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INTRODUCTION
A spectrum of benign and malignant bone tumors may
be seen in the maxillofacial region. Knowledge of the
pathologic features of these tumors and how these features are reflected in their imaging appearance is essential
for diagnosis. Familiarity with the imaging appearance,
common location, age and gender of bone tumors of
the maxillofacial region facilitates the diagnosis and helps
radiologists to narrow the list of differential diagnoses
and allows for definitive diagnosis in some cases. Early
diagnosis of bone tumors is crucial in promoting aggressive treatment, often allowing complications to be
avoided[1-4].
Computed tomography (CT) is commonly used for
imaging the maxillofacial region. A bone window algorithm better delineates the details of a bony lesion.
CT scanning is sensitive for detecting calcified tumor
matrix, bone changes and cortical destruction. Magnetic
resonance (MR) imaging is not frequently used for the
diagnosis of bony maxillofacial lesions. Routine T2- and
T1-weighted images and a post-contrast study may be
used for the diagnosis of soft tissue lesions with bony
tumors[2-5].
Bone tumors of the maxillofacial region may arise
from osteogenic, chondrogenic, fibrogenic, vascular,
hematopoietic and other elements of the bone. Table 1
shows the World Health Organization classification of
benign and malignant bone tumors of the maxillofacial
region[6]. Table 2 shows the imaging appearance of bone
tumors of the maxillofacial region.
The aim of this article is to review the imaging features of bone tumors of the maxillofacial region.

Abstract
This paper reviews the imaging appearance of benign and malignant bone tumors of the maxillofacial
region. A benign bone tumor commonly appears as a
well circumscribed lesion. The matrix of the tumor may
be calcified or sclerotic. Malignancies often display aggressive characteristics such as cortical breakthrough,
bone destruction, a permeative pattern and associated
soft-tissue masses. Computed tomography scan is an
excellent imaging modality for accurate localization of
the lesion, characterization of the tumor matrix and
detection of associated osseous changes such as bone
remodeling, destruction or periosteal reaction. Magnetic
resonance imaging is of limited value in the evaluation
of maxillofacial bone tumors.
© 2011 Baishideng. All rights reserved.

Key words: Benign; Bone; Imaging; Malignant; Tumor
Peer reviewer: Shu-Hang Ng, MD, Professor, Department of

Diagnostic Radiology, Chang Gung Medical Center at Linkou, 5
Fuhsing St. Kueisan Hsiang, Taoyuan Hsien 333, Taiwan, China
Abdel Razek AAK. Imaging appearance of bone tumors of the

WJR|www.wjgnet.com

25

May 28, 2011|Volume 3|Issue 5|

Abdel Razek AAK. Imaging of maxillofacial bone tumors

BENIGN TUMOR

Table 1 World Health Organization classification of benign
[1]
and malignant bone tumors of the maxillofacial region

Osteoma
Osteoma is the most common osseous tumor in the
maxillofacial region. Osteoma is most commonly seen
in the 5th to 6th decades of life and the male-to-female
ratio is 1.3:1. Osteoma occurs more commonly in the
fronto-ethmoidal sinus and is rarely seen in the maxillary
and sphenoid sinuses[2]. All osteomas contain three main
components: compact bone (ivory), cancellous bone
(trabeculae), and fibrous (spongy) tissue. Osteomas are
named according to the dominant component. Compact
osteomas most often involve the frontal sinus and grow
gradually. Cancellous osteomas are located mostly in the
maxillary and ethmoid sinuses and grow relatively quickly.
Osteomas are slow growing benign tumors. Multiple craniofacial osteomas may be a part of Gardner syndrome.
It is usually asymptomatic but may be associated with
facial swelling, deformity, mucocele, proptosis, ocular
disturbances and pneumocephalus[2,7]. Osteoma appears
as a characteristic sharp, well delineated sclerotic lesion
attached by a broad base or pedicle to the bone. Osteoma
composed exclusively of compact bone is radiodense
(Figure 1), while those containing cancellous bone show
evidence of internal trabecular structure. CT multiplanar
reconstructions allow the precise identification of the site
of origin of the lesion, to fully depict course and patency
of all sinus paths, and to correctly assess the integrity
of thin bony walls such as the lamina papyracea or the
cribriform plate. Compact osteomas produce a complete
signal void on all MR sequences, so they are often indistinguishable from the surrounding air in the paranasal
sinuses and are thus overlooked. Fibrous osteomas have
low to absent signal intensity on all MR sequences[2,4,7,8].

Osteogenic

Malignant

Osteoma

Osteosarcoma

Osteoid osteoma
Osteoblastoma
Chondrogenic

Chondroblastoma

Chondrosarcoma

Chondromyxoid fibroma
Chondroma
Osteochondroma
Fibrogenic

Fibrous dysplasia

Fibrosarcoma

Vascular

Hemangioma

Hemangioendothelioma

Hematopoietic

-

Plasmacytoma

Others

Giant cell tumor

Chordoma

Aneurysmal bone cyst

Ewing sarcoma

Lymphoma

Meningioma

Figure 1 Compact Osteoma. Axial computed tomography scan of the paranasal sinus shows a pathognomonic dense sclerotic mass (arrow) in the frontal
sinus.

Osteoid osteoma
Osteoid osteoma is a rare tumor in maxillofacial regions
(with a few case reports in the ethmoid region) that affects young males in the 2nd to 3rd decades of life. It
is a benign osteoblastic lesion characterized by varying
intermixtures of osteoid, newly formed bone, and highly
vascular supporting osseous tissue (nidus) surrounded by
a distinctive surrounding zone of reactive bone formation. Osteoid osteoma appears on CT scan as a characteristic radio-opaque lesion with a nidus (less than 1.5 cm
in diameter) which has a radiolucent center surrounded
by dense sclerosis. Occasionally, the nidus may have a
radio-opaque calcified center with a surrounding radiolucent area. The osteoid osteoma may even be completely
sclerotic. MR appearance of osteoid osteoma depends
upon the amount of calcification within the nidus, the
size of the fibrovascular zone and reactive sclerosis; so
it may not be diagnostic. The mass demonstrates patchy
enhancement[9].

the 2nd decade of life. It may be seen in the maxilla, ethmoid, nasal cavity and orbit. It shows a marked amount
of osteoid tissue produced by osteoblasts. The osteoclasts are numerous and the background is highly vascular. Histologically, osteoblastoma show some similarity
to osteoid osteoma, but they are larger without nidus or
zonal architecture and show a stronger, more progressive, occasionally even destructive growth; thus, they are
sometimes called aggressive osteoblastoma. The patient
presents with pain, facial swelling and asymmetry of the
face[4,10]. It is commonly seen as an expansile lytic lesion
with cortical shell (Figure 2A), or it may show as mixed
lytic and sclerotic or predominately sclerotic bone forming a lesion. Ossification foci with ground glass appearance, cloudy confluent mineralization in the central part
of the lesion (75%) may be seen. It exhibits intermediate
to low signal intensity on T1-weighted images and high
to low signal intensity on T2-weighted images depending
upon the amount of ossification. Areas of mineralization
appear as zones of low signal intensity on T2-weighted
images. It shows variable patterns of contrast enhancement[4,10,11] (Figure 2B and C).

Osteoblastoma
Osteoblastoma is typically seen in male patients during
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Table 2 Computed tomography and magnetic resonance imaging appearance of bone tumors of the maxillofacial region

Osteoma

Incidence

Computed tomography

Magnetic resonance imaging

5th-6th decade

Compact: dense sclerotic

Compact: signal void

Cancellous: mixed densities

Cancellous: low to absent signal

Sharp, well defined lesion attached by a broad base or
pedicle to the bone
Radio lucent nidus (< 1.5 cm) surrounded by dense
sclerosis
Expansile lesion with cortical shell

Non specific signal intensity with patchy
enhancement
Non specific signal intensity

Osteoid osteoma

2nd-3rd decade

Osteoblastoma

2nd decade

Chondroblastoma

More than 30 yr

Chondromyxoid
fibroma
Chondroma

2nd-3rd decade

Osteochondroma

2nd-4th decade

Fibrous dysplasia

1st-2nd decade

Giant cell tumor

3rd-4th decade

Aneurysmal bone
cyst
Hemangioma

2nd decade

Meningioma

May mixed or sclerotic lesion

Less than 50 yr

Lytic lesion with central calcifications and peripheral
thin cortical shell
Well-demarcated expansile lesion with multiple foci of
calcification
Small polypoid mass with few discrete areas of
calcifications
Mushroom shaped bony outgrowth with calcified
cartilagenous cap
Ground glass appearance (56%), sclerotic (23%)

Signal void regions of calcification
Signal void regions of calcification
Non specific appearance
Hypointense bony outgrowth with hyperintense
cartilaginous cap
Variable signal intensity depends upon amount of
fibrous and sclerotic regions

Lytic with sclerotic margins (21%)
Low signal on all sequences

2nd decade

Expansile mass that tends to destroy and remodel the
adjacent bone
Lytic expansile lesion with multi-locular "soap bubble"
(honey comb) and may fluid–fluid levels
Sunburst or spoke wheel pattern of radiating trabeculae

4th decade

Osteoblastic or mixed sclerotic lesion

Osteosarcoma

3rd decade

Chondrosarcoma

4th-5th decade

Ewing sarcoma

1st-2nd decade

Fibrosarcoma

3rd-6th decade

Hemangioendothelioma
Chordoma

2nd decade

Commonly sclerotic lesion with calcified matrix and
sunburst periosteal reaction or it may be mixed or
lytic lesion
Bony destructive lesion with multiple punctate and
stippled calcifications
Destructive aggressive mass with mottled lucent areas
and sclerosis and onion peal periosteal reaction
Destructive bony lesion, frequently associated with
extra osseous soft tissue mass
Multifocal lytic lesion or dense sclerotic lesion

Low signal on all sequences with intense
enhancement
Signal void of calcification and new bone formation
with heterogeneous contrast enhancement

Lymphoma

4th-7th decade

Plasmacytoma

4th-7th decade

Metastasis

All ages

4th decade

Hypodense mass with irregular intratumoral
calcifications (30%-50%) with bone destruction
Lytic, sclerotic or mixed lesions that may be associated
with soft tissue mass
Well defined bony expansile lesion with intense
enhancement
Radiolucent lesion with cortical destruction. May
sclerotic or mixed lytic and sclerotic

Fluid fluid level with septal enhancement
Stippled appearance with intense enhancement

T2WI: hyperintense areas (chondroid) and hypointense areas (calcified). Curvilinear enhancement
Non specific signal intensity with inhomogeneous
enhancement
Low to intermediate signal intensity with
inhomogeneous enhancement
Tubular signal void structures with intense
enhancement
Mixed signal intensity with inhomogeneous
enhancement
Non specific magnetic resonance imaging
appearance
Low SI on T1-weighted images, high on T2weighted images with intense enhancement
Non specific magnetic resonance imaging
appearance

SI: Signal intensity

Chondroblastoma
Chondroblastoma is an extremely rare tumor of the maxillofacial region with few case reports. Eighty-three percent
of patients with skull chondroblastoma are more than 30
years of age, whereas 92% of patients with chondroblastomas in long bones are less than 30 years of age[12]. It is
more commonly seen in the sphenoid and ethmoid and
rarely in the maxilla. The tumor is a locally aggressive,
well-demarcated expansile lesion. The matrix of the tumor revealed chondroblast and areas of calcification. CT
scan confirms the lytic nature of the lesion and shows
areas of calcifications in the center and the periphery of
the tumor. Areas of low signal intensity on T2-weighted
images are secondary to chondroid matrix mineralization.
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Chondroblastoma of the peripheral skeleton appears to
show a different age predilection and characteristically is
surrounded by striking peritumoral edema[12,13].
Chondromyxoid fibroma
Chondromyxoid fibroma of the maxillofacial region is
typically seen in patients in the 2nd-3rd decade of life with
slight female predominance. It is more commonly seen in
the maxilla and is unusual in the sphenoid and ethmoid sinuses. The tumor is composed of hypocellular chondroid
or myxochondroid tissue with multinucleated giant cells.
The CT findings of chondromyxoid fibroma are non
specific and almost always suggest a benign lesion. They
typically have a lobulated outline with sharp margins, and
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A

B

C

Figure 2 Osteoblastoma. A: Coronal computed tomography shows a nonspecific expansile lesion (arrows) seen in the the right frontoethmoid air cells with extension
into the right orbit. It shows ossific foci; B: Coronal T2-weighted image shows a well-defined mass (arrows) in the right ethmoid air cells with extension into the right
orbit. It shows nonspecific intermediate to low signal intensity with signal void regions of calcifications and areas of high signal intensity; C: Axial contrast T1-weighted
image shows inhomogeneous patterns of enhancement of the lesion (arrows).

scan[5,16].
Osteochondroma
Osteochondroma is an extremely rare tumor of the maxillofacial region. The age of incidence ranges between 10
and 40 years, with most patients presenting in the 3rd decade. The male to female ratio ranges from 1:1 to 2:1. It is
located in the facial bones, nasal septum, sphenoid sinus,
ethmoid cells and zygomatic arch. The reason for the rare
occurrence of osteochodroma in the maxillofacial skeleton is the intramembranous development of these bones.
It is a benign cartilage-capped osseous growth composed
of compact and cancellous bone. Osteochondromas are
characterized by the presence of a cartilage cap on top of
the tumor; with time, cartilage tissues gradually undergo
endochondral ossification and are replaced by bone. It
may be multiple in patients with hereditary multiple exostoses[4]. Osteochondroma usually has a pathognomonic
pedunculated mushroom shaped bony outgrowth with
peripheral cortex and central cancellous bone that arises
from the surface of the bone. The cartilaginous cap may
or may not be focally calcified. On MR imaging, it shows
a peripheral rim of low signal intensity of the cortical
bone and central high signal intensity within the cancellous region. A thin hyperintense cartilagenous cap on T2weighted images may be seen[4,17].

Figure 3 Chondromyxoid fibroma. Coronal computed tomography shows
expanded mass in the sphenoid sinus with pathognomonic discrete areas of
calcification (arrows).

the majority has a sclerotic rim. The cortex of the bone is
usually thinned and expanded. In approximately 50% of
cases, a portion of the cortex may be absent. Up to onethird of cases show radiographic evidence of soft tissue
extension. The majority of tumors have purely lucent matrix. However, approximately 13% of tumors show some
discrete areas of calcification (Figure 3). It exhibits low
signal intensity on T2-weighted images due to chondroid
and myxoid tissue with an inhomogeneous pattern of enhancement[14,15].

Fibrous dysplasia
Fibrous dysplasia (FD) represents 2.5% of all osseous
and 7% of all benign osseous neoplasms. The craniofacial bones are the affected sites in 10%-25% of patients
with monostotic FD and in 50% of patients with polyostotic FD[18]. In addition, the craniofacial region may be
affected by a form of FD that is not restricted to a single
bone, but may be confined to a single anatomical site.
This type of the disease has been termed craniofacial
FD. In addition, FD may be a component of McCuneAlbright syndrome or it may exhibit cherubism phenotype. The monostotic and polyostotic types are known to
be related to mutations in the guanine nucleotide-binding

Chondroma
Chondroma occurs in patients less than 50 years old of
either gender. The most frequent sites of occurrence
are the nasal cavity (septum) and ethmoid air cells. It is
a polypoid firm, smooth surface nodule measuring from
0-5 to 2 cm and rarely greater than 3 cm. Histologically, it
is a lobulated tumor composed of chondrocytes, resembling the normal histology of the hyaline cartilage. The
differentiation of chondroma from a well-differentiated
chondrosarcoma may at times be difficult if not impossible. It may be differentiated from chondrosarcoma by
pathology. It shows discrete areas of calcification on CT
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Figure 4 Fibrous dysplasia. Coronal computed tomography scan shows a
well-defined expansile bony lesion involving the left maxilla with characteristic
ground glass appearance.

Figure 5 Aneurysmal bone cyst. Axial T2-weighted image shows an expansile multiloculated cystic lesion in the maxillary sinus with multiple septae.

sities. The lesion may enhance after contrast administration[5,18-21].
Cherubism is a rare autosomal-dominant disorder resulting from different mutations to FD and is therefore a
distinct entity at the molecular level. It occurs in children
(2-5 years) and is more common in males. It commonly
appears as a bilateral and symmetrical multilocular cystic
swelling of the mandible with expansion of the maxilla
and involvement of the maxillary sinuses. The signal
characteristics on MR imaging of cherubism are nonspecific[22]. Cherubism has been reported in association
with neurofibromatosis type 1 and Noonan-like/multiple
giant-cell lesion syndrome[23].

protein gene located on chromosome 20q and the craniofacial subtype has not been localized to this chromosome. It is more commonly seen at the 1st to 2nd decade
of life at the floor of the anterior cranial fossa[5,19]. It is
located in the frontal bone (82%), sphenoid (71%), ethmoid (68%), and maxillary (28%) bones. Histologically,
FD consists of varying amounts of spindle cell bundles
and trabeculae of immature woven bone. There is replacement of normal spongiosa and filling of the medullary cavity of affected bones by an abnormal fibrous tissue that contains trabeculae of poorly calcified primitive
bone formed by osseous metaplasia. It may be associated
with aneurysmal bone cyst. Spontaneous malignant transformation of FD is estimated to occur in less than 1%
of cases, and osteosarcoma is the most common histological type, followed by fibrosarcoma, chondrosarcoma
and malignant fibrohistiocytoma. These malignancies
are most commonly found in the maxilla. Most reported
cases of malignant degeneration in FD have occurred
after radiation therapy.
The imaging appearance of FD depends upon the
amount of fibrous and bony element. CT remains the
‘‘gold-standard’’ imaging modality for FD, allowing
characterization of the three main imaging patterns of
expanded bone. The cortical bone tends to remain intact,
with the FD changes most often found in the medullary
bone. The CT findings include: pathognomonic ground
glass appearance with bone expansion and alternative radiolucent and radiodensity areas (56%), sclerotic pattern
with homogenous radiodensity (23%) and lytic appearance with solitary round or oval, well-defined radiolucent
with sclerotic margins (21%) (Figure 4). Sclerotic lesions
are homogeneously dense, whereas cyst degeneration
is the least common finding and is characterized by a
spherical or ovoid lucency surrounded by a dense bony
shell. On T1-weighted images, the signal intensity is
usually low to intermediate depending on the ratio of
fibrous tissue to mineralized matrix. On T2-weighted
images, lesions with a highly mineralized matrix show
low signal intensities, whereas lesions with high fibrous
tissue content and cystic spaces return high signal inten-
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Giant cell tumor
Giant cell tumors occur more commonly during the 3rd
and 4th decades of life and are more commonly located in the sphenoid but rarely in the ethmoid bones
and the maxilla. It is a benign, locally aggressive tumor
characterized by osteoclast-like giant cells. Multicentric
tumors with an aggressive course or malignant giant cell
tumor with metastasis have been reported. There is a
high recurrence rate (40%-60%) after resection[24]. Classically, the tumor destroys the bone and appears as a nonspecific rarified area, being a lytic lesion. Although fairly
well circumscribed, some cystic changes, ballooning and
perforation of the bony cortex may be noted. The area
of destruction has a “soap bubble” appearance, with
normal trabeculae and little reactive bone at the margin.
On MR imaging, it shows fairly low signal intensity on all
pulse sequences, and shows moderate to marked contrast
enhancement[24,25].
Aneurysmal bone cyst
Aneurysmal bone cyst occurs more commonly in the
2nd decade of life and may be seen in the maxilla, ethmoid, sphenoid bone and periorbital region. These cysts
are composed of blood-filled, anastomosing cavernous
spaces, separated by cyst-like walls. The precise nature
and histogenesis of the aneurysmal bone cyst remains
unclear. A primary type has to be differentiated from
a secondary form; the latter develops on a preexisting
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bone lesion such as giant cell tumor, osteoblastoma, or
chondroblastoma in 1/3 of patients[3,26]. It appears as
an expansile, multi-locular “soap bubble” (honey comb)
radio-lucency, causing expansion of the bony cortex. It
is surrounded by a marginal thin shell. MR imaging commonly shows cystic spaces with internal septa (Figure 5)
and septal contrast enhancement. Fluid-fluid levels of
varying intensities might be present and should not be
considered diagnostic, as this finding might be present in
giant cell tumor, telangiectatic osteosarcoma, and chondroblastoma[26,27].

A

Intraosseous (central) hemangioma
Intraosseous hemangioma can occur at any age with the
peak incidence being in the 2nd decade of life. An estimated 2:1 female to male ratio has been documented.
These tumors occur more commonly in the maxilla and
nasal bones and may be found in the orbit. It is a hamartoma with anomalous proliferation of endothelial-lined
vascular channels. Hemangiomas are classified into capillary, cavernous and mixed sub-types, depending on the
predominant type of vascular channel. It is usually asymptomatic. The characteristic “spoke-wheel”, “wagonwheel”, “corduroy” or “sunburst” appearance on CT
scan arises from thickening of pre-existing trabeculae,
secondary to intramembranous bone affected by the
vascular channels. T1-weighted images characteristically
show hypointensity of the lesion. T2-weighted images
reveal heterogeneous hyperintensity within the lesion.
A stippled appearance is seen in the tumor matrix. The
tumor enhances, intensely or heterogeneously, after the
administration of contrast material[28,29].

B

Figure 6 Osteosarcoma. A: Axial computed tomography shows a rather irregular characteristic spiculated mass in the left alveolar margin of the maxilla
adjacent to the lateral pterygoid plate; B: Axial contrast T1-weighted image
shows inhomogeneous enhancement of the mass with non-enhanced signal
void regions of calcification (Courtesy of Castillo M).

mandible and the alveolar ridge or the antral area of the
maxilla. The majority of tumors arise within the medullary cavity of the affected bone with rare examples
developing on the bony surfaces. It may be secondary to
radiation, fibrous dysplasia, Paget disease, trauma, osteomyelitis, ossifying fibroma and giant cell tumor. Osteosarcoma after radiation typically develops after a latency
period of 5-10 years after doses in excess of 3000 Gy.
These tumors characteristically occur at the edge of the
radiation field because the administered radiation is unable to cause cell death but is sufficient to induce malignant transformation. Osteosarcoma can be classified on
location into intramedullary, intracortical, periosteal and
parosteal (surface) and extraosseous. It can be further
categorized according to the prominent type of matrix
tissue observed microscopically such as osteoblastic,
chondroblastic, fibroblastic, telengectatic and osteoclastrich types[32,33]. On CT, the tumor displays a spectrum
of bone changes from well demarcated borders, notably
the low grade osteosarcoma (uncommon), to lytic bone
destruction with indefinite margin and variable cortical
bone erosion, to the ostoeblastic form, where the bone
is sclerotic. The majority of osteosarcomas have matrix
mineralization, calcifications of the osteoid or osteoidIike substance within the tumor and some tumors show
a sunburst effect caused by radiating mineralized tumor
spiculae. Cortical breakthrough and interruption of alveolar margin is common in advanced cases. On MR

Intraosseous (central) meningioma
Intra-osseous meningioma forms 1% of all meningiomas
that typically occur in the 4th decade of life with female
predominance. It is more commonly seen in the orbit
and sphenoid ridge and rarely involved in the paranasal
sinuses. It is more commonly seen as an osteoblastic or
mixed sclerotic lesion. It shows a hyperostotic form that
may be associated with inward bulging of the inner table
and surface irregularity of the hyperostotic bone. CT is
the investigation of choice to detect the tumor, cortical
destruction and both intra- and extra-osseous extension.
At MR imaging, there is bone thickening that exhibits
low signal intensity on all pulse sequences with intense
contrast enhancement[30,31].

MALIGNANT TUMOR
Osteosarcoma
Fewer than 10% of osteosarcomas arise in the craniofacial bones with most such tumors developing in the
mandible and maxilla. Typically, the tumor affects males
in the 3rd decade and one or two decades later in the
appendicular skeleton. Osteosarcomas may involve the
mandible or maxilla and rarely the ethmoid region. The
most common sites of involvement are the body of the
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Figure 7 Chondrosarcoma. Axial computed tomography shows bulky mass in
the nasal cavity and left maxillary sinus with characteristic stippled and amorphous areas of calcification (arrows).

Figure 8 Ewing Sarcoma. Axial contrast T1-weighted image shows a large
destructive mass occupying the entire left maxillary sinus. The mass shows
inhomogeneous non-specific pattern of contrast enhancement.

imaging, osteosarcoma is of low to intermediate signal
intensity on T1-weighted images and is of high signal
intensity on T2-weighted images. Calcifications and new
bone formations appear as signal void regions within the
lesion that show inhomogeneous patterns of contrast
enhancement[1,32-34] (Figure 6).

in not more than 5% of all cases.
Ewing sarcoma
Craniofacial Ewing sarcoma accounts for 1%-4% of
all Ewing sarcomas with peak incidence between 5 and
20 years old in either sex, although it does have a predication for whites[38]. It may be seen in the orbital wall,
sphenoid and maxilla. It is an aggressive, malignant,
small round cell tumor of bone. Because of the intense
vascularity of the tumor, hemorrhage and necrosis are
common. Marked tumor necrosis is considered a poor
prognostic factor. The commonest sites of metastases are
the lungs and the skeleton that occur in the early course
of the disease. Ewing sarcomas appear as a destructive aggressive mass with mottled irregular lucent areas
interposed with some sclerosis. The margin is diffuse
with unsharp edges and extensive cortical destruction.
It may be associated with perpendicular bony spicules
and shows the characteristic onion peel appearance of
periosteal reaction, and less often with a sunburst type of
periosteal reaction. The tumor tends to metastasize early,
often to multiple other bony sites and the lungs. On MR
imaging, the tumor is heterogeneously hypointense on
T1-weighted and heterogeneously hyperintense on T2weighted scans. On post-contrast T1-weighted images,
the lesion shows heterogeneous signal increase with internal hypointense necrotic areas[1,39,40] (Figure 8).

Chondrosarcoma
Craniofacial chondrosarcoma accounts for 2% of all
chondrosarcomas with a peak incidence during the 4th
to 5th decades of life and a male to female ratio of 2.4:1.
It is seen in the skull base (common), maxilla and orbit
(less common), and cartilage of the nasal septum (rarely).
Chrondosarcoma has been reported to develop in association with malignant conditions, such as osteosarcoma,
fibrosarcoma, and leukemia, as well as benign conditions,
such as Paget disease and fibrous dysplasia[35]. Histologically, chondrosarcoma of the craniofacial region can be divided into subtypes: the conventional subtype with myxoid
and/or hyaline components, the aggressive mesenchymal
and dedifferentiated subtype and the extremely rare clear
cell subtype. The conventional type, which is the most
common form, is slow growing, and rarely metastatic. On
the other hand, mesenchymal chondrosarcoma is more aggressive and tends to metastasize. They slowly increase in
size, and the majority of them are already extensive at the
time of diagnosis[36]. On CT scan, chondrosarcoma shows
a soft tissue mass with characteristic multiple stippled and
amorphous areas of calcifications that may be associated
with bone destruction and an inhomogeneous pattern of
contrast enhancement (Figure 7). The signal intensity of
the chondroid matrix is lower than bone matrix on T1weighted images. There are hyperintense areas (chondroid
tissue) and hypointense areas (calcified regions) on T2weighted images. The tumor may show characteristic
curvilinear septal enhancement of fibrovascular tissue and
non-ossified cartilage[1,35-37]. The development of metastases varies among studies and ratios of metastases are
between 14% and 90%, with the lungs being the preferred
site. Regional cervical lymph node metastases are reported
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Fibrosarcoma
Craniofacial fibrosarcoma is very rare and is seen in the
3rd to 6th decades of life with a slight male predominance. The infantile variant that is seen in patients less
than 5 years has a better prognosis. It is rarely seen in
the maxilla. It may be central (medullary) or peripheral
(periosteal). It is a malignant tumor with variable fibrous
intracellular substances devoid of bone or cartilage formation. On CT, fibrosarcoma is a destructive lesion of
variable size, frequently associated with extra osseous soft
tissue mass. On MR imaging, the tumor shows low or intermediate signal intensity on both T1- and T2-weighted
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dominance. The vast majority are large B cell non-Hodgkin lymphomas. On CT scan, lymphoma can produce
lytic, sclerotic or mixed lesions that may be associated
with soft tissue mass. It appears as isointense to muscles
on both T1- and T2-weighted images that are associated
with soft tissue mass. The mass shows intense patterns
of contrast enhancement. Burkitt’s lymphoma is a special
type that may be seen in Africans during the 1st decade
of life. It appears as an osteolytic lesion with periosteal
reaction and perpendicular spicules of new bone in the
maxilla. An extra-osseous soft tissue mass may develop
parallel with bone destruction[1,2,45].
Solitary intramedullary plasmacytoma
Plasma cell disorders are characterized by the accumulation of monoclonal plasma cells that produce the same
immunoglobulin. Plasmacytomas are plasma cell tumors.
They can occur as solitary tumors outside the bone marrow (solitary medullary (bone) plasmacytomas, solitary
extramedullary plasmacytomas, but can also be associated
with multiple myeloma. Solitary medullary plasmacytoma
occurs more commonly in male patients between the 4th
and 7th decades of life. It may be seen in the sphenoid
sinus and the maxilla. It is a fairly well defined expansile
lesion with contrast enhancement. It exhibits low signal
intensity on T1-weighted images and high or mixed signal
intensity on T2-weighted images with marked contrast
enhancement that may simulate meningioma[2,46].

Figure 9 Hemangioendothelioma. Axial computed tomography shows a nonspecific sclerotic enhanced lesion related to the posterior part of the nasal septum on the right side (Courtesy of Castillo M).

images with an inhomogeneous pattern of contrast enhancement[1,41].
Hemangioendothelioma
Hemangioendothelioma of the maxillofacial region is a
low-grade, malignant vascular tumor. Hemangioendotheliomas account for only 0.5% to 1.0% of malignant
primary bone tumors. Most of them arise in the third
decade and they are prone to occur in the maxillary sinus.
Multifocality is present in 9%-14% of cases. The tumor
is often large and aggressive. Multifocal lytic lesions (honeycomb appearance), aggressive bony destruction with
expansion, dense sclerotic lesion and soft-tissue mass are
seen on CT scan (Figure 9). There is a low to intermediate signal intensity on T1-weighted images and slightly
high signal intensity on T2-weighted images. Tubular signal-void regions represent blood vessels that may be seen
within the lesion. It shows moderate to marked contrast
enhancement[42].

Metastasis
Metastasis is uncommon in the maxillofacial region. The
maxillary sinus is most frequently involved (33%) followed by the sphenoid (22%), ethmoid (14%) and frontal (9%) sinuses. In 22% of cases, multiple sinuses are
involved. The most common tumor sites to disseminate
to this region are the kidney (40%), lung (9%), breast
(8%), thyroid (8%) and prostate (7%). The remaining
28% of cases include multiple miscellaneous sites. In
10-15% of cases, the metastases are limited to the nasal
cavity. Although the eventual outcome is usually poor,
prognosis depends, in part, on whether the sinonasal
metastasis is isolated or part of widespread disseminated
disease. Metastasis may appear as a localized, well-defined
radiolucent lesion in a slow growing lesion, or it may be
associated with cortical destruction in a highly aggressive lesion, osteoblastic in breast cancer or mixed lytic
or sclerosis in patients with prostate cancer. The tumor
exhibits low signal intensity on T1-weighted images and
high signal intensity on T2-weighted images that may be
associated with an enhancing soft tissue mass[1,47,48].

Chordoma
Chordoma forms 1% of all intracranial tumors that are
typically seen in male patients during the 4th decade of
life. It is commonly located in the clivus and may extend
into the sphenoid and maxillary sinus. It is a benign, locally invasive tumor. It appears as a hypodense mass with
irregular intratumoral calcifications (30%-50%) that are
associated with variable contrast enhancement and bone
destruction. The tumor shows intermediate signal intensity with areas of high signal representing hemorrhage
or high protein cystic areas on T1-weighted images. The
lesion has relatively high signal intensity associated with
areas of low signal intensity that may be seen in the lesion that represents residual fragments or sequestrations
of bone on T2-weighted images. After contrast administration, it shows inhomogeneous patterns of enhancement[4,43,44].

CONCLUSION
We conclude that imaging plays an important role in the
diagnosis of bone tumors of the maxillofacial region. CT
scan is an excellent imaging modality for accurate localization of the lesion, characterization of the tumor matrix and detection of associated osseous changes such as

Lymphoma
Lymphoma of the maxillofacial region occurs over a
broad age range (4th-7th decades) with slight male pre-
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bone remodeling, destruction or periosteal reaction. CT
scan is sufficient for the diagnosis of most bone tumors
of the maxillofacial region. However, MR imaging is of
limited value as bone tumors display a non-specific imaging appearance.
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Abdominal crush injury in the Sichuan earthquake
evaluated by multidetector computed tomography
Tian-Wu Chen, Zhi-Gang Yang, Zhi-Hui Dong, Heng Shao, Zhi-Gang Chu, Si-Shi Tang
nal wall soft tissue injuries were more common than
retro- and intraperitoneal injuries (P < 0.05). With
regard to the 49 lumbar vertebral fractures in 24 patients, these occurred predominantly in the transverse
process (P < 0.05), and 66.67% of patients (16/24)
had fractures of multiple vertebrae, predominantly
two vertebrae in 62.5% of patients (10/16), mainly in
L1-3 vertebrae in 81.63% of the vertebrae (40/49).
Retroperitoneal injuries occurred more frequently than
intraperitoneal injuries (P < 0.05), and renal and liver
injuries were most often seen in the retroperitoneum
and in the intraperitoneal space, respectively (all P <
0.05).
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Abstract
AIM: To investigate the features of abdominal crush injuries resulting from an earthquake using multidetector
computed tomography (MDCT).

Chen TW, Yang ZG, Dong ZH, Shao H, Chu ZG, Tang SS.
Abdominal crush injury in the Sichuan earthquake evaluated by multidetector computed tomography. World J Radiol
2011; 3(5): 135-140 Available from: URL: http://www.wjgnet.com/1949-8470/full/v3/i5/135.htm DOI: http://dx.doi.
org/10.4329/wjr.v3.i5.135

METHODS: Fifty-one survivors with abdominal crush
injuries due to the 2008 Sichuan earthquake underwent
emergency non-enhanced scans with 16-row MDCT.
Data were reviewed focusing on anatomic regions including lumbar vertebrae, abdominal wall soft tissue,
retroperitoneum and intraperitoneal space; and types
of traumatic lesions.

INTRODUCTION
An earthquake that registered 8.0 on the Richter scale

RESULTS: Fractures of lumbar vertebrae and abdomi-
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devastated the mountainous region of Sichuan in China
at 2:28 pm Beijing time on May 12, 2008, and the epifocus was located at Wenchuan County in the Sichuan
Province of China. The widespread effect of the earthquake destroyed a significant number of schools, factories, apartments, office areas, and villages. The schools,
factories and villages were more vulnerable compared
with the other styles of buildings. Due to the high-force
impacts of building collapse or falling objects in this
earthquake, 374 643 people were injured with 69 227
killed and 17 923 missing. In view of the massive morbidity arising from this event, an undamaged key university
hospital 92 kilometers away from the epicenter, equipped
with 4300 beds, working as the largest-scale urgent care
center in the earthquake-affected areas, received the largest number of injured people, and treated a total of 2728
cases over a period of 15 d. Of these patients, 2.05%
(56/2728) had sustained abdominal injury associated
with crush injury. Missed abdominal injury or delayed
treatment frequently results in preventable mortality, but
prompt localization of abdominal injuries in trauma patients can improve the efficacy of injury management[1,2].
To localize suspected blunt abdominal injury, ultrasound is used as an initial tool in most European and
Asian-Pacific countries[3]. However, ultrasonography is
not sensitive in detecting hollow organ and retroperitoneal injury[4]. Computed tomography (CT) scanning of
the abdomen can overcome the limitation of ultrasonography, and is currently considered the gold standard
for detecting intra- and retroperitoneal lesions in trauma
patients[5-8]. To our knowledge, the features of abdominal
crush injuries on CT due to massive earthquake damage
have not been reported in the literature, although some
relevant publications regarding crush injuries in other anatomic regions have been reported[9-12]. Thus, our aim was
to retrospectively investigate the features of abdominal
crush injuries resulting from this earthquake using emergency multidetector CT (MDCT) for better understanding and treatment planning of abdominal crush trauma
survivors in similar future earthquakes.

secutive survivors (22 men and 29 women; mean age,
41.92 years; age range, 7-86 years) with abdominal crush
injuries resulting from the 2008 Sichuan earthquake, who
were admitted into this university hospital and met the
inclusion criteria, were enrolled in the present study. In
the cohort, 49 patients with abdominal crush injuries in
combination with crush injuries in one or more other anatomic regions including the thorax, pelvis, extremity and
neck were confirmed by MDCT scans in 39, 40, 11 and
4 patients, respectively. In addition, 36 patients including
27 patients with retro- or intraperitoneal visceral injuries
had acute renal failure confirmed by the measurement
of myoglobin in blood and urine shortly after the CT
scans. In order to timely detect the injuries for appropriate emergency treatments in a great number of injured
patients, two of five MDCT scanners in the university
hospital were utilized to image the abdominal injuries as
soon as possible. The mean time from injury to imaging
was 5.4 d with a range of 6 h to 14 d. In patients who
waited a long time from injury to rescue, few dangerously
ill patients survived before being conveyed to the university hospital to receive effective treatments, although
some had received antibiotics in the field hospital to prevent infection in the disaster areas. Based on the image
findings and clinical data, 37 patients with retro- or intraperitoneal visceral injuries, fracture of lumber vertebra,
or severe injury of abdominal wall soft tissue underwent
surgery, and the remaining victims received conservative
treatment. Owing to appropriate treatments, 49 patients
were cured, and 2 patients died of fatal crush injury.
CT
Thirty-eight and thirteen victims with abdominal crush
injuries underwent CT scanning with a Philips Brilliance
16-row MDCT (Philips Healthcare, Eindhoven, the
Netherlands) and a Siemens Somatom Sensation 16-row
MDCT (Siemens Medical Systems, Forchheim, Germany), respectively. An emergency abdominal CT scan
without intravenous contrast material was obtained as
soon as possible from the right diaphragmatic dome to
the pelvic basement. Because we suspected all victims to
have abdominal injuries in combination with acute renal
failure due to the massive earthquake, the patients did
not undergo contrast-enhanced abdominal CT scans in
the earthquake situation. The following scanning parameters were used for both scanners to image the injuries:
120 kV, 250 mAs, 0.5-s gantry rotation time, pitch of
0.85, collimation of 16 mm × 0.75 mm, 5-mm reconstructed section thickness, 380-mm field of view, and
matrix of 512 mm × 512 mm. When fractures of the
lumbar vertebrae were found, the reconstructed section
thickness was 1 mm.

MATERIALS AND METHODS
Patients
The local institutional ethic review board approved the
present study, and patient informed consent was waived.
Patients entered our study according to the following inclusion criteria: (1) victims had abdominal crush injuries
in combination with or without injuries in other systems
such as the thorax and pelvis; (2) clinical suggested abdominal injuries were initially confirmed by CT; and (3)
the etiology of abdominal injuries was crush injury in the
2008 Sichuan earthquake on the basis of the history and
the findings of rescue. Patients with abdominal injuries
were excluded from the present study if the etiology of
the injuries was jumping or accidental falling from buildings based on the history of injury.
Between May 12 and May 26, 2008, fifty-one con-
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Image data analysis
Image data were transferred to a picture archiving communication system (Syngo-Imaging, Siemens Medical Solutions, Forchheim, Germany). Data were retrospectively
analyzed by an experienced radiological Associate Profes-
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sor (the first author, who had 12 years of experience in
radiology) and one experienced radiologist (the third author with 11 years of experience in radiology) working in
consensus with emphasis on trauma in anatomic regions
including the retroperitoneum, intraperitoneal space,
lumbar vertebrae, and abdominal wall soft tissue. Because
of lumbar vertebral fractures related to pathological
changes in abdominal wall soft tissue, the fractures were
reviewed in detail by multiplanar reconstruction with a
slab of 5-7 mm and three-dimensional reconstruction.
In order to better understand overall types of abdominal
injuries, traumatic lesions in parenchymal organs together
with peritoneal pathological changes (seroperitoneum
and pneumoperitoneum) and injuries of abdominal aorta
were reviewed.

Table 1 Cases of crush lumbar vertebral fractures according
to the involved anatomic sites of vertebrae (n = 24) n (%)
Anatomic sites of vertebrae involved
Transverse process
The body
Transverse process + the body
Transverse process + spinous process
Transverse process + the body + spinous process
Transverse process + the body + vertebral plate

Statistical analysis
Statistical analysis was performed with the SPSS statistical
package (version 13.0 for Windows, SPSS Inc., Chicago,
IL, USA). We compared incidences of lumbar vertebrae
and abdominal wall soft tissue crush injuries with those
of retro- and intraperitoneal visceral crush injuries using
the Chi-square test. If significant differences were found,
comparisons in incidences between fractures of lumbar
vertebrae and abdominal wall soft tissue injuries, or between retro- and intraperitoneal injuries were performed
using similar tests. Additionally, comparisons between
incidences of renal and perirenal injuries and incidences
of other organ injuries in the retroperitoneal space, or
between incidences of liver injuries and incidences of
other organ injuries in the intraperitoneal region were
also performed using these tests. A P-value of less than
0.05 was considered significant.

15 (62.5)
1 (4.17)
4 (16.67)
1 (4.17)
1 (4.17)
1 (4.17)

Figure 1 In a 41-year-old woman with crush fractures of the transverse
process of lumbar vertebrae, the fractures were in combination with a
right perirenal hematoma (arrow) and swelling of bilateral psoas muscles
(arrowheads).

and both retro- and intraperitoneal injuries in 21.57%
(11/51). Retroperitoneal injuries were more common
than intraperitoneal injuries (P = 0.008).
Lumbar vertebrae fractures vs injuries of abdominal wall
soft tissue
Lumbar vertebral crush fractures were detected in a total
of 49 vertebrae in 47.06% (24/51) of patients. The fractures occurred in the transverse process (Figure 1), the
body, spinous process or vertebral plate of lumber vertebrae. These crush fractures are listed in Table 1. Factures
of the transverse process were more common than those
of any other anatomic sites of a lumber vertebra (P <
0.001).
In this cohort, the mean number of lumbar vertebrae
involved per patient with lumbar vertebral crush fractures
was 2 vertebrae with the peak prevalence between 1 and
2 of the number affected which ranged from 1 to 5. The
cohort was composed of 33.33% of patients (8/24) with
fractures of single vertebra and 66.67% (16/24) with
fractures of multiple vertebrae. Multiple fractures occurred in two vertebrae in 62.5% of patients (10/16) and
in more than two vertebrae in 37.5% (6/16) of patients.
According to the lumbar levels involved, the fractures
occurred in L1 vertebra in 26.53% (13/49) of vertebrae, in L2 vertebra in 34.69% (17/49), in L3 vertebra in
20.41% (10/49), in L4 vertebra in 12.24% (6/49), and in
L5 vertebra in 6.12% (3/49).

RESULTS
Predominant anatomic distributions of abdominal crush
injuries
In this cohort, lumbar vertebrae or abdominal wall soft
tissue injuries occurred in 33.33% (17/51) of victims; retro- or intraperitoneal injuries occurred in 11.76% (6/51)
of victims; and both lumbar vertebrae or abdominal wall
soft tissue injuries and retro- or intraperitoneal injuries
occurred in 54.91% (28/51) of victims. Lumbar vertebrae
or abdominal wall soft tissue injuries were more common
than retro- or intraperitoneal injuries (P = 0.017).
Injuries of lumbar vertebrae appeared as fractures.
Fractures of lumbar vertebrae, injuries of abdominal wall
soft tissue, and both fractures of lumbar vertebrae and
injuries of abdominal wall soft tissue occurred in 33.33%
(17/51), 41.18% (21/51) and 11.76% (7/51) of patients,
respectively. No statistical differences were found between fractures of lumbar vertebrae and injuries of abdominal wall soft tissue (P = 0.484).
In this cohort, patients with retro- or intraperitoneal
injuries were composed of retroperitoneal injuries in
35.29% (18/51), intraperitoneal injuries in 9.8% (5/51),
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Table 2 Cases of crush retroperitoneal injuries according to
the viscera involved and types of lesions (n = 14) n (%)
Retroperitoneal injuries
Renal and perirenal injuries
Perirenal hematoma
Subcapsular hematoma
Fluid collection in perirenal space
Air collection in perirenal space
Hemorrhage of renal cyst
Pancreatic injury
Traumatic pancreatitis
Pancreatic rupture with hematoma
Renal injuries + pancreatic injury
Renal contusion + pancreatic contusion
Renal injuries + injury of abdominal aorta
Rupture of abdominal aortic aneurysm +
perirenal hematoma

Cases of crush
retroperitoneal injuries
4 (28.57)
1 (7.14)
2 (14.29)
1 (7.14)
1 (7.14)
2 (14.29)
1 (7.14)

Figure 2 Computed tomography scan obtained at the level of the renal
hilum in a 13-year-old girl with crush abdominal injuries demonstrates
pancreatic rupture (arrow) and hepatorrhexis (arrowhead) with hematoma.

1 (7.14)
1 (7.14)

As for intraperitoneal injuries, 16 patients had intraperitoneal injuries. Intraperitoneal parenchymal injuries
were composed of liver injuries (Figure 2) and splenic
injuries with or without seroperitoneum and pneumoperitoneum in a total of 9 patients, and the remaining
patients were composed of seroperitoneum in 5 patients
and pneumoperitoneum in 2 patients. Detailed cases of
these results are listed in Table 3. Liver injuries were more
often seen than splenic injuries (P < 0.001).
Additionally, parenchymal polytraumatism (Figure 2)
associated with the earthquake was found in 7.84% (4/51)
of patients including injury in bilateral kidneys, in unilateral kidney and liver, in liver and pancreas, and in unilateral kidney and liver and pancreas each in 1 patient.

Table 3 Cases of crush intraperitoneal injuries according to
the viscera involved and types of lesions (n = 9) n (%)
Intraperitoneal injuries
Liver injuries
Hepatorrhexis
Hepatorrhexis with hematoma
Hepatorrhexis with subcapsular hematoma
Splenic rupture
With hematoma
With subcapsular hematoma

Cases of crush
intraperitoneal injuries
3 (33.33)
3 (33.33)
1 (11.11)
1 (11.11)
1 (11.11)

With regard to injuries of abdominal wall soft tissue,
these occurred in a total of 28 patients. Intramuscular hematoma, muscular swelling or fatty edema were detected
in 64.29% of patients (18/28), and 35.71% of patients
(10/28) had both subcutaneous air collection and swelling of abdominal wall soft tissue. According to the anatomic regions involved, injuries of abdominal wall soft
tissue occurred in the anterior abdominal wall in 10.71%
of patients (3/28), in the posterior abdominal wall in
14.29% (4/28), in the flank abdominal wall in 24.43%
(6/28), in both the anterior and posterior abdominal wall
in 14.29% (4/28), in the flank and anterior abdominal
wall in 10.71% (3/28), in the flank and posterior abdominal wall in 10.71% (3/28), and in the flank and anterior
and posterior abdominal wall in 17.86% (5/28).

DISCUSSION
During the past 20 years, natural disasters have claimed
more than three million lives worldwide[13]. With respect
to loss of life, an earthquake is the most harmful disaster among all types of natural disasters[14]. In the 2008
Sichuan earthquake, 374 643 people were injured. Based
on the patients presenting in the university hospital, abdominal crush injuries were one type of injury which
occurred in 2.05% (56 of 2728), which was higher than
the morbidity (1%) in the 2005 Kashmir earthquake[15].
Based on the largest number of injured people treated in
the hospital in the earthquake-affected area, we proposed
that the CT features of abdominal crush injuries might
be helpful in better understanding and treatment planning of survivors with abdominal crush injuries in similar
future earthquakes.
As an emergency imaging tool for diagnosing abdominal crush injuries, MDCT helps to image the injuries
as soon as possible in a great number of injured patients
due to an increased speed of image acquisition, and significantly reduces the time requirements for initial diagnostic evaluation[16]. We, therefore, focused on the emergency assessment of abdominal injuries using 16-row
MDCT scanners in this earthquake setting. Because of
the suspicion of acute renal failure associated with crush

Retro- vs intraperitoneal injuries
In this cohort, 29 patients had retroperitoneal injuries.
The injuries were composed of renal or perirenal injuries (Figure 1), traumatic pancreatitis or pancreatic injury
(Figure 2), rupture of abdominal aortic aneurysm, fluid
collection in perirenal space and air collection in the posterior perirenal space in a total of 14 patients, and the
remaining patients had swelling of perirenal fascia. The
detailed results are listed in Table 2. Renal or perirenal
injuries were more often seen than injuries of the other
organs in the retroperitoneal space (P < 0.001).
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syndrome in the massive earthquake, use of iodinated
contrast might presumably potentiate the development
of renal failure in some patients, and the emergency CT
scans of the abdomen were performed without intravenous contrast material.
Clinically, we found that fractures of lumbar vertebrae
and injury of abdominal wall soft tissue were more often
seen than retro- and intraperitoneal injuries, which may
be explained by the fact that some victims with retroand intraperitoneal injuries may have died before a rescue
could be carried out, whereas most victims with fractures
of lumbar vertebrae or injury of abdominal wall soft tissue survived long enough to be transported to the hospital to receive effective treatments.
Additionally, we found that retroperitoneal injuries
were more common than intraperitoneal injuries. According to Chen et al[17], most victims fell down and were
trapped in the prone position when the earthquake occurred, and the high-force impacts of collapsed buildings and falling objects frequently struck the lower back,
which eventually results in a high frequency of retroperitoneal injuries.
With regard to fractures of lumbar vertebrae, fractures of multiple vertebrae were more often seen than
fractures of single vertebra, and occurred most frequently in two vertebrae. Regarding the involved anatomic sites
of a vertebra, fractures of the transverse process were
more common than those of the body, spinous process
and vertebral plate. Based on the vertebral levels involved,
L1-3 fractures were more common in patients with crush
fractures of lumbar vertebrae, which was consistent with
a previous report[9].
As for retroperitoneal parenchymal injuries in the massive earthquake, renal and perirenal injuries were more
often seen than injuries to other organs in the retroperitoneal space. According to Sever et al[18], the renal victims
were of vital importance since they could predict the final outcome as well as be directive for medical therapies.
We presumed that the CT findings could help us to better
understand renal injuries from the earthquake for effective treatments to improve therapeutic outcome.
As for intraperitoneal parenchymal injuries arising
from this earthquake, they were composed of liver and
splenic injuries. Liver injuries were more often seen than
injuries of any other parenchymal viscera. In addition,
seroperitoneum occurred frequently in patients with abdominal crush injury. Full thickness bowel disruption was
not represented in the population under study, which may
be explained by the fact that victims with lethal injuries
died before a rescue was carried out.
In view of the severity of abdominal crush injuries,
abdominal parenchymal polytraumatism may be a good
indicator. According to Ersoy et al[19], multiple injuries
were more frequent in nonsurvivors than in survivors
during the Marmara earthquake, and polytraumatism was
one of the main factors which increased mortality risk
in dialyzed injuries after the earthquake. In our study, we
found that 7.84% (4/51) of patients had parenchymal
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polytraumatism. Although the morbidity of victims with
abdominal parenchymal polytraumatism was not significant, attention should be paid clinically to prevent high
mortality.
There were two inevitable limitations in our study.
Firstly, contrast-enhanced abdominal CT scanning could
not be performed in the earthquake situation due to
suspicion of acute renal failure associated with crush
syndrome, however, these non-enhanced CT scans could
still image the injury patterns as illustrated in the present
study. Secondly, this university hospital was 92 kilometers
away from the epicenter, which could cause selection bias
in the sampling of patients. Despite the limitations, this
study illustrates the features of abdominal crush injury
in survivors using MDCT focusing on the predominant
anatomic distributions, which may be helpful in better
understanding abdominal crush injury resulting from another earthquake to provide effective treatments.
In conclusion, the high incidence of lumbar vertebral fractures occurring predominantly in the transverse
process of two vertebrae among L1-3 vertebrae, and in
injuries of abdominal wall soft tissue; and a relatively
high incidence of retroperitoneal parenchymal injury
predominantly in kidney compared to intraperitoneal
parenchymal injury predominantly in liver, might be features of abdominal crush injuries in an earthquake. We
hope that these features of abdominal crush injuries may
be helpful for the treatment of survivors in similar future
earthquakes.
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CEUS in the clinic. They also evaluated the diagnostic
performance of CEUS in characterizing complex cystic
focal liver lesions and the agreement between two investigators with different experience levels; and found
that CEUS is especially useful for the young investigator. They assessed the effect of anti-angiogenic gene
therapy for HCC treated by microbubble-enhanced US
exposure and concluded that gene therapy mediated
by US exposure enhanced by a microbubble contrast
agent may become a new treatment option for HCC.

Abstract
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© 2011 Baishideng. All rights reserved.

Key words: Ablation; Cancer; Contrast-enhanced ultrasound; Interventional ultrasound; Liver; Three-dimensional ultrasound
Department of Radiology, University Hospital Brno and Medical
Faculty, Masaryk University Brno, Jihlavska 20, 639 00 Brno,
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It is an era of diagnostic and interventional ultrasound
(US). Various new techniques such as three-dimensional US (3D US), interventional US, and contrastenhanced US (CEUS) have been introduced into clinical
practice. Dr. Xu and his colleagues have taken advantage of these techniques and carried out a series of relevant studies. Their use of 3D US in the liver, gallbladder, liver tumor volumetry, guidance for ablation, and
3D CEUS has widened the application of 3D US in the
clinic. They found that prognosis in patients with hepatocellular carcinoma (HCC) after thermal ablation with
curative intent was determined by treatment response
to ablation, pretreatment serum AFP, and liver function
reserve. Tumor response to treatment was the most
predictive factor for long-term survival. They compared
the use of percutaneous microwave ablation and radiofrequency ablation for the treatment of HCC and found
that both are effective methods in treating HCCs. The
local tumor control, complications related to treatment,
and long-term survival were equivalent for the two modalities. They first compared the enhancement patterns
of HCC and intrahepatic cholangiocarcinoma (ICC) and
proposed the diagnostic clues for ICC, liver angiomyolipoma (AML), gallbladder cancer, renal carcinoma, and
renal AML, which have greatly enhanced the role of
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INTRODUCTION AND EDUCATIONAL
EXPERIENCE
Professor Dr. Hui-Xiong Xu is the Chair of the Department of Medical Ultrasound and the Vice-Chair of the
Medical Imaging Center, Shanghai Tenth People’s Hospital and the Tenth People’s Hospital of Tongji University, Shanghai, China. He was enrolled in Tongji Medical
University, Wuhan, China, in 1989 and obtained his M.D.
degree in 1994. After graduation, he became a resident in
the Department of Ultrasound, Tongji Hospital, Tongji
Medical University and from then on he has devoted
his career to the research and application of ultrasound
(US) in medicine. In 1996, he became a doctoral student
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of Professor Qing-Ping Zhang, a famous pioneer in
Diagnostic Ultrasound. He learned a lot from Professor
Zhang, not only the knowledge of specialty, but also how
to be a righteous person. In 2000, his article entitled “3D
Ultrasound of Abdominal Structures” was awarded The
Grand Prix of The First 3D Clinical Contest, which was
sponsored by the 3D Ultrasound Research Foundation
in Korea. After 5-year doctoral course, he finished his
thesis on Three-dimensional Ultrasound in Abdomen
and obtained a PhD degree in Medical Imaging from
Tongji Medical College, Huazhong University of Science
and Technology, Wuhan, China. To further strengthen
his academic background, he continued to seek strict scientific training and found a postdoctoral position in The
First Affiliated Hospital, Sun Yat-Sen University, Guangzhou, China, under the instruction of Professor MingDe Lu. In 2003, he became an Associate Professor and
in 2006 a Professor of Sun Yat-Sen University through
a non-routine promotion due to his significant academic
achievements. In 2005, he visited the Department of
Gastroenterology and Hepatology of Tokyo Medical
University Hospital, Tokyo, Japan. He stayed there for
1 year to carry out research on contrast-enhanced US
(CEUS) under the instruction of Professor Moriyasu as
a Visiting Research Fellow. In 2011, he transferred to his
current position. His academic positions are as follows:
Supervisor of PhD candidates; Vice-president, Youth
Committee of Ultrasound Branch, Chinese Medical Association (CMA); Member of Abdominal Group, Ultrasound Branch of CMA; Council Member of Abdominal
Branch, Chinese Association of Ultrasound and Medical
Engineering (CAUME); Member of Standing Council,
Interventional Ultrasound Committee, Chinese Association of Medical Imaging Technique; Secretary-General,
Member of Standing Committee of Ultrasound Branch,
Guangdong Medical Doctor Association; Member of
Standing Committee of Ultrasound Branch, Guangdong
Association of Liver Diseases; Corresponding Member,
European Society of Radiology; Member, International
Contrast Ultrasound Society. He is the expert panel
member for the new international liver CEUS guideline
sponsored by the World Federation of Ultrasound in
Medicine and Biology (WFUMB) and the American Institute of Ultrasound in Medicine, which will be released
in August 2011 in Vienna, Austria. He serves as an editorial board member of a number of journals including the
Chinese Journal of Cancer, Chinese Journal of Medical Imaging
Technique, Journal of US-China Medical Science, and he is
proud to be the Vice Editor-in-Chief of World Journal of
Radiology. He is also a peer reviewer for journals such as
European Radiology and Journal of Ultrasound in Medicine. In
recent years, he has published approximately 30 articles in
international journals as the first or corresponding author
in the field of diagnostic and interventional US. Because
of his outstanding achievements, he was named as the
New Century Excellent Talent sponsored by the Chinese
Ministry of Education and Distinguished Scholar by
CAUME.
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ACADEMIC STRATEGIES AND GOALS
In recent years, Dr. Xu’s research areas focused on threedimensional US (3D US), CEUS, and interventional
US. Besides the use of 3D US in prenatal diagnosis, he
also utilized 3D US to visualize the liver and gallbladder,
guide interventional procedures, and evaluate treatment
response after local therapies. Since the introduction of
CEUS in China in 2004, he has carried out a number of
studies to evaluate its usefulness in clinical practice. He
first reported the use of CEUS in small focal liver lesions
by using the new generation contrast agent SonoVue and
novel low mechanical index contrast specific techniques,
as well as the enhancement pattern of intrahepatic cholangiocarcinoma (ICC). Due to his contribution concerning the use of CEUS in liver, he was invited by Professor
Claudon, the Chairman of WFUMB, to compile the new
version of the International CEUS Guideline for Liver.
His career goal is to utilize up-to-date US techniques to
improve the diagnosis and treatment of various diseases.

ACADEMIC ACHIEVEMENTS
Dr. Xu’s activities in diagnostic and interventional US and
his contributions are as follows:
3D US
Xu et al[1] assessed the differences between 2D and 3D
US in evaluating fetal malformations. The results showed
that in comparison with 2D US, 3D US improves the
diagnostic capability by offering more diagnostic information in evaluating fetal malformations, particularly in
displaying malformations of the cranium and face, spine
and extremities, and body surface. 3D US is a valuable
adjunct to 2D US in prenatal diagnosis. They investigated
the potential clinical usefulness of 3D gray scale volume
rendering in the liver. That is a challenging task since few
investigators had previously evaluated this. They found
that in patients with ascites, 3D US was superior to 2D
US in terms of surface features, edges, overall 3D impression, image clarity, and structural relationships. In patients without ascites, 3D US was superior to 2D US with
respect to the continuity of intrahepatic vessels, overall
3D impression of the vessels, image clarity, and the relationship between lesions and neighboring vessels[2].
They first evaluated the accuracy and reproducibility of
a commercially-available 3D US volume measurement
system based on automatic border detection technique,
VOCAL™ (virtual organ computer-aided analysis) in
the volumetry of liver tumors. They confirmed that the
new system can greatly reduce the time taken and manual
labor needed for volume measurement with high accuracy and reproducibility. 3D US volumetry using the new
system is more acceptable and valuable in clinical practice
and is expected to be useful for evaluation of the efficacy
of tumor therapy in situ in patients with hepatic tumors[3].
They also found that a 3D power Doppler projection image gives a better overall picture of vascular distribution
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than a 2D slice and significantly correlates with angiography for delineating vascularity in hepatocellular carcinoma (HCC)[4]. The gallbladder is an idea organ for 3D US,
Xu et al[5] compared 3D US with 2D US for the diagnosis
of gallbladder diseases. It was found that 3D US adds no
advantages for the diagnosis of gallstones compared with
2D US, but it is better than 2D US for differential diagnosis of gallbladder polyps and may improve the localization and staging for gallbladder carcinoma. Their efforts
have widened the utility of 3D US in clinical practice.

ness of 3D CEUS for this purpose. They found that 3D
CEUS enhances the diagnostic confidence in the majority
of patients and even changes the management in some
patients. 3D CEUS has potential usefulness in evaluating
treatment response in liver cancer after local therapies.

Interventional US
US-guided ablation therapy for HCC has gained increased attention as a curative option for early HCC. Xu
et al[6] investigated the therapeutic efficacy of thermal
ablation for the treatment of HCC using microwave and
radiofrequency (RF) energy application. Complete ablation was obtained in 92.6% (176/190) nodules and local
recurrence was found in 9.5% nodules in the follow-up.
1, 2 and 3-year cumulative survival was 75.6, 58.5, and
50.0%, respectively. The relatively low survival rates were
partly due to the fact that recurrent HCC accounted for
the majority of the cases. They also tried to identify prognostic factors for long-term outcome in patients with
HCC after percutaneous microwave or radiofrequency
ablation[7]. Prognosis for patients with HCC after thermal
ablation with curative intent was determined by treatment
response to ablation, pretreatment serum AFP, and liver
function reserve. Tumor response to treatment was the
most predictive factor for long-term survival and was
related to tumor size, thus careful selection of patients
for ablation therapy is recommended. They compared
the use of percutaneous microwave ablation and radiofrequency ablation for the treatment of HCC and found
that percutaneous microwave ablation and radiofrequency ablation are both effective methods in treating HCCs.
The local tumor control, complications related to treatment, and long-term survival were equivalent for the two
modalities[8,9]. To improve the targeting and monitoring
of ablation, they applied 3D US in the guidance. Their
results showed that 3D US was useful in delineation of
expandable RF electrodes, improvement of operator
confidence level, determination of applicator placement,
and visualization of the position relationship between the
applicator and adjacent critical structures during procedures of liver cancer ablation under image guidance[10].
Tumor location close to the diaphragm or gastrointestinal
tract was regarded as a treatment contraindication due to
poor visibility of the tumor or increased risk of thermal
injury to the adjacent organs. To solve this problem, Xu
et al[11] utilized artificial pleural effusion or ascites to improve visualization of the tumor and isolation from adjacent critical structures. The technical success rates were
95% for artificial pleural effusion and 100% for artificial
ascites. These techniques are safe and effective, which
provide treatment opportunities for complicated cases.
To improve the treatment response evaluation after ablation therapy, Xu et al[12] investigated the potential useful-

Liver: Xu et al[13] evaluated its performance in diagnosing
focal liver lesions. Their results showed that the sensitivity, speciﬁcity, and positive predictive value, respectively,
were 88.8%, 89.2%, and 91.3% for HCC; 81%, 100%,
and 100% for liver metastasis; 57.1%, 100%, and 100%
for ICC; 94.6%, 100%, and 100% for liver hemangioma; and 90.9%, 97.8%, and 71.4% for focal nodular
hyperplasia. Xu et al[14] further assessed the diagnostic
performance of CEUS characterization of small focal
liver lesions (FLLs; ≤ 3.0 cm in diameter). Their results
showed that after review of CEUS, ROC analysis revealed a significant improvement in differentiating between malignant and benign small FLLs, where the areas
under the ROC curve were 0.856 at baseline US vs 0.954
at CEUS (P < 0.001) and 0.857 vs 0.954 for reader 2 (P =
0.003). The sensitivity, negative predictive value, and accuracy for both readers also improved significantly after
contrast agent administration (all P < 0.001). A better
result of specific diagnosis was obtained [38.5% (77/200)
at baseline US vs 80.5% (161/200) at CEUS for reader
1 and 34.5% (69/200) vs 80.5% (161/200) for reader 2;
both P < 0.001] after contrast agent administration, and
a better interobserver agreement was achieved (κ = 0.425
at baseline US vs 0.716 at CEUS). Thus, CEUS improves
the diagnostic performance in small FLLs compared with
baseline US. For smaller FLLs (≤ 2 cm), similar results
were obtained although the sensitivity for HCC was relatively low[15].
ICC is a malignant tumor originating from the bile
duct epithelium of the interlobular biliary duct. US findings are nonspecific for ICC. Xu et al[16] and Chen et al[17,18]
evaluated the use of CEUS in characterization of ICC.
They first reported that four enhancement patterns exist
in the arterial phase for ICC, which were (1) peripheral
irregular rim-like hyperenhancement; (2) diffuse heterogeneous hyperenhancement; (3) diffuse homogeneous
hyperenhancement; and (4) diffuse heterogeneous hypoenhancement, which accounts for 47.5%, 22.5%,
12.5% and 17.5%, respectively, for ICC[17]. The enhancement patterns of ICC on CEUS were consistent with
those on contrast-enhanced CT (CECT) in the arterial
phase, whereas in the portal phase ICC faded out more
obviously on CEUS than on CECT. CEUS had the same
accuracy as CECT in diagnosing ICCs, and so can be
used as a new modality for the characterization of ICC.
Concerning the differentiation between ICC and HCC,
the sensitivity (28%-44% vs 82%-90%) and accuracy
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Low mechanical index CEUS has greatly changed the
status of US techniques since its introduction into clinic
practice.
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(64%-71% vs 90%) improved significantly after CEUS (all
P < 0.05). The interobserver agreement increased from κ
= 0.575 at BUS to κ = 0.720 after CEUS[18]. Thus CEUS
significantly improves the diagnostic performance in the
differentiation between ICC and HCC.
Complex cystic FLLs are those containing large fluidfilled areas within the lesions; they are increasingly common in clinical practice as a result of the increasing use
of hepatic imaging. Lin et al[19] evaluated the diagnostic
performance of CEUS in characterizing complex cystic
FLLs. The US and CEUS images were reviewed by a
resident radiologist and a staff radiologist independently.
After ROC analysis, the areas (Az) under the ROC curve
were 0.774 at US vs 0.922 at CEUS (P = 0.047) by the
resident radiologist, and 0.917 vs 0.935 (P = 0.38) by the
staff radiologist. A significant difference in Az between
the resident and the staff radiologist was found for US
(0.774 vs 0.917, P = 0.044), but not for CEUS (0.922 vs
0.935, P = 0.42). Interobserver agreement was improved
after CEUS (κ = 0.325 at US vs κ = 0.774 at CEUS).
Real-time CEUS improves the capability of discriminating between benign and malignant complex cystic FLLs,
especially for the resident radiologist.
Hepatic angiomyolipoma (AML) is generally considered a rare benign mesenchymal tumor of the liver.
With the increasing clinical application of imaging, more
and more hepatic AMLs are being detected. Wang et al[20]
found that arterial hyperenhancement and subsequent
sustained enhancement on CEUS were found in the
majority of hepatic AMLs. The combination of BUS
and CEUS leads to the correct diagnosis in the majority of hepatic AMLs, and is higher than the success rate
achieved by BUS alone. For those unusual benign FLLs,
Xu et al[21] found that CEUS was beneficial in leading to a
benign diagnosis for some lesions showing hyperenhancement during the arterial phase and sustained enhancement during the portal or late phase, such as liver AML
and lipoma. The benign nature of other lesions showing
no enhancement during all phases, such as solitary necrotic nodules and focal fibrosis, was also observable. On
the other hand, for those lesions showing hyperenhancement, isoenhancement, or hypoenhancement during
the arterial phase and hypoenhancement during the late
phase, including intrahepatic biliary cystadenoma, biliary
epithelial dysplasia, infected liver diseases, inflammatory
pseudotumor, sarcoidosis, and peliosis hepatis, the differential diagnosis between benignity and malignancy was
difficult, and pathologic tests were mandatory.
The feasibility of 3D CEUS in liver imaging was
evaluated by Xu et al[22]. The patients were classified into
two groups: those for characterization and those for local
treatment response evaluation. The investigators found
that 3D CEUS results in better image quality and leads
to higher diagnostic confidence in those for treatment
response evaluation, and perhaps is more useful in this
aspect in future clinical setting.

is the first-line imaging investigation for diagnosis of
gallbladder diseases, but can result in difficulty in determining the nature of the gallbladder lesions in some
cases, especially in differentiating chronic cholecystitis
with thickened wall from gallbladder carcinoma with
thickened wall or in differentiating motionless sludge
from gallbladder cancer[23,24]. Xie et al[23] evaluated the
usefulness of CEUS in diagnosing gallbladder diseases.
They found that characters such as hyperenhancement or
isoenhancement in the early phase and then fading out
to hypoenhancement, as well as destruction of the gallbladder wall intactness, are more frequent in malignancy.
Conventional US resulted in correct original diagnoses
in 68.8% patients, and CEUS in 96.3%. Thus, CEUS is
useful in the differential diagnosis between malignant and
benign gallbladder diseases.
Xu et al[25] compared the enhancement pattern of hilar
cholangiocarcinoma on CEUS with that on CECT. They
found that the enhancement pattern of hilar cholangiocarcinoma on CEUS was similar with that on CECT
in the arterial phase, whereas in the portal phase, hilar
cholangiocarcinoma shows hypoenhancement on CEUS.
CEUS and CECT lead to similar results in evaluating
portal vein infiltration and diagnosis of this entity.
Xu et al[26] first reported the experience of CEUS in
villous adenoma of the extrahepatic bile duct. In this
disease, CEUS showed hyperenhancement during the
arterial phase and subsequent washout, suggesting it was
a hypervascular lesion and excluded the diagnosis of
sludge, nonshadowing stones, and blood clots. Because
the lesion exhibited homogeneous echogenicity, the bile
duct wall was intact, and invasive signs were absent on a
BUS, the diagnosis of a benign tumor such as an adenoma was suggested.
Kidney: Renal cell cancer (RCC) is the most common malignant tumor of kidney, which accounts for 80% to 90%
of renal tumors. Xu et al[27] observed the CEUS features
of RCC and found that hyper- or iso-enhancement during the cortical phase, subsequent washout in the late
phase, inhomogeneous enhancement, and perilesional
rim-like enhancement are clues for RCCs, which might
be useful for characterization of RCCs. They[28] further
evaluated the usefulness of CEUS in differentiating RCC
from renal AML (RAML). They found that the CEUS
features of early wash-out, heterogeneous enhancement,
and an enhanced peritumoral rim are highly suggestive
of RCC, whereas homogeneous enhancement and prolonged enhancement are characteristic manifestations
of RAML. The sensitivity, specificity, positive predictive
value, negative predictive value, and accuracy of CEUS
in differentiation were 88.2%, 97.0%, 98.8%, 74.4%, and
90.5%, respectively. Thus, CEUS is valuable in differentiating RCC from RAML.
Experimental study: Nie et al[29] explored the effects of
US exposure combined with microbubble contrast agent
(SonoVue) on the permeability of the cellular membrane

Gallbladder and bile duct: Conventional gray-scale US
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and on the expression of plasmid DNA encoding enhanced green ﬂuorescent protein (pEGFP) transfer into
human umbilical vein endothelial cells (HUVECs). They
found that the percentage of FD500-positive HUVECs
in the group of US exposure combined with SonoVue
was signiﬁcantly higher than that of the group of US exposure alone (66.6% ± 4.1% vs 24.0% ± 5.5%, P < 0.001).
Compared with the group of US exposure alone, the
transfection expression rate of pEGFP in HUVECs was
markedly increased with the addition of SonoVue (1.5%
± 0.2% vs 16.1% ± 1.9%, P < 0.001). No statistically
significant difference was observed in the survival rates
of the HUVECs between the US group with and without the addition of SonoVue (94.1% ± 2.3% vs 91.1%
± 4.1%). The cell membrane permeability of HUVECs
and the transfection efficiency of pEGFP into HUVECs
exposed to US are signiﬁcantly increased after addition
of an US contrast agent without obvious damage to the
survival of HUVECs. This noninvasive gene transfer
method may be a useful tool for clinical gene therapy.
They further assessed the effect of anti-angiogenic
gene therapy for HCC treated by microbubble-enhanced
US exposure[30]. Compared with the group treated by US
alone, KDR-tk gene treatment by US combined with
SonoVue inhibited tumor growth and increased survival
time of tumor-bearing mice; microvessel density in the
US and SonoVue group was signiﬁcantly lower than that
in the US alone group (12.3 ± 1.4 vs 27.4 ± 3.2, P < 0.05).
An apoptosis index increased in the group treated with
US and SonoVue compared with the group treated with
US alone (25 ± 3.6 vs 36 ± 3.8, P < 0.05), whereas there
was no signiﬁcant difference between the SonoVue alone
group and the phosphate-buffered saline alone group (17
± 1.8 vs 14 ± 1.2, P > 0.05). The authors concluded that
gene therapy mediated by US exposure enhanced by a
microbubble contrast agent may become a new treatment
option for persistent HCC.
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CONCLUSION
Due to the rapid progress in image processing and transducer design, US has gained increasing attention in clinical practice in recent years. It is now an era of diagnostic
and interventional US[31-33]. Dr. Xu’s studies in the fields
of 3D US, interventional US, and CEUS has greatly enriched the use of US in diagnosis and treatment.
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Events Calendar 2011
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Radiology at Snowbird
San Diego, Mexico
January 24-28
Neuro/ENT at the Beach
Palm Beach, FL, United States
February 28-29
MIAD 2011 - 2nd International
Workshop on Medical Image
Analysis and Description for
Diagnosis System
Rome, Italy
February 5-6
Washington Neuroradiology Review
Arlington, VA, United States
February 12-17
MI11 - SPIE Medical Imaging 2011
Lake Buena Vista, FL, United States
February 17-18
2nd National Conference Diagnostic
and Interventional Radiology 2011
London, United Kingdom
Februrary 17-18
VII National Neuroradiology Course
Lleida, Spain
February 18
Radiology in child protection
Nottingham, United Kingdom

March 20-25
Abdominal Radiology Course 2011
Carlsbad, CA, United States
March 26-31
2011 SIR Annual Meeting
Chicago, IL, United States

May 24-26
Russian Congress of Radiology
Moscow, Russia

March 28-April 1
University of Utah Neuroradiology
2nd Intensive Interactive Brain &
Spine Imaging Conference
Salt Lake City, UT, United States

June 4-8
58th Annual Meeting of the Society
of Nuclear Medicine
San Antonio,
TX, United States

April 3-8
43rd International Diagnostic Course
Davos on Diagnostic Imaging and
Interventional Techniques
Davos, Switzerland
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UKRC 2011 - UK Radiological
Congress
Manchester, United Kingdom

April 6-9
Image-Based Neurodiagnosis:
Intensive Clinical and Radiologic
Review, CAQ Preparation
Cincinnati, OH, United States
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CIRA 2011 - Canadian Internventinal
Radiology Association Meeting
Montreal, QC, Canada

April 28-May 1
74th Annual Scientific Meeting
of the Canadian Association of
Radiologists CAR
Montreal, Canada
May 5-8
EMBL Conference-Sixth
International Congress on Electron
Tomography
Heidelberg, Germany
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2011 Abdominal Radiology Course
Carlsbad, CA, United States
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27th Iranian Congress of Radiology
Tehran, Iran

March 3-7
European Congress of Radiology
Meeting ECR 2011 Vienna, Austria

May 14-21
Radiology in Marrakech
Marrakech, Morocco

March 6-9
World Congress Thoracic Imaging - IV
Bonita Springs, FL, United States

May 21-24
European Society of Gastrointestinal
and Abdominal Radiology 2011
Annual Meeting
Venice, Italy
May 23-25
Sports Medicine Imaging State of
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INSTRUCTIONS TO AUTHORS
ticles, thereby realizing the maximization of the personal benefits
of editorial board members, authors and readers, and yielding the
greatest social and economic benefits.

GENERAL INFORMATION

World Journal of Radiology (World J Radiol, WJR, online ISSN
1949-8470, DOI: 10.4329), is a monthly, open-access (OA), peerreviewed journal supported by an editorial board of 319 experts in
Radiology from 40 countries.
The biggest advantage of the OA model is that it provides free,
full-text articles in PDF and other formats for experts and the public without registration, which eliminates the obstacle that traditional
journals possess and usually delays the speed of the propagation
and communication of scientific research results. The open access
model has been proven to be a true approach that may achieve the
ultimate goal of the journals, i.e. the maximization of the value to
the readers, authors and society.

Aims and scope
The major task of WJR is to rapidly report the most recent improvement in the research of medical imaging and radiation therapy by the
radiologists. WJR accepts papers on the following aspects related to
radiology: Abdominal radiology, women health radiology, cardiovascular radiology, chest radiology, genitourinary radiology, neuroradiology, head and neck radiology, interventional radiology, musculoskeletal radiology, molecular imaging, pediatric radiology, experimental
radiology, radiological technology, nuclear medicine, PACS and
radiology informatics, and ultrasound. We also encourage papers that
cover all other areas of radiology as well as basic research.

Maximization of personal benefits
The role of academic journals is to exhibit the scientific levels of
a country, a university, a center, a department, and even a scientist,
and build an important bridge for communication between scientists and the public. As we all know, the significance of the publication of scientific articles lies not only in disseminating and communicating innovative scientific achievements and academic views,
as well as promoting the application of scientific achievements, but
also in formally recognizing the “priority” and “copyright” of innovative achievements published, as well as evaluating research per
formance and academic levels. So, to realize these desired attributes
of WJR and create a well-recognized journal, the following four
types of personal benefits should be maximized. The maximization
of personal benefits refers to the pursuit of the maximum personal
benefits in a well-considered optimal manner without violation of
the laws, ethical rules and the benefits of others. (1) Maximization
of the benefits of editorial board members: The primary task of
editorial board members is to give a peer review of an unpublished
scientific article via online office system to evaluate its innovativeness, scientific and practical values and determine whether it should
be published or not. During peer review, editorial board members
can also obtain cutting-edge information in that field at first hand.
As leaders in their field, they have priority to be invited to write
articles and publish commentary articles. We will put peer reviewers’ names and affiliations along with the article they reviewed in
the journal to acknowledge their contribution; (2) Maximization of
the benefits of authors: Since WJR is an open-access journal, readers around the world can immediately download and read, free of
charge, high-quality, peer-reviewed articles from WJR official website, thereby realizing the goals and significance of the communication between authors and peers as well as public reading; (3) Maximization of the benefits of readers: Readers can read or use, free of
charge, high-quality peer-reviewed articles without any limits, and
cite the arguments, viewpoints, concepts, theories, methods, results,
conclusion or facts and data of pertinent literature so as to validate the innovativeness, scientific and practical values of their own
research achievements, thus ensuring that their articles have novel
arguments or viewpoints, solid evidence and correct conclusion;
and (4) Maximization of the benefits of employees: It is an iron law
that a first-class journal is unable to exist without first-class editors,
and only first-class editors can create a first-class academic journal.
We insist on strengthening our team cultivation and construction so
that every employee, in an open, fair and transparent environment,
could contribute their wisdom to edit and publish high-quality ar-
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Columns
The columns in the issues of WJR will include: (1) Editorial: To introduce and comment on major advances and developments in the
field; (2) Frontier: To review representative achievements, comment
on the state of current research, and propose directions for future
research; (3) Topic Highlight: This column consists of three formats,
including (A) 10 invited review articles on a hot topic, (B) a commentary on common issues of this hot topic, and (C) a commentary
on the 10 individual articles; (4) Observation: To update the development of old and new questions, highlight unsolved problems, and
provide strategies on how to solve the questions; (5) Guidelines for
Basic Research: To provide guidelines for basic research; (6) Guidelines for Clinical Practice: To provide guidelines for clinical diagnosis
and treatment; (7) Review: To review systemically progress and
unresolved problems in the field, comment on the state of current
research, and make suggestions for future work; (8) Original Articles:
To report innovative and original findings in radiology; (9) Brief
Articles: To briefly report the novel and innovative findings in radiology; (10) Case Report: To report a rare or typical case; (11) Letters to
the Editor: To discuss and make reply to the contributions published
in WJR, or to introduce and comment on a controversial issue of
general interest; (12) Book Reviews: To introduce and comment on
quality monographs of radiology; and (13) Guidelines: To introduce
consensuses and guidelines reached by international and national
academic authorities worldwide on the research in radiology.
Name of journal
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Indexed and Abstracted in
PubMed Central, PubMed, Digital Object Identifer, and Directory
of Open Access Journals.
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Baishideng Publishing Group Co., Limited.

SPECIAL STATEMENT

All articles published in this journal represent the viewpoints of the
authors except where indicated otherwise.



May 28, 2011|Volume 3|Issue 5|

Instructions to authors
Biostatistical editing
Statisital review is performed after peer review. We invite an expert in
Biomedical Statistics from to evaluate the statistical method used in
the paper, including t-test (group or paired comparisons), chi-squared
test, Ridit, probit, logit, regression (linear, curvilinear, or stepwise),
correlation, analysis of variance, analysis of covariance, etc. The reviewing points include: (1) Statistical methods should be described
when they are used to verify the results; (2) Whether the statistical
techniques are suitable or correct; (3) Only homogeneous data can be
averaged. Standard deviations are preferred to standard errors. Give
the number of observations and subjects (n). Losses in observations,
such as drop-outs from the study should be reported; (4) Values such
as ED50, LD50, IC50 should have their 95% confidence limits calculated and compared by weighted probit analysis (Bliss and Finney);
and (5) The word ‘significantly’ should be replaced by its synonyms (if
it indicates extent) or the P value (if it indicates statistical significance).

Antiqua with ample margins. Number all pages consecutively, and
start each of the following sections on a new page: Title Page, Abstract, Introduction, Materials and Methods, Results, Discussion,
Acknowledgements, References, Tables, Figures, and Figure Legends. Neither the editors nor the publisher are responsible for the
opinions expressed by contributors. Manuscripts formally accepted
for publication become the permanent property of Baishideng
Publishing Group Co., Limited, and may not be reproduced by any
means, in whole or in part, without the written permission of both
the authors and the publisher. We reserve the right to copy-edit and
put onto our website accepted manuscripts. Authors should follow
the relevant guidelines for the care and use of laboratory animals
of their institution or national animal welfare committee. For the
sake of transparency in regard to the performance and reporting of
clinical trials, we endorse the policy of the ICMJE to refuse to publish papers on clinical trial results if the trial was not recorded in a
publicly-accessible registry at its outset. The only register now available, to our knowledge, is http://www.clinicaltrials.gov sponsored
by the United States National Library of Medicine and we encourage all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified. A
letter of recommendation from each author’s organization should
be provided with the contributed article to ensure the privacy and
secrecy of research is protected.
Authors should retain one copy of the text, tables, photographs
and illustrations because rejected manuscripts will not be returned
to the author(s) and the editors will not be responsible for loss or
damage to photographs and illustrations sustained during mailing.

Conflict-of-interest statement
In the interests of transparency and to help reviewers assess any potential bias, WJR requires authors of all papers to declare any competing commercial, personal, political, intellectual, or religious interests
in relation to the submitted work. Referees are also asked to indicate any
potential conflict they might have reviewing a particular paper. Before
submitting, authors are suggested to read “Uniform Requirements for
Manuscripts Submitted to Biomedical Journals: Ethical Considerations
in the Conduct and Reporting of Research: Conflicts of Interest” from
International Committee of Medical Journal Editors (ICMJE), which is
available at: http://www.icmje.org/ethical_4conflicts.html.
Sample wording: [Name of individual] has received fees for serving as a speaker, a consultant and an advisory board member for [names
of organizations], and has received research funding from [names of
organization]. [Name of individual] is an employee of [name of organization]. [Name of individual] owns stocks and shares in [name of
organization]. [Name of individual] owns patent [patent identification
and brief description].

Online submissions
Manuscripts should be submitted through the Online Submission
System at: http://www.wjgnet.com/1949-8470office. Authors are
highly recommended to consult the ONLINE INSTRUCTIONS
TO AUTHORS (http://www.wjgnet.com/1949-8470/g_info_
20100316162358.htm) before attempting to submit online. For
assistance, authors encountering problems with the Online Submi
ssion System may send an email describing the problem to wjr@
wjgnet.com, or by telephone: +86-10-85381892. If you submit your
manuscript online, do not make a postal contribution. Repeated
online submission for the same manuscript is strictly prohibited.

Statement of informed consent
Manuscripts should contain a statement to the effect that all human
studies have been reviewed by the appropriate ethics committee or it
should be stated clearly in the text that all persons gave their informed
consent prior to their inclusion in the study. Details that might disclose
the identity of the subjects under study should be omitted. Authors
should also draw attention to the Code of Ethics of the World Medical Association (Declaration of Helsinki, 1964, as revised in 2004).

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must be
typed in 1.5 line spacing and 12 pt. Book Antiqua with ample margins. Style should conform to our house format. Required information for each of the manuscript sections is as follows:

Statement of human and animal rights
When reporting the results from experiments, authors should follow
the highest standards and the trial should conform to Good Clinical Practice (for example, US Food and Drug Administration Good
Clinical Practice in FDA-Regulated Clinical Trials; UK Medicines
Research Council Guidelines for Good Clinical Practice in Clinical
Trials) and/or the World Medical Association Declaration of Helsinki. Generally, we suggest authors follow the lead investigator’s national standard. If doubt exists whether the research was conducted
in accordance with the above standards, the authors must explain the
rationale for their approach and demonstrate that the institutional
review body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved by
the relevant research ethics committee or institutional review board.
If human participants were involved, manuscripts must be accompanied by a statement that the experiments were undertaken with the
understanding and appropriate informed consent of each. Any personal item or information will not be published without explicit consents from the involved patients. If experimental animals were used,
the materials and methods (experimental procedures) section must
clearly indicate that appropriate measures were taken to minimize
pain or discomfort, and details of animal care should be provided.

Title page
Title: Title should be less than 12 words.
Running title: A short running title of less than 6 words should be
provided.
Authorship: Authorship credit should be in accordance with the
standard proposed by International Committee of Medical Journal
Editors, based on (1) substantial contributions to conception and
design, acquisition of data, or analysis and interpretation of data; (2)
drafting the article or revising it critically for important intellectual
content; and (3) final approval of the version to be published. Authors should meet conditions 1, 2, and 3.
Institution: Author names should be given first, then the complete
name of institution, city, province and postcode. For example, XuChen Zhang, Li-Xin Mei, Department of Pathology, Chengde
Medical College, Chengde 067000, Hebei Province, China. One author may be represented from two institutions, for example, George
Sgourakis, Department of General, Visceral, and Transplantation
Surgery, Essen 45122, Germany; George Sgourakis, 2nd Surgical
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Department, Korgialenio-Benakio Red Cross Hospital, Athens
15451, Greece

DUCTION, MATERIALS AND METHODS, RESULTS and
DISCUSSION, and should include appropriate Figures and Tables.
Data should be presented in the main text or in Figures and Tables,
but not in both. The main text format of these sections, editorial,
topic highlight, case report, letters to the editors, can be found at:
http://www.wjgnet.com/1949-8470/g_info_20100313183720.htm.

Author contributions: The format of this section should be:
Author contributions: Wang CL and Liang L contributed equally
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the
data; and Wang CL, Liang L and Fu JF wrote the paper.

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly
in the main text. Provide a brief title for each figure on a separate page. Detailed legends should not be provided under the
figures. This part should be added into the text where the figures
are applicable. Figures should be either Photoshop or Illustrator files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wjgnet.com/1007-9327/13/4891.pdf; http://www.
wjgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is
necessary in line-art image. Scale bars should be used rather than
magnification factors, with the length of the bar defined in the legend rather than on the bar itself. File names should identify the figure and panel. Avoid layering type directly over shaded or textured
areas. Please use uniform legends for the same subjects. For example: Figure 1 Pathological changes in atrophic gastritis after treatment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is our principle
to publish high resolution-figures for the printed and E-versions.

Supportive foundations: The complete name and number of supportive foundations should be provided, e.g., Supported by National
Natural Science Foundation of China, No. 30224801
Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title, affiliation, the complete name of institution, city, postcode, province,
country, and email. All the letters in the email should be in lower
case. A space interval should be inserted between country name and
email address. For example, Montgomery Bissell, MD, Professor of
Medicine, Chief, Liver Center, Gastroenterology Division, University of California, Box 0538, San Francisco, CA 94143, United States.
montgomery.bissell@ucsf.edu
Telephone and fax: Telephone and fax should consist of +, country number, district number and telephone or fax number, e.g., Telephone: +86-10-85381892 Fax: +86-10-85381893

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title, a
second under column heads, and a third below the Table, above any
footnotes. Vertical and italic lines should be omitted.

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts are
acknowledged in each manuscript, and reviewers of articles which
were not accepted will be acknowledged at the end of each issue.
To ensure the quality of the articles published in WJR, reviewers of
accepted manuscripts will be announced by publishing the name,
title/position and institution of the reviewer in the footnote accompanying the printed article. For example, reviewers: Professor
Jing-Yuan Fang, Shanghai Institute of Digestive Disease, Shanghai,
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong University, Shanghai, China; Professor Xin-Wei Han, Department of
Radiology, The First Affiliated Hospital, Zhengzhou University,
Zhengzhou, Henan Province, China; and Professor Anren Kuang,
Department of Nuclear Medicine, Huaxi Hospital, Sichuan University, Chengdu, Sichuan Province, China.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP <
0.05, bP < 0.01 should be noted (P > 0.05 should not be noted). If
there are other series of P values, cP < 0.05 and dP < 0.01 are used.
A third series of P values can be expressed as eP < 0.05 and fP < 0.01.
Other notes in tables or under illustrations should be expressed as
1
F, 2F, 3F; or sometimes as other symbols with a superscript (Arabic
numerals) in the upper left corner. In a multi-curve illustration, each
curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.

Abstract
There are unstructured abstracts (no more than 256 words) and
structured abstracts (no more than 480). The specific requirements
for structured abstracts are as follows:
An informative, structured abstracts of no more than 480
words should accompany each manuscript. Abstracts for original
contributions should be structured into the following sections. AIM
(no more than 20 words): Only the purpose should be included.
Please write the aim as the form of “To investigate/study/…;
MATERIALS AND METHODS (no more than 140 words);
RESULTS (no more than 294 words): You should present P values where appropriate and must provide relevant data to illustrate
how they were obtained, e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001;
CONCLUSION (no more than 26 words).

Acknowledgments
Brief acknowledgments of persons who have made genuine contributions to the manuscript and who endorse the data and conclusions should be included. Authors are responsible for obtaining
written permission to use any copyrighted text and/or illustrations.
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Coding system
The author should number the references in Arabic numerals according to the citation order in the text. Put reference numbers in
square brackets in superscript at the end of citation content or after
the cited author’s name. For citation content which is part of the
narration, the coding number and square brackets should be typeset
normally. For example, “Crohn’s disease (CD) is associated with
increased intestinal permeability[1,2]”. If references are cited directly
in the text, they should be put together within the text, for example,
“From references[19,22-24], we know that...”
When the authors write the references, please ensure that the
order in text is the same as in the references section, and also ensure
the spelling accuracy of the first author’s name. Do not list the same
citation twice.

Key words
Please list 5-10 key words, selected mainly from Index Medicus, which
reflect the content of the study.
Text
For articles of these sections, original articles and brief articles, the
main text should be structured into the following sections: INTRO-
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PMID and DOI, which can be found at http://www.ncbi.nlm.nih.
gov/sites/entrez?db=pubmed and http://www.crossref.org/SimpleTextQuery/, respectively. The numbers will be used in E-version
of this journal.
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Books
Personal author(s)
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Dekker, 1991: 431-450
Author(s) and editor(s)
12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March of
Dimes Education Services, 2001: 20-34
Conference proceedings
13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V.
Proceedings of the 5th Germ cell tumours Conference; 2001
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56
Conference paper
14 Christensen S, Oppacher F. An analysis of Koza's computational effort statistic for genetic programming. In: Foster JA,
Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic
programming. EuroGP 2002: Proceedings of the 5th European Conference on Genetic Programming; 2002 Apr 3-5;
Kinsdale, Ireland. Berlin: Springer, 2002: 182-191
Electronic journal (list all authors)
15 Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05;
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm
Patent (list all authors)
16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee.
Flexible endoscopic grasping and cutting device and positioning
tool assembly. United States patent US 20020103498. 2002 Aug
1

Style for journal references
Authors: the name of the first author should be typed in bold-faced
letters. The family name of all authors should be typed with the initial letter capitalized, followed by their abbreviated first and middle
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Statistical data
Write as mean ± SD or mean ± SE.
Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test as
2
χ (in Greek), related coefficient as r (in italics), degree of freedom
as υ (in Greek), sample number as n (in italics), and probability as P (in
italics).
Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h,
blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood
CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume
fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L formaldehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. Arabic
numerals such as 23, 243, 641 should be read 23 243 641.
The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1949-8470/
g_info_20100313185816.htm.
Abbreviations
Standard abbreviations should be defined in the abstract and on
first mention in the text. In general, terms should not be abbreviated unless they are used repeatedly and the abbreviation is helpful
to the reader. Permissible abbreviations are listed in Units, Symbols
and Abbreviations: A Guide for Biological and Medical Editors and
Authors (Ed. Baron DN, 1988) published by The Royal Society of
Medicine, London. Certain commonly used abbreviations, such as
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR,
CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly
without further explanation.
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