illness, and linkage analysis to 18q21, strongly indicate a genetic
basis of NBO [24]. Recently, Wise et al. [36] detected a mutation
in the PSTPIP1 gene in patients with pyogenic arthritis,
pyoderma gangaenosum and acne (PAPA) syndrome, defined
according to pyogenic sterile arthritis, pyoderma gangrenosum
and acne (OMIM #604416). Ferguson et al. [23] described
a missense mutation in pstpip2, the murine orthologue of the
human PSTPIP2, in the cmo (chronic multifocal osteomyelitis)
mouse. Grosse et al. [37] described a T–A nucleotide exchange
leading to an amino acid substitution in pstpip2 in a mutant mouse
that exhibited an autoinflammatory disorder characterized by
macrophage infiltration and inflammation leading to osteolysis
and necrosis of paws and ears. Though osteitis does not belong
to PAPA syndrome, overlapping the symptoms of NBO and
PAPA syndrome, the two mouse models [18, 23] led us to consider
PSTPIP1 and PSTPIP2 as candidate genes for NBO. So far,
no mutations were detected in 10 osteitis patients presenting
with at least three major and four minor criteria and multiply
affected family members of four of these patients. Although
low penetrance variants in both genes cannot be excluded, the
existence of missense mutations is unlikely in human NBO
patients. Further investigations, however, are ongoing.

Seventy-seven of our patients have been treated with antibiotics
due to diagnostic delay. Three out of 89 received chemotherapy,
and nine of all underwent several biopsies and resections.
Better knowledge of the disorder and the criteria may help to
spare the patients such unnecessary therapeutic and diagnostic
procedures [14].

On the basis of this extended work-up of 89 patients, we
propose to term the different forms of osteitis of non-bacterial
cause as one distinct disease called: NBO. We hypothesize
that NBO, so far, is a distinct autoimmune disease of the bone
which is not well-known. In this study, helpful clinical criteria to
determine the diagnosis were developed. Although a genetic basis
for NBO seems to exist, the underlying defect is still unknown and
treatment remains symptomatic with a lack of proven therapeutic
regimens. To date, patients with NBO but without other SAPHO
features seem to be underdiagnosed and will most likely be detected
more frequently using diagnostic criteria proposed in this article.
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� Vertebral fractures should be considered
as the most severe complication of NBO.
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