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Abstract

Magnetic resonance imaging (MRI) is a versatile imaging modality utilized in various medical fields. Specifically used for
evaluation of soft tissues, with non-ionizing radiation and multiplanar sections that has provided great guidance to diagnosis.
Nowadays, use of MRI in dental practice is becoming more pervasive, especially for the evaluation of head-and-neck can-
cer, detection of salivary gland lesions, lymphadenopathy, and temporomandibular joint disorders. Understanding the basic
principles, its recent advances, and multiple applications in dentomaxillofacial region helps significantly in the diagnostic
decision making. In this article, the principle of MRI and its recent advances are reviewed, with further discussion on the
appearance of various maxillofacial pathosis.
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Introduction

Tremendous technological advances in medical imaging
over the past several decades lead the way to the introduc-
tion of three-dimensional imaging in the field of dentistry.
MRI is superior to other imaging modalities, due its ability
to depict the soft tissues and functional changes without any
ionizing radiation. MRI have experienced rapid development
and found wide dental applications in recent years. Evolu-
tion of conventional MRI to newer advances techniques such
as diffusion-weighted imaging (DWI), perfusion weighted
imaging (PWI), MR spectroscopy (MRS), and functional
MRI (fMRI) enabled dental researchers to narrow down
the diagnostic possibilities. Adequate knowledge of dental
applications overwhelms the limited use of MRI. The pur-
pose of this article is to inform about the basic principle of
conventional and advanced MRI along with specific clinical
applications of MRI in different field of dentistry.
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Materials and methods

An initial search was performed using the search terms MRI,
DWI, PWI, MRS, fMRI, head-and-neck cancer, salivary
gland pathology, temporomandibular joint disorders, cervi-
cal lymphadenopathy, nerve injury, vascular lesions, bony
lesions, and pre-implant assessments in the PubMed, Med-
line, Scopus, and Google Scholar. 153 articles were analyzed
and 63 articles were included.

Formation of MRI

Magnetic resonance imaging is based on the physics of
nuclear magnetic resonance (NMR) which was first depicted
by both Bloch and Purcell in 1946 [1]. The simplest atom,
hydrogen consists of single proton in nucleus and single
circulating electron orbiting around the proton. Individual
protons in the nuclei of all atoms possess a spin, or angular
momentum. Since the spin is associated with an electrical
charge, a magnetic field is generated in nuclei known as
magnetic dipole moment. In the atoms of biologic mol-
ecules, the protons in the nucleus are randomly arranged,
canceling the dipole moment each other, and therefore usu-
ally do not exhibit any magnetic property. We have a lot of
hydrogen atoms in our body, especially in the form of water,
and energy storing molecules of fat and carbohydrates.
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When an external magnetic field is applied, all the protons
line up. Most of them align in the direction of the magnetic
field, which is parallel to the external magnetic field—spin
up, and others align anti-parallel (opposite) with the mag-
netic field, spin down. These orientations correspond to
low-energy and high-energy states of the dipoles, respec-
tively. These protons rotate like spinning top and the rate of
precession depends on Larmor frequency equation which
states that the rate of rotation is directly proportional to the
applied magnetic field. The Larmor frequency of hydrogen is
42.58 MHz in a magnetic field of 1 T. Initially, half the pro-
tons will be with and against the magnetic field, where the
system is not in equilibrium. To attain equilibrium, over the
time, more protons align with magnetic field by attaining a
lower energy state by releasing energy to lattice. This energy
release is known as T'1 or spin lattice relaxation. Now, the
magnetization of the patient in the direction of external mag-
netic field which is known as longitudinal magnetization
representing the z-axis cannot be measured directly. When a
radiofrequency (RF) pulse of same magnitude of the preces-
sion of proton is applied, some protons absorb energy and
flip into high-energy state, and as a result, the longitudinal
magnetization decreases to zero as the opposing magnetic
forces cancel each other. Additionally, RF pushes the proton
to synchronous and spin together to produce a net transverse
magnetization in the x—y plane which can be measured by
RF coil. After the RF pulse is switched off, protons being
positively charged repel each other and move apart which
loses transverse magnetization, this process is known as
T2 or spin—spin relaxation. The loss of signal intensity due
to dephasing of the proton in the receiving coil is the free
induction decay. Then, the protons go back from their high
to low state of energy, so the longitudinal magnetization
increases and grows back to its original value [2].

Pulse sequences

T1 and T2 (and partially 72 *) are intrinsic parameters of
the tissues, and they have different values based on differ-
ent tissues and may be altered by pathology, which provide
image contrast. A wide variety of MRI pulse sequences is
accomplished by administering RF pulses and magnetic
field gradients that result in a set of images with different
geometric characteristics and contrasts. T1-weighted images
(T1WI) and T2-weighted images (T2WI) are the common
sequences usually used for anatomic images and patho-
logic images, respectively. In TIWI, fatty tissue appears
as hyperintense signal (bright), muscles, and soft tissue as
intermediate signal (gray) and fluid as hypointense signal
(black). T2WI produces increased signal from pathologic
tissue, due to the increased water content. Fat-suppressed
T1 and T2-weighted image are used to eliminate the hyper-
intense fat signal and for detection of other hyperintense
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tissue signals. Fat saturation, short T1 inversion recovery
(STIR), water excitation, and subtraction are fat suppres-
sion methods. In contrast-enhanced T1-weighted image, a
gadolinium-based contrast agent is injected intravenously, to
shorten the T1 and T2, thereby increasing the tissue signals
and bright images are obtained. Proton density images are
not weighted to either T1 or T2 character, which represent
an overall density of hydrogen, commonly used for TMJ
imaging, because they offer an excellent signal distinction
between fluid, hyaline cartilage, and fibrocartilage [3]. The
signal that comes back from the patient is collected as echo.
Echos are produced in two ways by the pulse sequence;
spin echo (SE) and gradient echo (GE). Spin echo includes
90° pulse followed by one or more 180° refocusing pulses.
Fast (or turbo) spin echo (FSE), a variation of SE used to
speed up the process. GE varies from spin echo in regards
to the flip angle usually below 90° and the absence of a 180°
rephrasing pulse. Fast low-angle shot (FLASH) and fast
imaging with steady-state precession (FISP) are variations
of GE. Spin echo produces quality images, while gradient
echo gives faster images.

Recent advances

Recent advances in the field of MRI include DWI, PWI,
MRS, and fMRI which have a greater role in assessment of
oral lesions.

Diffusion-weighted imaging depicts the random transla-
tional motion of water molecules in biological tissues per-
formed with an EPI (echo planar imaging) sequence and a
linear regression after a logarithmic transformation of the
signal intensity was used to calculate the apparent diffusion
coefficient (ADC) values. Variation in ADC values reflects
the diffusion of water molecules between intracellular and
extracellular compartments of a tissue. At least two b val-
ues (degree of diffusion weighting applied) are needed to
analyze the motion of water, which represents the duration
between the gradient pulses used. Most commonly, b0 and
b800 or »1000 values are used for head-and-neck imaging.
Acquiring multiple b values’ techniques such as intravoxel
incoherent motion (IVIM) and diffusion kurtosis imaging
(DKI) are employed. IVIM imaging can distinguish between
pure molecular diffusion and motion of water molecules in
the capillary network. DKI represents the extent to which
the diffusion pattern of the water molecules deviates from a
perfect Gaussian curve that is assumed by calculating stand-
ard ADC values [4].

Perfusion is defined as the steady-state delivery of blood
to tissue. Some of the perfusion techniques available are
dynamic contrast-enhanced (DCE) perfusion, dynamic
susceptibility contrast (DSC) perfusion, and arterial spin
labeling (ASL). DCE perfusion is most commonly used for
the head-and-neck area exploiting the T1 relaxivity effects
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of contrast agents which is able to characterize perfusion
and vascularization of tissues. DSC perfusion exploits the
susceptibility-induced signal loss after the administration of
contrast on T2-weighted sequences. Magnetically labeled
arterial blood water is used as a diffusible flow tracer in
ASL, which could reflect neovascularity and angiogenic
activity of lesion.

Magnetic resonance spectroscopy is a non-invasive
method which allows us to analysis tissue metabolite con-
centration in tissues and organs. 1H and 31P are the main
nuclei investigated in clinical MRS, but 13C, 23Na, and 19F
are also amenable to MRS investigation. Proton MRS (1H-
MRS) is the most commonly used method typically based on
the detection of elevated levels of choline, lactate, N-acetyl-
aspartate, myo-inositol, creatine, glutamine and glutamate.
The concentrations of metabolites in MRS are expressed
either as absolute values or ratios [5].

Application and efficacy of MRI in maxillofacial
region

Magnetic resonance imaging can be utilized for the assess-
ment of salivary gland pathology, head-and-neck cancer,
temporomandibular joint disorders, cervical lymphadenopa-
thy, swelling in the orofacial region, nerve injury, vascular
lesions, bony lesions, and pre-implant assessments. Besides,

Table 1 Key MRI findings in various salivary gland pathologies

dental MRI is a newer non-invasive diagnostic method for
evaluating the pulpal and periapical changes.

Salivary gland pathology

Magnetic resonance imaging of salivary gland is superior to
other imaging modality due to its excellent spatial resolu-
tion, superior soft-tissue contrast, and multiplanar evaluation
of gland. MR images are preferred for differentiating benign
from malignant lesions, intraglandular from extraglandular
lesions, demarcation of tumor—muscle interface, and facial
nerve with relation to the tumor. T1, T2, and postcontrast
fat-suppressed imaging with T1 weighting is recommended
for salivary gland imaging for delineation of lesions and
prediction of the nature of gland pathology. The key MRI
findings in various salivary gland pathologies are summa-
rized in Table 1. Contrast administration helps to distinguish
between solid and cystic lesions, and perineural extension
of lesion, and to evaluate the margins of the mass and its
extension into surrounding tissue planes [6]. Figure 1 shows
fat-suppressed images with heterogeneous mass of adenoid
cystic carcinoma. Newer imaging techniques that increase
the efficacy of diagnosis are DWI, PWI, MRS, and MR
sialography. DWI evaluates the diffusion occurs as a result
of the constant movement of water molecules in the tissue
provide useful information about gland pathology. Variation

Lesions MR findings

Sialolithiasis

Stone appear as low signal on all sequences, outlined by high-signal saliva on T2

On MR sialography, appear as hypointense structure surrounded by hyperintense saliva

Sialadenitis

Acute; low signal on T1 and high signal on T2

Chronic; heterogeneous low signal on T1 and low-to-intermediate on T2

Sjogren’s syndrome Early stage; enlarged homogenous glands

Intermediate stage; enlarged inhomogeneous multiple hypointense mixed with hyperintense signal (salt and pepper

appearance) on T2

Advanced stages; inhomogeneous with overall decreases on T2 signals (honeycomb pattern)

Pleomorphic adenoma

Homogeneous, intermediate-to-low T1 signal, hyperintense if hemorrhagic

Heterogeneous high T2 signal, whereas peripheral capsule show low T2 signal

Mild to moderate contrast enhancement

Dynamic contrast curve shows quick uptake, then plateau(contrast retention)

Warthin’s tumors
rhage

Low signal in both solid and cystic components on T1, Cystic areas may show high signal due to debris or hemor-

Intermediate to high T2 signal in solid component and high T2 signal in cystic foci
Minimal contrast enhancement of solid components

In DWI, ADC values are lower than benign mixed tumor but similar to carcinoma
In DCE, rapid enhancement with rapid washout

Mucoepidermoid carcinoma

On T1, low-grade shows heterogeneous, well-defined mass with predominantly low signal and high-grade as solid,
infiltrative mass with intermediate signal

Low-grade form depict heterogeneous low T2 signal with cystic areas as high T2 signal and high grade as interme-

diate signal with infiltrating mass
Heterogeneous contrast enhancement

In DWI, ADC values are lower than benign mixed tumor but similar to Warthin tumor

Adenoid cystic carcinoma
Homogeneously enhancing mass

Low to intermediate T1 signal intensity and moderate T2 signal intensity
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Fig. 1 Axial STIR fat-suppressed images demonstrates heterogeneous
mass involving upper buccal mucosa and buccal space suggestive of
adenoid cystic carcinoma of left buccal mucosa

of ADC values in diseases like sialadenitis, Sjogren’s syn-
drome, and benign and malignant gland tumors helps to dif-
ferentiate one lesion from another. Perfusion is a marker
of physiologic or pathologic processes, assessed in salivary
gland pathology by analyzing the time-signal intensity curve

(TIC) after DCE MR imaging. Yabuuchi et al. evaluated all
different parotid tumors and described four TIC patterns;
Type A (persistent) time to maximal enhancement was more
than 120 s after contrast administration, seen in pleomorphic
adenoma; type B (washout) time to peak was 120 s or less
with high washout ratio (—> 30%), characteristic of Warthin
tumors as well as carcinomas; type C (plateau) time to peak
was 120 s or less with low washout ratio (<30%), found
in malignant lesions; type D: (flat) are usually benign [7].
Yabuuchi et al. showed that the sum of the TIC patterns
and ADC values significantly increases the differentiation
between benign and malignant parotid tumors. Pleomorphic
adenoma show ADC value > 1.4 and type A perfusion curve
whereas Warthin tumor will have ADC value < 1 and type B
perfusion curve. Type C perfusion curve represent low-grade
and high-grade malignant tumor in which low grade shows
high ADC value (1-1.4) and high grade with low ADC value
(< 1) [8]. Various studies assessing salivary gland patholo-
gies with newer MRI techniques is mentioned in Table 2
[7,9-17].

Oral cancer

Main imaging features to be assessed in MRI for oral can-
cer are epicenter and tumor thickness, involvement to sur-
rounding tissues such as muscle, neurovascular bundle,
bone, and extension across the midline. MR images of
osseous involvement include loss of low-signal-intensity

Table 2 Studies assessing salivary gland lesions by use of newer MRI techniques

Imaging Uses Author
DWI Benign neoplasms presents higher ADC values compared with malignant and Warthin tumors Khamis et al. [9]
The differentiation between benign versus malignant neoplasms, using a cut-off ADC value of
1.50 % 10> mm?s presented 74.1% accuracy
DWI with gustatory stimulation could noninvasively evaluate the functional changes of salivary glands Zhang, Y et al. [10]
following RT
DWTI is a promising tool to allow differentiation between the early and advanced disease. Higher ADCs Reiger et al. [11]
were determined for early stage Sjogren’s syndrome (SS) and advanced disease revealed significantly
lower ADCs
DWI allows differentiation between reactive inflammatory and neoplastic lesions of the parotid glands ~ Terra et al. [12]
IVIM parameters depict malignant tumors had significantly smaller value than pleomorphic adenomas, MisaSumi et al. [13]
and for Warthin tumors ,it was even smaller
Perfusion MR TIC from DCE helps in differentiating malignant from benign salivary gland tumors in which malig- Yabuuchi et al. [7]
nant tumors show early enhancement and low washout, benign pleomorphic adenomas demonstrated
gradual enhancement, and Warthin tumors exhibited early enhancement and high washout
DCE has the potential to quantify microvascular function in SS and to differentiate the SS and non-SS ~ Roberts et al. [14]
patients
MRS Choline/creatine (Cho/Cr) ratios greater than 2.4 at an echo time of 136 ms, a distinction between King et al. [15]

MR sialography

benign and malignant lesions is possible, while a ratio greater than 4.5 suggests Warthin tumor

MR sialography can replace conventional sialography for diagnosing and staging SS and give informa-
tion on different aspects of glandular and duct pathology

MR sialography is useful for diagnosing sialolithiasis and sialadenitis with less failure rate compared to
digital subtraction sialography although it has superior diagnostic information

Ahmed et al. [16]

Kalinowski et al. [17]
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cortex, replacement of high-signal-intensity marrow on T1
intermediate-signal-intensity tumor, contrast enhancement
within bone, and contrast enhancement of nerves travers-
ing the mandible, especially the inferior alveolar nerve. In
perineural spread, the involved nerve may appear enlarged
on contrast-enhanced images [18]. Figure 2 demonstrates
contrast-enhanced T1 MRI image of squamous cell carci-
noma of tongue with hyperintense signal. Variation in ADC

Fig.2 Axial contrast-enhanced T1 MRI image demonstrates squa-
mous cell carcinoma in left posterior aspect of tongue extending to
midline

Table 3 Role of MRI in oral cancer management

values in DWI helps in characterization of tumors, to dif-
ferentiate viable and necrotic parts of malignant tumors, to
distinguish between recurrent or residual tumors from post-
treatment changes, in prediction and monitoring early treat-
ment response [19]. In PWI, DCE parameter K|, (volume
transfer constant), ve (fractional volume of extravascular-
extracellular space per unit volume of tissue), and vp (frac-
tional volume of the plasma space) values are useful for
differentiating malignant lesions and to predict treatment
response [20]. Choline being a marker of proliferation and
cell membrane turnover, elevated levels of choline metabo-
lite provide good diagnostic value for 1H-MRS in cancer
[21]. Role of newer MRI technique in assessing the oral
cancer was briefly described in Table 3 [22-32].

Lymph nodes

Normal unchallenged nodes are only a few millimeters in
size and may not be seen on imaging. Normal lymph nodes
depicted in MRI are markedly hypointense to surround-
ing fat on T1, moderately hypointense on PD images, and
isointense or moderately hyperintense on T2. Iron-oxide
particles, when injected intravenously, can gain access
to lymph nodes, and the metastatic lymph nodes appear
hypointense, while normal lymph nodes clear the iron
oxide particles. Figure 3 demonstrates contrast-enhanced
T1 MRI image a left nasopharyngeal carcinoma with
level 1 lymph node with hyperintense signal on periph-
ery and hypointense signal toward center. Studies have
reported the ability of DWI to discriminate malignant from
benign lymph nodes, with the metastatic nodes exhibit-
ing lower ADC values. In MRS, average Cho/Cr ratio in

Imaging Uses

Author

DWI Mean ADC value of benign solid lesions was significantly higher than that of malignant tumors with

threshold ADC value of 1.22x 10~ mm%/s

Wang et al. [22]

Mean ADCvalue of recurrent/residual tumors was less than that of posttherapeutic changes with thresh- Razek et al. [23]

old value of 1.30x 10~> mm?/s

ADC values can accurately differentiate persistent or recurrent tumors from nontumoral tissue, both in

Vandecaveye et al. [24]

the early (<4 months) as well as the late (>4 months) postradiation therapy period

Pretreatment mean ADC value of complete responders (1.04 +0.19x 10~* mm?/s) was significantly

Kim et al. [25]

lower than that of patients who exhibited a partial or no response (1.35 +0.30 x 107> mm?s)

Perfusion MR K,

trans
Skewness of K, e
patients

ASL technique could accurately determine the effect of nonsurgical treatment

MRS
sues

Benign neoplasms have higher Cho/Cr than the malignant ones

Poor tumor response showed elevated Cho/Cr ratios

Cho levels after chemo-radiotherapy may serve as a marker of residual cancer

and ve value on DCE shows significant difference thereby distinguishing SCC from lymphoma
on pretreatment DCE was the strongest predictor of treatment response for stage IV

Elevated Cho/Cr ratios have been demonstrated consistently in carcinoma compared with normal tis-

Mina park et al. [26]
Shukla-Dave et al. [27]

Fujima et al. [28]
Mukherji et al. [29]

Yu Q et al. [30]
Bezabeh et al. [31]
King et al. [32]
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Fig.3 Axial contrast-enhanced T1 MRI image demonstrates a left
nasopharyngeal carcinoma with level 1 lymph node

the metastatic lymph nodes was significantly higher than
that for benign lymphoid hyperplasia, and also, lipid and
lactate act as biomarkers for metastatic nodes [33]. The
evaluation and characterization of cervical lymph nodes
includes determination of nodal location, evaluation of
nodal morphology, and its functional activity. The mor-
phologic parameters such as shape, inhomogeneity, size,

extranodular spread, clustering, and sentinel location are
evaluated [34].

Temporomandibular joint disorders

Now, MRI has been confirmed as best imaging modality for
TMI assessment, as it allowed better visualization of locali-
zation of the disk, retrodiskal layer, and lateral pterygoid
attachments. Both direct signs such as abnormal disk mor-
phologic features, disk displacement, joint effusion, osteo-
arthritis as well as indirect signs like, thickening of an LPM
attachment, and rupture of retrodiskal layers of TMJ dys-
function can be depicted. On T1, meniscus show homogene-
ous low-signal intensity, bilaminar zone as intermediate sig-
nal intensity, and anterior band and the intermediate zone as
hypointense, and the posterior band is slightly hyperintense,
while in disk diseases, posterior band will be hypointense.
Proton density fat-supressed images are shown in Fig. 4a in
closed mouth sequences demonstrate anteriorly displaced
right articular disk and (b) in open mouth sequences shows
no significant movement of articular disk suggestive of ante-
rior displacement with no reduction. Joint effusion was best
depicted on T2, manifesting as areas of hyperintensity [35].
The accuracy of MRI in evaluating osseous changes in TMJ
was from 60% to 100%, and the accuracy in evaluating disk
displacement was from 73% to 95% [36]. Standard protocol
for MRI diagnosis of anterior disk displacement uses the
most superior surface (12 o’clock position) of the condyle as
a reference point for the posterior band of the disk. A poste-
rior band of the disk located anterior to the 12 o’clock posi-
tion correlates to anterior disk displacement [37]. Studies on

Fig.4 Sagittal proton density fat-supressed images (a) in closed mouth sequences demonstrate anteriorly displaced right articular disk and b in
open mouth sequences shows no significant movement of articular disk suggestive of anterior displacement with no reduction

@ Springer



Oral Radiology (2022) 38:17-28

23

MR arthrography with the intra-articular injection of gado-
pentate dimeglumine are superior in detecting adhesions and
perforation of the TMJ [38]. Novel real-time MRI based on
FLASH offers access to TMJ dynamics, both mandibular
condyle movement and disk displacements [39].

Vascular lesions

Bhat V et al. suggested that hemangioma shows well-defined
hypointense T1 signal, lobulated T2 hyperintense signal with
central low-intensity dot sign with marked enhancement
[40]. In AV malformation, T1 and T2 produce signal void,
while dynamic contrast MR angiography demonstrates the
feeding vessels. Ill-defined T1 hypointense and T2 hyperin-
tense lesion with ill-defined tissue planes, muscle, and bone
involvement is presented in venous malformations. Lym-
phatic malformations show T1 hypointense and T2 hyper-
intense multilocular lesions with ill-defined margins and
variable enhancement of septae. Dong MJ et al. analyzed
significant difference between ADC values of hemangioma
and venous malformation in which venous malformation
shows higher value [41].

Neural lesions

Peripheral nerve evaluation and characterization of neuropa-
thies can be assessed by MR neurography which involves
high-field-strength imaging (ideally 3 T) with the use of
both two-dimensional and three-dimensional (3D) imaging
including nerve-selective imaging and diffusion imaging. In
peripheral nerve evaluation, based on the degree of nerve
injury, T2 signal varies from homogenous to heterogeneous
hyperintensity along with associated muscle denervation
as reported by Chhabra et al. [42]. Schwannomas appear
heterogeneously hyperintense on T2 due to the variable cel-
lular and water content of type A and B Antoni cells and
hypointensity on T1 [43].

Soft-tissue masses

Ranula shows well-defined homogenous low or intermediate
signal on T1 and high signal on T2, as shown in Fig. 5 [44].
Lipoma presented with high signal, isointense with subcu-
taneous fat, on both T1 and T2. Well-defined, heterogeneous
low signal on T1 and markedly high signal on T2 are seen on
dermoid cyst while the cervical cyst as well defined, homo-
geneous intermediate signal on both T1 and T2.

Bony lesions
Boeddinghaus R et al. reported that in acute osteomyelitis,

MRI shows high sensitivity in detecting cancellous mar-
row abnormality, results in reduced T1 signal, increased

Fig.5 Sagittal T2 images demonstrate hyperintense signal with mod-
erate enhancement in right sublingual space above mylohyoid muscle
suggestive of minor salivary gland retention cyst (Ranula)

T2 signal, and contrast enhancement of bone and the
adjacent inflamed soft tissues. Post-gadolinium-enhanced
T1-weighted MRI of chronic osteomyelitis distinguishes
sequestra from normal cortical bone and demonstrates peri-
osteal inflammation, important in planning decortication
surgery [45]. In osteonecrosis, signal shows low-intensity
areas in T1 and high-intensity signal in STIR sequences
[46]. Osteoradionecrosis provide homogeneous low marrow
signal due to fibrosis on T1. T2 shows heterogeneous signal
with increased T2 for marrow oedema and reduced T2 for
marrow sclerosis and fragmentation of bone and sequestra-
tion with very low signal on all sequences, as well as con-
trast enhancement after injection of gadolinium. ORN can be
differentiated from tumor recurrence with DWI (high ADC
values in necrosis as opposed to low ADC values in tumors).

Follicular cysts include variable signal intensity on
T1 due to variable protein content within the cyst, high
signal on T2, and occasionally slight enhancement of the
thin cyst wall. In KCOT due to the variable protein con-
tent, intermediate signal intensity may be seen on T1,
heterogeneous signal on T2, and mild contrast enhancing
rim that facilitate differentiation from ameloblastoma. In
DWI, high ADC value noted for benign cystic masses
compared to solid masses may be due to the free mobility
of water proton in the fluid. Langerhans cell histiocyto-
sis show hypointense signal on T1, hyperintense signal
on T2 and marked contrast enhancement. ADC values
are usually slightly higher than in malignant lesions
(>1.2%x 1073 mm?%/s versus + 1 x 10 ™3 mm?%/s). CGCG
has a homogeneous or slightly heterogeneous intermedi-
ate signal on T1, T2, and STIR, and shows moderate-to-
strong contrast enhancement. Primary intraosseous SCC
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shows solid tumor portions with lower signal on T2,
whereas cystic portions display a high signal. Contrast
enhancement of solid portions is typically seen, as well
as infiltration into the perimandibular soft tissues. ADC
values of solid parts are low, suggesting tumor compo-
nents with high cellularity [47]. The key MRI findings in
various bony lesions are summarized in Table 4.

Inflammation

Space infections were assessed by comparing shape and
signal intensities of the fascial spaces of the unaffected
sides. An abscess show one or more areas of low T1 sig-
nal or high T2 signal with peripheral enhancement [48].
Cellulitis demonstrates diffuse linear or ill-defined soft-
tissue thickening with hyperintensity on both T2 and
STIR and hypointensity on T1 and contrast enhancement
[49].

Table 4 Key imaging findings in bony lesions

Muscle disorder

Muscle commonly appears as low-signal intensity on both
T1- and T2-weighted images with fat suppression except
lingual muscles, which has intermediate signal intensity on
T1-weighted images due to their relatively high-fat compo-
nent compared to other muscles. Zhang S et al. proposed
that newer real-time MRI help to assess the normal swal-
lowing patterns and abnormal orofacial muscle function
[50]. Ekprachayakoon et al. suggested that dynamic MRI
is useful in dentistry to evaluate the relationship between
tongue function and maxillofacial morphology for ortho-
dontic treatment and orofacial myofunctional therapy, and
also for improving tongue movement during speech therapy
[51]. Sawada et al. suggest that DWI could be used to assess
myalgia of the masticatory muscles quantitatively. The
ADC values of the masticatory muscles on the pain side
were significantly greater than those of the contralateral side
without pain [52]. Masticatory muscles usually demonstrate
increased T2 signal and post-gadolinium enhancement after

Lesion TIWI T2WI TIWIC+
Osteoradionecrosis Homogeneous low signal in marrow Variable high signal in marrow Irregular enhancement
Osteonecrosis Low signal intensity Variable signal depending on stage. Enhancement in bone and surround-

Follicular cyst
Odontogenic keratocyst

Buccal bifurcation cyst
Aneurysmal bone cyst

Ossifying fibroma

Fibrous dysplasia

Paget disease

Ameloblastoma

Low-to-intermediate signal intensity
Intermediate signal intensity

Low to intermediate signal intensity
Subacute blood; hyperintensity

Intermediate to low signal
Fibrous areas; intermediate signal.
Radiopaque areas; hypointense

Low or intermediate signal in ossi-
fied or fibrous portions

Early destructive to early interme-
diate phase; Decreased marrow
intensity

Late sclerotic phase: Marrow
hypointense

Solid tumor parts: low-to-intermedi-
ate T1 signal intensity

Cystic parts: low-to-intermediate T1
signal intensity

Central giant cell granuloma Hypo to isointense

Often high-signal intensity
Hyperintense signal

Heterogeneous, low-to-high-signal
intensity

Increased signal intensity
Fluid-fluid levels

Mixed low and high signal

Fibrous areas hyperintense (usually
lesion center). Osseous/cemental
areas hypointense (usually lesion
periphery)

Increased signal in early resorptive
phase

Heterogeneous signal in active
phase

Marrow changes with marrow
replacement

High T2 signal intensity

Hypo to isointense

ing soft tissues

Slight enhancement of the thin cyst
wall

Thin enhancing rim

Solid periphery with intense enhance-
ment

Moderate enhancement of outer
margin

Maximal enhancement in areas that
appear T2 hyperintense

Increased enhancement due to
increased vascularity

Sarcomatous transformation: mass
enhancement, often with central
necrosis

GCT transformation: enhancing solid
tumor areas

Solid tumor show strong enhance-
ment seen than in odontogenic cysts

Enhancement of mural nodules seen
in unicystic variant

Cystic areas show no enhancement

Heterogeneous enhancement
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radiation as suggested by Taner et al., and the masseter was
the muscle with highest rate of volume loss and lateral ptery-
goid showed the highest rate of hyperintensity [53].

Fracture

Magnetic resonance imaging is not usually used for the
assessment of facial fracture, but smaller fractures or stress
fractures considered having nearly 100% sensitivity. Early
MRI features include periosteal and marrow edema, best
demonstrated on fluid-sensitive sequences. As the severity
of the injury progress, a hypointense linear fracture line may
be seen. Periosteal and endosteal new bone formation are
hypointense on all sequences [54].

Implantology

Magnetic resonance imaging has been used in the field of
dental implantology recently when soft-tissue imaging is
required such as location of inferior dental canal and its geo-
metric accuracy is comparable to CT. Main limitations are
artifact and heating of the implant which may interfere with
osseointegration caused by ferromagnetic type of implant on
postimplant evaluation [55]. Dental implant planning, CAD/
CAM of a drill guide, and fully guided implant placement
were successfully performed in MRI by Fliigge, T et al. [56].

Dental MRI

In the conventional MRI, calcified structures of tooth
appear as void signal due to highly restricted molecular
motion within the mineralised tissues, the signal decay
rapidly. SWIFT (Sweep imaging with Fourier transfor-
mation), ultrashort echo time (UTE), and zero echo time
(ZTE) are all examples of relatively newly developed short
T2 pulse sequences with efficacy in imaging hard tissue.
SWIFT sequence uses intraoral coil, enabled simultaneous
imaging of both soft and hard dental tissues with a high
resolution and in a relatively short scanning time (10 min)
[57]. The sequence also showed assurance in determining
the extent of carious lesions and the status of pulpal tissue,
whether reversible or irreversible pulpitis. Bracher et al. [58]
reported that the ability of 3D UTE to identify caries lesion
is promising.

Dental restorative material and MRI

Awareness among dentists about MR imaging and their
interactions with restorative dental materials was limited
as per Mathew et al. [59]. Patients with dental restorations
may require MRI of the head and neck, which may cause
distortion of the images or the dislodgement of the prosthe-
sis which thereby can cause injury to the adjacent tissues,

and potentially life-threatening situations could result with
certain objects. Careful screening of patients before MRI
examinations should be conducted to detect the presence of
such materials and to identify their metallic content. Thus,
potentially harmful situations can be prevented. Any sub-
stances when placed in a magnetic field get magnetized to
a degree that depends on their magnetic susceptibility as
ferromagnetic, paramagnetic, and diamagnetic [60]. Ferro-
magnetic materials has high potential to cause the unwanted
effect, paramagnetic materials far less likely to cause an arti-
fact and diamagnetic materials are least likely to cause an
effect. Variations in the magnetic field strength that occur
at the interface between dental materials and the adjacent
tissue can lead to spatial distortions and signal loss, thereby
generating an artifact in the image. Apart from artifact for-
mation, other unwanted effects of MRI are radiofrequency
heating (a physical effect) and magnetically induced dis-
placement (a mechanical effect) of the dental material [61].
Schenck et al. divided the dental restorative material into
three groups according to the susceptibility difference; as
Compatible, the material produces no detectable distortions,
Compatible I, the material produces noticeable distortions,
acceptance depends on the application and non-compatible,
the material produces strong image distortions even when
it is located far from the imaging region [62]. Classification
of dental materials based on magnetic susceptibility and its
interaction is shown in Table 5.

Contraindications

Due to safety issues, caused by magnetic fields in an MRI
scanner, all patients need to be thoroughly screened by
healthcare professionals before the scan. The patient’s con-
dition, the type of device that patients have, and its compat-
ibility to machine should be evaluated. Contraindications
and patients to be more considered while taking MRI scan
are mentioned in Table 6. Recently, most medical devices
were manufactured as MR safe or MR conditional. Claus-
trophobic patients who refuse to take MRI scan may need
sedation or open MRI systems. MRI is safe during any tri-
mester of pregnancy, to evaluate obstetric and nonobstetric
disorders. FDA determines gadolinium as a class C agent,
and no known adverse effect reported. Only 0.04% of the
gadolinium contrast excreted into breast milk ensures that
MRI can be done in lactating mother [63].

Conclusion

The use of MRI in dentistry can be popularized over the com-
ing years, by decreasing the costs and providing better avail-
ability. An accurate knowledge on the benefits and limitations
of the techniques will further enhance the importance of MRI
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Table 5 Classification of materials based on magnetic susceptibility and its interaction

Classification ~ Type of magnetism Magnetic susceptibility and its effect Significance Dental materials
Compatible Diamagnetism Negative susceptibility Fully compatible materials Composites
Internal magnetic field opposes the Glass ionomer cement
external field Guttapercha
AH plus resin
Acrylic resin
Zirconia
Pure titanium
Gold filling
Compatible I Paramagnetism Positive susceptibility Limited distortions Amalgam
Internal magnetic field in the same Gold alloy

direction of the external field

Non-compatible Ferromagnetism

Positive susceptibility Strongly

attracted by magnetic field

Strongest distortions

Gold ceramic crown
Titanium alloy

Zinc phosphate cement
Metal ceramic
Ceramic brackets
Nickel titanium wires

Cobalt chromium alloy

Nickel chromium alloy

Stainless steel crowns and brackets
Ligature and stainless steel wires
Metallic endodontic post

Metallic dentures

Table 6 Contraindications and patients to be considered while taking MRI scan

Absolute contraindications

Relative contraindications

Patients need to be evaluated before the administra-
tion of gadolinium

Cardiac device such as pacemakers, implantable
cardioverter

Metallic intraocular foreign bodies

Cochlear/ear implant

Implantable neurostimulation systems

Drug infusion pumps

Catheters with metallic components

Hearing aid

Metallic fragments such as bullets, shotgun pel-
lets, and metal shrapnel

Tissue expander

Cerebral artery aneurysm clips

Magnetic dental implants

Artificial limb

Piercing

Coronary and peripheral artery stents
Programmable shunts

Airway stents or tracheostomy
Intrauterine device (IUD)
Ocular prosthesis

Stapes implants

Surgical clips or wire sutures
Penile prosthesis

Joint replacement or prosthesis
Inferior vena cava (IVC) filter:
Medication patch

Tattoos

Allergic or anaphylactic reaction to gadolinium

Dialysis patient

Renal patient with history of renal transplant, single
kidney, renal cancer

Patients with risk factors for nephrogenic systemic
fibrosis

Patients under medications for diabetes mellitus or
hypertension

Patients with glomerular filtration rate below
30 mL/min/1.73 m?

Patients who are pregnant: predicated on a risk—
benefit assessment

in routine diagnosis, by decreasing the number of invasive

diagnostic procedures.
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