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Objective: To investigate the usefulness of diffusion-weighted magnetic resonance imaging
(DWI) in odontogenic keratocysts, especially apparent diffusion coefficient (ADC) maps for
the characterisation of normal structures and cystic lesions in the jaw.

Methods: Sixteen patients who underwent magnetic resonance imaging (MRI) for the diagno-
sis of a cystic lesion in the jaw were included in this prospective study. DWIwas performed on a
1.5 T unit with b factor of 0 and 800 s/mm?, and ADC maps were generated. ADC values were
measured for the normal structures in the upper neck area and for the cystic lesion in the jaw.
Results: The mean ADC value of the cerebrospinal fluid (3.66 = 0.47 x 1073 mm?/s) in the
upper neck area was higher than that of the nasal mucosa (1.80 £ 0.19 x 107 mm?/s), Wal-
deyer’s ring (0.75 £ 0.11 x 107 mm?/s) and the spinal cord (0.71 £ 0.20 x 107 mm?/s). The
mean ADC value of the five odontogenic keratocysts (1.03 £ 0.31 x 107 mm?/s) was lower
than that of the one simple bone cyst (2.79 x 103 mm?/s), three nasopalatine duct cysts
(2.28 £0.12 x 1073 mm?/s), three radicular cysts (1.82 +0.71 x 107 mm?/s) and four denti-
gerous cysts (1.67 £ 1.06 x 107 mm?/s).

Conclusion: This study suggested the usefulness of DWI in odontogenic keratocysts, espe-
cially ADC maps for the characterization of normal structures and cystic lesions in the jaw.
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he 4th edition of the World Health Organization’s

Classification of Head and Neck Tumours was pub-
lished in January 2017"2. The most controversial deci-
sion in the 2017 classification was to move keratocystic
odontogenic tumour back into the cyst category as odon-
togenic keratocyst. The evidence for reclassification was
based on “aggressive growth”, recurrence after treat-
ment and the rare occurrence of a “solid” variant of an
odontogenic keratocyst.
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Diagnosis of head and neck lesions is difficult due
to the complicated anatomic structure and different
histological components of the many tissues of the
neck®. Imaging oral and maxillofacial lesions is not
only important for the diagnosis of lesions, but also for
the differentiation of benign lesions from malignant
lesions and the staging of tumours. Conventional imag-
ing methods such as computed tomography (CT) and
magnetic resonance imaging (MRI) mainly evaluate
morphological properties; their value is limited in rec-
ognizing prognostic characteristics such as the benign—
malignant differentiation of lesions®.

Diffusion-weighted MRI (DWI) is a short sequence
produced from echo-planar imaging (EPI) and fast
advanced spin echo (FASE) sequences’. DWI with
apparent diffusion coefficient (ADC) maps, which pro-
vides a quantitative index of water diffusivity for each
voxel that allows the visualisation of the microscopic
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motion of water molecules within tissues, can facilitate
data acquisition and processing steps without the use
of ionising radiation or contrast agents®. Therefore, in
recent years, DWI has been considered a good candi-
date as a non-invasive biomarker for predicting and
monitoring treatment responses. Furthermore, some
studies have reported the application of DWI with
the calculation of ADC in the differentiation between
benign and malignant head and neck masses’"!!.

Based on DWI studies, ADC maps were proposed
to be useful for differentiating between keratocystic
odontogenic tumours and ameloblastomas, whereas
they contributed little to differentiating keratocystic
odontogenic tumours from odontogenic cysts such as
radicular cysts and dentigerous cysts!2"13. However, to
the best of the authors’ knowledge, DWI in odontogenic
cysts, especially the usefulness of ADC maps for the
characterization of normal structures and cystic lesions
in the jaw, have been little reported in the literature.
The aim of this study was to investigate the usefulness
of DWI in odontogenic cysts, especially ADC maps for
the characterization of normal structures in the upper
neck area and cystic lesions in the jaw.

Materials and methods

Patients

This prospective study was approved by the ethics
committee of our institution. After providing written
informed consent, 16 patients (10 male, 6 female; age
25 to 85 years, mean age 50.6 years) with cystic lesions
in the jaw underwent MRI at our university hospital
from October 2016 to February 2018. This study includ-
ed five odontogenic keratocysts (one in the maxilla,
four in the mandible), three nasopalatine duct cysts (all
in the maxilla), three radicular cysts (one in the maxilla,
two in the mandible), four dentigerous cysts (one in the
maxilla, three in the mandible) and one simple bone
cyst (in the mandible). The histopathological diagnoses
of these lesions were obtained by surgery in all cases
after MRI.

MRI techniques

The MR images (1.5 Tesla MR unit; EXCELART Van-
tage MRT-2003; Canon Medical Systems, Otawara,
Japan) with a head coil included unenhanced axial
T1-weighted imaging (T1WI; repetition time [TR]
660 ms, echo time [TE] 12 ms), T2-weighted imaging
(T2WI; TR 4000 ms, TE 120 ms), and short TT inversion
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recovery sequences (STIR) (TR 2500 ms, TE 15 ms, TI
190 ms). An isotropic DWI sequence was obtained with
b values of 0 and 800 s/mm? with an EPI technique. The
following technical parameters were used: TR 8476 ms,
TE 80 ms. The ADC maps and maximum intensity pro-
jection (MIP) were automatically calculated from the
DWI with b = 800 s/mm?.

Data analysis

Two oral and maxillofacial radiologists with over
20 years of experience independently reviewed all the
images and any discrepancies were resolved by consen-
sus. The MR images of the lesions were assessed with
special attention to intensity changes. A region of inter-
est (ROI) was used to calculate the ADC values on ADC
maps. Three ROIs with similar sizes within the lesions
were measured to obtain a mean ADC value. The mean
of two observers’ evaluations of the ADC value was used
as each lesion’s representative value. We also measured
the ADC value of Waldeyer’s ring, the nasal mucosa, the
spinal cord, and the cerebrospinal fluid in the upper neck
area as normal structures.

Statistical analysis

Interobserver agreement was evaluated using the inter-
class correlation coefficient (ICC). Interobserver agree-
ment was considered excellent for ICC > 0.75; in case of
ICC > 0.40 but <0.75 the agreement was considered fair
to good; an ICC < 0.40 was regarded as poor.

The statistical analysis among the ADC values of
normal structures in the upper neck area was performed
using one-way repeated measures analysis of vari-
ance (ANOVA). The ADC values of the odontogenic
keratocysts and the other cysts were evaluated by the
Mann-Whitney U test. These analyses were performed
with the statistical package IBM SPSS Statistics version
24 (IBM Japan, Tokyo, Japan). A P value of < 0.05 was
considered statistically significant.

Results

The ICC of the ADC values was 0.999 (P = 0.000). The
interobserver agreement was considered excellent for
the ADC values. Table 1 shows the imaging features of
cystic lesions in the jaw using MRI. Regarding odonto-
genic keratocysts, the T1-weighted image shows a low
signal intensity area (Fig 1a). The T2-weighted image
and STIR show a high signal intensity area (Fig 1b and
¢). The diffusion-weighted image shows a high signal
intensity area (Fig 1d). The ADC map shows a low
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Table 1 Imaging features of cystic lesion in the jaw with MRI.
MRI findings
Gender Location Lesion Ini_:ernal T T T AD_? vaIL;e
signal (x107° mm#/s)
1 70 Female | Mandible Simple bone cyst Homogeneous | Low | High | High | High | High 2.79
2 74 Female | Mandible Radicular cyst Homogeneous | Low | High | High | High | High 2.63
3 32 Male | Mandible Dentigerous cyst Homogeneous | Low | High | High | High | High 2.63
4 74 Male Maxilla Dentigerous cyst Heterogeneous | High | High | High | High | High 2.52
5 41 Male Maxilla | Nasopalatine duct cyst | Heterogeneous| High | High | High | High | High 2.42
6 72 Male Maxilla | Nasopalatine duct cyst | Heterogeneous| High | High | High | High | High 2.25
7 70 Female | Maxilla | Nasopalatine duct cyst | Heterogeneous| Low | High | High | High | High 2.18
8 40 Male Maxilla Radicular cyst Homogeneous | Low | High | High | High | Low 1.50
9 35 Female | Mandible | Odontogenic keratocyst | Heterogeneous | Low | High | High | High | Low 1.49
10 41 Male | Mandible Radicular cyst Homogeneous | Low | High | High | High | Low 1.33
11 38 Male | Mandible | Odontogenic keratocyst | Heterogeneous | Low | High | High | High | Low 1.09
12 85 Female | Maxilla |Odontogenic keratocyst | Heterogeneous| Low | High | High | High | Low 1.08
13 62 Male | Mandible Dentigerous cyst Heterogeneous | High | High | Low | High | Low 0.97
14 25 Female | Mandible | Odontogenic keratocyst | Heterogeneous | Low | High | High | High | Low 0.77
15 25 Male | Mandible | Odontogenic keratocyst | Heterogeneous | Low | High | High | High | Low 0.71
16 26 Male | Mandible Dentigerous cyst Homogeneous | High | High | High | High | Low 0.55

MRI: magnetic resonance imaging, T1WI: T1-weighted image, T2WI: T2-weighted image, STIR: short Tl inversion recovery image,

DWI: diffusion-weighted image, ADC: apparent diffusion coefficient.

Fig 1

Odontogenic keratocyst of the maxilla in
an 85-year-old female. (a) The T1-weighted image
shows a low signal intensity area (arrow). (b and c)
The T2-weighted image and STIR show a high signal
intensity area (arrow). (d) The diffusion-weighted image
shows a high signal intensity area (arrow). (e) The ADC
map shows a low signal intensity area (arrow). (f) The
MIP (DWI) shows lesions in an improved way (arrow).
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Fig2 Dentigerous cyst of the maxilla in a 74-year-old
male. (@) The T1-weighted image shows a high signal
intensity area (arrow). (b and c) The T2-weighted image
and STIR show a high signal intensity area (arrow). (d) The
diffusion-weighted image shows a high signal intensity
area (arrow). (e) The ADC map shows a high signal inten-
sity area (arrow). (f) The MIP (DWI) shows lesions in an
improved way (arrow).

signal intensity area (Fig le). The MIP (DWI) shows
lesions in an improved way (Fig 1f). Regarding the den-
tigerous cyst, the T1-weighted image shows a high sig-
nal intensity area (Fig 2a). The T2-weighted image and
STIR show a high signal intensity area (Fig 2b and c¢).
The diffusion-weighted image shows a high signal inten-
sity area (Fig 2d). The ADC map shows a high signal
intensity area (Fig 2e). The MIP (DWI) shows lesions
in an improved way (Fig 2f).

Table 2 shows the ADC values of normal structures
in the upper neck area and cystic lesions in the jaw.
Regarding the normal structures, the mean ADC value
of the cerebrospinal fluid (3.66 = 0.47 x 1073 mm?/s)
in the upper neck area was significantly higher than
that of the nasal mucosa (1.80 £ 0.19 x 103 mm?/s),
Waldeyer’s ring (0.75 +0.11 x 103 mm?/s) and the
spinal cord (0.71 +0.20 x 103 mm?%/s) (P = 0.000).
Regarding cystic lesions, the mean ADC value of odon-
togenic keratocysts (1.03 =0.31 x 103 mm?/s) was
lower than that of simple bone cysts (2.79 x 1073 mm?/s),
nasopalatine duct cysts (2.28 £ 0.12 x 103 mm?/s),
radicular cysts (1.82 = 0.71 x 103 mm?/s) and denti-
gerous cysts (1.67 £ 1.06 x 103 mm?/s). Furthermore,
the mean ADC value of odontogenic keratocysts was
significantly lower than that of the other cysts in the jaw
(1.98 £0.76 x 103 mm?/s; P = 0.038).

Discussion

Helenius et al'® showed that ADC values in the normal
human brain were highest in the cortical grey matter
(0.89 + 0.04 x 10-3 mm?/s), lower in the deep grey mat-
ter (0.75 £ 0.03 x 103 mm?/s) and lowest in the white
matter (0.70 + 0.03 x 103 mm?/s). In this study, regard-
ing normal structures in 16 patients, the mean ADC val-
ue of the cerebrospinal fluid (3.66 + 0.47 x 103> mm?/s)
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in the upper neck area was higher than that of the
nasal mucosa (1.80 £ 0.19 x 103 mm?/s), Waldeyer’s
ring (0.75+0.11 x 10> mm?%/s) and the spinal cord
(0.71 £ 0.20 x 103 mm?/s). We consider that the evalu-
ation of ADC values in the normal structures is impor-
tant for differential diagnosis of oral and maxillofacial
lesions.

The ADC values of malignant lesions have been
found to be lower than that of benign lesions by a sig-
nificant amount in head and neck studies*. Serifoglu et
al® indicated that the median ADC value of malignant
tumours and benign lesions were 0.72 x 10> mm?/s and
1.17 x 1073 mm?/s, respectively (P < 0.001). Sakamoto
et al® showed that the mean ADC value of cysts
was 2.41 + 0.48 x 10> mm?/s, which was significantly
higher than that of benign (1.48 £ 0.62 x 103 mm?/s)
and malignant (1.23 £ 0.45 x 103 mm?/s)
tumours (P < 0.001). Srinivasan et al!’” showed
that there was a statistically significant differ-
ence (P =0.004) between the mean ADC values in
benign (1.505 £ 0.487 x 103 mm?/s) and malignant
(1.071 £ 0.293 x 103 mm?/s) lesions in the head and
neck. Abdel Razek et al® showed that the mean ADC
values of malignant tumours, benign solid masses
and cystic lesions were 0.93 +0.18 x 103 mm?/s,
1.57 £0.26 x 10 mm?/sand2.01 + 0.21 x 10~3 mm?/s,
respectively. Furthermore, Maeda et al'® showed that
mean ADC values were 0.96 = 0.11 x 10> mm?/s for
SCC and 0.65 £ 0.09 x 10> mm?/s for lymphoma in
the head and neck; the difference was significant
(P <0.001).

Based on DWI studies, the ADC was proposed to
be useful for differentiating keratocystic odontogenic
tumours from ameloblastomas, whereas the ADC con-
tributed little to differentiating keratocystic odontogenic
tumours from odontogenic cysts such as radicular cysts
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Table 2 ADC values of normal structures in the upper neck area and cystic lesions in the jaw.

ADC ( x 103 mm?2s)

Number
Mean = SD (Range) P value
Normal structures in the upper neck area 0.000
Spinal cord 16 0.71 + 0.20 (0.36 - 0.97)
Waldeyer’s ring 16 0.75 +0.11 (0.60 - 0.98)
Nasal mucosa 16 1.80 £ 0.19 (1.40 - 2.20)
Cerebrospinal fluid 16 3.66 = 0.47 (2.73 - 4.35)
Cystic lesions in the jaw 0.038

Odontogenic keratocyst 5 1.08 £ 0.31 (0.71 - 1.49)
Other cysts 11 1.98 £ 0.76 (0.55 - 2.79)
Simple bone cyst 1 2.79

Nasopalatine duct cyst 3 2.28 £ 0.12 (2.18 - 2.42)
Radicular cyst 3 1.82 £ 0.71 (1.33 - 2.63)
Dentigerous cyst 4 1.67 + 1.06 (0.55 - 2.63)

ADC: apparent diffusion coefficient, SD: standard deviation.

and dentigerous cysts'?>"13. Sumi et al'? showed that the
mean ADC values of non-enhancing lesions in amelo-
blastomas, non-enhancing lesions in keratocystic odonto-
genic tumours and solid lesions in ameloblastomas were
2.48 £0.20 x 10 mm?/s, 1.13 +0.56 x 10 mm?/s
and 1.39 £ 0.15 x 103 mm?/s, respectively. Srinivasan
et al'3 showed that the mean ADC values of the cystic
areas ofameloblastomas and the solid areas of both amelo-
blastomas and keratocystic odontogenic tumours were
2.192 £ 0.33 x 10 mm?/s, 1.041 + 0.41 x 10> mm?/s
and 1.019 £ 0.07 x 103 mm?/s, respectively. Eida
et al'* showed that the mean ADC values of the
fluid areas of ameloblastomas, simple bone cysts,
dentigerous cysts, radicular cysts and keratocystic
odontogenic tumours were 2.45 £ 0.27 x 1073 mm?/s,
2.52+0.14 x 103 mm?%/s, 1.50 +0.49 x 103 mm?/s,
0.90 = 0.21 x 103 mm?/sand 0.87 + 0.13 x 10 mm?/s,
respectively. However, these reports were relatively
short. Moreover, several types of cysts and tumours can
occur in the oral and maxillofacial region. Therefore,
further study is necessary to validate these results.

Chinese Journal of Dental Research

In the present study, the mean ADC value of odonto-
genic keratocysts (1.03 = 0.31 x 1073 mm?/s) was lower
than that of simple bone cysts (2.79 x 103 mm?/s),
nasopalatine duct cysts (2.28 = 0.12 x 103 mm?/s),
radicular cysts (1.82 = 0.71 x 103 mm?/s) and denti-
gerous cysts (1.67 £ 1.06 x 103 mm?/s). Driessen et al*
indicated that DWI showed consistently high accuracy
and high negative predictive values in head and neck
squamous cell carcinomas. Bonello et al'® showed that
DWTI is a non-invasive imaging tool potentially able to
provide information about microstructural tumour char-
acteristics. In this study, the mean ADC value of odon-
togenic keratocysts (1.03 +0.31 x 103 mm?/s) was
significantly lower than that of the other cysts in the
jaw (1.98 £ 0.76 x 103 mm?/s; 8 = 0.038). We consider
that ADC values of lesions are linked to the histopatho-
logical differences between tumours and cystic lesions.

In conclusion, this study suggested the usefulness of
DWTI in odontogenic keratocysts, especially ADC maps
for the characterization of normal structures and cystic
lesions in the jaw.
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