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Overview
Autoinflammatory bone diseases are a new branch of autoinflammatory diseases caused by
seemingly unprovoked activation of the innate immune system leading to an osseous
inflammatory process.1 The inflammatory bone lesions in these disorders are characterized
by chronic inflammation that is typically culture negative with no demonstrable organism on
histopathology.2–6 The most common autoinflammatory bone diseases in childhood include
chronic non-bacterial osteomyelitis (CNO); synovitis, acne, pustulosis, hyperostosis, and
osteitis (SAPHO) syndrome; Majeed syndrome; deficiency of interleukin-1 receptor
antagonist (DIRA); and cherubism. In this chapter we will focus on chronic non-bacterial
osteomyelitis (CNO) and summarize the distinct genetic autoinflammatory bone syndromes.
Table 1.

Chronic Non-bacterial Osteomyelitis (CNO)
Introduction

In 1972, Gideon first described CNO as a subacute and chronic symmetrical osteomyelitis.7

In the past forty years, our understanding of CNO has become more sophisticated due to
numerous breakthroughs. The recent renaissance advances? in imaging technology has led
to the enhanced ability to diagnosis inflammatory bone lesions. Multiple breakthroughs in
immunology have led to a more sophisticated appreciation of the function of the innate
immune system. This understanding enabled the characterization of autoinflammatory
diseases and therefore autoinflammatory bone diseases. There have been many discoveries
of the genetic associations of autoinflammatory syndromes. Finally, use of TNFα antagonist
and bisphosphonates enabled more effective treatments in non-steroidal anti-inflammatory
drug (NSAID) resistant disease. These breakthroughs have enabled the rheumatology
community to have a more advanced understanding of CNO.
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Nomenclature and Disease Pattern—The terminology for CNO has changed multiple
times in the past forty years. It was first called subacute and chronic symmetrical
osteomyelitis.7 However, since that time it has most commonly been called chronic
recurrent multifocal osteomyelitis (CRMO). The term CRMO was coined by Probst in 1978
and is characterized as a chronic inflammatory bone disorder that had multifocal bone
lesions and had multiple recurrences.8 However, not all patients have multifocal bone
lesions or numerous recurrences. Therefore, the term chronic nonbacterial osteomyelitis has
been used as an umbrella term and is inclusive of all the varied presentations of this
disease.2

There are three disease patterns for CNO: a course that resolves within six months, a
persistent course, and a course characterized by multifocal bone lesions and multiple
recurrences.2,9,10 The multifocal recurrent disease pattern is most consistent with CRMO
and SAPHO (Synovitis, Acne, Pustulosis, Hyperostosis, and Osteitis) syndrome.11

Etiology and Pathogenesis of CNO—By definition, the bone lesions seen in CNO are
culture negative and have no demonstrable organism on histopathology.2–6 Antibiotic
therapy should not cause resolution of symptoms. In a small case series, azithromycin was
shown to improve radiological and clinical signs and symptoms of CNO.12 This effect may
be mediated through the anti-inflammatory properties of azithromycin instead of its
antimicrobial properties. Although, there have been many proposed pathogens causing
CNO, there have been no definitive evidence of that microbes trigger CNO.
Propionibacterium acnes has been recently proposed as a cause for CNO. This pathogen has
been cultured in adults with palmoplantar pustulosis, a common skin manifestation seen in
SAPHO and CNO. Rarely was this bacteria cultured when the pustules of patients with
palmoplantar pustulosis and SAPHO or CNO were analyzed for Propionibacterium acnes.13

In one series of adult SAPHO patients, P. acnes was cultured from the bone from the 7 of 15
of patients tested.13 However, in the vast majority of patients with SAPHO and CNO,
cultures of the bone are negative or when positive present felt to be a contaminant.

The chronic inflammation seen with CNO appears to be due to activation in the innate
immune system as typically seen in autoinflammatory diseases.1 This seemingly
unprovoked activation may leads to an imbalance of pro- and anti-inflammatory cytokines
and therefore disruption in immune homeostasis. Currently, the etiology and
pathophysiology of CNO are not firmly established in non-syndromic forms of the disease.
However, there have been several developments in the possible pathophysiology
mechanisms and genetic associations for this disease.

There is evidence that links the interleukin-10 (IL-10) pathway to the development of CNO.
Hofmann et al., reported that peripheral blood monocytes stimulated with the TLR-4 agonist
LPS secreted significantly less IL-10 compared to healthy control monocytes.14 This
occurred independently of IL-10 promoter polymorphisms as an association with CNO and
the high IL-10 expressing −1082G/G alleles and GCC haplotype14 was found. Since LPS
stimulated CNO monocytes have a decreased production of IL-10, this is the opposite of
what would be expected with the high expressing allele suggesting other mechanisms are
involved.

Next, these investigators demonstrated that the decrease in IL-10 secretion from LPS-
stimulated CNO monocytes is associated with attenuated extracellular-signal regulated
kinase (ERK)1/2 activity.15 This decrement in ERK1/2 signaling then results in reduced
levels of the transcription factor, Sp-1, a transcription factor that drives IL-10 gene
expression in monocytes.15,16 They showed that Sp1 recruitment to the IL-10.636 Sp1
element is reduced in LPS-stimulated CNO monocytes. In addition, they found that histone
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H3 serine-10 phosphorylation (HS3S10p), an activating marker, is decreased around the
IL-10-636 element of the IL-10 promoter.15,16 The attenuation of Sp1 and reduced histone
H3 serine-10 phosphorylation suggest that epigenetic factors play a role in the decreased
gene expression of IL-10 seen in CNO.15,16 A unified hypothesis has been proposed to
explain these separate pathophysiology mechanisms in CNO. The investigators concluded
that impaired MAPK signaling, decreased H3S10 phosphorylation, and attenuated Sp1
recruitment to the IL10 promoter results in impaired gene expression of IL-10 with
subsequent disruption of the pro and anti-inflammatory cytokine balance. This disruption in
immune homeostasis might explain part of the clinical presentation of CNO.16

There is increasing evidence for the theory that CNO is genetically driven. The two
strongest pieces of evidence are that two similar diseases with autoinflammatory bone
lesions are genetically driven and animal models with genetic defects have similar defects.
Majeed syndrome and deficiency of the interleukin-1 receptor antagonist (DIRA) are
genetically linked diseases with features that include autoinflammatory bone lesions. Majeed
syndrome is caused by mutations in LPIN2 and DIRA with mutations in IL1RN.17–19

There have been many animal models with genetic defects leading to autoinflammatory
bone lesions. Currently, there are reports of autoinflammatory bone lesions seen in mice,
lemurs, and dogs. Two mice models have developed CNO - the cmo mice and the Lupo
mice.20,21 Both of these murine models have a mutation in pstpip2 and present with similar
clinical features as seen in humans. The cmo mice generally develop a clinically severe
presentation.20 Pstpip2 acts in the cytosol as an F-actin associated phosphoprotein, interacts
with PEST-type protein tyrosine phosphatases (PTP PEST) and is involved in cytoskeletal
organization.22,23 Murine pstpip2 is similar to human PSTPIP1 and PSTPIP2. PSTPIP1
regulates the NLRP3 inflammasome through binding to pyrin and is the genetic defect seen
in the autosomal dominant autoinflammatory syndrome pyogenic arthritis pyoderma
gangrenosum acne (PAPA) syndrome.24

There is a possible genetic association locus at chromosome 18q21.3–18q22 and CRMO.25

This genetic association is not yet linked to the pathophysiological development of CNO.
There have been cases of families with multiple affected members with CNO and cases with
first- and second-degree relatives with inflammatory bowel disease, psoriasis, and other
chronic inflammatory conditions. This provides additional evidence of a genetic
association.2,5,6 Genetic mutations in PSTPIP1, PSTPIP2, CARD15/NOD2, and IL1RN
have been examined in small series and do not appear to be the causative genetic feature in
CNO.2,26,27

Epidemiology
CNO is primarily a disease of childhood. It has many similarities to SAPHO syndrome,
which is a disorder primarily seen in adults. The incidence and prevalence of CNO is
unknown. Although, a diversity of ethnicities and populations throughout the world is
affected by CNO, the majority of reports are from Scandinavia, Europe, Australia and North
America. There is a female predominance and the mean age of disease onset is around 10
years-old.2,5,6

Clinical Presentation—CNO is a diagnosis of exclusion and is established by the clinical
presentation, imaging studies, and a culture negative bone biopsy. Pain with or without
swelling at the site of the bony lesion is the typical presenting symptoms. Bone lesions tend
to cluster around the metaphysis, can occur at atypical locations for bacterial osteomyelitis
such as the clavicle, and when multifocal, often have a symmetric distribution.3,28 Seventy-
five percent of bone lesions are perimetaphyseal.29 Appendicular and axial skeletal lesions
are also seen. The most common CNO sites are the femur, tibia, pelvis, calcaneus, ankle,
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vertebrae, and clavicle.2,3,5,6 CNO is the most common disease etiology to affect the medial
third of the clavicle in all age groups.28 A unifocal pattern of disease occurs in 10–20% of
patients.5,6 CNO is a systemic disease that can affect skin, joints, gastrointestinal tract, and
lungs. Patients with CNO frequently have other coexisting chronic inflammatory
diseases.2,5,6,27 In one study, 20–50% of patients had or developed another autoimmune/
inflammatory disease.2,5 The most frequent associated autoimmune and/or inflammatory
diseases included arthritis, psoriasis, inflammatory bowel disease, vasculitis, myositis/
fasciitis and parotitis. Typically, these patients have more bony lesions than patients without
a comorbid inflammatory disease.5 CNO patients tend to have normal, mild or moderately
elevated inflammatory laboratory changes. Markers of inflammation including ESR, CRP,
WBC and platelet count can be moderately increased or completely normal.2–6,30

Inflammatory markers are typically higher in patients with comorbid autoimmune diseases.5

Imaging Studies—Radiographs, technetium bone scans, and/or MRI are generally used to
detect the lesions and screen for multifocality.28,31,32 Computerized tomography (CT) can
detect lesions but exposes children to significant levels of radiation so is generally not
recommended. Typical radiographic findings include a lytic lesion at or around the
metaphysis that progress to sclerosis or hyperostosis.28 Recently whole-body MRI imaging
has been studied as a radiation-free method of imaging.31,33 Whole-body MRI imaging is a
useful method to detect asymptomatic lesions without radiation exposure. The lesions are
best seen on short tau inversion recovery sequences (STIR) and can be utilized to identify
subclinical spinal involvement, synovitis of adjacent joints and sacroiliitis. Whole-body
MRI tends to poorly detect lesions in the small joints of the hands and feet, ribs,
sternoclavicular and costovertebral joint junctions. There has never been a study to compare
bone scintigraphy and whole-body MRI. Whole-body MRI should be considered in working
up indeterminate cases of CNO and as an imaging technique used to monitor disease activity
and response to therapy.

Histopathology—A bone biopsy is often needed to confirm a diagnosis of CNO.2,4 This
is especially necessary in isolated bone lesions since bone malignancies can mimic CNO. In
children who present with multifocal disease for many months in duration, the need for a
confirmatory bone biopsy is debatable.4,30 The presence of clavicular involvement with
palmar-plantar pustulosis or psoriasis vulgaris is very strong evidence of CNO. However,
caution should be used in the absence of strong supporting evidence of CNO as serious
disorders such as intraosseous lymphoma and other forms of neoplasia can mimic CNO.34 A
classification criteria and clinical algorithm has been proposed to aid the clinician in the
diagnosis of CNO.2,4

CNO is characterized by subacute or chronic inflammation, with a lymphocytic or mixed
inflammatory infiltrate, and often marrow fibrosis.3,9 By definition, the biopsy is culture
negative and has no demonstrable organism on histopathology.

Treatment—NSAIDs are the gold standard initial therapy for CNO.2,26,27,35 However,
there is a discrepancy in the literature regarding the efficacy of NSAIDs in the treatment of
CNO. In 2 published studies from Germany, Beck et al. demonstrated a complete response
to naproxen in 43% of the patients26 whereas Girschick et al. noted that while 100% of
patients with a non-relapsing course responded to naproxen only 42% of patients with a
relapsing course responded.9 Indomethacin might be more effective than naproxen but is
associated with more side effects.36 Case studies and small case series have been published
addressing the treatment of CNO with various medications including corticosteroids and
DMARDs (MTX and sulfasalazine).37 Due to small numbers there is no conclusion about
the efficacy of these agents.
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TNFα appears to be an important cytokine in CNO. This cytokine plays an important role in
the activation of osteoclasts in CNO.2,14 There have been several case reports, small
retrospective series, and a few larger series on TNFα antagonist treatment in CNO.5,38,39 In
a larger series involving 11 patients on TNFα antagonists, 10 of the 11 responded to the
therapy and there was a 46% remission rate.5 Smaller case series have also showed a
favorable response to TNFα antagonists in the treatment of CNO. Eleftheriou et al.
evaluated 3 pediatric patients treated TNFα blocking agents with CRMO or SAPHO and all
3 showed a clinical improvement.38 However, 1 patient stopped therapy prematurely due to
an invasive fungal infection. Catalano-Pons et al. published the results from a French dataset
cohort of 40 pediatric cases of which 2 had used TNFα antagonists although treatment
response was not thoroughly detailed.6 Other biologic medications have been used in case
reports that include INF-α, INF-γ, and anakinra. The case report on anakinra initially
showed a response but the response was not sustained.38

Pamidronate have also been recently used for the treatment of CNO.40–44 This therapy is
hypothesized to treat CNO by inactivating osteoclasts, decreasing pain, and possibly through
an anti-inflammatory mechanism. In one study, all 9 patients treated responded to
pamidronate.43 The clinical response typically occurred in the first 3 days. Four patients
experienced a recurrence in their CNO 12–18 months after their first pamidronate course.
All 4 patients responded to a repeat course of pamidronate. In another study evaluating
response to pamidronate, 4 of 5 patients showed clinical improvement.41 In a third study, 6
of the 7 patients improved with pamidronate. However, synovial joint disease was
unresponsive to the therapy.42 Pamidronate therapy may be particular beneficial in spinal
lesions and vertebral fractures by improving vertebral shape and a decreasing the kyphotic
angle.42,44 Hospach et al. reported on patients with axial disease, and found that all 7 had an
improvement in spinal lesions after pamidronate therapy.44 Urinary N-telopeptise/urine
creatinine (uNTX/uCr), a marker of collagen-I breakdown, has been proposed as a marker
for disease flare after bisphosphonate therapy.43 This marker has used to monitor disease
with accelerated bone turnover. When used in cases with CNO, no clinically evident
relapses occurred while uNTX/uCr was suppressed. Concerns have been raised about using
bisphosphonates in the pediatric population since long-term safety data is limited. The most
common adverse events are minor flu-like symptoms for a day after the infusion. Currently,
osteonecrosis of the jaw is a possible but is an unreported side effect of pamidronate use in
children with CNO. This adverse event primarily occurs in elderly patients with myeloma.
Due to this potential side effect, it is recommended to have pediatric patients have a dental
screening and wisdom teeth extraction prior to pamidronate therapy whenever possible and
postpone elective dental procedures for at least 6 months following therapy.43

No study has compared the efficacy of bisphosphonates to TNFα antagonists. There have
been two larger observational studies that had treated patients with either bisphosphonates or
TNFα antagonists (3 and 2 in one cohort and 3 and 1 in the other cohort) but no data was
included on the efficacy of these therapies.2,6 Figure 1.

Prognosis
In North America, CNO continues to be difficult to treat with high rates of treatment
nonresponders. In a study, only 43% of patients were in remission 22 months after diagnosis
and only 13% were in remission off therapy.5 In general, European cohorts appear to have
more favorable outcomes.2,3 Functional and cosmetic consequences of hyperostosis are
frequently seen.2 Pathologic fractures are common and most frequently occur in the
vertebrae.2,3 Scoliosis, bony overgrowth, and generalized growth failure are possible long
term morbidities associated with CNO.2,5,6 Table 2.
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Conclusion
CNO is a diagnosis of exclusion that is established by the clinical presentation, imaging
studies, and a culture negative bone biopsy. Recently, there have been several advancements
in the understanding the etiology and genetic links for CNO. Treatment remains challenging.
TNFα antagonist and bisphosphonates appear to be possible second line agents for CNO.
There are high rates of pathologic fractures and morbidity when untreated.

Distinct Genetic Autoinflammatory Bone Syndromes
Majeed Syndrome

Majeed Syndrome is a rare autosomal recessive disorder first described by Majeed in 1989
that is characterized by a clinical triad of features: CRMO, congenital dyserythropoietic
anemia, and inflammatory dermatosis.45,46 The disease course of Majeed syndrome differs
from CNO in that it is more severe, has an earlier age of onset, and is associated with
congenital dyserythropoietic anemia (CDA) and inflammatory dermatosis.45,46 Figure 2.

The disease onset of Majeed syndrome is in infancy. This disease is associated with high
course in fevers, severe pain, chronic anemia, and soft tissue swelling that typically affects
large joints. Frequent exacerbations, as often as 3 to 4 per month, each lasting a few days
with short remissions, characterize disease Majeed syndrome.46,47 The distribution of the
CRMO is similar to CNO in that it also tends to affect the metaphyses of long bones.46,48

The inflammatory neutrophilic dermatosis, Sweet’s syndrome, is the associated skin
manifestation.45–47 The CDA seen with Majeed syndrome is variable in its presentation and
severity and different from other known forms of CDA. This microcytic anemia typically
appears by 9 months of age. Children with Majeed syndrome often have multiple
complications and poor outcomes that include growth retardation, failure to thrive,
hepatomegaly, joint contractures and muscle atrophy.45–48 Neonatal cholestatic jaundice and
mild neutropenia were seen in one patient.48

LPIN2 is the mutation responsible for Majeed syndrome and encodes LIPIN2.48,49 LIPIN2
is part of the LIPIN family. This protein family plays a role in glycerolipid biosynthesis by
acting as phosphatidate phosphatase (PAP).50,51 Homozygous mutations in LPIN2 have
been found in 4 families with four unique mutations: a missense mutation (S734L), a frame
shift mutation (T180fs), a splice site mutation (R776Sfs), 2-base pair deletion in LPIN2 (c.
1312_1313delCT; p.Leu438fs+16X).52 LPIN2 is expressed in multiple different organs:
liver, lung, kidney, placenta, spleen, thymus, lymph node, prostate, testes, small intestine,
and colon.49 Mutations in LPIN1 in mice cause lipodystrophy, fatty liver,
hypertriglyceridemia, glucose intolerance, peripheral neuropathy, and atherosclerosis. The
LPIN2 mutation in humans does not appear to produce lipid abnormalities.48 Recently, it
has been suggested that the phenotypic picture seen with Majeed syndrome results from a
loss of PAP activity in LIPIN2.50 In an in vitro model, the mutation of serine to leucine at
amino acid 734 (S734L) is required for appropriate PAP function. This mutation appears to
impact the PAP activity without affecting the other lipid and metabolic functions of lipin2. It
is still unclear how dysfunction of LIPIN2 produces all of the phenotypic features of Majeed
syndrome however; Valdearcos et al. recently demonstrated that LPIN2 dampens the pro-
inflammatory signaling that is produced by macrophages when exposed to excessive
saturated fatty acids.53

Majeed syndrome can be difficult to treat. Typically, NSAIDs and oral corticosteroids have
been used with variable success.47 Recently, two brothers failed treatment with a TNF
inhibitor but treatment with IL-1 beta blockade resulted in clinical, laboratory, and
radiologic improvement.52 This supports the hypothesis that Majeed syndrome is an
autoinflammatory syndrome.
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Deficiency of the Interleukin-1 Receptor Antagonist
Deficiency of the Interleukin-1 Receptor Antagonist (DIRA) is a newly recognized
autosomal recessive autoinflammatory disorder.54–57 Prose et al. described a child with what
was likely DIRA in 1994 and it was recognized as a distinct syndrome in 2009.57–59 DIRA
is due to a mutation in the ILIRN, is potentially life threatening and can mimic neonatal
sepsis.56,57 A high index of suspicion is critical to prevent multisystem organ damage and
death.

The characteristic clinical presentation includes generalized pustulosis, osteitis, periostitis,
and systemic inflammation.47,54–57,59 Within the first few weeks after birth, a pustular rash
and systemic signs of inflammation develop.54,56,57,59 Even though systemic inflammatory
markers are markedly elevated, fever is usually absent.54,56,57,59 Weeks after the rash
presents, osteitis is detected.54,56,57 The osteitis seen in DIRA is severe with extensive bone
involvement, a multifocal osteolytic pattern of disease, and marked periostitis.54,56,57,59

These bony lesions typically affect long bones, vertebral bodies, and have a predilection for
the proximal femur. The bone biopsy in DIRA is characterized by a purulent osteomyelitis
that is culture negative with fibrosis and sclerosis.57 Three radiographic characteristic
findings are typically seen that include widening of the anterior rib ends, multifocal
osteolytic lesions, and periosteal elevation of the long bones.54,56,57,59 Other less common
findings include heterotopic ossification of the proximal femurs, widening of the clavicles,
metaphyseal osteolytic areas of long bones, and osteolytic skull lesions.57 As with CNO
vertebral involvement and morbidities are common. Collapse of the vertebrae due to
osteolytic lesions can occur and cause cervical vertebral fusion.54,57 Figure 3.

DIRA is due to a mutation in the ILIRN. There are presently 6 known mutations in the
ILIRN.54,56,57,59 The most common mutation is E77X. Other mutations seen are
N52KfsX25, Q54X, D72_176del, T47Tfs, 175-kb deletion on chromosome 2q13. All but 1
child had homozygous mutations in the gene.54,57,59 One child was a compound
heterozygote (E77X and T47TfsX4).60 The 75 kb chromosomal deletion on chromosome
2q13 includes ILIRN gene and 5 other IL1 family members.57,59 The genetic understanding
of this disease has enabled improved outcomes due to treatment of IL-1 blocking agents
such as anakinra.47,55,61 Prior to the use of anakinra there was a 33% mortality rate.47 These
children died of systemic inflammatory response syndrome (SIRS) early in life (n=2) or
pulmonary interstitial disease in childhood (n=1). Long-term outcome data of children
treated with anakinra is unknown.

Cherubism
Cherubism is an autosomal dominant autoinflammatory bone disorder affecting the maxilla
and mandible.62–65 The bony changes of the jaw give these children’s faces a chubby
cheeked appearance; hence the disorder was named after their likeness to cherubs depicted
in Renaissance art. Children present in childhood (2–7years) with a large multilocular, cystic
lesion of the mandible or less commonly the maxilla.62–65 Similar multilocular cysts can be
found in Noonan syndrome and is considered part of the Noonan spectrum.66

Cherubism is an autoinflammatory disorder that is driven by two mechanisms - macrophage
activity leading to high levels of TNF-α with subsequent inflammation, and osteoclast
activation causing excessive bone resorption.66 In 2001, three heterozygous missense
mutations in the SH3 binding protein 2 (SH3BP2) were identified: primarily affecting amino
acid 415, 418, and 420.66 Since that time, three additional mutations were identified: amino
acid 420, 418, and 419.66 SH3BP2 is an adapter protein involved in innate and adaptive
immune system signaling through interacting and forming complexes with binding and
scaffolding proteins.66 In various immune cells especially osteoclasts, SH3BP2 can cause
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phosphorylation and therefore affect signal pathways.66 Mutations in this regulator cause
uncontrolled bone resorption of the jaw. This genetic locus is commonly deleted in bladder
cancer and contained within the locus for Wolf-Hirschhorn syndrome: a syndrome
characterized by craniofacial malformations, intellectual disability, muscle hypotonia, and
heart defects.66

Cherubism continues to be difficult to treat. Recently, 2 patients have been unsuccessfully
treated with adalimumab.67 There has been another recent case-report of a patient receiving
adalimumab and oral bisphosphonate with no clinical improvement. However, this child was
only treated with these therapies for a short period of time.68

Synovitis, acne, pustulosis, hyperostosis, osteitis (SAPHO) syndrome in childhood
SAPHO syndrome is an autoinflammatory disease that affects both skin and bones which
has been diagnosed primarily in adults.69,70 The bone manifestations seen in SAPHO are
generally described as CRMO. Palmoplantar pustulosis, severe acne, or psoriasis are the
typical skin manifestations and have a neutrophilic predominance.69–71 Recently, SAPHO
has also been described in childhood. It is unclear if it is a distinct entity or is a more severe
form of CRMO. The etiology for SAPHO remains unknown. Recent studies suggest the
polymorphonuclear cell dysfunction could be a possible cause of SAPHO. LPIN2, PSTPIP2,
and NOD2 mutations do not appear to be associated with SAPHO.72 Recently a child and
mother were reported who both had a clinical presentation of SAPHO and had abnormal
PMN intracellular production of reactive oxygen species.73 It has been proposed that P.
acnes might stimulate IL-8 and IL-18 release by PMNs leading to the pathogenesis of
SAPHO.74

First line treatment of childhood SAPHO is typically NSAIDs.71 Other agents that have
been used are methotrexate, oral corticosteroids, colchicine, and sulfasalazine. Ben
Abdelghani et al. studied 6 adults treated with TNF-α antagonist for SAPHO syndrome and
66.6% had a beneficial? response.75 Bisphosphonates have also been used. In a recent case
series, all 7 patients had a marked clinical improvement with pamidronate.76 In this study,
some children were classified as SAPHO without classic skin manifestations and may have
better been classified as CRMO.

Juvenile Mandibular Chronic Osteomyelitis
Diffuse sclerosing osteomyelitis is a sclerosing osteomyelitis of the jaw first described by
Carl Garré in 1893.77 Recently, the name juvenile mandibular chronic osteomyelitis
(JMCO) has been used to describe this disease in children.77 The mean age of presentation
of JMCO is 13 years.77 JMCO is characterized by a mixed osteolytic and sclerotic process
that can cause mandibular nerve canal enlargement and adjacent soft tissue involvement.77

Typically unilateral mandible involvement is seen.77 Similar findings can occur in patients
with jaw involvement in typical CRMO. It is unclear if these are the same disease entity, i.e.
JMCO is CNO of the mandible, or they are distinct clinical entities.

Conclusions
CNO is an autoinflammatory bone disease that is culture negative and has no demonstrable
organism on histopathology. It is a systemic disease that affects many organ systems in
addition to bones and has high rates of comorbid autoinflammatory/autoimmune diseases.
This disease can also be part of a larger genetic syndrome such as seen with DIRA and
Majeed syndrome. Recently, TNF-α antagonists and pamidronate has shown great promise
in treating CNO in NSAID resistant disease. Early control is essential to decrease
morbidities such as pathologic fractures and scoliosis.
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Key Points

• Chronic non-bacterial osteomyelitis (CNO); synovitis, acne, pustulosis,
hyperostosis, and osteitis (SAPHO) syndrome; Majeed syndrome; deficiency of
interleukin-1 receptor antagonist (DIRA); cherubism; and Juvenile Mandibular
Chronic Osteomyelitis (JMCO) are autoinflammatory bone diseases.

• Autoinflammatory bone diseases are innate immune system activation disorders.

• The bone inflammation in these syndromes is characterized by a subacute or
chronic inflammation that is culture negative and has no demonstrable organism
on histopathology.

• Anti-inflammatory medications are typically used as first line therapies in CNO.
Recently bisphosphonates and TNFα antagonists have been used for second line
therapies to prevent pathologic fractures, pain, and disease relapse.

• Majeed syndrome, deficiency of interleukin-1 receptor antagonist (DIRA), and
cherubism are distinct genetic autoinflammatory bone syndromes.
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Figure 1.
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Figure 2.
Majeed's Clinical Triad
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Figure 3.
Summary of Clinical Course in DIRA
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Table 2

Common Morbidities Associated with CNO

Pathologic Fractures

Scoliosis

Bony Overgrowth/ Hyperostosis

Generalized Growth Failure
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