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Background: Chronic Recurrent Multifocal Osteomyelitis (CRMO) is an autoinflammatory skeletal disease 
characterized by unifocal or multifocal nonbacterial inflammatory bone lesions in the metaphysis of 
long bones. Common sites of CRMO are tibia, pelvis, proximal femur, clavicle, calcaneum and vertebrae. 
However, unifocal presentation or presentation in adults, atypical locations, and absence of recurrence 
have also been reported.

Methods and Findings: We describe two cases of female patients with unifocal presentation of 
nonbacterial inflammatory bone lesions in the upper and lower extremity. Furthermore, a review of 
literature is presented.
Conclusion: Although CRMO is seen primarily in children and adolescents, and usually occurs in a 
multifocal pattern, our cases illustrate that this disease can arise in adult patients and in a single location. 
The diagnosis of CRMO should be made in a multi-disciplinary approach amongst orthopedic surgeons, 
radiologists and pathologists.

Introduction

Chronic Recurrent Multifocal Osteomyelitis 
(CRMO) is an autoinflammatory skeletal 
disease characterized by unifocal or multifocal 
nonbacterial inflammatory bone lesions in the 
metaphysis of long bones [1]. CRMO is a very 
rare disease, but can result in substantial long-
term morbidity [2]. It was first described in 
1972 by Giedon et al. who called it “chronic 
symmetrical osteomyelitis” [3], and later 
renamed CRMO by Gustavson et al. [4] and 
Probst et al. in 1978 [5]. The cause of this 
disease remains unclear, and the true prevalence 
is unknown [6]. CRMO primarily occurs in 
children or adolescents, young girls are affected 
more often [7]. The clinical manifestation of 
CRMO is highly variable; it is characterized 
by multiple remissions and recurrences and 
may be accompanied by fevers or other extra-
skeletal conditions including psoriasis, palmo-
plantar pustulosis, Crohn’s disease, severe acne, 
Sweet syndrome, Wegener’s granulomatosis and 
Takayasu’s arteritis [2,8-10]. Common sites of 
CRMO are tibia, pelvis, proximal femur, clavicle, 
calcaneum and vertebrae [2]. However, unifocal 
presentation or presentation in adults, atypical 
locations, and absence of recurrence have also 
been reported [11,12]. Differential diagnoses 
include osteomyelitis, primary bone tumors, 
lymphoma or Langerhans cell histiocytosis [2].

In our report, we present two cases of CRMO in 
a single location. Further, we discuss etiological, 
clinical, radiological and histopathological 
features to facilitate diagnosis and treatment 
of this disease. Finally, we present a review of 
literature.

Case description 

Case 1

A 34-year-old woman presented at our 
institution with severe pain in the right tibia 
after experiencing a motor vehicle accident 
with no direct trauma to her right lower leg 
nine months prior to her presentation. She had 
a history of morbid obesity and hypertension 
without an autoimmune condition. The patient 
was pregnant at the time of the accident and 
had only mild clinical symptoms in the tibia, 
so no imaging was done at initial presentation. 
Following a premature birth, the patient 
experienced swelling and increasing discomfort 
in the right leg. The clinical examination showed 
tenderness to palpation over the mid shaft of 
the tibia without palpable soft tissue mass. 
Radiographs and MRI showed a lesion in the 
right mid shaft tibia with significant cortical 
and periosteal reaction raising the possibility of 
a healing fracture with underlying pathologic 
process (Figures 1A and 1B). A whole-body 
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bone scan and radiographs of the chest 
revealed no further signs of disease. An open 
biopsy of the lesion was performed, showing 
sclerotic lesions of the bone with non-specific 
fibrotic marrow findings without evidence 
of malignancy (Figure 2A) and negative 
microbiology cultures. The patient was treated 
conservatively with a walking boot. However, 
the pain in the right lower leg persisted.

Another MRI four months later showed no 
improvement but stable cortical thickening of 
the tibial diaphysis. The presumptive diagnosis of 
chronic osteomyelitis was made, and the patient 
was treated with right tibia intramedullary 
reaming six months after her initial biopsy. 
Pathology of the reamed fragments showed 
woven and laminar bone with no evidence of 
a tumor or osteomyelitis, and microbiology 
cultures were negative again. The patient had 
significant pain relief after the procedure for ten 
months before returning with a dull ache in her 
right anterior medial tibia. Radiographs again 
showed stable sclerosis and cortical thickening. 
Due to progressive pain, another open biopsy 
was performed three years after the initial biopsy 
(Figure 2B). Pathology showed fragments of 
cortical and trabecular bone with focal mild 
remodeling and no inflammation.

Ultimately, a multidisciplinary consensus 
amongst orthopedic surgeons, radiologists and 

pathologists proposed the diagnosis of chronic 
recurrent multifocal osteomyelitis. The patient 
underwent an intramedullary nail (IMN) to 
reinforce the tibia which improved the pain. 
Periodically, she experienced an insidious onset 
of pain and swelling in the right lower extremity 
without fever, chills or any other constitutional 
symptoms; during these episodes, she limited 
her activities, walked with a cane and took 
pain medication such as non-steroidal anti-
inflammatory drugs.

Six years after the implantation of the IMN, 
the patient presented in our outpatient clinic 
due to increasing pain in the right lower leg. 
Erythrocyte Sedimentation Rate (ESR) and 
C-Reactive Protein (CRP) were 26 mm/hr and 

Figure 1. A) X-ray of the right tibia; in the mid tibial 
diaphysis there is smooth circumferential cortical 
thickening and sclerosis. B) MRI of the right tibia 
showing circumferential cortical thickening and 
narrowing of the medullary canal by cortical bone 
in the mid diaphysis.

Figure 2.  Histopathologic images from Case 1. A) 
low power image (H&E, 200X) showing fragments 
of irregular, variably thickened, trabecular bone 
with intervening fibrotic marrow. B) Higher 
power (H&E, 400X) showing remodeling of the 
trabecular bone with fibrosis of the marrow. No 
acute inflammatory cells are seen.

Figure 3. A,B) X-ray of the right tibia, ap and 
lateral view, showing intramedullary rod with 
one proximal screw. Slight lucency adjacent to the 
hardware in the mid tibial diaphysis; Unchanged 
diffuse cortical thickening in the mid tibial 
diaphysis consistent with chronic osteomyelitis; 
No radiographic evidence of acute osteomyelitis.
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1.19 mg/dl, respectively. Clinical examination 
revealed tenderness and swelling over the 
right tibia, and the concern of surgery related 
osteomyelitis was raised. Therefore, the patient 
underwent IMN removal and insertion of a 
new gentamicin-impregnated cement-coated 
IMN (Figures 3A and 3B). Intraoperatively, 
loose friable tissue was found without frank 
pus. Histology showed bone remodeling and 
marrow fibrosis and the diagnosis of CRMO 
was made. At the last follow-up visit, there 
was no sign of recurrent infection or hardware 
failure. The patient returned to all of her 
normal activities, has full range of motion and 
is weight-bearing without assistance.

Case 2

A 14-year-old girl presented at our outpatient 
clinic with a history of pain in her right arm for 
two years. Episodes of pain sometimes lasted 
from days to months; however, the pain would 
be relieved by nonsteroidal anti-inflammatory 
drugs. Trauma, fevers, chills, nausea, weight 
loss, and change in bowel or bladder habits 
were denied. There was a family history of 
autoimmune-disease: the patient’s brother and 
father were diagnosed with ulcerative colitis and 
Grave’s disease, respectively. Clinical examination 
showed free range of motion in the upper 
extremity, no obvious lesion or palpable soft 
tissue mass over the right arm. All inflammatory 
indexes including CRP, ESR and white-blood 
cell count were within normal limits. X-ray and 
MRI of the right upper extremity demonstrated 
abnormal marrow infiltration of the humeral 
diaphysis with endosteal and periosteal reaction 
(Figures 4A and 4B). Radiographs of the chest 
and a whole-body bone scan revealed no further 
lesions. Differential diagnosis included tumoral 
infiltration and chronic recurrent multifocal 
osteomyelitis.

An open biopsy was performed, revealing a fatty 
bone marrow with foci of increased vascularity, 
histiocytes and minimal chronic inflammatory 
cells (Figures 5A and 5B); cultures have been 
negative. Initially, the patient was asymptomatic 
without pain medication. However, a year and 
a half after the biopsy, the patient presented at 
our outpatient clinic with onset of right humerus 
pain again, radiating down to her elbow and 
wrist. Trauma or changes in activities of daily 
living were denied. On clinical examination, 
the patient had full range of motion, no pain 
or tenderness in her right upper extremity. 
Radiographs of the right humerus showed a 
hyper sclerotic region of the bone, consistent 
with the biopsy tract. Blood work was negative. 
After a two weeks course of nonsteroidal anti-

Figure 4. A) X-ray of the right humerus; thickening 
in the midshaft of the bone. No periosteal reaction 
or acute fracture. B) MRI of the right humerus 
showing eccentric, relatively smooth cortical 
thickening along the midshaft with extensive 
edema.

A B

Figure 5. Histopathologic images from Case 2. A) 
Low power image (H&E, 200X) showing fragments 
of trabecular remodeled bone with marrow 
showing non-specific changes and minimal 
fibrosis. B) Higher power image (H&E, 400X) 
showing non-specific fibrosis of the marrow.

inflammatory drugs, the pain subsided.

One year later, the patient presented at our 
institution with similar symptoms. MRI 
revealed diffuse marrow edema, otherwise no 
other bony abnormalities were found. One 
year later, the patient presented with another 
episode of right-sided upper extremity pain. Again, 
clinical, radiographic and laboratory findings 
were unspecific. Different treatment options were 
discussed with the patient, including conservative 
therapy or placement of IMN to reinforce the bone. 
In the absence of any symptoms that prevent her 
from activities of daily living, the patient agreed to 
have regular follow-up visits with the Orthopaedic 
Service and Rheumatology in order to explore the 
autoimmune nature of this disease.

Discussion

Etiology

The pathogenesis and etiology of this 
condition is currently unknown [13,14]. Some 
reports suggest an infectious origin; suspected 
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is not helpful in differentiating CRMO from a 
neoplastic process [29].

Histopathological findings

The pathologic findings of CRMO are non-
specific [19]. The findings are usually reported 
descriptively rather than as a diagnosis. The 
changes observed include a spectrum from no 
significant changes to mild remodeling of the 
trabecular and/or cortical bone. The changes 
in the bone marrow include a spectrum from 
no significant changes to minimal fibrosis 
and inflammation [30]. A predominance of 
polymorphonuclear leukocytes and osteoclastic 
bone resorption with or without multinucleated 
giant cells can be seen in the acute stages of 
CRMO. During progression of the disease, the 
predominant features are lymphocytes, plasma 
cells, histiocytes, and increased osteoblast activity 
[6,19]. No overt inflammation or fibrosis was 
seen in either of the two presented cases.

Diagnostic strategy 

Since there are no diagnostic criteria for 
CRMO, it remains a diagnosis of exclusion 
[12]. Patients often present with non-specific 
symptoms including pain, swelling or limited 
range of motion at one or more sites but there 
is a great variability in the number of affected 
sites, recurrence rates and prognosis. Falip et al. 
[7] proposed a diagnostic strategy to facilitate 
diagnosis and decision-making: If clinical and 
laboratory findings are non-conclusive but 
somewhat suggestive of CRMO, radiographic 
and MR imaging should be the next step; a whole-
body MRI can identify multifocal and subclinical 
lesions. If imaging reveals multifocal lesions at 
typical sites, the patients should be treated for 
CRMO and followed up regularly. If the lesions 
are radiographically atypical, a biopsy should be 
performed. In our cases, the lesions were atypical 
and solitary; a biopsy was performed. to rule out 
infection or a neoplastic process.

Treatment

No antibiotic treatment has been reported to 
be effective for this condition [2]. Hendrich et 
al. proposed a therapeutic escalation regimen for 
the treatment of CRMO [31,32]. Nonsteroidal 
anti-inflammatory drugs can be utilized as first-
line therapy. If disease activity is high at the 
time of diagnosis, addition of corticosteroids 
may be considered. If there is no response after 
three months, second-line treatment consisting of 
bisphosphonates and TNF-alpha inhibitors should 
be considered in complicated and severe forms; 
sulfasalazine and methotrexate can be used in the 

organisms include Staphyloccocus aureus, 
Mycoplasma hominis, Propionibacterium 
acnes and Chlamydia [15-17]. However, 
larger studies could not support this result 
[6,18,19]; the infectious origin has now been 
ruled out as the underlying cause [7]. The 
association between CRMO, dermatologic 
disorders (psoriasis, palmo-plantar pustulosis), 
inflammatory bowel disease (Crohn’s disease, 
ulcerative colitis) and its response to steroids 
led to the conclusion of an underlying 
autoimmune cause [6,20,21]. More recently, 
observation of this disease in siblings [22,23] 
and identification of a susceptibility locus at 
18q21.3-22 [24] suggest a genetic cause.

Clinical features

CRMO is characterized by inflammatory, sterile 
bone lesions and a uniphasic or recurrent clinical 
course of pain exacerbations and remissions [25]. 
This disease is self-limiting, but unpredictable; 
it may or may not be accompanied by fever, 
weight loss or other systemic manifestations [6]. 
CRMO affects the metaphysis of long bones, 
most commonly the tibia, femur and clavicle. 
Typically, patients present with unspecific 
complaints including pain, tenderness, swelling 
or limited range of motion [6]. The lesions can 
be unifocal or multifocal, bilateral involvement 
is common [1,13]. The mean age at onset of 
symptoms is 10 years [26,27], but it has been 
reported in older patients up to the age of 55 
years [16,19]. The mean time from onset of 
symptoms to diagnosis of CRMO ranges from 
weeks to several years [26]. Due to erratic, vague 
symptoms, the onset of CRMO and duration of 
the symptoms is hard to assess.

Imaging

The findings at imaging studies are not 
pathognomonic; they can only be suggestive 
of CRMO [6]. On imaging, it can be difficult 
to distinguish between CRMO and bone 
neoplasms [28]. On plain radiographs, the 
appearance of CRMO can range between 
purely osteolytic, osteolytic with a sclerotic rim, 
mixed lytic and sclerotic, and purely sclerotic 
[6]. A smooth character of the periosteal bone 
can differentiate CRMO from a neoplastic 
process, whereas periosteal reaction in neoplastic 
changes is more spiculated [29]. For further 
evaluation, MRI can be used [6] to demonstrate 
transphyseal involvement, marrow edema, 
periostitis, soft-tissue inflammation, and nodular 
or annular juxtaphyseal contrast uptake [6,7]. 
Whole-body MRI can disclose a multifocal 
pattern or subclinical inflammatory lesions [7]. 
Radionuclide whole body bone scan can help to 
identify additional regions of involvement but 
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Table 1. Unifocal presentations of chronic multifocal osteomyelitis and review of the literature.

Paper Ata et al. [34] Falip et al. [7] Girschik et al. [18] Carr et al. 
[35] Jurik et al. [36]

Demographics:
No. of patients 14 31 30 22 15
Age at diagnosis (y)1 11.3 11 11 10.4 13.1
Sex 5 ♀, 9 ♂ 22 ♀, 9 ♂ 21 ♀, 9 ♂  14 ♀, 8 ♂ 10 ♀, 5 ♂
Follow-up (mo.)1 39 60 67.2 74.8 66
Lesions:

Anatomic sites
1. Feet 1. Femur 1. Clavicle 1. Tibia 1. Clavicle
2. Knees 2. Spine 2. Femur 2. Pelvis 2. Tibia
3. Hands 3. Tibia 3. Calcaneus 3. Clavicle 3.Femur

Multifocal disease 12 (86%) 25 (81%) 18 (58%) 22 (100%) 9 (60%)
No. of lesions (per 
patient)1 11.8 3.5 2 2.5 2.4

Symptoms:

First symptoms Pain, fever Local pain, swelling
Pain, swelling, 
impairment of 
motion

Relapsing 
pain, malaise

Pain, swelling, 
malaise, fever

Duration of symptoms 
(mo.) before diagnosis1 8.3 na 8 24 18

Diagnosis:
Laboratory1

 Leukocytes/l - ↑ in 2 (6%) pat. 8.6x109 Normal in all 
pat.

Normal in all 
pat.

 CRP (mg/dL) 0.6 ↑ in 9 (29%) pat. 0.6 na na 

 ESR (mm/h) 23 ↑ in 15 (48%) pat. 15 47 ↑ in 12 (80%) 
pat.

 IgG (mg/dL) 1288 na 1203 ↑ in 1 (4%) pat. ↑ in 1 (7%) pat.

Imaging modalities
X-ray, MRI, 
FDG-PET, 
DEXA

X-ray, CT, MRI (stan-
dard + body)

X-ray, Bone scan, 
MRI, CT

X-ray, Bone 
scan

X-ray, Bone 
scan

Biopsy 14 (100%) 24 (77%) 25 (83%) 20 (91%) 12 (80%)
Treatment:
NSAIDs + + + + +
Antibiotics - - - 4 6
Surgery (other than 
biopsy) 0 (0%) 0 (%) 1 (3%)3 1 (4%)5 7 (47%)7

Response 
Remission 10 (71%)2 - 30 (100%) 18 (82%) 15 (100%)
 Relapse - - 12 (40%) - -
1 mean value; 2in 4 (29%) pat. = complete remission, in 6 (42%) pat. = partial remission; 3surgical decortication; 4flu-
cloxacillin, cephalosporin, chloramphenicol; 5surgical fusion after progressive kyphotic deformity; 6penicillins resis-
tant to penicillinase, lincomycin, pivampicillin; 7curettage or partial or complete bone resection

treatment of concomitant inflammatory bowel 
disease or skin involvement. The treatment goal is 
clinical remission; in the case of spinal involvement, 
complete radiological remission should be achieved 
to avoid vertebral fractures and gibbus formation 
[32]. Long-term follow-up is necessary [33].

Conclusion

In our report, clinical, laboratory, pathologic, 
and radiographic findings were not specific. 
Extensive evaluation led to the diagnosis of 
CRMO. Although this syndrome usually occurs 
with multifocal lesions in young patients, our 

cases illustrate that CRMO can occur in a 
single location at different ages. It is difficult to 
establish an accurate diagnosis in the absence of 
pathognomonic diagnostic features.

Review of literature

We present a comparison of demographics, 
pattern of lesions, symptoms, diagnostic 
methods, treatment options and response to 
treatment in CRMO patients is presented to 
facilitate decision making for diagnosis and 
treatment of CRMO (Table 1) [7,18,34-36].
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