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a b s t r a c t 

Chronic recurrent multifocal osteomyelitis (CRMO) is aseptic and can be diagnosed by ex- 

cluding other diseases, such as bacterial osteomyelitis, scurvy, metabolic disorders, and 

malignant diseases; therefore, bone biopsy is usually performed to confirm the diagnosis. 

To prevent misdiagnosis, the appropriate timing and location for biopsy should be deter- 

mined from an active phase of inflammation. We presented 3 cases of CRMO involving the 

mandible: Case 1: A 2-year-old girl diagnosed with CRMO in the chronic phase. A sonogram 

showed a slightly low echoic area adjacent to the bone cortex. Pathological examination re- 

vealed a slight accumulation of leukocytes and plasma cells, as well as predominant fibrous 

stroma. Case 2: A 9-year-old girl diagnosed with CRMO with massive new osteoid formation. 

A sonogram showed a massive inhomogeneous low echoic area adjacent to the bone cortex. 

Pathological examination revealed massive osteoid formation and scattered inflammatory 

cells infiltration. Case 3: A 3-year-old girl diagnosed with CRMO in the active phase. A sono- 

gram showed a massive hypoechoic area adjacent to the bone cortex and hyperechogenicity 

associated with a muscular and subcutaneous edema. Pathological examination revealed 

massive bone destruction and neutrophils infiltration within damaged osteoid. Ultrasound 

was able to visualize the degree of inflammation in the mandible corresponding to that of 

the surrounding soft tissue in all 3 cases. Therefore, ultrasound would be useful in deter- 

mining the appropriate timing and location for bone biopsy. 
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Introduction 

Chronic recurrent multifocal osteomyelitis (CRMO) is an au-
toinflammatory disorder and is referred to as chronic non-
bacterial osteomyelitis or chronic aseptic osteomyelitis [1] .
The diagnosis of CRMO is usually confirmed by bone biopsy
after excluding other diseases, such as bacterial osteomyeli-
tis, scurvy, metabolic disorders, and malignant diseases [1–3] .
Imaging studies, such as radiography, computed tomography,
magnetic resonance imaging (MRI), and bone scintigraphy, are
useful for diagnosing CRMO and providing a roadmap for pos-
sible biopsy [ 1 ,2 ,4–6 ]. 

Until now, although there have been few reports focus-
ing on imaging modalities for diagnosing CRMO, ultrasound
has not been used for this purpose [ 1 , 2 ,4–9 ]. Ultrasound is a
useful imaging modality that offers high resolution and zero
radiation exposure. In addition, previous studies using MRI
have mentioned that the region of CRMO extends into the sur-
rounding soft tissues [ 2 , 3 ]; therefore, these findings may be
detected by using ultrasound. 

Herein, we present 3 cases of CRMO involving the
mandible. Ultrasound demonstrated different findings around
the mandible, corresponding to the pathological changes in
the mandible. 

Case report 

This case report was approved by our institution’s ethics com-
mittee, and informed consent was waived. 

Case 1 

A 2-year-old girl presented with neck and cheek swelling ap-
proximately 4 months before imaging. Although antibiotic
therapy was administered, the symptoms persisted. CRMO
was suspected, and further examination was performed.
Imaging examination, including radiography, bone scintigra-
phy, MRI, and ultrasound, was performed. Although hyperos-
tosis was not detected on radiography ( Fig. 1 A), bone scintigra-
phy showed increased uptake in the mandible, and there was
no abnormal uptake in other locations ( Fig. 1 B). T2-weighted
fat-suppression images showed high signal intensity in the
bone marrow of the mandible and a slight periosteal reac-
tion ( Figs. 1 C and D). An axial sonogram of the mandibular
body showed a slightly low echoic area adjacent to the cortex
( Figs. 1 E and F). The mandible was selected as the biopsy loca-
tion because it was the only location with abnormal findings
in these examinations. A mandible biopsy was performed;
pathological examination revealed a slight accumulation of
leukocytes and plasma cells, as well as predominant fibrous
stroma ( Figs. 1 G and H). Cultures for bacteria and malignant
cells were negative. CRMO in the chronic phase, without an
acute phase reaction, was diagnosed. 

Case 2 

A 9-year-old girl presented with fever and cervical pain, per-
sisting for 3 months. Mandibular pain and swelling were
also observed. CRMO was suspected, and further examina-
tion was performed. Hyperostosis was detected on radiogra-
phy ( Fig. 2 A), and bone scintigraphy showed increased uptake
in the mandible and right clavicle ( Fig. 2 B). Fat-suppressed T2-
weighted images showed high signal intensity in the bone
marrow of the mandible, thickening of the mandible, and a
slightly high signal intensity adjacent to the mandible ( Figs. 2 C
and D). An axial sonogram of the mandibular body showed a
massive inhomogeneous low echoic area adjacent to the cor-
tex ( Figs. 2 E and F). The selection of the mandible as the biopsy
location was based on these image findings, and a mandibu-
lar biopsy was performed. Pathological examination revealed
massive osteoid formation and scattered inflammatory cells
infiltration ( Figs. 2 G and H). Cultures for bacteria and malig-
nant cells were also negative for this case. CRMO with pre-
dominantly new osteoid formation was diagnosed. 

Case 3 

A 3-year-old girl presented with fever, persisting for approx-
imately 8 months. Although antibiotic therapy was admin-
istered, the symptoms persisted. Cheek swelling was also
observed. Imaging examination, including radiography, bone
scintigraphy, MRI, and ultrasound, was performed. Hyperosto-
sis was not detected on radiography ( Fig. 3 A), and bone scintig-
raphy showed increased uptake in the mandible, ribs, and
maxilla ( Fig. 3 B). Fat-suppressed T2-weighted images showed
high signal intensity in the bone marrow of the mandible
and adjacent area ( Figs. 3 C and D). A mandibular sonogram
showed a massive hypoechoic area adjacent to the cortex and
hyperechogenicity associated with a muscular and subcuta-
neous edema ( Figs. 3 E and F). A mandibular biopsy was per-
formed based on these examinations. Massive bone destruc-
tion was evident, and neutrophils infiltrated the damaged os-
teoid ( Figs. 3 G and H). Cultures for bacteria and malignant cells
were negative. CRMO in the active phase was diagnosed. 

Discussion 

Here, we present 3 cases of CRMO of the mandible. The degree
of inflammation in the bone corresponded to that of the sur-
rounding soft tissue. This case report shows that ultrasound
can be used to noninvasively visualize inflammatory changes
in the mandible. It is important to accurately determine the
timing and target location for biopsy for diagnosing CRMO.
Bone scintigraphy and whole-body MRI are useful for detect-
ing bone marrow edema or inflammation; however, it might
be difficult to determine where the inflammatory change is
most severe among these lesions. In the present case, ultra-
sound could predict the severity of inflammation by identi-
fying inflammatory changes around the affected bone. Such
high-resolution imaging of inflammation could prove benefi-
cial to clinicians seeking to ascertain the appropriate timing
and location for biopsy. 

The degree of inflammatory change in CRMO is different
in each location, and new lesions can appear in previously re-
solved sites or in sites with various phases of healing [7] . Al-
though bone biopsy is usually performed to diagnose CRMO,
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Fig. 1 – Case 1: A 2-year-old girl diagnosed with CRMO. (A) Radiograph of the mandible. Hyperostosis is not detected 

(arrows). (B) Bone scintigraphy showing increased uptake in the mandible (arrows), and abnormal uptake is not detected in 

other locations. (C) Axial fat-suppressed T2-weighted image. The bone marrow in the mandibular body shows high signal 
intensity (arrows). A slightly high signal intensity is seen adjacent to the mandible (arrowheads). The dotted square 
represents transducer placement, as seen in Fig. 2E. (D) Coronal fat-suppressed T2-weighted image. The ramus of the 
mandible (arrows) shows a high signal intensity. The masseter muscle shows low signal intensity (arrowheads). The dotted 

square represents transducer placement, as seen in Fig. 2F. (E) Axial sonogram of the mandibular body showing a slightly 

hypoechogenic area (arrowheads) along the surface of the mandibular cortex (arrows). (F) Sagittal sonogram of the right 
ramus of the mandible. The cortex shows a hyperechogenic line (arrows). The adjacent masseter muscle has normal 
echogenicity, and fluid effusion is not detected (arrowheads). (G) Pathological specimen showing few lymphocytes and 

plasma cells infiltration and a predominance of fibrous stroma (arrowheads) within the osteoid (arrows). The phase of 
inflammation is classified as a chronic phase. (H) Pathological specimen showing lymphocytes (black arrow) and osteoblasts 
(arrowheads) surrounding the osteoid (open arrow), and a massive new osteoid formation is absent. 
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Fig. 2 – Case 2: A 9-year-old girl diagnosed with CRMO. (A) Hyperostosis is detected on the radiograph (arrows). (B) Bone 
scintigraphy showing increased uptake in the mandible and right clavicle (arrows). (C) Axial fat-suppressed T2-weighted 

image. The mandibular body shows high signal intensity in the bone marrow of the mandible and massive thickening of 
the mandible (arrows). A slightly high signal intensity is observed adjacent to the mandible (arrowheads). The dotted 

square represents transducer placement, as seen in Fig. 3E. (D) Coronal fat-suppressed T2-weighted image. The ramus of 
the mandible (arrows) shows a high signal intensity and swelling. The masseter muscle shows low signal intensity 

(arrowheads). The dotted square represents transducer placement, as seen in Fig. 3F. (E) Axial sonogram of the body of the 
mandible showing thickening of mixed hyper- and hypoechogenic areas (arrowheads) along the surface of the mandibular 
cortex (arrows). (F) Sagittal sonogram of the right ramus of the mandible. The cortex shows a hyperechogenic line (arrows). 
The adjacent masseter muscle is hyperechogenic, associated with muscle edema (asterisk) and massive homogenous 
echoic area due to periosteal reaction (arrowheads). (G) Pathological specimen showing massive new osteoid formation 

(arrows); leukocytes and fibrous stroma can be visualized within the osteoid. (H) Pathological specimen showing massive 
osteoblast and osteoid formation (arrow). Fibrous stroma and scattered inflammatory cells (arrowheads) are visualized 

between these osteoid formations. 
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Fig. 3 – Case 3: A 3-year-old girl diagnosed with CRMO. (A) Hyperostosis is not detected on the radiograph (arrows). (B) Bone 
scintigraphy showing increased uptake in mandible, maxilla, and ribs (arrows). (C) Axial fat-suppressed T2-weighted 

image. The mandibular body shows high signal intensity in the bone marrow of the mandible (arrows). High signal 
intensity is revealed along the mandibular cortex (arrowheads). Subcutaneous tissue also shows high signal intensity 

(asterisk). The dotted square represents transducer placement, as seen in Fig 4E. (D) Coronal fat-suppressed T2-weighted 

image. The ramus of the mandible (arrows) shows high signal intensity. The masseter muscle shows high signal intensity 

(arrowheads). The dotted square represents transducer placement, as seen in Fig 4F. (E) Axial sonogram of the body of the 
mandible showing thickening of the hypoechogenic area (arrowheads) along the surface of the mandibular cortex (arrows). 
In addition, hyperechogenic subcutaneous fat tissue is evident (asterisk). (F) Sagittal sonogram of the right ramus of the 
mandible. The cortex shows hyperechogenic line (arrows). The adjacent masseter muscle shows hyperechogenicity 

associated with muscle edema (asterisk) and a massive hypoechoic area due to periosteal reaction (arrowheads). (G) 
Pathological specimen showing massive bone destruction (arrows), and neutrophils and multinucleated giant cells 
(arrowheads) are visualized within the osteoid. (H) Pathological specimen showing massive neutrophil infiltration 

(arrowheads) within the osteoid (arrows). The osteoid appears fragmented. 
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osteosarcoma and chronic bacterial osteomyelitis are impor-
tant differential diagnoses due to the presence of osteoblasts
or the possibility of negative culture from specimens [ 3 , 8 , 10–
16 ]. Therefore, the appropriate timing and location for biopsy
can be ascertained via a phase of active inflammation, not
chronic. In our report, all 3 cases had uptake on bone scintig-
raphy; however, this imaging modality was unable to visualize
differences in the degree of inflammation. On the other hand,
ultrasound can show an inhomogeneous low echoic area ad-
jacent to the mandible, indicating the degree of inflamma-
tion. In case 1, ultrasound demonstrated a slightly low echoic
area adjacent to the cortex, and pathological findings showed
a chronic phase of CRMO. In case 2, a large inhomogeneous
low echoic area adjacent to the cortex was observed on ultra-
sound, and pathological findings confirmed the presence of
a massive new osteoid formation. In case 3, massive fluid ef-
fusion and high echogenicity adjacent to the mandible were
evident, and bone biopsy showed the active phase of CRMO.
Therefore, ultrasound could be used to predict the activity of
CRMO in each location, providing relevant information about
the appropriate timing and location for biopsy. 

In previous reports, a low echoic or heterogeneous
echogenic area along the cortex on ultrasound has been
shown to indicate the presence of osteomyelitis [17–20] . These
findings represent periosteal abscess or periosteal reactions
[ 17 ,18 ]. Notably, these findings were also observed in the cur-
rent cases. In addition, destruction of the cortex is indica-
tive of both CRMO and bacterial osteomyelitis [ 4 ,5 ,18 ]. There-
fore, ultrasound cannot differentiate CRMO from bacterial os-
teomyelitis. 

Despite the utility of ultrasound, there are some limitations
to its efficacy in this case report. First, this case report included
only 3 pediatric patients with inflammation of the mandible.
Therefore, future studies involving more patients and various
bone locations are required to confirm our preliminary find-
ings. Second, the quality of ultrasound was dependent on the
examiners’ experience. Although some reports have focused
on the use of ultrasound in evaluating bone, this technique for
imaging bone may not be familiar to all sonographers. 

In conclusion, this case report demonstrates that ultra-
sound could help predict the severity of inflammation in the
bone marrow by showing inflammatory changes around the
affected bone. Ultrasound is useful in determining the appro-
priate timing and location for bone biopsy and, ultimately, as-
sisting in CRMO diagnosis. 

Informed consent 

Approval from the Institutional Review Board was obtained,
and in keeping with the policies for a retrospective review, in-
formed consent was not required. 
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