View metadata, citation and similar papers at core.ac.uk brought to you by ﬁ"CORE

provided by Okayama University Scientific Achievement Repository
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Abstract

Aneurysmal bone cysts (ABCs) are classified as bone-related lesions based on the
2005 World Health Organization histological classification of odontogenic tumors.
Most ABCs are diagnosed using a combination of conventional radiography, computed
tomography, magnetic resonance imaging (MRI), and digital subtraction angiography.
ABC s should be differentiated from true cysts or other pseudocysts because their
treatment is different. Additionally, unlike other cysts, ABCs pose a hemorrhagic risk
in surgery; thus, preoperative evaluation of intralesional blood flow is required. Here
we report a case of a mandibular ABC in a 39-year-old woman and focus on the cyst’s
magnetic resonance (MR) features using dynamic contrast-enhanced MRI (DCE-MRI).
On DCE-MRI, the lesion was divided into two areas according to the enhancement
pattern: the blood-pooling and blood-flow areas. The series of DCE-MR images of the
blood-pooling area showed marked enhancement of the margin, but no enhancement in
the inner part of the cavity. Additionally, the time-signal intensity curve (TIC)
demonstrated no change in the signal intensity (SI) until approximately 15 min after
gadolinium-diethylenetriamine penta-acetic acid (Gd-DTPA) administration. In
contrast, the series of DCE-MR images of the blood-flow area exhibited marked
enhancement in the cyst cavity in the early phase. The TIC showed a rapid increase in
SI in the early phase, followed by a rapid decrease until 150 s, and finally a gradual
decrease until approximately 15 min after Gd-DTPA administration. Thus, in the
current case, preoperative DCE-MRI clearly delineated the vessel-rich area within the

lesion.
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Introduction

Aneurysmal bone cysts (ABCs) are classified as bone-related lesions according to the
2005 World Health Organization (WHO) histological classification of odontogenic
tumors [1]. ABCs are relatively rare, nonneoplastic expansile lesions of the bone that
are commonly found in the long bones and spine [2, 3], and seldom involve the jaws [4,
5]. Bleeding may occur during biopsy or surgery for ABCs because they are aneurysms
with numerous pools of blood [6, 7]. Thus, before ABC treatment or biopsy is initiated,
noninvasive methods should be used for lesion diagnosis [8]. Most ABCs are diagnosed
using conventional radiography, computed tomography (CT), magnetic resonance
imaging (MRI), and digital subtraction angiography (DSA). However, some cases may
be difficult to diagnose even if examined by contrast-enhanced CT or MRI. Conversely,
dynamic contrast-enhanced MRI (DCE-MRI) can provide hemodynamic information
and measure lesion vascularity. Thus, we report a case of ABC in the mandible with a

focus on DCE-MRI to evaluate blood flow.

Case report



The radiographic, CT, and MRI findings of the present case have already been
reported in the Japanese Journal of Oral Diagnosis/Oral Medicine [9], but a diagnosis
of ABC was not made at that time. Subsequently, we reexamined the imaging features,
in addition to the DCE-MRI findings, and obtained information for differential
diagnosis of ABC.

A 39-year-old woman was referred to our hospital for examination of radiolucency of
the left mandible, which had been detected in a general dental clinic. She had
experienced tenderness at the left mandible for 2 years.

On clinical examination, a bone-like swelling at the left body of the mandible was
observed. Intraoral examination revealed percussion pain at the left premolar and molar
regions. Her general medical and family histories were noncontributory with no history
of facial trauma.

Imaging studies to evaluate this lesion included plain X-rays (X-Ps), CT, MRI, and
DSA.

A panoramic radiograph revealed a large expansile, multilocular lesion with a thin
bony rim in the left mandible, which was enlarged from the left first premolar to the
mandibular ramus. CT images revealed buccolingual bony expansion and cortical
thinning. The lesion had a low attenuation value between 20 and 30 Hounsfield units,
which is consistent with a tissue composed of liquid. These findings have already been

reported in the Japanese Journal of Oral Diagnosis/Oral Medicine [9].
MRI was performed on a 1.5-T unit (Magnetom Vision; Siemens, Erlangen,
Germany) with a head-neck coil. T1-weighted images (T1WIs) and T2-weighted axial

images were acquired using a turbo spin-echo sequence ((repetition time (TR) = 620

ms; echo time (TE) = 15 ms) and (TR = 2500 ms; TE = 105 ms), respectively).



DCE-MR images were acquired using three-dimensional (3-D) fast imaging with a
steady-state precession sequence using the following parameters: TR, 5 ms; TE, 2 ms;
flip angle, 25°; 16 partitions for a 48-mm slab resulting in an effective thickness of 3
mm; and a 250 x 188-mm rectangular field of view and 256 x 192 matrix (resulting in a
0.98 x 0.98-mm pixel size). The first series of DCE-MR images comprised 21
consecutive scans at 1-s intervals (the acquisition time for each scan was 14 s). A total
of 0.2 mL/kg gadolinium-diethylenetriamine penta-acetic acid (Gd-DTPA; Magnevist
Syringe; Nihon Schering, Osaka, Japan) was administered intravenously 6 s before a
second scan at approximately 2.0 mL/s by manual injection. The total scan time of this
series was 315 s.

After the acquisition of the first series of DCE-MR images, contrast-enhanced T1WIs
(CE-T1WIs) with fat suppression were acquired using the same parameters as the
unenhanced T1WIs approximately 6 min after Gd-DTPA administration in the axial
plane. Subsequently, two series of DCE-MRIs were acquired as delayed and
super-delayed phases at approximately 600 and 900 s after Gd-DTPA administration.
Two consecutive scans were applied for the series of DCE-MRIs in the delayed and
super-delayed phases, resulting in a total scan time of 30 s. DCE-MRI analyses were
performed using the region of interest (ROI) technique and a workstation (Siemens). As
illustrated in Fig. 1, the ROI was placed within the inner part of the cyst cavity except
for the outer rim, which showed marked enhancement of the blood-pooling area (a). For
the blood-flow area, the ROI was placed on the markedly enhanced area (b). The ROIs

for the blood-pooling and blood-flow areas had an area of 130 and 37 mm®, respectively.



The mean signal intensity (SI) of the ROI in each image was calculated and the TICs
were constructed. The beginning of the first scan of the first series of DCE-MR images
was designated as time 0.

On MR image slices distinct from previously reported slices [9], TIWIs showed a
heterogeneous, low-to-intermediate SI (Fig. 2a). On T2WI, the lesion comprised two
areas that demonstrated low SI and high SI (Fig. 2b). CE-T1WI acquired approximately
6 min after the administration of Gd-DTPA showed a heterogeneous SI, but whether the
lesion was enhanced was unclear (Fig. 2c).

On DCE-MRI, the lesion was divided into two parts by reexamination according to
the enhancement pattern: the blood-pooling and blood-flow areas. On T2WI, the
blood-pooling area corresponded approximately to a high SI area and the blood-flow
area corresponded approximately to a low SI area. The series of DCE-MRI of the
blood-pooling area showed marked enhancement of the margin, but no enhancement in
the inner part of the cavity (Fig. 3) and the TIC revealed no change in the SI until
approximately 15 min after Gd-DTPA administration (Fig. 5a). The series of DCE-MR
images of the blood-flow area showed marked enhancement in the cyst cavity in the
early phase (Fig. 4). Additionally, the TIC revealed a rapid increase in the SI in the
early phase, followed by a rapid decrease until 150 s, and then a gradual decrease until
approximately 15 min after Gd-DTPA administration (Fig. 5b). The peak times of the
blood-flow area, internal carotid artery, and jugular vein were 45, 30, and 45 s,
respectively. The peak SlIs of the blood-flow area, internal carotid artery, and jugular

vein were 185, 303, and 201, respectively.



For histopathological evaluation, an incisional biopsy was performed under local
anesthesia. This biopsy revealed that the lesion was filled with blood and had no
epithelial lining. DSA was performed to evaluate the blood flow of the lesion because
the biopsy suggested a diagnosis of ABC. DSA revealed that the lesion was supplied by
the left inferior alveolar artery. Tumor blush was relatively weak and no arteriovenous
shunt was depicted (Fig. 6). On the basis of the DSA findings, simple curettage of the
lesion was performed without preoperative embolization and the intraoperative blood
loss was massive (1050 cc). The histopathological findings demonstrated that the lesion
comprised cyst wall-like highly cellular fibrous tissue that surrounded clotting blood.
In the fibrous tissue, hemosiderin deposits, numerous knubbed cementum-like
materials, and trabeculae of woven bones were observed, while giant cells were not
prominent (Fig. 7). Histopathologically, the lesion was consistent with a diagnosis of
ABC, although it included atypical findings. The postoperative course was uneventful

and no recurrence was observed after 10 years.



Discussion

ABC:s are classified as pseudocysts because they exhibit no epithelial lining.
Additionally, they should be differentiated from true cysts or other pseudocysts (i.e.,
simple bone cysts with a static bone cavity) because their treatment is different.
Furthermore, ABCs pose a heavy bleeding risk in surgery; thus, preoperative
evaluation of the intralesional blood flow is necessary. Intra-arterial DSA is widely
used for evaluating blood flow, but the procedure harbors some risks. Al-Ameri et al.
reviewed several literature sources concerning the risks of angiography and reported
that permanent neurological complication rates of angiography ranged from 0.4 to
2.4% [10]. CT angiography (CTA) is also useful for the delineation of blood vessels
and may be less invasive than catheter angiography [11, 12]. However, although CTA
is less invasive, the use of iodinated contrast medium poses a risk of contrast-induced
nephropathy (CIN) [13]. The risk of serious acute CIN after diagnostic angiography or
interventional angiography is now controversial [14], but CIN is the third leading cause
of all hospital-acquired renal insufficiency [15]. Conversely, the use of MRI with
Gd-based contrast agents is thought to be a relatively safe method considering the
complication rates of the other two methods.

Several reports have evaluated MRI findings for ABC in the jaws [5, 8, 16—18]. The
MR features of ABCs generally exhibit homogeneous intermediate SI on TIWI and
high SI on T2WI [8]. Although the noncontrast-enhanced MR features of our case were
almost consistent with previous reports, diagnosing this case as ABC was difficult.

Minami et al. reported that CE-T1WIs show cyst walls with enhancement in all cases,



but no enhancement in the inner part of the cyst cavity [19]. At our institute, CE-T1WIs
are acquired with a frequency-selective fat suppression technique to improve detection
of enhanced areas. Unfortunately, in the present case, the enhancing effect of the lesion
was weak or equivocal because of inadequate fat suppression.

In our case, the lesion could be divided into two parts according to the enhancement
pattern on DCE-MRI. The MRIs of the blood-flow area showed heterogeneous,
low-to-intermediate SIs on T1WI and low SI on T2WI. In contrast, the blood-flow area
exhibited strong enhancement on DCE-MRI in the early phase. The series of DCE-MR
images of the blood-flow area of the lesion showed marked enhancement in the early
phase in the cyst cavity. The TIC revealed a rapid increase in the SI in the early phase,
followed by a rapid decrease until 150 s, and finally a gradual decrease until
approximately 15 min after the administration of Gd-DTPA. The series of DCE-MR
images of the blood-pooling area of the lesion demonstrated marked enhancement in
the margin, but no enhancement in the inner part of the lesion. The TIC showed no
change in the SI until approximately 15 min after the administration of Gd-DTPA.

In our case, although the enhancing effect was unclear on CE-T1WI, strong
enhancement was observed on DCE-MR images in the early phase. At the time of
CE-T1WI acquisition, most of the contrast agent was washed away; thus, the enhancing
effect might have been very weak. In the present ABC case, a rapid increase and
decrease on DCE-MR images resulted in an equivocal enhancing effect on CE-T1WI.
According to a previous report, some simple bone cysts show very weak enhancement

on CE-T1WI [20]. This finding was similar to the current ABC case, but the TICs of the



ABCs showed a gradual increase, not “rapid increase and decrease.” When the
enhancing effect of the lesion is weak or equivocal on CE-T1WI, DCE-MRI over time
must be observed.

DSA is considered the “gold standard” in the assessment of vascularity, but not all
ABCs exhibit intralesional blood flow [21, 22]. MRI has disadvantages in angiography
[12], including a long scan time, low spatial and time resolution, and poor patient
tolerance; thus, it cannot replace DSA. However, DCE-MRI is a less invasive method
considering the risks of DSA, and might be a prerequisite for DSA.

In conclusion, we reported a case of ABC of the mandible in a 39-year-old woman.
Evaluation of intralesional blood flow is important for ABC because of the
hemorrhagic risk in surgery. In our case, preoperative DCE-MRI clearly delineated the

vessel-rich area within the lesion.
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Figure legends



Fig. 1.

The region of interest (ROI) setting for the blood-pooling and blood-flow areas (both
images represent 45 s after the administration of gadolinium-diethylenetriamine
penta-acetic acid (Gd-DTPA)).

For the blood-pooling area, the ROI was placed within the inner part of the cyst cavity
except for the outer rim, which showed marked enhancement (a). For the blood-flow
area, the ROI was placed on the markedly enhanced area (b). The ROIs for the

blood-pooling and blood-flow areas had areas of 130 and 37 mm?, respectively.

Fig. 2.

Magnetic resonance (MR) features of the lesion.

MR images revealed heterogeneous, low-to-intermediate signal intensities (SIs) on
T1WI (a). On T2WI (b), a low SI area and a markedly high SI area were delineated. The
contrast-enhanced T1WI images acquired approximately 6 min after administration of

Gd-DTPA showed a heterogeneous SI, but the enhancement effect was unclear (c).

Fig. 3.

Series of dynamic contrast-enhanced (DCE)-magnetic resonance (MR) images of the
blood-pooling area (selected images).

The series of DCE-MR images of the blood-pooling area demonstrated marked
enhancement in the margin, but no enhancement in the inner part of the aneurysmal

bone cyst.

Fig. 4.



The series of dynamic contrast-enhanced (DCE)-magnetic resonance (MR) images of
the blood-flow area (selected images).
The series of DCE-MR images of the blood-flow area of the aneurysmal bone cyst

(ABC) showed marked enhancement in the cyst cavity of the ABC.

Fig. 5.

The time-signal intensity curves (TICs) of the blood-pooling and blood-flow areas.
The TICs of the blood-pooling area exhibited no change in signal intensity (SI) until
approximately 15 min after Gd-DTPA administration of (a). The TICs of the
blood-flow area showed a rapid increase in SI in the early phase, followed by a rapid

decrease until 150 s, and then a gradual decrease until approximately 15 min after

Gd-DTPA administration (b).

Fig. 6.
Findings of digital subtraction angiography.
The lesion was supplied by the left inferior alveolar artery (arrow). Tumor blush was

relatively weak (arrow head) and no arteriovenous shunt was depicted.

Fig. 7.

Photomicrograph of a specimen (hematoxylin and eosin staining; original
magnification, x200)

The lesion consisted of cyst wall-like, highly cellular fibrous tissue, surrounding
clotting blood. In the fibrous tissue, hemosiderin deposits, numerous knobbed
cementum-like material, and trabeculae of woven bones were observed, while giant

cells were not prominent.






Fig. 1. ROI setting for the blood-pooling area and the blood-flow area (both
Images are at the time of 45 seconds after the administration of Gd.-DTPA).
For the blood-pooling area, the ROl was placed within the inner part of the cyst
cavity with the exception of the outer rim, which showed marked enhancement
(a). For the blood-flow area, the ROI was placed on marked enhanced area (b).
These ROIs had an area of 130 square millimeters and 37 square millimeters,
respectively.



Fig. 2. MR features of the lesion.
The MRIs showed heterogeneous, low-to-intermediate Sls on T1IWI (a). On T2WI

(b), low Sl area and marked high Sl area were delineated. The contrast-enhanced
T1WI acquired approx. 6 min after the administration of Gd.-DTPA showed

heterogeneous SlI, but enhancement-effect was unclear (c).
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Fig. 3. The series of DCE-MRIs of the blood-pooling area (selected images from

whole data).
The series of dynamic MRIs of the blood-pooling area shows marked
enhancement in the margin, but no enhancement in the inner part of the ABC.
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Fig. 4. The series of DCE-MRIs of the blood-flow area (selected images from

whole data).
The series of dynamic MRIs of the blood-flow area of the ABC shows marked

enhancement in the cyst cavity of the ABC.



120
160
140
120
100
Sl

20

60

20

b
:_ o\.._( ) -y
L-h.-‘ S -

CLup ettt

0 306090 150 300 6040 500
Time after injection of contrast agent  sec.

Fig. 5. The time-signal intensity curves of the blood-pooling area and the blood-
flow area.

The time-signal intensity curves of the blood-pooling area show no change in the
Sl until approx. 15 min after the administration of Gd.-DTPA (a). The time-signal
Intensity curves of the blood-flow area show a rapid increase in the Sl in the early
phase, then a rapid decrease until 150 sec and a gradual decrease until approx. 15
min after the administration of Gd.-DTPA (b).



Fig. 6. The findings of digital subtraction angiography.
The lesion was supplied by left inferior alveolar artery(arrow). Tumor blush was
relatively weak(arrow head) and no arterio-venous shunt was depicted.



Fig. 7. Photomicrograph of a specimen (hematoxylin and eosin stains; original

magnification X 200)

The lesion was composed of cyst wall like highly cellular fibrous tissue, which
surrounds clotting blood. In the fibrous tissue, hemosiderin deposits, numerous
knubbed cementum-like materials and trabeculae of woven bones, were observed,

while giant cells were not prominent.



