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Objectives: The purpose of this study was to design, build and test a multielement receive
coil array and position system, which is optimized for three-dimensional (3D) high-resolution
dental and maxillomandibular MRI with high patient comfort.
Methods: A 141 1 coil array and positioning system, allowing easy handling by the tech-
nologists, reproducible positioning of the patients and high patient comfort, was tested with
three healthy volunteers using a 3.0-TMRI machine (Siemens Skyra; SiemensMedical Solutions,
Erlangen, Germany). High-resolution 3D T1 weighted, water excitation T1 weighted and fat-
saturated T2 weighted imaging sequences were scanned, and 3D image data were reformatted in
different orientations and curvatures to aid diagnosis.
Results: The high number of receiving coils and the comfortable positioning of the coil array
close to the patient’s face provided a high signal-to-noise ratio and allowed high quality, high
resolution, 3D image data to be acquired within reasonable scan times owing to the possibility
of parallel image acquisition acceleration. Reformatting the isotropic 3D image data in
different views is helpful for diagnosis, e.g. panoramic reconstruction. The visibility of soft
tissues such as the mandibular canal, nutritive canals and periodontal ligaments was exquisite.
Conclusions: The optimized MRI receive coil array and positioning system for dental and
oral–maxillofacial imaging provides a valuable tool for detecting and diagnosing pathologies
in dental and oral–maxillofacial structures while avoiding radiation dose. The high patient
comfort, as achieved by our design, is very crucial, since image artefacts due to movement or
failing to complete the examination jeopardize the diagnostic value of MRI examinations.
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Introduction

MRI depicts soft tissues with great detail and contrast.
Dental or maxillomandibular pathologies can cause
soft-tissue alteration before distinct destruction of os-
seous structures. Therefore, MRI may allow these pa-
thologies to be assessed at a very early stage. However,

MRI is not common in dentistry or oral–maxillofacial
surgery. Earlier studies on dental MRI investigated its
diagnostic value1,2 or focused only on high-resolution
imaging of the teeth.3 So far, no study focused on
making dental MRI feasible for clinical routine by op-
timizing the MRI coils or developing comfortable po-
sitioning system and dental MRI sequences. State-of
the-art routine MRI systems with 3.0-T magnetic field
strength and the capability of accelerated image
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acquisition4 allow high spatial resolution with sufficient
signal-to-noise ratio and reasonable scan times which are
essential for dental MRI. We recently explored the ca-
pability of current clinical MRI machines for dental
imaging.2 We found excellent visualization of dental or
maxillomandibular soft-tissue structures. However, den-
tal MRI with satisfactory image quality and high patient
comfort is challenging without specifically optimized
equipment for dental MRI.
Therefore, the purpose of our work was to design,

build and test a multielement receive coil array and

position system optimized for three-dimensional (3D)
high-resolution dental and maxillomandibular MRI
with high patient comfort.

Methods and materials

The 141 1 coil array and positioning system (Figure 1)
consists of a curved 123 38-cm2, 14-element phased-
array coil mounted between two pillars. Fasteners on
the bottom of the pillars allow positioning in head–foot
direction and fasteners between the pillars and the rigid
body of the coil allow anterioposterior positioning. The
centre of the phased-array coil provides wide openings
for nose and mouth. The central junction between the
two openings is positioned directly above the patient’s
upper lip. The outer wings of the phased-array coil are
highly flexible and can be perfectly adapted to the in-
dividual anatomy. One butterfly coil element attached
to the inferior side of the rigid body of the coil array
provides additional coverage and support to the lower
jaw. The butterfly element can be freely adjusted to the
individual anatomy. Optional mirror and head fixation
can also be attached to increase patient comfort and to
further minimize head motion. In particular the mirror
by allowing the patient to look outside of the magnet
bore, is a very efficient way to comfort and calm pa-
tients with claustrophobia. The head was placed on a
standard foam headrest, but also vacuum cushions can
be used. The high number of receive elements allows for
accelerated data acquisition owing to parallel imaging
and subsequent k-space undersampling. This makes
high-resolution 3D imaging with reasonable scan times

Figure 1 Rendered computer-aided drafting model of the mandib-
ular coil array and positioning system with mirror (1), wide openings
for mouth and nose (2), head fixation (3), flexible coil array wings
(4), adjustable rigid lower jaw coil element (5) and fasteners for
positioning (6,7).

Figure 2 Panoramic reconstructions of three-dimensional image data; fat saturation T2 weighted (top left), T1 weighted (top right) and water
excitation T1 weighted (bottom).
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feasible for routine MRI and tolerable by the patient.
MRI imaging parameters were:

Fat saturation T2 weighted (fsT2w): T2 weighted turbo
spin echo with variable flip angles, spectral fat
saturation and restoring of longitudinal magnetiza-
tion with echo time/repetition time5 172/1500 ms,
turbo factor5 100, matrix5 3843 3843 208, voxel
size5 0.53 0.53 0.5 mm3, readout bandwidth5
355 Hz per pixel, acceleration factor5 2, reference
lines5 24, partial Fourier of 6/8 in phase- and slice-
encoding directions, 50% slice resolution and acqui-
sition duration5 5 : 15 min.

T1 weighted (T1w): T1 weighted spoiled gradient-echo
imaging with echo time/repetition time5 2.46/5.8
ms, matrix5 3843 3843 208, voxel size5 0.53
0.53 0.5 mm3, readout bandwidth5 345 Hz per
pixel, acceleration factor5 2, reference lines5 24,
partial Fourier of 6/8 in phase- and slice-encoding
directions and acquisition duration5 3 : 06 min.

Water excitation T1 weighted (weT1w): T1 weighted
spoiled gradient-echo imaging with water excitation

for fat suppression with echo time/repetition time5
5.37/10.6ms, matrix5 4803 4803 208, voxel size5
0.37530.37530.375mm3, readout bandwidth5 250Hz
per pixel, acceleration factor5 2, reference lines5 24,
partial Fourier of 6/8 in phase- and slice-encoding
directions and acquisition duration5 6 : 57min.

All sequences were scanned in axial orientation,
with the 3D image slab centred at the approximate
plane of centric occlusion. Holding the lower jaw
closed was supported by the lower jaw coil element.
The whole MRI examination took about 25 min in-
cluding patient and coil positioning, localization and
placing of the 3D image slabs as well as automatic
adjustment scans of the MRI system. For comparison
of image quality with the standard head and neck
coil, MRI sequences were acquired with the same
imaging parameters and reviewed in comparison
with the images of the newly developed coil by an
experienced dental radiologist (DS). A scoring system
with 1 (excellent), 2 (good), 3 (moderate), 4 (poor)
and 5 (not visible) was applied according to our pre-
vious work.2 The scores for the different coils and
MRI sequences were statistically compared by two-
factor ANOVA with the level of significance of
p5 0.05.

3D image data were post-processed, e.g. by curved and
oblique planar reconstructions, using the OnDemand3D
software (Cybermed Inc., Seoul, Korea).

Three healthy volunteers without pathological den-
tal or maxillomandibular findings were scanned using
the 141 1 coil array and positioning system with a
3.0-T MRI (Siemens Skyra; Siemens Medical Solutions,
Erlangen, Germany). No volunteer had metal implants
which could potentially deteriorate image quality. One
volunteer had amalgam fillings on all molar teeth, and
one volunteer had one root canal treatment of tooth 34.
All subjects gave written informed consent consistent
with the Declaration of Helsinki in its currently appli-
cable form, which was approved by the local ethics
committee.

Figure 3 Detail of lower jaw with mandibular canal (right arrow),
nutritive canals (middle arrow), periodontal ligament and apical
foramen (left arrow) (water excitation T1 weighted).

Figure 4 Detail of upper jaw and adjacent maxillary sinus: mucosal thickening (left arrows) and cystic lesion (right arrow) (fat saturation T2 weighted).
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Results

All volunteers reported high comfort at all times of the
examination. The head and coil positioning did not
cause any discomfort, e.g. pressure to the cheekbones
or extension of the neck. Patient and coil positioning
was easy and reproducible between examinations and
subjects. 3D isotropic image data of all three sequences
were of high quality, and post-processing with ade-
quate software tools allows reconstruction of different
views which are helpful for diagnosis, e.g. panoramic
reconstruction (Figure 2). The visibility of the man-
dibular canal, nutritive canals and periodontal liga-
ments was exquisite. Especially for the high-resolution
weT1w data, the apical foramen could be assessed
(Figure 3). Soft tissues regarding potential pathologi-
cal conditions and their relationship to surrounding
structures could clearly be depicted, as demonstrated
in one volunteer with the incidental finding of mucosal
thickening and cystic lesion (Figure 4). The fsT2w
data showed great visibility of the pulp chamber,

which may allow better diagnosis of inflammation and
the vitality of the pulp (Figure 5). Furthermore, sali-
vary glands and ducts were also depicted in great detail
and with very good delineation against surrounding
structures (Figures 6 and 7).

The comparison of image quality and visibility of
dental and maxillomandibular structures showed better
image quality and visibility of the new coil (Figure 8).
Scoring of the dental and maxillomandibular structures
gave consistently and statistically significant (p5 0.019)
lower (better) scores for the new coil. The scoring was
not found to be significantly different (p5 0.57) be-
tween the different MRI sequences, as well as the in-
teraction between the two factors (coils and sequences)
(p5 0.96) (Table 1).

Figure 5 Detail of the lower first molar (start of arrow) and three-dimensional segmentation (end of arrow) of its pulp chamber (fat saturation T2

weighted).

Figure 6 Submandibular (smg) and sublingual (slg) salivary glands
and ducts at low salivation rate (fat saturation T2 weighted).

Figure 7 Small salivary glands (arrows) in the buccal mucosa (fat sat-
uration T2 weighted).
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Discussion

The goal of our work was to design, build and test a
dental and maxillomandibular MRI coil array and po-
sition system with high patient comfort that was capable
of 3D high-resolution imaging with high image quality at
reasonable scan times. High patient comfort and image
quality was achieved by designing the coil array and its
flexible elements to be positioned as close as possible to
the individual anatomy without causing discomfort, e.g.
pressure to the cheekbones or extension of the neck.
Standard MRI coils do not have this ability. For exam-
ple, the patient’s head needs to be positioned with an
extended neck to bring the jaw close to the elements of
a standard head and neck coil.2 Standard flexible coil
arrays have no suitable openings for mouth, nose and
eyes and may exert intolerable pressure to the patient’s
face because of the missing coil supporting structure.

The butterfly element of our coil, covering and
supporting the lower jaw, further improves patient

comfort. It prevents the patient from unconsciously
opening the mouth or constantly exerting the masseter
in order to keep the mouth closed during the exami-
nation. This makes additional uncomfortable jaw fix-
ations or restrains, such as a head–chin bandage2 or
a mouth piece, obsolete. The butterfly element can also
be retracted to allow for open mouth temporoman-
dibular joint imaging.

Owing to the high spatial resolution and signal pro-
vided by the optimized coil design, salivary glands and
ducts can be sufficiently depicted at their native low
salivation rate. There is no need to enhance salivation,
e.g. by applying an oral sialogogue such as lemon juice,5

which may cause patient discomfort and even image
artefacts due to uncontrolled swallowing movements.

The optimized coil array and position system opens
the possibility for high quality and even quantitative6

dental and oral–maxillofacial imaging studies as well as
for routine diagnostics, where soft-tissue contrast and/or
avoidance of radiation dose is of high importance.

Figure 8 Exemplary comparison of image quality between standard (left) and new (right) coil. In particular, more details are visible in the images
of the new coil.

Table 1 Rating of visibility of different dental and maxillomandibular structures in comparison between the newly developed coil and the
previously used standard head and neck coil2

Anatomical and dental structures

New coil Standard head/neck coil

fsT2w T1w weT1w fsT2w T1w weT1w
Anatomical structures

Cortical and trabecular bone of the mandible
and maxilla

2 1 3 3 3 4

Mandibular nerve canal with its nerve structures
and mental foramen

3 2 2 4 2 2

Lingual nerve 3 2 4 5 3 4
Salivary glands and their excretory duct 2 3 3 3 4 4
Surrounding soft tissues regarding any
pathologies (maximum sinuses)

1 2 2 2 2 3

Dental structures
Enamel–dentine junction 5 5 5 5 5 5
Cementum–dentine junction of the teeth–pulp
chamber

2 3 3 3 4 3

Apical foramen 5 2 3 5 4 4
Periodontal space 5 4 3 5 5 5

fsT2w, fat saturated T2 weighted; T1w, T1 weighted; weT1w, water excitation T1 weighted.
Two-factor ANOVA showed statistically significant (p5 0.019) better (lower) scores (80 vs 101) for the new coil.
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Since no volunteer had appreciable metal implants,
no image deterioration was caused because of that.
Metallic implants, such as fixtures or retainers, cause
severe image artefacts which are not reduced by just
using the newly developed coil. However, the increased
signal sensitivity of the coil may be helpful for imple-
menting future imaging sequences which are less sensi-
tive to metal artefacts. Such sequences need very high
excitation and receiving bandwidths, which lower their
signal sensitivity, but may be compensated by the higher
signal sensitivity of the new coil.

Conclusions

The optimized MRI receive coil array and positioning
system for dental and oral–maxillofacial imaging allows
for high-quality 3D high-spatial resolution imaging with
reasonable scan times using a 3.0-T MRI machine. This

provides a valuable tool for detecting and diagnosing
pathologies in dental and oral–maxillofacial structures
while avoiding radiation dose. The coil array and po-
sitioning system is easy to handle and provides high
patient comfort. Patient comfort is of high importance,
since image artefacts due to movement or failing to
complete the examination jeopardize the diagnostic
value of the MRI examinations.
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