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Chronic recurrent multifocal osteomyelitis (CRMO) is a clinical entity which 
occurs mainly in children and adolescents with recurrent episodes of pain 
occurring over several years. Cause and physiopathology of disease is still 
uncertain. We aim to assess clinical characteristics and treatment options, 
need and response to anti-inflammatory therapies in children diagnosed 
chronic recurrent multifocal osteomyelitis

Demographic data and clinical features of seventeen children diagnosed 
with CRMO in 2 pediatric rheumatology centers in Turkey were reviewed 
retrospectively. The diagnosis was based on clinical findings, radiological 
images and histopathological and microbiological studies.

A total of 17 patients were included in the study. The median age of diagnosis 
was 9.6±4.2 years. The mean follow-up time was 31.6 months (range 6–35 
months). Most patients (n: 10) had a recurrent multifocal disease course 
(>6 months), 6 patients had a persistent course and a patient had only one 
episode of CRMO. MEFV gene mutations were detected in 4 patients whose 
clinical features reduced with colchicine therapy. All patients had received 
nonsteroidal anti-inflammatory drugs but only one had complete response. 
Thirteen children with NSAID failure subsequently received corticosteroids, 
sulfasalazine, methotrexate, Anti TNF α drugs, or a combination of these 
drugs.

This study is the largest cohort of pediatric CRMO patients in our country. 
Clinical evolution and imaging investigations should be closely done to avoid 
delays in diagnosis. Ethnic differences create changes in the presentation of 
the disease and response to treatment
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Chronic recurrent multifocal osteomyelitis 
(CRMO) is characterized by a prolonged, 
fluctuating course with recurrent episodes of 
pain. Giedion et al.1 first described the condition 
in 1972 as an unusual form of multifocal bone 
lesions with subacute and chronic symmetrical 
osteomyelitis. Unifocal and non-recurrent 
patterns also have been recognized.2 In typical 
cases, multiple bone lesions with apparent 

bone destruction, osteolysis, sclerosis, and 
hyperostosis are seen.3 But there are variable 
clinical manifestations, which make differential 
diagnosis of CRMO often difficult. The 
diagnosis of this entity is based on the following 
criteria: bone lesions with a radiographic 
picture suggesting subacute or chronic 
osteomyelitis; an unusual location of lesions 
when compared with infectious osteomyelitis 
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with a frequent involvement of the clavicle and 
frequently multifocal; no abscess formation, 
fistula or sequestrate; lack of a causative 
organism; nonspecific histopathological and 
laboratory findings compatible with subacute 
or chronic osteomyelitis; a characteristic 
prolonged, fluctuating course with recurrent 
episodes of pain occurring over several 
years; and occasional accompanying skin 
diseases.4,5 Bone lesions can occur at any site 
of the skeleton except for the neurocranium.6 

Exact molecular pathophysiology of CRMO 
remains incompletely understood. Recent 
findings indicate that an imbalance between 
pro- (IL-6, TNF-α) and anti-inflammatory 
(IL-10) cytokines may be centrally involved 
in the molecular pathology of CRMO.6 Sterile 
bone inflammation is a hallmark of CRMO 
and other autoinflammatory bone disorders 
which are listed as PAPA (pyogenic arthritis, 
pyoderma gangrenosum and acne syndrome), 
DIRA (deficiency of IL-1 receptor antagonist), 
familial chronic multifocal osteomyelitis 
which is also referred to as Majeed syndrome 
and SAPHO (synovitis, acne, pustulosis, 
hyperostosis and osteitis) syndrome. 

The diagnosis is based on the exclusion of 
infective and malign causes. Hematogenous 
spread of an infection seems unlikely because 
pathogens are generally not cultured from the 
blood, bones or joints of the patients. But there 
is strong evidence for inflammation and this 
clinical entity is thought to be in the spectrum 
of autoimmune and autoinflammatory 
disorders.7 The presence of higher rates of 
systemic inflammatory conditions, particularly 
psoriasis and inflammatory bowel disease 
(IBD) in patients and family members also 
supports the idea.8 Kaiser et al.9 concluded 
that an osteomyelitis in the pelvic region is 
significantly associated with other features of 
juvenile spondyloarthritis in the large group. 

In this study we aimed to assess clinical 
characteristics and treatment options, need 
and response to anti-inflammatory therapies 
in children. 

Material and Methods

Demographic data and clinical features of 
seventeen children diagnosed with CRMO 
in two pediatric rheumatology centers in 

Turkey were reviewed retrospectively. The 
diagnosis was based on clinical findings, 
radiological images and histopathological and 
microbiological studies. Age, gender, disease 
duration, locations of lesions in X-rays, and 
magnetic resonance imaging (MRI) findings of 
histopathological and microbiological studies 
if conducted, laboratory investigations at 
diagnosis (acute phase reactants and whole 
blood count), treatment modalities, number 
of flares and MEFV mutation in selected cases 
were noted. SPSS 16.0 was used to analyses 
the descriptive statistics. 

The study was approved by the Local Ethics 
Committee. The informed consent was signed 
by all patients and or their parents. All authors 
have contributed substantially to, and are in 
agreement with the content of the manuscript. 
The authors have no conflicts of interest.

Results

Seventeen patients were assessed (8 females 
and 9 males) with a median age of 9.6±4.2 
years (range 4-17) at diagnosis over two years. 
Median duration since diagnosis was 1.4 
years and median duration of active disease 
was 1.1 years. The mean follow-up time was 
31.6 months (range 6–35 months). Patient’s 
characteristics are summarized in Table I. Five 
patients were referred from pediatricians, three 
from pediatric infectious disease specialist, 
four from orthopedics and five from general 
practitioner. The most common symptom was 
localized pain and swelling and the patients 
were pre diagnosed with acute osteomyelitis 
(n: 9), fibroma (n: 1), familial Mediterranean 
fever (n: 2) and sarcoma (n: 4).

Over the course of the disease, 90 lesions were 
identified, with a median of 4 lesions per child 
(Table II). Ten of the patients had recurrent 
multifocal lesions, 6 had persistent multifocal 
lesions while only one patient had unifocal 
non recurrent lesion during the course of the 
disease. The most common sites for bony 
involvement were the tibia (11) femur (8) and 
vertebrae (6) followed by metatarsal bones 
(4), iliac bone (4), scapula (3), clavicle (2), 
talus (2), calcaneus (2) and the humerus (1). 
In addition, six patients had synovitis at one or 
more joints that were adjacent to bony lesions. 
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Complete blood count was normal in 12 
patients, two had mild anemia. Nine patients 
had elevated erythrocyte sedimentation 
rate (ESR (maximum 96 mm/hour) and 
C-reactive protein (CRP). Patients with 
family history with rheumatic diseases or 
elevated inflammatory markers were tested for 
HLA-B27 and two were found to be positive. 
All patients were first examined with a plain 
X-ray but further tests with CT scans and 
MRI’s were necessary and they showed bone 
marrow edema, heterogeneous sclerosis, 
periost reaction (Fig. 1).

Bone biopsy was performed in 9 patients. 
Nonspecific chronic osteomyelitis 
accompanied with both lymphocytic and 
macrophage infiltration and fibro-sclerosis 
were detected in seven of them. Two samples 
were found to have neutrophils infiltration 
predominating. All microbiological cultures 
were negative for any specific infectious agent.

Nine of these ten patients were treated with 
antibiotics at the time of the initial diagnosis 
where acute bacterial osteomyelitis was 
suspected. Nonsteroidal anti-inflammatory 
drugs (NSAIDs) were used in all of the 
patients initially, four patients had complete 
response. Oral corticosteroids were used 
in seven patients but additional therapy 
[sulfasalazine (SSZ) and/or methotrexate 
(MTX)] was necessary in 11 patients for 
steroid dependency. By SSZ, MTX and anti 
TNF-α (etanercept) remission was achieved in 
60% of treated patients (6 of 10), 33% (2 of 6) 
and 75% (3 of 4), respectively. At the last visit, 
disease was considered to be in remission in 
13 of 17 patients, of whom 52.9% (n: 9) were 

Table I. Demographic, Clinical and Radiological 
Characteristics of Patients with Chronic Recurrent 

Multifocal Osteomyelitis (n: 17).

Characteristics Results

Female, n (%) 8 (47.1%)

Mean age at diagnosis, years 9.6±4.2

Median duration since diagnosis 
(from symptom onset), years

1.4

Median duration of active disease, 
years

1.1

Median number of lesions per patient 4

Median number of flare per patient 2.6

Accompanied clinical signs, n (%)

Arthralgia 10 (58.8%)

Arthritis 3 (17.6%)

Fever 2 (11.8%)

Pustulosis 1 (5.9%)

HLA B27 positivity, n (%) 2 (11.8%)

Family history, n (%) 2 (11.8%)

Table II. Distribution of 90 Lesions in Patients.

Localization Results, n 
(%)

Lower limb lesions 32 (35.6)

Axial skeleton (vertebrae, iliac bone) 28 (31.1)

Chest wall 7 (7.8)

Other 23 (25.6)

Talus, navicular, calcaneus 8 (8.9)

Metatarsal bones 13 (14.4)

Humerus 1 (1.1)

Metacarpal bones 1 (1.1)

Fig. 1. Knee section of T2-short time inversion 
recovery (STIR) whole-body magnetic resonance 
image of a patient with chronic recurrent multifocal 
osteomyelitis. The arrow shows hyperintensity of 
bone.
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still receiving therapy. Two patients who were 
carrying HLA B27 antigen with active disease 
received anti TNF-α therapy and NSAID 
therapy only during painful episodes at the 
last visit. 

Discussion

In this study we presented our experience 
in CRMO and showed similarities to other 
pediatric series. CRMO was first described 
in European Caucasians and most reports are 
from Europe and North America.6 Girschick 
et al.10 recently published the largest case 
series of CNO patients; they reported 64 
percent of patients were female and disease 
onset at a mean age of 9.9 years. Conversely, 
our cohort had male gender dominance (9:8). 
We think that this variability is due to our 
racial characteristics, and it has been found 
that Turkish patients were not taken into 
their cohort. The mean age of disease onset 
(9.6±4.2 years) and also delay in diagnosis 
which is supported with a mean duration of 
active disease without effective treatment 
(13 months) were similar to other pediatric 
groups.5,8-12 Correct diagnosis of CRMO is 
often delayed because the clinical symptoms 
are unspecific such as, pain local swelling, 
redness skin rashes.

Initial symptoms were reported as bone pain 
with or without local swelling and warmth, 
malaise, mild fevers and even fractures in 
previous studies.9-12 There was bone pain in all 
of our patients like other patients at the onset 
of disease. Painful lesions from a total of 90, 
thirty-two have been identified in the lower 
limbs (35.5%). Axial involvement (iliac bone 
and vertebra) were similar (31.1%) to the 
previously described.8,11,12 Two of our patients 
had single initial lesion at the time of diagnosis 
whereas the other fifteen had multiple lesions. 
The number of flares per patient differed 
between 1 and 9. 

There are some organisms like Mycoplasma 
hominis and Proprionibacterium acnes suspected 
as the trigger of the disease2,12 but we did not 
find any clue of infection or any association 
between infection and recurrent osteomyelitis.

The acute phase response is usually determined 
as high in CRMO (50–90% of cases) at the 

time of diagnosis.5,8-12 In our group, 10 patients 
(59%) had elevated CRP and/or ESR levels 
similarly.

Mixed osteolytic and sclerotic lesions in 
especially the metaphysis of the long bones, 
are one of the most common radiologic 
findings in the CRMO patients.13,14 Very early 
in the disease plain films may be normal or 
only show osteopenia; however, increased 
uptake on technetium bone scan or evidence 
of marrow edema on MRI can be seen at this 
stage. As consistent with previous studies12,15, 
we have also detected more lesions with MRI 
than bone scintigraphy. 

CRMO is an autoinflammatory disorder 
of innate immunity because the disease 
is characterized by episodes of systemic 
inflammation occurring in the absence of 
autoantibodies.15 The familial Mediterranean 
fever (FMF) is a prototype of autoinflammatory 
diseases and quite common in our country 
and it is also tends to be related with the 
inflammatory process in CRMO. Shimizu 
et al.17 also described a case of colchicine-
responsive CRMO with Mediterranean fever 
(MEFV) gene mutations and implied that 
the MEFV gene might be associated with 
CRMO. Therefore we performed mutation 
analysis in the MEFV gene and heterozygote 
mutations were detected in 4 patients. We 
observed reduced severity of clinical features 
with colchicine therapy in these patients. We 
suggest that MEFV gene might be associated 
with CRMO and colchicine therapy should be 
discussed as a possible treatment alternative 
for the disease. But a large number of patients 
are needed to be sure.

The alternative hypothesis is that CRMO 
belongs to the group of spondyloarthritides 
due to the low frequency of HLA–B27 
(7%).12 In our patients, 2 had HLAB-27. It 
was remarkable that patients with HLA-B27 
mutations needed further investigations 
and treatment with anti-TNF agents. It can 
be hypothesized that genetic and/or ethnic 
differences can affect the course of the disease. 
But further studies are necessary to support 
the possible relationship between ethnicity 
and specific genetic mutations.

NSAIDs are used as a first line treatment 
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strategy in CRMO, which provided pain 
reduction and achieved remission in most 
CRMO patients.18,19 In our cohort, NSAIDs 
were prescribed to all patients, but adequate 
control of the disease was achieved in four 
cases. Other agents including corticosteroids, 
sulfasalazine, methotrexate or cytokine-
directed therapies were reported as second-
line treatment. Corticosteroids have been 
applied in short-term high-dose regimens or 
continuously in lower doses.2 Sulfasalazine 
and methotrexate have been reported as 
effective and safe in NSAID-refractory 
patients.9,12 Anti TNF-α drugs are the most 
frequently used biologic agents. Borzutzky et 
al.7 reported that 20% had clinical remission 
treated with methotrexate while 46% had 
clinical remission with TNF-α inhibitors in 
70 patients with CRMO. Similar results have 
been reported in subsequent studies.9,12,20-22 

In addition, the bisphosphonate therapy was 
found to be effective in CRMO especially 
at vertebral involvement.22 In our cohort, 
oral corticosteroids were used as a bridging 
therapy for a short time before sulfasalazine 
and/or methotrexate. They were necessary 
in 10 patients for steroid dependency and 
were successful in approximately 20-40 % of 
these patients. We have observed that anti 
TNF –alpha therapy provided remission in 
treatment-resistant cases similar to previous 
studies. 

The clinical course of CRMO is variable, in a 
German cohort of 89 patients 20% of patients 
had bone inflammation in one location 
without recurrence, nearly 45% of patients 
had classic CRMO with multiple bone lesions 
with recurrent flares with remissions, and 
the remaining 35% had persistent multifocal 
bone inflammation for longer than 6 months 
without remissions (persistent multifocal).8 
In our cohort, 90 lesions were identified. 
Ten patients (59%) had recurrent multifocal 
lesions, 6 (35.3%) had persistent multifocal 
lesions while only one patient (5,7%) had 
unifocal non recurrent lesion during the 
course of the disease. We also evaluated all the 
patients with the Ped CNO score suggested by 
Beck et al.24 at the last visit, 4 patients (23.5%) 
reached Ped CNO 70 while 11 patients (64.7%) 
reached Ped CNO 50. The remaining 2 patients 
had active disease.

This study is the largest Turkish cohort of 
pediatric CRMO patients. Our study has 
limitations since the cohort is small and the 
study had been conducted retrospectively. It 
is not possible to declare precise conclusions 
about the cause or best treatment modalities. 
This report indicates that CRMO may be 
overlooked and misdiagnosed at first sight 
in our community. Although it is known as 
a benign disease, recurrences and subclinical 
attacks with mild pain in extremities without 
any significant increase in inflammatory 
markers are frequently seen. Therefore it is 
necessary to follow up these patients closely 
to avoid potential complications and sequela.
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