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Objectives:
Materials and methods:

To evaluate the diagnostic value of MRI for odontogenic tumours.
51 patients with odontogenic tumours were subjected to pre-

operative MRI examinations. For tumours with liquid components, i.e. ameloblastomas and
keratocystic odontogenic tumours (KCOTs), the signal intensity (SI) uniformity of their cystic
components (UY) was calculated and then their UY values were compared. For tumours with
solid components that had been examined using dynamic contrast-enhanced MRI (DCE-
MRI), their Cly,x (maximum contrast index), Timax (the time when Cl,x occurred), Clpeax
(Clax X 0.90), Tpeax (the time when Clp,eax occurred) and Clsgg (i.e. the CI observed at 300 s
after contrast medium injection) values were determined from CI curves. We then classified the
odontogenic tumours according to their DCE-MRI parameters.

Results: Significant differences between the U values of the ameloblastomas and KCOT
were observed on 7 weighted images, 7, weighted images and short TI inversion recovery
images. Depending on their DCE-MRI parameters, we classified the odontogenic tumours into
the following five types: Type A, Clpeak > 2.0 and Tpeaic <200s; Type B, Clpeac <2.0 and
Tpear <200s; Type C, Clzp0>2.0 and Ty < 600s; Type D, Clzp0>2.0 and Tpax > 600s;
Type E, Cl309 <2.0 and Ty.x > 600s.

Conclusion: Cystic component SI uniformity was found to be useful for differentiating
between ameloblastomas and KCOT. However, the DCE-MRI parameters of odontogenic
tumours, except for odontogenic fibromas and odontogenic myxomas, contributed little to
their differential diagnosis.
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Introduction

Odontogenic tumours are neoplasms derived from the
epithelial, ectomesenchymal and/or mesenchymal ele-
ments of the tooth-forming apparatus and account for
between 1.0% and 3.0% of all oral lesions.' * There are
many histopathological types of odontogenic tumour,

*Correspondence to: Dr J-I Asaumi, Department of Oral and Maxillofacial
Radiology, Field of Tumor Biology, Okayama University Graduate School of
Medicine, Dentistry and Pharmaceutical Sciences, 5-1, Shikata-cho, 2-Chome,
Kita-ku, Okayama City, Okayama 700-8558, Japan. E-mail: asaumi@md.okayama-u.
acjp

Received 25 July 2012; revised 6 September 2012; accepted 20 September 2012

approximately 97% of which are benign, and the fre-
quencies of each odontogenic tumour vary according
to racial and geographical differences."* Odontogenic
tumours usually occur intraosseously within the jaw-
bones, while extraosseous tumours nearly always occur
in the tooth-bearing mucosa.' The clinical features of
most benign odontogenic tumours are non-specific, ie.
slow expansive growth with or without slight pain. On
the other hand, the most common symptom of malig-
nant odontogenic tumour is pain followed by rapid
swelling. On radiographs, odontogenic tumours appear
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radiolucent and/or radio-opaque depending on the
amounts of soft and/or hard tissue that they contain.’

In the radiological diagnosis of jawbone lesions,
odontogenic tumours with hard-tissue components are
relatively easy to distinguish from cystic lesions because
they display more characteristic radiographic findings
than odontogenic tumours without hard-tissue compo-
nents and jawbone cysts. Odontoma, a type of hamar-
toma, is an odontogenic tumour that contains hard-tissue
components, and, on radiographs, it usually appears as
a radio-opaque area, which occupies the majority of the
lesion, surrounded by a single radiolucent layer." Con-
versely, other odontogenic tumours with hard-tissue
components, e.g. adenomatoid odontogenic tumour
(AOT), calcifying cystic odontogenic tumour (CCOT)
and calcifying epithelial odontogenic tumour, are de-
tected as radiolucent lesions with radio-opaque foci.
Although the latter tumours often display a similar
appearance on radiographs, they are rare.”>* On the
other hand, some of these tumours do not display any
radio-opaque foci on radiographs, and odontogenic
tumours with large soft-tissue components can also
display similar findings.! Therefore, it is difficult for
radiologists to distinguish between odontogenic tumours
with radiolucent areas, which frequently occur in the
jawbones.

MRI, which possesses superior soft-tissue contrast, is
a useful imaging modality for diagnosing tumours with
soft-tissue components. Some authors, including us,
have previously reported the usefulness of MRI, including
dynamic contrast-enhanced MRI (DCE-MRI), for the
differential diagnosis of odontogenic tumours.” ' How-
ever, these previous studies were case reports or com-
parison studies involving one or a few histopathological
types.” !> Therefore, the aims of this study were to
evaluate the diagnostic value of MRI including DCE-
MRI for odontogenic tumours and to establish criteria
for their diagnosis.

Materials and methods

Patients

51 patients who underwent MRI examinations at our
hospital between April 1998 and November 2011 and
were histopathologically diagnosed with odontogenic
tumours, which were classified according to the World
Health Organization (WHO) classification (2005), were
enrolled in this study.! The subjects included 24 males
and 27 females (mean age, 34.5 years; range, 11-75
years). All patients were examined with an identical
MRI device. The study protocol was approved by our
institutional review board (no. 232). Information about
the odontogenic tumours is shown in Table 1. The
patients’ histopathological diagnoses included 49 benign
tumours [26 ameloblastomas, 14 keratocystic odonto-
genic tumours (KCOTs), 4 odontogenic myxomas, 2
odontogenic fibromas and 3 AOTs] and 2 malignant
tumours [l ameloblastic carcinoma and 1 primary
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Table 1 Histopathological diagnosis and tumour locations of
odontogenic tumours

Tumour location

Maxilla Mandible

Histopathological diagnosis (n=15) (n=236)
Benign

Ameloblastoma (n = 26) 6 20

Keratocystic odontogenic tumour (n = 14) 6 8

Odontogenic myxoma (n = 4) 2 2

AOT (n=3) 0 3

Odontogenic fibroma (n = 2) 0 2
Malignant

Ameloblastic carcinoma (n = 1) 1 0

PIOSCC (n=1) 0 1

AOT, adenomatoid odontogenic tumour; PIOSCC, primary intra-
osseous squamous cell carcinoma.

intraosseous squamous cell carcinoma (PIOSCC)]. The
ameloblastomas were histologically classified as fol-
lows: 20 lesions were classified as the solid/multicystic
type, 2 lesions belonged to the desmoplastic type and 4
lesions were categorized as the unicystic type. The tu-
mour locations of all subjects were as follows: 15
lesions were located in the maxilla and 36 lesions were
found in the mandible (Table 1).

MRI protocol

The MRI examinations were performed using a 1.5 T
unit (Magnetom Vision; Siemens, Erlangen, Germany)
with a head or head and neck coil. In all cases, T
weighted images (7,WIs) were acquired with a spin-
echo sequence using repetition time (TR)/echo time
(TE) parameters of 450-705/10—-15 ms. In addition, T,
weighted images (7,WIs) with fat suppression were
acquired for 26 cases using a turbo-spin echo sequence
and TR/TE parameters of 2400-4200/90-105ms and
short TI inversion recovery (STIR) images were
obtained for 28 cases using a turbo-spin echo sequence
and TR/TE/inversion time (TI) parameters of 3476-
7268/60-140 ms. Images were taken in both the axial
and the coronal planes.

In 43 cases, we performed DCE-MRI under the con-
ditions described below. The DCE-MRI were acquired
via three-dimensional fast imaging with a steady-state
precession sequence using the following parameters:
TR, 5ms; TE, 2 ms; flip angle, 25°; 16 partitions in
a 48 mm slab, resulting in an effective thickness of 3
mm and a 250 X 188 mm rectangular field of view and
a 256 X 192 matrix, resulting in a 0.98X0.98 mm pixel
size. The first series of DCE-MRI was composed of 21
consecutive scans for 18 cases, 20 consecutive scans for
4 cases and 14 consecutive scans for 21 cases. The
acquisition time for each scan was 14s, and the inter-
scan interval was 1s, resulting in total scan times of
300, 210 and 195 s, respectively. Before the second scan,
0.2mlkg ' of contrast medium was administered in-
travenously for 6 s at a rate of approximately 2.0 mls ™!
via manual injection. We used two types of contrast
medium, gadopentetate dimeglumine (Magnevist®™; Nihon



Schering, Osaka, Japan) and gadodiamide hydrate
(Omniscan; Daiichi Sankyo, Tokyo, Japan).

Delayed series of DCE-MRI were acquired during
the period from approximately 700 to 1100s. Two
consecutive scans were performed for the delayed series
of DCE-MRI, resulting in a total scan time of 30s.
Contrast-enhanced (CE) T, WIs were acquired after the
acquisition of the first series of DCE-MRI and before
the delayed series of DCE-MRI scans.

Analysis of the signal intensity uniformity of the tumours’
cystic components
We analysed the signal intensities (SIs) of the cystic
components of odontogenic tumours. In this analysis,
we selected lesions with cystic components whose minor
diameter was greater than 5 mm to ensure the accuracy
of the data. We performed the following evaluations in
33 patients whose lesions displayed cystic components
on MR images. To quantitatively assess the tumours’
cystic components, we evaluated the uniformity of each
tumour’s cystic component SI using the abovementioned
sequences. In this analysis, the patients’ histopathological
diagnoses included 19 ameloblastomas (solid/multicystic
type, 14 lesions; desmoplastic type, 1 lesion; unicystic
type, 4 lesions) and 14 KCOTs. A region of interest
(ROI) was drawn manually on CE T\WIs so that it
included the region in which the diameter of the cystic
component was greatest and avoided the enhanced pe-
ripheral zone (Figure 1). The ROI was then copied from
the CE TWI to the T\WI, T,WI and/or STIR images.
To evaluate the uniformity of the SI of each lesion’s
cystic components, the maximum SI (S},,,) and mini-
mum SI (Spi,) of the ROIs on 77 WIs (33 cases), 7,WIs
(18 cases) and/or STIR images (17 cases) were
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calculated for each lesion using a workstation (Synapse
Vincent; Fujifilm Medical Co., Tokyo, Japan). We then
used the formula developed by the American Association
of Physicists in Medicine to calculate uniformity (UY)
values for each lesion, i.e. UY (%) = 100 X [1 — (Spax —
Smin)/(Smax + Smin)]~13

Analysis of DCE-MRI parameters

In this analysis, we selected lesions with solid compo-
nents whose minor diameter was greater than 5 mm to
ensure the accuracy of the data. Thus, we evaluated the
records of 27 patients in this analysis. The patients’
histopathological diagnoses included 16 ameloblastomas
(solid/multicystic type, 13 lesions; desmoplastic type,
2 lesions; unicystic type, 1 lesion), 4 odontogenic myx-
omas, 3 AOTs, 2 odontogenic fibromas, 1 ameloblastic
carcinoma and 1 PIOSCC. The ROI was drawn so that
it included the region in which the diameter of the tu-
mour was greatest and avoided the vessels and cystic
parts of the tumour (Figure 2). The mean SI of the ROI
was calculated for each lesion using a workstation. The
contrast index (CI) was calculated using the formula
CI = [SI (post-contrast) — SI (pre-contrast)]/SI (pre-
contrast). The time course of the CI was then plotted to
obtain a CI curve. The parameters derived from the CI
curves were maximum CI (Cl,.x), ie. the maximum
amplitude of contrast enhancement, and Ty,.x, i.e. the
time at which Cl,,,x occurred. We then calculated
Cl,cak, which was defined as the first CI measurement
that satisfied Clyax X 0.90, and Tpeax, which was the
time at which Cl,c,x occurred. Furthermore, we also
calculated the Cl;( value, i.e. the CI observed at 300 s
after the contrast medium injection. Tpeai and Clsgg
were calculated from the curve using linear interpolation

Figure 1 Ameloblastoma of the left mandibular ramus in a 41-year-old male. (a) The region of interest (ROI; solid line), which avoided the
enhanced peripheral zone, was drawn on a transverse contrast-enhanced (CE) 7'} weighted image (7,WI). (b) The ROI (dashed line) was then

copied from the CE 7,WI to the corresponding 7, WI
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Figure 2 Ameloblastoma extending from the left mandible to the ramus in a 42-year-old male. (a) The region of interest (dashed line), which
avoided the cystic parts of the tumour, was marked on a coronal dynamic image. (b) The corresponding short TI inversion recovery image

as described below. The linear-interpolation calculation
was performed using the following formula:

y=ya+ (yb—ya)/(xb— xa) X (x — xa)

where y is the CI to be obtained, x is the time to be
obtained, (x, y) is the point to be obtained between
point A and point B, point A = (xa, ya), point B = (xb,
yb) and xa = x = xb. The CI curve parameters are
summarised in Figure 3.

Then, we tried to classify the odontogenic tumours
based on their DCE-MRI parameters.

Statistical analysis of cystic component uniformity (UY)
We compared the cystic component uniformity (U2)
values obtained with each sequence between amelo-
blastomas and KCOTs. We used the Mann—Whitney
U-test for comparisons between each value. Further-
more, receiver operating characteristic (ROC) analysis

was used to assess the optimal uniformity cutoff value
points for differentiating between ameloblastomas and
KCOTs, ie. the cutoff values that provided the best
combination of sensitivity and specificity. Thus, the
optimal cutoff value was defined as the value that
corresponded to the maximum sum of sensitivity and
specificity. Fitted ROC curves were constructed with
data analysis software. All statistical analyses were
performed with the JMP 9 software (SAS Institute,
Cary, NC). p-values of <0.05 were considered
significant.

Results

Analysis of cystic component uniformity

Regarding cystic component uniformity (UY), significant
differences between the UY values of the ameloblastomas
and KCOTs were observed on T7WIs (p < 0.05), T,WIs
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Figure 3 Contrast index (CI) curves constructed using dynamic contrast-enhanced MRI and CI curve parameters. The Clzoo represents the CI
observed at 300 s after the contrast medium injection. Cly,x, maximum contrast index; Clyeak, Clnax X 0.90; SI, signal intensity; T, the time

when Cly,, occurred; Tpeqr, the time when Clpeay occurred
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Table 2 Receiver operating characteristic (ROC) analysis of
uniformity of 7 weighted images (7,WIs), 7, weighted images
(T>WIs) and short tau inversion-recovery (STIR) images for
discrimination between ameloblastomas and keratocystic odontogenic
tumours

Imaging Cutoff Sensitivity ~ Specificity ~Accuracy
sequences value (%) AUC (%) (%) (%)
YW1 75.7 0.868  78.9 85.7 81.8
T,WI 824 1.000 100 100 100
STIR image 73.5 0.971 100 85.7 94.1

AUC, area under the ROC curve.

(p <0.05) and STIR images (p < 0.05). The results of our
ROC analysis of the utility of UY values for differen-
tiating between ameloblastoma and KCOTs are shown
in Table 2. After considering the best combination of
sensitivity, specificity and accuracy, we selected 75.7%
(accuracy 81.8%) for T\ WIs, 82.4% (accuracy 100%) for
T>WIs and 73.5% (accuracy 94.1%) for STIR images as
the optimal UY cutoff values for differentiating between
ameloblastomas and KCOTs.

Analysis of DCE-MRI parameters

The relationships between Tp,.x and Cl,,, in the cases
subjected to the DCE-MRI parameter analysis are
shown in Figure 4. From these results, the odontogenic
tumours were divided into two groups according to their
Tmax values: the early enhancement group, which dis-
played Tp.x values of less than 300s, and the late en-
hancement group, which demonstrated T, values of
more than 300s. The early enhancement group

7.0
6.0

5.0

4.0 1 .
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consisted of 12 ameloblastomas, 2 AOTs, 1 amelo-
blastic carcinoma and 1 PIOSCC. On the other hand,
the late enhancement group was composed of four ame-
loblastomas, two odontogenic fibromas, four odontogenic
myxomas and one AOT.

The relationship between Tpeaic and Clpe,i values of
the early enhancement group is shown in Figure 5.
Using these results, we further categorized the early
enhancement group into two groups according to their
Clpeai values: one group displayed Cljc,ic values of more
than 2.0, while the other group demonstrated Clpeax
values of less than 2.0. In addition, the relationship
between 7', and Clzgg in the late enhancement group is
shown in Figure 6. We further categorized the late en-
hancement group into three groups according to their
Tmax and Clzgg values: one group displayed Clsg
values of more than 2.0 and T,,,, values of less than
600 s, the second group demonstrated Clzg values of
more than 2.0 and T, values of more than 600 s and
the third group displayed Cl;yy values of less than 1.0
and Tp,ax values of more than 600 s.

Finally, we classified the odontogenic tumours into
five types (Types A-E) according to the features of
their CI curves (Figure 7). We defined the five CI curve
types as follows: Type A, early peak and strong en-
hancement (Clpe, more than 2.0 and Tpex less than
200s); Type B, early peak and weak enhancement
(Clpeak less than 2.0 and Tpeax less than 2005s); Type C,
gradual strong enhancement with washout (Clsy more
than 2.0 and 7}y« less than 600 s); Type D, gradual strong
enhancement without washout (Clsyyy more than 2.0
and Tp,.x more than 600s); Type E, gradual weak

600 800 1000

Tmax (seconds)

@ Ameloblastoma 4 Adenomatoid odontogenic tumour ¥ Odontogenic fibroma M Odontogenic myxoma
* Ameloblastic carcinoma 4 Primary intraosseous squamous cell carcinoma

Figure 4 The relationship between the time when the maximum contrast index (Cly,.x) occurred (Tpax) and the Cl,.x values of the 27 cases
subjected to the dynamic contrast-enhanced MRI parameter analysis. The odontogenic tumours were divided into two groups according to their

Thax values (vertical dashed line: cutoff point).
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Figure 5 The relationship between the time when the Cl [ie.
maximum contrast injection (Clp,x) X 0.90] occurred (Tpeak) and the

Clpeax values of the odontogenic tumours in the early enhancement
group [time when Cl . occurred (Tax) < 300 s].

enhancement without washout (Clsgg less than 2.0 and
Tmax more than 600 s). Table 3 shows the results of our
CI curve classification. All the ameloblastomas were
categorized as Type A, B or C, and two-thirds of them
were classified as Type A. The AOTs were classified into
Types A and E, whereas the odontogenic myxomas and
odontogenic fibromas were categorized as Types D and
E, respectively. The two malignant odontogenic tumours
(the ameloblastic carcinoma and PIOSCC) were classi-
fied as Types B and A, respectively.

Regarding the ameloblastoma that constituted the
majority in this study, the distributions of tumour
locations and histological types of ameloblastoma
among each CI curve type are shown in Figure 8.

Discussion

In this retrospective study, we evaluated the utility of
MRI for diagnosing odontogenic tumours that are
mainly composed of soft-tissue components, which are

Dentomaxillofac Radiol, 42, 20120265
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Figure 6 The relationship between the time when the maximum
contrast index (Clay) occurred (Tpax) and the Cl., values of the
odontogenic tumours in the late enhancement group (T,.x > 300 s).

sometimes difficult to diagnose with radiographic exami-
nations. On MR images, many odontogenic tumours
with soft-tissue components display solid components,
while some contain liquid components. The latter tu-
mours, which include KCOTs, AOTs, CCOTs and some
ameloblastomas, display a C}/stic appearance with or
without solid components.'>!"!? We evaluated odonto-
genic tumours on MRI by analysing their cystic com-
ponent uniformity and DCE-MRI parameters.

KCOT is a cystic lesion with a characteristic para-
keratinized stratified squamous epithelial lining. Gen-
erally, MRI of KCOTs displays cystic lesions without
any solid portions.'" Ameloblastomas, AOTs and
CCOTs display liquid retention on MRI, and amelo-
blastoma is the common odontogenic tumour." ™ In the
WHO (2005) classification, ameloblastoma is catego-
rized into the following four histological types: the solid/
multicystic type, extraosseous/peripheral type, desmo-
plastic type and unicystic type.. Unicystic amelo-
blastoma, which presents as a cyst, is morphologically
different from the other histological types, which in-
clude solid portions." Unicystic ameloblastomas are
often devoid of solid components and tend to display
a similar appearance to KCOTs on MRI.'? Regarding
the cystic components of ameloblastoma and KCOTs,
Minami et al'' reported that their 7, relaxation times
are useful for differentiating between these two lesions,
and Sumi et al’ reported that the apparent diffusion
coefficients of the cystic components of ameloblastomas
and KCOTs might be useful for differentiating between
them. The cystic components of ameloblastomas usually
include serous liquid-containing protein, while those of
KCOTs contain desquamated keratin.' These differences
in the composition of the cystic fluid between amelo-
blastomas and KCOTs might affect their 75 relaxation
times and apparent diffusion coefficient values.>'!

In examinations of odontogenic tumours, our insti-
tute used two sequences (7,WIs and STIR images) with
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Figure 7 Classification of contrast index (CI) curve patterns. The CI curves were classified into five patterns (Types A-E).

different parameters, but we could not obtain diffusion-
weighted images because of the age of our MRI device.
Therefore, in this retrospective study, we evaluated the
ST uniformity (UY) values of the cystic components
of ameloblastomas (including the unicystic type) and
KCOTs using the formula devised by the American
Association of Physicists in Medicine, which is used in
the quality control of MRI. As a result, we found that
the cystic components of ameloblastomas and KCOTs
displayed significantly different uniformity values on
all sequences (77WIs, T,WIs and STIR images). In
addition, ROC analysis confirmed that it is possible to

Table 3 Contrast index (CI) curve

histopathological diagnosis

types among various

CI curve type

Histopathological diagnosis A B C D E
Benign
Ameloblastoma (n = 16) 11 1 4 0 0
Odontogenic myxoma (n = 4) 0 0 0 0 4
Adenomatoid odontogenic 0 2 0 0 1
tumour (n = 3)
Odontogenic fibroma (n = 2) 0 0 0 2 0
Malignant
Ameloblastic carcinoma (n = 1) 0 1 0 0 0
Primary intraosseous squamous 1 0 0 0 0

cell carcinoma (n=1)

Cl3go, the CI observed at 300 s after contrast medium injection; Clpeax,
maximum contrast index (Cly.x) X 0.90; Tpax, the time when Cliyay
occurred; Tpeak, the time when Clpeac occurred Type A: Clpeax > 2.0,
Tpeak < 200s; Type B: Clyeak < 2.0, Tpeak > 200s; Type C: Clzg0 >
2.0, Tmax <600s; Type D: Clzp0>2.0, Tpax>600s and Type E:
Clz00 < 2.0, Tinax > 600s.

differentiate between ameloblastomas and KCOTs us-
ing the UX values of their cystic components on routine
sequences, especially 7,WIs (accuracy 100%).

As for other cystic odontogenic tumours, the cys-
tic components of CCOT should be taken into con-
sideration. This tumour is a benign cystic neoplasm
of odontogenic origin that is characterized by an
ameloblastoma-like epithelium containing ghost cells,
which can become calcified.! CCOT-containing calcific
substances are relatively easy to distinguish from ame-
loblastomas, KCOTs and other true jawbone cysts.
However, a variable amount of radio-opaque material
is seen in about 50% of CCOTs.! Thus, to diagnose
CCOTs without calcific substances, it might be necessary
to compare the uniformity values of CCOTs with those
of ameloblastomas and KCOTs. However, we could not
evaluate the uniformity values of CCOTs in this retro-
spective study owing to its rarity (CCOT represents
2.5-7.8% of all odontogenic tumours).**

For odontogenic tumours with solid components,
DCE-MRI, which can analyse the internal structures
of lesions, might provide radiologists with useful di-
agnostic information. Indeed, we have reported the di-
agnostic value of DCE-MRI and time-SI curves (or CI
curves) for jawbone lesions including odontogenic
tumours.® ' However, although the abovementioned
studies were case reports or comparison studies involving
one or a few histopathological types, we could not de-
termine how many cases of each histopathological type
of odontogenic tumour they examined.® '° To the best of
our knowledge, there have been no studies of the DCE-
MRI parameters of odontogenic tumours. In this

Dentomaxillofac Radiol, 42, 20120265
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Figure 8 Tumour locations and histological types of ameloblastoma among each contrast index (CI) curve type (Types A-C).

retrospective study of odontogenic tumours, we newly
classified odontogenic tumours into five types (Types
A-E) on the basis of their DCE-MRI parameters
(Figure 8) because the previously developed criteria for
head and neck tumours are not appropriate for odon-
togenic tumours.'*!>

Odontogenic fibroma and odontogenic myxoma are
categorized as neoplasms composed of “mesenchyme
and/or odontogenic ectomesenchyme with or without
odontogenic epithelium” in the World Health Organi-
zation (2005) classification of odontogenic tumours.'
Odontogenic fibroma is further categorized into the
following two histological types: the epithelium-poor
type and epithelium-rich type.! Our two cases of
odontogenic fibroma both belonged to the epithelium-
poor type.” The main histopathological similarity be-
tween odontogenic fibroma and odontogenic myxoma
is that they both contain connective tissue with scat-
tered epithelia.' Yabuuchi et al'® reported that the rich
fibrous tissue found in the extracellular space of some
tumours reduces the washout of contrast medium.
According to their theory, the common characteristic of
the CI curves of these tumours, ie. the absence of
contrast medium washout, agrees with their histopath-
ological features, ie. they contain more rich fibrous
tissue than epithelial tissue. The main difference in the
CI curves (DCE-MRI parameters) for odontogenic
fibroma and odontogenic myxoma was the degree of
their enhancement, i.e. the odontogenic fibromas dis-
played higher Clggg (i.e. the CI observed at 600 s after
the contrast medium injection) values than the odon-
togenic myxomas. The mesenchymal tissue of odon-
togenic myxoma contains an abundant myxoid or
mucoid extracellular matrix, which is not found in
odontogenic fibroma.' We consider that the presence
of extracellular matrix tissue among stromal tissue
might influence the inflow of contrast medium into
odontogenic myxoma. One of the limitations of our
study is that we did not encounter any cases of amelo-
blastic fibroma, which displays similar histopathological
features to odontogenic fibroma.'

Ameloblastoma is categorized into four histological
types as described previously.! Among these four
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histological types, the ratio of the amount of paren-
chymal tissue to the amount of stromal tissue varies
between desmoplastic ameloblastoma and the other
histological types.' Similar results might also be
obtained for tumours at different locations, i.e. differ-
ences in blood flow might exist between tumours lo-
cated in the maxilla and mandible. These differences
among each histological type and tumour location
could influence a lesion’s DCE-MRI parameters.
Hence, we considered it necessary to evaluate the
relationships between DCE-MRI parameters and his-
tological type or tumour location in ameloblastoma.
Approximately 80% of the ameloblastomas belonged
to the solid/multicystic type, which is the most common
form of ameloblastoma, and 75% of them were located
in the mandible. There were no relationships between
DCE-MRI parameters and the histological type or tu-
mour location among the ameloblastomas. Although
this might have been caused by the small number of
subjects, such relationships might vary depending on the
histopathological type of ameloblastoma involved.

AOT is a rare odontogenic tumour that accounts
for less than 10% of all odontogenic tumours.'* On
radiographs, AOTs display a radiolucent cystic ap-
pearance, and approximately two-thirds of them include
radio-opaque foci.'! All three of our AOT cases dis-
played radio-opaque foci. Histopathologically, AOT is
composed of odontogenic epithelial tissue arranged in
a variety of histoarchitectural patterns and embedded
In a mature connective tissue stroma, which sometimes
contains hyaline or dysplastic materials.! Generally,
the mature connective tissue stroma of AOTs is loosely
structured, is present in small amounts and contains
thin-walled congested vessels.' These histopathological
features of AOTs are consistent with our findings, i.e.
the CI curves of two of the three AOT cases were cate-
gorized as Type B (tumours of this type display weak
enhancement). The remaining AOT (tumour dimensions:
12 X 8 X 15mm), which was categorized into Type E,
was smaller than the Type B AOTSs (tumour dimensions:
20 X 16 X29mm and 57 X 28 X 32mm, respectively).
We considered that the pathological maturity of the
AOT might have affected their CI curve patterns.



Differentiating between benign and malignant tu-
mours is one of the most important issues in the imag-
ing diagnosis of tumours. In this retrospective study, we
were only able to evaluate two malignant odontogenic
tumours owing to their extreme rarity." * One subject
had primary-type ameloblastic carcinoma, which is
a primary odontogenic malignancy that combines the
histolog%ical features of ameloblastoma with cytological
atypia.”"'® The other subject had solid-type PIOSCC,
which is a central jawbone carcinoma arising from
odontogenic epithelial remnants."'® Among head and
neck lesions, the time-SI curves (or CI curves) of ma-
lignant neoplasms commonly display rapid increases
followed by rapid decreases.'*'> However, the CI curves
of both our malignant odontogenic tumours displayed
similar patterns to those of benign odontogenic tumours,
and their DCE-MRI parameters were not useful for their
differential diagnosis. Odontogenic tumours arise in the
jawbones, while most other head and neck tumours
arise from soft tissue. The differences in blood supply
to the tumour from the surrounding tissue between
odontogenic tumours and other tumours might have
been responsible for the results of this study. However,
our study included too few subjects to allow us to
evaluate this issue.

This retrospective study had the following two limi-
tations: first, we used two types of contrast material,
gadopentetate dimeglumine and gadodiamide hydrate,
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