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Foreword by Ambra Michelotti

This book edited by Tiziana Robba, Carlotta Tanteri, and Giulia Tanteri has
the great merit, which is not frequently found, of helping to fill a real gap in
the medical—-dental literature. The growing knowledge in terms of diagnostic
and therapeutic approaches regarding temporomandibular joint pathologies,
combined with the incessantly improving technological advances made in the
field of diagnostic imaging, have in fact dug a deep groove between the
experts of the different disciplines called upon to define the diagnostic and
therapeutic path. The project of writing a multidisciplinary book, under the
perspective of a dentist, a radiologist, and a maxillofacial surgeon, allows to
fill this groove through the union of the clinical and scientific skills of the
authors in different fields. The text provides the basic elements needed by the
radiologist to understand the different pathologies of the articular tissues and
the morphological changes related to them and, at the same time, helps the
clinician to interpret the images derived from instrumental investigations.
Ultimately, the authors have accomplished an excellent and appreciable work
of interdisciplinary linking that will allow all those who will read and study
this easily accessible text to face the complex temporomandibular patholo-
gies with greater competence.

Ambra Michelotti

Associate Professor

Department of Orthodontics
and Gnathology

University of Naples Federico I1
Naples, Italy
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Foreword by Daniele Regge

In this volume, Dr. Tiziana Robba, Dr. Carlotta Tanteri, and Dr. Giulia Tanteri
provide a very comprehensive overview of temporomandibular joint (TMJ)
disorders and of the role of magnetic resonance imaging (MRI) in their diag-
nosis. All the chapters of this handbook follow the same structure: after a
brief introduction on the epidemiology and etiopathogenesis, the authors
elaborate the content adopting a multidisciplinary approach. At first a descrip-
tion of the physiology is given followed by a systematic overview of patho-
logical findings both from a radiological and pathological perspective. The
understanding of the text is supported by the superb quality of radiological
images. Most importantly, clinical and therapeutic implications of radiologi-
cal finding are thoroughly discussed.

I found this book extremely inspiring and informative, and I recommend it
not only to imaging doctors but also to dentists, gnathologists, and maxillofa-
cial surgeons. I am persuaded that this monograph may greatly add to knowl-
edge by providing adequate and precise description of MRI findings and
allow accurate treatment planning in patients with TMJ disorders. I hope it
will attain the success it rightly deserves.

Daniele Regge

Radiology Unit

IRCCS Candiolo Cancer Institute
University of Turin

Turin

Italy



Foreword by Florencio Monje

It is a great honor and privilege to collaborate with this book doing the fore-
word. The editors form an inspiring team with a clever combination of differ-
ent specialties involved in the diagnosis and treatment of these pathologies
such as radiology, dentistry, and maxillofacial surgery.

The authors indeed make a tour of MRI without ignoring other TMJ imag-
ing modalities. The information of TMJ anatomy applied to MRI, as well as
the dynamics of this joint, gives us basic information for the following parts
of this book. The key to correct interpretation of TMJ imaging findings lies in
a thorough knowledge of the anatomy and an understanding of the function
and dysfunction of the TMJs. In other words, the professionals around the
pathology of this joint should have enough knowledge about imaging of this
area.

The diagnostic process is especially important since an incorrect diagnosis
is the most frequent cause of treatment failure. However, radiological find-
ings should never be interpreted in isolation. The decision for any treatment
must be based primarily on the combination of clinical and radiological infor-
mation in conjunction with other factors such as the impact of the disease on
the patient and the prognosis in case no treatment is provided. As a maxillo-
facial surgeon, and someone bewitched by TMIJ disease, I truly appreciate
this book. It becomes a working tool in TMJ diagnostics, whatever the
approach.

Florencio Monje

Department of Oral and Maxillofacial Surgery
University Hospital Infanta Cristina

Badajoz

Spain
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Preface

This book is the result of an enduring cooperation between a radiologist, a
maxillofacial surgeon, and a dentist, who became specialized in temporo-
mandibular joint pathology throughout the years. It is from our constant
exchange of thoughts, competences, and considerations that the necessity to
write this book emerged. The urge to share a common language and the con-
stant need of relying on the reciprocal expertise made us realize that we
wanted to bridge the gap, first of all for ourselves.

This book aims at providing an easy-to-consult format with the essential
knowledge to address TMJ magnetic resonance interpretation. The focus of
our work was on presenting TMJ conditions that gnathologists and dental
practitioners encounter in their daily practice. Clinicians, in fact, often lack
the technical-radiological familiarity with the exams they prescribe and sel-
dom know how to interpret the images they receive. For this reason, we gave
plenty of room to the description of MRI TMJ anatomy, to the radiological
correlation with the most common disorders, and to technical considerations
which lie behind high-quality MR images. At the same time, we wanted to let
radiologists understand the clinical presentation which precedes the request
to perform radiological examinations for the TMJ, so as to allow them to bet-
ter appreciate which details should be taken into account while performing
the investigation and evaluating the images.

The collaboration between our three disciplines provided insight into each
other’s difficulties and allowed us to include pieces of information which
make this book valuable to all colleagues that deal with temporomandibular
disorder patients. The illustrations and the clarifying terminology aim at sim-
plifying concepts which usually create confusion.

Clinicians deal with signs and symptoms, but at times rely too much on
their clinical confidence alone. Our approach to TMJ conditions should be
consequential, based on shared diagnostic criteria and supported by instru-
mental analyses. Magnetic resonance shows what is concealed behind signs
and symptoms, supporting diagnostics and therapeutic choices.

We sincerely hope that our work will help radiologists to better grasp the
clinical reasoning behind TMJ imaging and that it will help clinicians realize
how MRI is becoming a fundamental part of everybody’s practice.

Tiziana Robba
Carlotta Tanteri

Giulia Tanteri
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TMJ Magnetic Resonance:
Technical Considerations

Valeria Clementi and Tiziana Robba

Key Points

* MR is a multiparametric imaging technique
based on absorption of energy by the atomic
nuclei of tissues and the subsequent return
of the system to its initial state. In order to
be performed, the patient has to be inserted
into specially generated magnetic fields and
non-ionizing electromagnetic radiation is
used.

e The main contrast parameters used for image
generation are: proton density, 7y, and T7..
These last two are intrinsic parameters of any
tissue, related to its microscopic structure,
which influence the way the system returns to
equilibrium after absorption of the radio fre-
quency (RF) energy. Parameters combination
can provide for a great variability of the con-
trast between tissues, and it is selected on the
basis of the clinical question.

Electronic supplementary material The online ver-
sion of this chapter (https://doi.org/10.1007/978-3-030-
25421-6_1) contains supplementary material, which is
available to authorized users.

V. Clementi (D<)
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Ortopedico Rizzoli, Bologna, Italy

T. Robba

Department of Diagnostic Imaging and
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Images are generated by sequences of radio
frequency pulses and variable magnetic fields.
There are two main types of sequences: spin
echo and gradient echo. Spin echo sequences
are the most commonly used as they provide
fine anatomical details, thanks to their
SNR. Gradient echo sequences are used to
decrease acquisition times, are more sensitive
to changes of magnetic susceptibility of tis-
sues, and may provide information regarding
deposits such as calcium or hemosiderin.
MRI is a tomographic imaging technique: it
represents anatomical region volumes through
2D images. MR, unlike other imaging tech-
niques, can directly acquire along oblique
planes. 3D acquisitions are also possible,
allowing isotropic 3D reconstructions of the
volume.

Over the years, clinical MR systems have
offered an increasing number of sequences
and techniques, many of which are intended to
reduce acquisition times through different
modalities of data acquisition (fast acquisition
techniques) and to suppress fat signal (fat sig-
nal suppression techniques).

MR does not use ionizing radiation and can
therefore be considered a low-risk technique.
However, MR may still involve risks for oper-
ators and patients, and these can be limited by
site design and safety procedures applied in
the daily practice.


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-25421-6_1&domain=pdf
mailto:trobba@cittadellasalute.to.it

V. Clementi and T. Robba

1.1 Introduction

Imaging of the temporomandibular joint (TMJ)
has been continuously evolving along with the
advancement of imaging technologies. Even
though many imaging modalities are currently
used to evaluate the TMJ (i.e., cone beam com-
puted tomography—CBCT—and multi-detec-
tor computed tomography—MDCT), the use of
magnetic resonance imaging has increased due
to its great contrast resolution, its strength in
highlighting soft tissue structures and signs of
inflammation, and its capability in acquiring
dynamic imaging for demonstration of the
functionality of the joint (Bag et al. 2014).
Furthermore, MRI does not involve ionizing
radiations and this helps in limiting the overall
history of patient exposure (Niraj et al. 2016).
On the other hand, the relative disadvantages of
MRI compared to CT include a more complex
scanning technique and a longer acquisition
time. The advantages of CT over MRI are
enhanced bone details and 3D assessment of
congenital, developmental, and traumatic con-
ditions (Bag et al. 2014; Niraj et al. 2016). In
this chapter, the reader will be given the essen-
tial and basic information to understand the
principles of physics that underlie the creation
of MR images.

1.2  Principles of Physics
of Magnetic Resonance
Imaging

1.2.1 Nucleus and Spin

The MR imaging technique is based on absorp-
tion of energy by atomic nuclei and the following
return of the system to the initial state. In particu-
lar, the majority of MR clinical applications are
based on hydrogen nuclei, in fact, this is one of
the most common elements in nature and very
abundant in the human body.

Atoms consist of three main particles: pro-
tons, which have a positive charge, neutrons,
which have no charge, and electrons, which have
a negative charge.

The atomic nucleus is positively charged due
to the presence of protons and neutrons. Electrons
are displaced in orbitals surrounding the nucleus.
Each element is defined by a typical number of
protons and electrons, while the nucleus can con-
tain a variable number of neutrons, thus charac-
terizing different isotopes of the same element.
The hydrogen nucleus contains a single proton
and no neutron (Fig. 1.1).

The complete comprehension of the MR phe-
nomenon is based on the quantum mechanics
theory, the most complete model to interpret the
microscopic world. However, quantum mechan-
ics is usually very far from our intuitive interpre-
tation, which is based on the macroscopic world
experience and described by the classical physics
models. For this reason, it iS common to use
quantum mechanics concepts, together with
some classical mechanics models, to explain and
better understand some aspects of MR.

The atomic nucleus has the intrinsic property
of rotating about its axis, like a spinning top. The
physical quantity that describes this feature is a
vector called spin angular momentum, also called
spin (Fig. 1.2a). From the physics of electromag-
netism, it is also known that a moving charge cre-
ates a magnetic field. The magnetic field source
can be represented in physics by a dipole, that
can be imagined as a little magnet, with a north
pole and a south pole. Then a nucleus can be rep-
resented as a spinning top because of its rotation
about its axis, as well as a little magnet because
of its little magnetic field (Fig. 1.2b). The little
dipoles, generated by the spinning charged
atomic nuclei, are at the origin of the MR signal.

Proton

Electron

Fig. 1.1 Hydrogen atom. Its nucleus is made up of one
proton only. Its electron cloud also consists of only one
electron
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a Angular momentum

b Magnetic moment

Fig. 1.2 (a, b) The atomic nucleus of hydrogen rotates
about its own axis, like a spinning top. The physical quan-
tity that describes this feature is a vector called spin angu-
lar momentum (a). The positively charged hydrogen
nucleus rotates about its own axis like a spinning top and
it generates a small magnetic field. It can be represented
as a small magnet, with a north and a south pole (b)

Based on what has just been described, a vol-
ume of patient tissue can be imagined as a pool of
little magnets, all hydrogen nuclei (or spins),
each of them rotating about their own axis and
generating a little microscopic magnet. In normal
conditions, out of a strong magnetic field, all spin
orientations are possible, the magnetic fields gen-
erated from the nuclei cancel each other out and
the overall effect is that there is no macroscopic
magnetization on the tissue (Fig. 1.3).

1.2.2 Resonance Phenomena
and Larmor Precession

When the patient is introduced into a uniform and
constant high-intensity magnetic field, specifi-
cally created inside the MR scanner, called B,,
the hydrogen spins, which were randomly ori-
ented up to that point, move to align along the
main magnetic field By in a parallel or anti-

parallel orientation (Fig. 1.4). The anti-parallel
alignment implies a higher energy than the paral-
lel one and the latter is more frequent. In classical
physics models, if a spinning top is moved from
its axis while it rotates about itself, it also begins
to rotate around the direction of gravity. Again,
the spin can be considered as a spinning top, and
when the spin is exposed to the magnetic field B,
it behaves like a spinning top on the gravitational
field, and it starts to rotate around the axis of B,
with a typical motion called precession (Fig. 1.5).

The Larmor equation describes the relation-
ship between the intensity of the magnetic field
B, and the rotation frequency of the spin
precession:

w, =Y B, (1.1)

where w, is known as the Larmor precession fre-
quency or resonance frequency and it is expressed
in MHz, y is the gyromagnetic ratio (unique to
every atom), expressed in MHz/T, and B, is the
magnetic field strength in Tesla.

Protons have a gyromagnetic ratio of
42.58 MHz/T, and the corresponding Larmor fre-
quency at 1.5 T is 63.87 MHz. This value can be
roughly compared to about 1 KHz, which is the
Larmor frequency corresponding to the magnetic
field intensity of the Earth.

As a consequence of what has been described,
whenever a patient is brought into an external
magnetic field, the overall effect is the appear-
ance of a macroscopic magnetization that can be
represented as a vector M, with the same direc-
tion and orientation of the external magnetic field
B, (Fig. 1.6). There is no magnetization vector
when a tissue is not placed in an external mag-
netic field.

On a quantum mechanics point of view, when
the spin component is measured along an axis
(the z-axis, for instance) it is only possible to
obtain a finite number of values (quantized val-
ues), related to a number which describe the spin
angular momentum: the spin quantum number /.
This number is different from nucleus to nucleus.
Nuclei with a spin quantum number / = 0 cannot
be used for MR. The hydrogen nucleus has the
spin quantum number / = %2, which makes it suit-
able for the creation of MR signal. Other nuclei,
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Fig. 1.3 Under normal
conditions, rotating axes
of spins within a tissue
all have different
directions and they
cancel each other out.
The overall effect is that
there is no macroscopic
magnetization within
that tissue

s

»

Fig. 1.4 The hydrogen
spins move to align
along the main magnetic
field By in a parallel or
anti-parallel orientation
when the patient is
introduced into the
high-intensity magnetic
field B, inside the MR
scanner. The anti-
parallel alignment
implies a higher energy
than the parallel one and
the latter is more
frequent

for example carbon-13, nitrogen-14, fluorine-19,
phosphorus-31, and sodium-23, are characterized
by an I # 0 and could potentially generate MR
signal. However, these elements are less abun-
dant in biological tissues compared to hydrogen;
therefore, their use in MRI is not standard and is
limited to specific research applications.

Out of the B, field, when measuring the hydro-
gen nucleus spin component along the z-axis, the
only possible results are two values, correspond-
ing to spin states UP and DOWN, both having the

XK

@-

q
<
5]

Applied
Magnetic
Field By

t

q 2

same energy. The number of spins UP is equiva-
lent to the number of spins DOWN and there is no
macroscopic effect. On the contrary, when a
patient is placed into the main magnetic field By,
the two possible hydrogen spins configurations—
with respect to the By axis, UP (anti-parallel) or
DOWN (parallel)—become energetically differ-
ent, with UP alignment corresponding to the
upper energy state (Fig. 1.7). The distribution of
the spins population, between up and down energy
states, is no longer equal and it is related to the
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