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The evolving role of MRI in dentomaxillofacial diagnostics: 
a comprehensive review

Magnetic Resonance Imaging (MRI) has emerged as a pivotal diagnostic tool 
in dentomaxillofacial radiology, surpassing conventional imaging techniques 
by offering superior contrast resolution for soft tissue lesions without the use of 
ionizing radiation. This comprehensive review explores the expanding applications 
of MRI in dentistry, highlighting its integration into routine diagnostic protocols 
and its significance in the evaluation of oral and maxillofacial structures. The article 
delves into the physics of MRI, detailing the various sequences such as Spin Echo 
(SE), Gradient Echo (GRE), and Short-Tau Inversion Recovery (STIR), each tailored for 
specific diagnostic needs. Advanced techniques like Dynamic Contrast-Enhanced 
MRI and Diffusion-Weighted Imaging (DWI) are discussed for their roles in assessing 
tissue perfusion and differentiating between benign and malignant lesions. The 
review emphasizes the necessity of appropriate coil selection and parameter 
optimization to enhance image quality, particularly in dental applications 
where artifacts from restorative and prosthetic materials can pose challenges. 
Furthermore, the article addresses the utility of MRI in visualizing dental hard 
tissues, the temporomandibular joint, and neurovascular structures, providing a 
comprehensive overview of its diagnostic capabilities. The integration of MRI into 
global health systems and the role of Personal Electronic Health Records in reducing 
redundant imaging are also examined. Conclusively, the review underscores the 
transformative impact of MRI on dentomaxillofacial diagnostics, advocating for its 
broader adoption in clinical practice to facilitate accurate diagnosis and effective 
treatment planning.
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Introduction 

Magnetic resonance imaging (MRI) has evolved into a well-established 
diagnostic tool in the oral and maxillofacial radiology as a gold standard 
with its superior contrast resolution in imaging of soft tissue lesions (1, 
2-4). Avoidance of ionizing radiation distinguishes MRI from other ad-
vanced imaging methods and constitutes its non-invasive characteristics 
(5, 6). MRI utilizes powerful magnetic fields and radiofrequency pulses to 
generate detailed images of tissues. This process provides a comprehen-
sive view of oral and maxillofacial structures with high resolution images. 
As this technology continues to evolve, considerations about its integra-
tion into dental practice requires further attention in the emerging den-
tomaxillofacial diagnostic methodologies (3, 7-13). 

Basic concepts of MRI in dental applications

Understanding the basic principles of MRI is vital for optimizing image 
quality and clinical data extraction. Dental clinicians need concise knowl-
edge of imaging sequences to make informed decisions (14). MRI relies 

https://orcid.org/0000-0003-1609-610X


59MRI in dentomaxillofacial diagnostics 

on magnetic properties of atomic nuclei, particularly hydro-
gen protons, interacting with magnetic fields and radiofre-
quency pulses (15). Manipulating radiofrequency signals in 
pulse sequences controls hydrogen atom movement, crucial 
for image formation (16). Protons emit signals when aligned 
and disturbed, resulting in relaxation processes influencing 
image contrast (17). Regarding to these relaxation process-
es, T1 refers to the time constant for longitudinal relaxation, 
representing how quickly protons realign with the magnetic 
field, while T2 refers to the time constant for transverse re-
laxation, indicating how quickly protons lose phase coher-
ence in the transverse plane (3, 14, 16, 17). MRI sequences 
are critical for identification of anatomical structures and 
pathological conditions. Each sequence of MRI offers unique 
advantages with various imaging parameters. 

T1 and T2-weighted images 

T1-weighted (T1W) and T2-weighted (T2W) images relies 
on the Time of Repetition (TR) and Time of Echo (TE) char-
acteristics of the image. TR and TE can be manipulated to 
emphasize different properties in MRI. While short TR and TE 
emphasizing T1w images, long TR and TE emphasizes T2w 
images (3, 14, 16). Alterations in T1 and T2 properties are 
main parameters in generation of those sequences (2, 15, 
18, 19). 

Spin Echo (SE) sequence 

SE is a commonly used MRI sequence particularly used in 
reducing artifacts and provides high-contrast images for the 
diagnostic process (14, 17). T1W SE sequences offer anatom-
ical detail, while T2W SE sequences highlight water content 
differences which is critical in identification of pathological 
conditions (5, 20, 21). 

Gradient echo (GRE) sequence 

Gradient echo sequence is an MRI technique that uses 
variable flip angles and gradient fields which provides fast-
er imaging with enhanced contrast (16, 17). It is specifically 
used for dynamic imaging of blood flow and functional MRI 
(fMRI), and commonly used for high-resolution anatomical 
imaging and detecting hemorrhages (17, 19). 

Short-tau inversion recovery (STIR) sequence 

STIR sequence is an MRI technique that suppresses fat sig-
nal by using an inversion recovery pulse. This technique is 
commonly used for detection of pathologies such as ede-
ma, inflammation, and tumors, as it provides high contrast 
between fat and water-containing tissues (18, 19) (Figure 1). 

3D fast low-angle shot (3D FLASH)

The 3D FLASH sequence provides excellent contrast be-
tween tissues, particularly useful for visualizing anatomical 
structures and dynamic processes. It is commonly used in 
contrast-enhanced studies to assess vascular structures and 
abnormalities. (22). 

Magnetic resonance angiography (MRA) and MR perfusion 

MRA sequences provide detailed images of blood vessels 
without the need for contrast agents by highlighting the 
flow of blood. In dentomaxillofacial imaging, MRA can be 
valuable for assessing vascular anatomy, arteriovenous mal-
formations, and to evaluate the blood supply to tumors or 
other pathologies (23, 24). 

Time-resolved angiography with interleaved stochastic 
trajectories (TWIST) or time-resolved imaging of contrast ki-
netics (TRICS) MR angiography is a method that delivers high 
temporal resolution images across arterial, capillary, and ve-
nous phases. This technique is effective for evaluating the 
feeding arteries, nidus, and draining veins of arteriovenous 
malformations in the dentomaxillofacial region (14, 25). 

Dynamic contrast-enhanced (DCE) MRI

DCE MRI is an advanced technique for the analysis of mi-
crovascular parameters of tissue perfusion. It involves plac-
ing a region of interest within the tumor to calculate time-in-
tensity curves and semiquantitative parameters (5, 16, 25). 

3D fluid attenuated inversion recovery (3D-FLAIR)

3D-FLAIR suppresses the signal from cerebrospinal fluid 
to increase the visibility of lesions. It is commonly used for 
detecting abnormalities such as multiple sclerosis plaques, 
subarachnoid hemorrhages, and other pathologies (5, 8, 25). 

3D double-echo steady-state (3D DESS)

3D DESS sequence captures both T2W and GRE images 
by simultaneously acquiring two echo signals with different 
weighting during each repetition of the sequences. In the 
dentomaxillofacial region, it is commonly used to visualize 
and assess the temporomandibular joint anatomy and dis-
orders (14, 16, 25). 

Ultrashort echo time (UTE)

UTE is a specialized method designed to capture images 
with extremely short echo times, typically less than 1 mil-
lisecond. This allows UTE MRI to visualize tissues with very 

Figure 1. Coronal sections in T2W MRI showing Spin Echo (a) 
and STIR (b) sequences. Hyperintense appearance observed in 
maxillary sinus mucosal thickening and nasal cavity in the STIR 
image due to fat signal suppression.
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short T2 relaxation times, such as cortical bone and liga-
ments. UTE MRI is particularly useful in orthopedic and mus-
culoskeletal imaging for assessing bone structure, cartilage, 
and tendon integrity, as well as in imaging dental structures 
such as enamel and dentin (14, 25, 26). 

Diffusion-weighted imaging (DWI) and diffusion tensor imaging 
(DTI)

DWI measures the random motion of water molecules 
within tissues, providing information about tissue cellulari-
ty and integrity. It is commonly used in the dentomaxillofa-
cial region to evaluate lesions, such as tumors or abscesses, 
based on their cellular density and the restriction of water 
diffusion. DTI is an extension of DWI that assesses the di-
rectionality and coherence of water diffusion in tissues, al-
lowing for the visualization of white matter tracts and nerve 
fibers. In the maxillofacial region, DTI can be used to map 
the course of cranial nerves or assess the integrity of neural 
pathways, aiding in the diagnosis and surgical planning for 
conditions like trigeminal neuralgia or facial nerve disorders 
(8, 25, 27, 28) (Table 1).

Integration of spesific sequences 

MRI offers sequence options for specific tissues or pathol-
ogies, facilitating precise diagnostic imaging. Proficiency in 
sequence selection is crutial for optimizing MRI examina-
tions. Arteriovascular malformations or malignant lesions 
necessitate different sequence choices. Furthermore, vari-
ations in tissue characteristics may necessitate additional 
parameter adjustments in MRI protocols. Consideration of 
scanning duration may be a criterion for optimizing image 
acquisition. These factors collectively underscore the signifi-
cance of sequence selection in MRI. 

SE and GRE sequences offer contrast advantages, while 
STIR and DESS protocols improve lesion detection (13). To 
reduce image acquisition, quick overview scans could be 
achieved. For instance, by employing rapid T1W 3D FLASH 
sequences, allowing comprehensive evaluation of the jaw 
with isotropic spatial resolution within minutes at slightly re-
duced spatial resolution. This provides adequate anatomical 
detail for identifying specific areas. Integrating rapid over-

view imaging with subsequent high-definition local imag-
ing of identified areas could lead to a significant decrease 
in the overall scan time, potentially reaching the 15-minute 
range (5, 22).    

DCE MRI utilizes pharmacokinetic modeling to derive 
quantitative parameters like Ktrans, which has shown prom-
ise as a marker for tumor hypoxia and treatment response 
in squamous cell carcinoma. Tumor characteristics such as 
vascularity and perfusion can be evaluated such as angio-
genesis, which lead to the differentiation of squamous cell 
carcinoma from benign lesions or other malignancies. How-
ever, the technique remains subjective and lacking full stan-
dardization due to variations in analysis, choice of regions 
of interest, scanner models, pharmacokinetic models, and 
treatment time points (25).

MRI of hard tissues as bone, enamel and dentin, presents 
a challenge due to their limited water content and solid 
structure. Conventional MRI sequences struggle with these 
tissues due to their ultrashort T2 relaxation times. However, 
addressing this specific challenge requires sequences that 
are sensitive to ultrashort T2 relaxation and can provide a 
detailed analysis of these tissues with high spatial resolution 
and signal-to-noise ratio. Ultrashort Time Echo (UTE) MRI is a 
sequence that fulfills these requirements, allowing for effec-
tive imaging of dental hard tissues by capturing signals from 
rapidly decaying echoes and overcoming the limitations as-
sociated with their short relaxation times (26).  

Recently, there has been a surge in popularity of Diffusion 
Tensor Imaging (DTI) and Diffusion-Weighted Imaging (DWI) 
sequences in oral and maxillofacial imaging (8, 25, 27, 28). 
The degree of anisotropy and directional information ob-
tained through DTI contribute to a more comprehensive un-
derstanding of the organization and integrity of tissue struc-
tures. Overall, DTI, by unraveling the complexities of water 
diffusion at a microscopic level, proves to be a pivotal tool 
in tissue microstructure and pathology (27, 29, 30). DWI and 
DTI can assist in characterizing lesions and evaluating treat-
ment responses in dentomaxillofacial imaging. Specifically, 
the apparent diffusion coefficient (ADC) ratios derived from 
DWI and DTI can facilitate the differentiation between be-
nign and malignant lesions (29-35). Koontz et al. (29) stated 
that DTI serves as a valuable predictor of malignancy in head 
and neck lesions, with the ADC values of malignant lesions 

Table 1: Commonly used sequences for strategic MRI ordering

Commonly used sequences Justification

Spin Echo (SE) Provides T1- and T2-weighted images with versatile soft tissue contrast

Griadient Echo (GRE) Enables dynamic imaging and susceptibility-weighted imaging

Short-tau Inversion Recovery (STIR) Suppresses fat signal for enhanced visualization of pathology

3D Fluid Attenuated Inversion Recovery (3D-FLAIR) Supresseses fluid signal and produces high-resolution 3D images 

3D Double-Echo Steady-State (3D DESS) Provides multiple contrasts in a single acquisition

3D Fast Low-Angle Shot (3D FLASH) Offers high-resolution images with short acquisition times

Ultrashort Echo Time (UTE) Able to view the dental hard tissue 

Dynamic contrast-enhanced (DCE) Assesses blood flow and tissue perfusion

Magnetic Resonance Angiography (MRA) Visualizes blood vessels without the use of contrast agents

Diffusion Tensor Imaging (DTI) Quantifies the direction and magnitude of water diffusion in tissues

Diffusion-Weighted Imaging (DWI) Provides information about the microstructure and cellularity of tissues
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being significantly lower than benign lesions.  In addition, 
Li et al. (31) found that not only the malignant lesions ADC 
values are lower, ADC values of benign solid lesions were sig-
nificantly lower than cystic lesions. In the studies of Baba et 
al. (33, 34) it was found that ADC values were significantly 
higher in osteomyelitis when its compared with nasopha-
ryngeal cancer.

Evaluation of MRI databases in global health 
systems 

In the context of escalating healthcare costs, healthcare 
providers bear the responsibility of seeking advanced imag-
ing modalities. Dental clinicians are prompted to consider 
whether the prevailing clinical issue has been recently ad-
dressed through existing imaging resources. Oral and Max-
illofacial Radiology consultations can provide insights into 
the appropriateness of the requested diagnostic workup 
(36). From a global perspective, Personal Electronic Health 
Records Systems (PEHRSs) are avaible in various countries 
network systems which allows to view the previous MRI re-
cords. PEHRSs have been widely utilized on a global scale. 
utilized by 82% of the Turkish population (e-Nabiz), with 
similar implementations in Denmark (e-Record), Estonia 
(e-Health Record), and Germany (Elektronische Patiente-
nakte – ePA) (37, 38). The appropriate utilization of PEHRSs 
and familiarity with the aforementioned systems are impor-
tantant in avoiding unnecessary or redundant MR imaging, 
thereby addressing healthcare cost concerns. An extensive 
study involving 196,314 patients revealed a 7.7% repetition 
rate within 90 days when prior imaging data was inaccessi-
ble. Additionally, it was stated that 18% of the patients had 
at least one image in this cohort study. Findings indicated 
that accessing PEHRSs within 90 days subsequent to an ini-
tial imaging procedure significantly reduced the repetition 
of imaging. This underscores the significant increase in im-
aging redundancy in the absence of PEHRS access. To avoid 
repetitive and unnecessary imaging, it is crutial to consult 
PEHRSs prior to ordering new imaging studies (36).

In evaluation of the MRI data existing in the PEHRSs, another 
important consideration is sequence assesment with respect 
to targeted pathological condition. A majority of MR imaging 
is conducted for medical purposes which may be problematic 
in analyzing data for dentomaxillofacial diagnostic purpos-
es. MR images acquired for other medical purposes may oc-
casionally lack the adequacy needed for evaluating oral and 
maxillofacial conditions. For instance, SE or GRE MR images 
can be employed to assess the position and anatomical varia-
tions of the inferior alveolar nerve before surgeries involving 
the posterior mandibular region (39). Yet, if the objective is 
to discriminate between benign and malignant pathologies, 
pulse sequence MR imaging may prove insufficient, necessi-
tating the application of different MR imaging techniques de-
pending on the characteristics of the lesion (29, 31). 

Factors influencing image quality in MRI

Coil selection

In MRI, a coil refers to a radiofrequency (RF) coil, an essen-
tial component of the MRI system and play a crucial role in 

capturing detailed images, used to transmit radiofrequency 
pulses and receive signals during the imaging process (40). 
Different coils are tailored for specific body parts or imaging 
goals. The application of a specific coil enables a nuanced 
and differential diagnosis of suspicious lesions within the 
head and neck region (41). The choice of coil depends on the 
imaging requirements and the anatomical structures being 
examined (42, 43). While gradient coils and surface coils are 
the most commonly used coil in MR imaging (44), using spe-
sific coils for dentomaxillofacial imaging improves the image 
quality (45). Although not common, intraoral coil design is 
implemented using an appliance placed inside the mouth. 
The current literature indicates that MR images obtained 
with this type of coil provide detailed dentomaxillofacial im-
aging (42, 43). 

Al-Haj Husain et al. (9) reported a case of irritation fibroma. 
Imaging of the lesion prior to the excision was perfomed with 
a 15-channel mandibular coil. The STIR and DESS sequences 
was in that case report, while the authors stated that these 
sequences are best suited to overcome the limitations of 
hard tissue imaging in dentomaxillofacial imaging. Accord-
ing to the study of Grandoch et al. (45), MR imaging with an 
intraoral coil can be a non-invasive alternative of cone-beam 
computed tomography in dental treatment planning such 
as third molar extraction or implant procedures concerning 
mandibular posterior region. 

In addition to coils, various imaging parameters such as 
Signal-to-Noise Ratio (SNR), Contrast-to-Noise Ratio (CNR), 
FOV, matrix size, slice thickness, bandwidth play significant 
roles in influencing image quality in MRI (14, 44, 46, 47). 

Signal-to-noise ratio (SNR)

The primary objective of RF receiver coils is to maximize 
the SNR, which is influenced by the coil’s loop size and elec-
trical properties (44). SNR compares the level of the target 
signal to the level of background noise in an MRI image (14). 
An increase in SNR can lead to higher spatial resolution or 
faster scanning speeds, resulting in clearer, more detailed 
images and improved diagnostic accuracy (5, 44, 46). 

Contrast-to-noise ratio (CNR)

CNR measures the difference in signal strength between 
two adjacent tissues compared to the background noise 
level. High CNR is vital for distinguishing between different 
tissues or structures in an image and is particularly useful for 
detecting lesions with low contrast. Improved image quality 
is associated with higher SNR and CNR values (47). 

Field of view (FOV)

FOV refers to the extent of the area being imaged, typi-
cally measured in millimeters (14). Increasing the FOV may 
reduce spatial resolution, as the MRI scanner distributes the 
available imaging resources over a larger area, resulting in 
less detailed images (46). 

Slice thickness

Slice thickness refers to the thickness of the anatomical 
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slices captured during imaging, measured in millimeters. 
Thinner slices provide better spatial resolution and reduce 
partial volume effects, but may increase scan time and noise 
(44, 46, 47). 

Bandwidth

Bandwidth in MRI refers to the range of frequencies used 
to encode the signal. Higher bandwidth can reduce image 
distortion and chemical shift artifacts but may decrease SNR, 
while lower bandwidth improves SNR but can increase arti-
facts and distortions (46) (Table 2).

Dental materials and MRI 

As stated in the 2020 guideline of the American College 
of Radiology, whether an implant or a foreign body, a fer-
romagnetic material can cause image distortion and signal 
loss artifacts (48). Materials employed in dental applications 
for restorative, endodontic, prosthodontic and orthodontic 
treatments may contribute to the occurrence of imaging ar-
tifacts (14, 49, 50). The severity and extent of artifacts were 
influenced by factors such as material location, size, and 
thickness, with orthodontic appliances covering a large area 
of the oral cavity being of particular concern.

Restorative and endodontic materials 

In restorative dentistry, certain materials like glass-ion-
omer cements and composite resins exhibit minimal dis-
tortion on MR imaging. Amalgam contains various metals 
including non-ferromagnetic silver, which does not signifi-
cantly affect MR image quality (14). In addition, resin-based 
sealer and gutta-percha seem not to produce detectable 
distortions on MRI as well (14, 46). 
Prosthetic materials

In prosthetic dentistry, gold crowns exhibit minimal ferro-
magnetic effects. Ceramic and zirconia crowns typically do 
not produce artifacts (50-52), although Reda et al. (14) stated 
that there are conflicting statements regarding the effect of 

zirconia, with some comparing it to metal effects. Metal-ce-
ramic restorations, often made with nickel alloys, tend to 
generate artifacts (14). (Figure 2).
Dental implants 

Dental implants contributed to localized artifacts in the 
oral cavity, affecting the assessment of adjacent structures, 
and susceptibility artifacts were observed in brain imaging 
as well. Current conventional techniques, like employing 
lower field strength or utilizing a SE sequence, are available 
to mitigate artifacts. Research indicates that 3 Tesla MRI 
tends to produce larger artifacts compared to 1.5 Tesla MRI, 
and using a SE sequence has been shown to decrease arti-
facts when contrasted with a GRE sequence (14, 49).  

Orthodontic materials 

While artifacts from titanium and ceramic materials were 
mostly confined to the oral cavity, stainless steel alloy caused 
more widespread distortion of the magnetic field due to its 
ferromagnetic properties. Removal of orthodontic applianc-
es before MRI may be necessary to mitigate artifact severity. 
The decision to remove the orthodontic wire prior to MRI 
acquisition should be considered based on the chosen se-
quence, irrespective of whether the brackets are retained. 

Figure 2. Computed tomography (a) and MRI (b) axial sections 
showing significant signal loss in the anterior region due to the 
removable prosthetics in the maxilla.

Table 2. Imaging parameters in MRI

Parameter Definition Effect on Image Quality Impact 

Signal-to-Noise Ratio 
(SNR)

A measure of the strength of the 
signal compared to noise

Higher SNR improves image 
quality, providing clearer 
details

Increased SNR results in higher image quality, 
essential for better visualization of structures 
and pathology.

Contrast-to-Noise 
Ratio (CNR)

Represents the difference in signal 
intensity between two regions 
relative to the noise.

Higher CNR enhances the 
visibility of differences 
between tissues.

Improved CNR aids in better differentiation of 
structures.

Field of View (FOV) The size of the imaging area
Larger FOV captures a 
larger anatomical area

Larger FOV is suitable for imaging larger 
anatomical regions but may reduce spatial 
resolution for smaller structures.

Slice Thickness The thickness of each imaging slice
Thinner slices provide 
better detail but may 
extend scan time

Thinner slices improve spatial resolution and 
are preferred for detailed imaging, although this 
may increase the overall scan time.

Bandwidth
The range of frequencies acquired 
during signal collection

Narrower bandwidth can 
improve image quality

Narrower bandwidth refines frequency 
resolution, potentially reducing chemical shift 
artifacts and improving overall image quality.
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Retainers crafted from gold or titanium generate insignifi-
cant artifacts, preserving diagnostic quality in dental and 
head/neck MRI. Conversely, ferromagnetic steel retainers 
induce notable artifacts, persistently compromising image 
quality, particularly with proximity to orthodontic retainers 
like rectangular steel and twistflex-steel, which can also im-
pact remote anatomical structures (14, 49, 50). 

MRI of dentomaxillofacial structures 

MRI in detecting the normal anatomy of dentomaxillofa-
cial structures is crucial for the accurate detection of pathol-
ogies. Advancements in MRI technology have also enhanced 
its importance in evaluating bone structures for a compre-
hensive dentomaxillofacial assessments (46, 54-57).  

Dental anatomy

The appearance of enamel and dentin in MRI is typically 
dark due to the absence of unbound protons. Surrounding 
structures are clearly visible, with cortical bone delineated 
as a black zone outlined by a moderate signal from external 
soft tissues (46) (Figure 3). 

It is recognized that a minimum of 30% mineral loss is nec-
essary to identify a bony lesion through radiation-based imag-
ing technique (53). In contrast, MRI can detect signal changes 
before significant mineral loss occurs, as it is sensitive to alter-
ations in the number of water molecules within a lesion (54, 
55). Bracher et al. (54) found that UTE-MRI may offer advan-
tages in certain aspects of caries detection by visualizing hard 
tissues with limited water content. It was stated that UTE MR 
imaging can be applied for the identification of caries lesions 
wtih the ability to differentiate between dentine, enamel, and 
cementum. Despite the high sensitivity provided by this tech-
nique, the increased acquisition time (approximately 45 min-
utes) and the higher costs still represent a concrete obstacle 
for widespread clinical application of UTE-MRI (3, 55).

In the in vivo study of Assaf et al. (56), with 3 Tesla MR scan-
ner, four sequences were tested: non-contrast-enhanced 

T1w, non-contrast-enhanced fat-saturated T1w, fat-satu-
rated T2w, and constructive interference steady state. The 
findings revealed that the pulp chamber, periodontal space, 
and periapical lesions were observable without the need 
for contrast media. However, as anticipated, the differenti-
ation between the enamel-dentin junction and the cemen-
tum-dentin junction of the teeth was limited. Dental MRI’s 
characteristics enable the distinction between vital and 
nonvital teeth. When contrast media is employed, the vital 
pulp exhibits increased brightness, while older teeth display 
lower signal intensity due to reduced perfusion of the pulp. 
In contrast, nonvital or endodontically treated teeth do not 
exhibit any brightness (46, 56, 57).

Floor of the mouth

The mylohyoid muscle divides the sublingual space from 
the submandibular space, serving as a crucial landmark in 
imaging the oral cavity and upper neck. Surgical strategies 
are determined by a lesion’s proximity to the mylohyoid 
muscle. Additionally, sublingual lesions often extend into 
the submandibular space at the muscle’s posterior edge. 
Consequently, pre-surgical MRI of the floor of the mouth is 
important for assessing the submental area (58, 59).

Neurovascular structures of dentomaxillofacial 
region

Inferior alveolar nerve and lingual Nerve 

Inferior alveolar nerve and lingual nerve are branches of 
trigeminal nerve’s mandibular division. The visualization of 
the inferior alveolar nerve and lingual nerve with various 
MRI sequences and field strengths were stated in the liter-
ature previosly (10, 60-62). Borges and Casselman (63) stat-
ed that best sequences for neurovascular imaging are the 
non-contrast-enhanced fat-saturated T1W and T2W images. 
In T1W images, the outer cortical plate exhibits a dark ap-
pearance, diverging from the typical radiopacity observed 
in radiographs attributable to increased bone density. This 
manifestation in MRI results from the significant low sig-
nal, attributed to the absence of water or lipid protons. 
Conversely, the more organic cancellous bone presents a 
distinctly bright appearance in T1W images. Therefore, as 

Figure 4. Coronal SE T2W images of submental muscle group. 
Note the geniohyoid muscle, mylohyoid muscle and anterior 
bellies of digastric muscle.

Figure 3. T2W SE MRI sagittal section showing dental structures. 
Mote that peripheral area of the impacted 3rd molar is 
hyperintense compared to the normal bone and the impacted 
tooth is in close relation with inferior alveolar nerve. 
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Figure 6. A and B: T2-weighted images in open (A) and closed 
(B) mouth positions, depicting normal disc position and lateral 
pterygoid muscle (LPM)  C: Proton Density Turbo Spin Echo (PD TSE) 
image showing lateral disc displacement.  D and E: T2-weighted 
images in open (D) and closed (E) mouth positions displaying 
anterior disc displacement. F: T2-weighted Spin Echo (SE) with 
Short Tau Inversion Recovery (STIR) sequence demonstrating the 
normal position of the disk in the coronal plane.

Malaro and Kolokythas (64) stated, the course of the inferior 
alveolar nerve and the mandibular trigeminal division can 
be followed with high-resolution T1W sequences (64). 

Nasopalatine nerve 

The nasopalatine nerve is a branch of the maxillary divi-
sion of the trigeminal nerve which innervates the mucosa of 
the anterior hard palate, the lingual gingiva adjacent to the 
maxillary central and lateral incisors, and the lower part of the 
nasal septum. A study of Grandoch et al. (65), highlights the 
potential of employing a dedicated dental coil, revealing that 
MR imaging provides superior detail in both axial and coro-
nal planes compared to CBCT for imaging the nasopalatine 
and inferior alveolar nerves. Nevertheless, Müller et al. (66) 
stated that SE sequences also offer precise diagnostic capabil-
ities and imaging quality concerning the components of the 
trigeminal nerve. Imaging of the inferior alveolar canal and 
nasopalatine canal with conventional methods typically visu-
alize the surrounding bone cortex rather than the contained 
nerve or vascular structures. Conversely, MRI enables the vi-
sualization of not only the bone cortex but also the neurovas-
cular structures within it. Consequently, MRI holds potential 
for evaluation in cases where monitoring the relationship 
between lesions or teeth and neurovascular structures in the 
dentomaxillofacial region is necessary.

Exploring temporomandibular joint (TMJ) 
through MRI 

MRI offers superior visualization of the TMJ and masti-
catory muscles, with high spatial and contrast resolution 
without the use of ionizing radiation and enables detailed 
assessment of the TMJ anatomy, including the disc, articular 
surfaces, ligaments, and surrounding muscles. Additional-
ly, MRI allows for the detection of pathologies such as disc 
displacement, degenerative joint disease, and inflammatory 
conditions (67) (Figure 5). 

For the detection of disc displacement, MRI provides de-
tailed images of the disc, comprised mainly of collagen, 
allowing differentiation from synovial fluid and vessel-rich 
retrodiscal tissue on proton density (PD) and T2W imaging. 
While MRI allows examination of bone marrow integrity and 
osseous component morphology, it is also useful for detect-
ing joint effusion and evaluating soft tissue neoplasia or 
neoplastic-like lesions. Commonly used protocols involve 

T1W (or PD) and T2W imaging in closed and open mouth po-
sitions, with cross-sectional views including axially corrected 
sagittal oblique and coronal oblique sections along the long 
axes of the condyles. The closed mouth position helps as-
sess disc position and soft tissue conditions, especially for 
detecting disc displacement, while the open mouth position 
aids in determining if a displaced disc was recaptured by the 
condyle upon opening (59-61) (Figure 6).

Traditional MRI methods typically provide only static mor-
phological and qualitative assessments of TMJ disorders, 
lacking the ability to capture the dynamic movement of the 
TMJ disc and mandibular condyle. In addition, while CBCT can 
depict osseous pathologies of the TMJ, such as arthropathies 
and osteoarthritis, MRI is still insufficient regarding bone pa-
thologies of TMJ. A review of Xiong et al. (67) examines recent 
advancements in dynamic and quantitative MRI techniques, 
including DWI, T2 mapping, and UTE MRI, which show prom-
ise in TMJ imaging. Future directions in TMJ imaging involve 
the use of 7 Tesla MRI scanners with specialized sequences 
and improved SNR. While quantitative analysis of biochemical 
structures and MRI parameters has room for improvement, it 
remains achievable, particularly with ADC values (67, 68). In 
a retrospective MRI study by Jin Jeon et al. (68), 3 Tesla MR 
images of patients with TMJ disorders were analyzed using a 
specific sequence known as ‘chemical shift-encoded magnet-
ic resonance imaging ‘, aiming to evaluate muscle parameters. 
Quantification of MR images through fat fraction analysis sug-
gested its potential as a biomarker for TMJ disorders. 

Conclusion

In conclusion, the integration of MRI into dentomaxillofa-
cial imaging represents a significant advancement, offering 
a non-invasive imaging method with high-resolution imag-
ing capabilities. MRI provides valuable insights that contrib-
ute to more accurate diagnoses. 

Figure 5. Axial T2W SE images showing masticatory muscles in 
axial plane. *: Mandibular foramen.
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Türkçe öz: Dentomaksillofasiyal Tanıda MRG’nin Gelişen Rolünün 
Değerlendirilmesi. Manyetik Rezonans Görüntüleme (MRG), yumuşak 
doku lezyonları için üstün kontrast çözünürlüğü sunan ve iyonize 
radyasyon kullanmayan, dentomaksillofasiyal radyolojide geleneksel 
görüntüleme tekniklerine önemli bir tanı aracı altenatifi olarak ortaya 
çıkmıştır. Bu inceleme, MRG’nin diş hekimliğinde genişleyen uygulama-
larını inceleyerek, rutin tanısal protokollere entegrasyonunu ve oral ve 
maksillofasiyal yapıların değerlendirilmesindeki önemini vurgulamak-
tadır. Spin Echo (SE), Gradient Echo (GRE) ve Short-Tau Inversion Recov-
ery (STIR) gibi çeşitli sekansların her birinin belirli tanı ihtiyaçlarına göre 
özelleştirildiği MRG fiziğini ayrıntılı olarak ele almaktadır. Dinamik Kon-
trastlı MRG ve Difüzyon Ağırlıklı Görüntüleme (DWI) gibi ileri tekniklerin 
doku perfüzyonunu değerlendirme ve iyi huylu ile kötü huylu lezyon-
ları ayırt etmedeki rolleri tartışılmaktadır. Özellikle restoratif ve protez 
malzemelerinden kaynaklanan artefaktların zorluklar oluşturabileceği 
diş hekimliği uygulamalarında görüntü kalitesini artırmak için uygun 
bobin seçimi ve parametre optimizasyonunun gerekliliği vurgulanmak-
tadır. Ayrıca, MRG’nin diş sert dokularını, temporomandibular eklemi ve 
nörovasküler yapıları görselleştirmedeki kullanımını ele alarak, tanısal 
yeteneklerinin kapsamlı bir özetini sunulmaktadır. MRG’nin küresel 
sağlık sistemlerine entegrasyonu ve kişisel elektronik sağlık kayıtlarının 
tekrarlayan görüntülemeyi azaltmadaki rolü de incelenmiştir. Sonuç 
olarak, MRG’nin dentomaksillofasiyal tanı sürecinde dikkate değer 
derecede olumlu etkisi olduğu, klinik uygulamalarda daha geniş çapta 
kullanılmasının doğru teşhis ve etkili tedavi planlamasınına sanılandan 
daha fazla katkısı olabileceği öne sürülmektedir. Anahtar kelimeler: 
dental görüntüleme, manyetik rezonans görüntüleme, radyoloji, dento-
maxillofasiyal tanı 
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