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Abstract: The Temporo-Mandibular Joint (TMJ) is a critical component of the human craniofacial system, responsible for essential 

functions. Pathological conditions affecting the TMJ can lead to pain, dysfunction, and a diminished quality of life. Therefore, accurate 

and comprehensive imaging of the TMJ is paramount for proper diagnosis and treatment planning. Traditional 2D imaging methods 

have limitations, necessitating the development and adoption of advanced 3D imaging techniques. This abstract provides an overview of 

the latest advancements in 3D TMJ imaging techniques. These techniques encompass various modalities such as cone-beam computed 

tomography (CBCT), magnetic resonance imaging (MRI), computed tomography (CT) and nuclide imaging. These modalities provide 

detailed, high-resolution images of the TMJ, offering a comprehensive evaluation of both osseous and soft tissue components. In 

conclusion, three-dimensional TMJ imaging techniques represent a paradigm shift in craniofacial diagnostics and treatment planning.  
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1. Introduction 
 

The temporomandibular joint (TMJ) is a synarthrodial 

whose structural factors are represented by a disc, 

articulating shells, a fibrous covering, a synovial membrane 

and attached muscles and ligaments(1). It’s a unique joint 

that has the articular shells enclosed with the fibrocartilage 

rather of hyaline cartilage. The articular shells of the TMJ 

are formed inferiorly by the mandibular element – the 

condyle and superiorly by a cranial element the glenoid 

fossa (also known as mandibular fossa) and articular 

eminence of the temporal bone. Masticatory muscles, 

peripheral muscles analogous as buccinator, suprahyoid 

muscles (digastric muscle, mylohyoid muscle, and 

geniohyoid muscle) infrahyoid muscles (the sternohyoid, 

sternothyroid, thyrohyoid, and omohyoid muscle) and TMJ 

ligaments, attached to bony face, all in convergence, help in 

various jaw movements the jaw. Jaw movement are 

complex, involving a high amount of functional commerce 

and collaboration between bilateral mandibular condyles, 

scrap, muscles, and ligaments of the joints (2). Indeed, the 

smallest of derangement in any of the associated structures 

can lead to temporomandibular common conditions. The 

Temporomandibular complaint (TMD) can be due to 

structural or functional derangement. Radiological 

examinations are of consummate significance in the 

individual assessment of a case with TMD. Although the 

clinical examination still folds equal significance in the 

opinion of TMJ pathology, special imaging ways might be 

demanded due to complex deconstruction and pathology 

(1,3). 

2. Imaging Techniques  
 

TMJ imaging ways can range fromnon- invasive 

(conventional projections, ultrasound) to invasive (CT, 

MRI). Different imaging modalities are available to image 

the TMJ, each with their own graces and faults (2). 

Traditionally, 2- D radiographic TMJ projections like 

submental- vertex view, trans pharyngeal, transcranial, 

panoramic radiograph, tomographic sections of TMJ still 

hold a measurable amount of importance in many clinical 

scenarios. But these have certain limitations like attritions, 

osteophytes, pneumatization that are delicate to be detected 

in conventional radiographs due to superimpositions (4). 

This led to the development of advanced imaging modalities 

like, computed tomography, glamorous Resonance Imaging 

(MRI), Cone Beam Computedtomography (CBCT), 

Ultrasonography and Nuclide imaging.  

 

2.1 Computed Tomography 

 

The use of CT in diagnosing TMJ conditions dates back to 

the late 1980s (5). CT is considered to be the swish system 

for bony rudiments and associated pathologic conditions of 

TMJ. CT is ideal for the evaluation of fractures, 

degenerative changes, attritions, infection, incursion by 

tumour, as well as natural anomalies (6). Basically, any CT 

examination of the TMJ should concentrate on the following 

intactness of the cortex, normal size and shape of the 

condyles and their centred position in the fossa, the 

respectable common spaces, centric relation loading zone. 

CT is the optimal imaging modality to identify and 
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characterize the calcifiedintra- articular fragments (6). 

Westesson PL, etal. set up a perceptivity of 75 and 

particularity of 100 for the opinion of condylar osseous 

changes. Changes in the shape and position of the loading 

zone can also be seen on CT. CT is the main radiological 

exploration for tumours, growth development anomalies and 

fractures. CT is not used as a primary individual system for 

soft component evaluation. Arthrography is combined with 

computer tomography, which enhances the delicacy of the 

opinion of internal TMJ conditions. On CT reviews, the 

position and the shape of the mandibular condyle in the 

glenoid fossa is well seen, though some authors suggest that 

this reference is not a precise sign of slice pathology. CT 

scanning is performed when fine detail in bone 

deconstruction is of primary significance. Three- 

dimensional CT plays an important part in the assessment of 

osseous scars of the jaw. Relative advantages of CT over 

MRI include, exquisite bone details and 3D assessment of 

natural, traumatic and postsurgical conditions (7- 9). [Fig. 1] 

 

2.2 MRI 

 

MRI In distinction to CT, MRI is useful in assessing the soft 

components, particularly in its assessment of the articular 

slice an imaging fashion in which not only bone, but also 

soft kerchief structures can be reproduced in detail through 

the use of static and dynamic glamorous fields. In the 1980s 

MRI was used for the first time introducing the so- called 

face spool for examination and featuring of TMJ structures 

(10). Imaging of soft tissue components is superior to that of 

CT, less invasive than arthrography, and more reliable than 

radiography.Similar imaging technology allows for the 

rapid-fire- fire accession of TMJ imaging without the use of 

a devoted face circle coil; this can be profitable when a 

source of head pain is inspired in a case.  

 

Evaluation of both the TMJ and intracranial cell. Intra 

articular abnormalities are readily visible on MRI images, 

furnishing further information not available with other 

imaging modalities (11). Altogether, this protocol takes 

roughly 25 beats. MRI is rather applicable to assess 

variations of the scrap. The deconstruction is fluently 

depicted. MRI evaluation of the TMJ begins with the 

determination of slice position in the sagittal airplane with 

the mouth unrestricted. The prices of MRI are a) it’s on- 

invasive, b) non ionizing radiation, c) it permits a direct 

visualization of the scrap and common structures, and d) 

multiplanar imaging attained and further easily interpretable 

(12). The downsides of MRI are a) precious and is 

contradicted in cases who are pregnant, or who have leaders, 

intracranial vascular clips, or substance patches in vital 

structures. b) Can't be performed in claustrophobic existent 

(13). [Fig. 2] 

 

2.3 Computed Beam Computed Tomography 

 

CBCT is a recent technology, which was first applied for 

angiography in the early 1980s and also subsequently 

gradually expanded its operations in medical field (14). The 

individual eventuality of CBCT versus conventional 

radiographic examinations was suggested in three cases of 

different conditions; intra-articular fractures, osteoarthritis, 

and fibro- osseous ankylosis. New generation CBCT is 

affordable, and exposure is roughly 20 of the radiation of 

helical CT which is much lower. A CBCT machine, on the 

other hand, uses a cone- shaped shaft and a reciprocating 

solid state flat panel detector, which rotates formerly around 

the case( 180- 360 degrees, covering the defined anatomical 

volume( complete dental/ maxillofacial volume or limited 

indigenous area of interest) rather than slice- by- slice 

imaging set up in conventional CT. Designation of this outfit 

is predicated on computer processing of a single rotational 

scanning of the region of interest. The delicacy of CBCT in 

the assessment of TMJ confines was vindicated in a more 

recent study, concluding that the measures of the common 

spaces were truly similar to the factual common spaces (15). 

 

Precious outfit, infrastructural demands and over exposure 

of radiation have limited the use of medical CT largely to the 

sanatorium settings. likewise, CBCT has and upper hand in 

imaging bone changes in the TMJ, analysing side slices in 

insulation and combining coronal and side slices than 

compared to CT. expansive literature has been published in 

recent times due to the fact that CBCT has inspired 

exploration in TMJ imaging. The repaired images are of 

high individual quality, reduced case exposure and examined 

within short duration than that with conventional CT. It may 

thus be considered as a gold standard when disquisition of 

bony changes of the TMJ is needed. Anyhow, MRI still 

remains the choice of disquisition for soft tissue evaluation. 

The main factor of weakness in image quality is image 

vestiges, similar as essence classes and restorations. b. The 

factual colour of the skin and soft towel images cannot be 

determined. Unwanted patient movement may beget image 

complaint. Price of these bias is more precious than 

conventional X - shaft outfit, and these bias bear further 

space. Radiation scattering may do precluding of image 

monitoring (16- 18). [Fig.3] 

 

2.4 Ultrasonography 

 

Ultrasonography Ultrasound imaging of the joint and girding 

apkins has also been applied in TMD opinion. It's a cheap, 

non-invasive, fluently available, and quick examination 

fashion. It uses presently available types of ultrasonic outfit 

with a direct scanning transducer of7.5 – 12 MHz frequency, 

which makes it possible to depict the narrow space of the 

jaw joint and the position of the common slice and it reveals 

fluid or ligament adhesion. The principle of ultrasonography 

is grounded on the fact that ultrasonic sound swells emitted 

by a device(transducer), trip through the towel against which 

they're aimed, and are incompletely reflected on coursing 

through different anatomical structures. The reflected sound 

swells are also read by the same emitting device, and 

restated into images (19). It can be closed mouth or an open 

mouth fashion. Ultrasound has low perceptivity but high 

particularity in the opinion of slice relegation. Ultrasound 

unfortunately not veritably effective in banning diseases in a 

healthy temporomandibular joint. Although ultrasound can 

descry slice relegation, but not the type. Some of the faults 

of USG examination is that the procedure which greatly 

depends on the driver’s skill and gests, lack of 

standardization of the procedure. USG is a promising 

modality but its perceptivity, delicacy and positive prophetic 

value requires farther exploration (20). [Fig.4] 
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2.5 Nuclide Imaging 

 

Nuclide Imaging Nuclear drug deals with using radioactive 

isotopes emitting beta or gamma radiation for diagnostics 

and remedy. Radiopharmaceuticals are medicinal containing 

radioactive isotope as dick and a ligand, i.e., a patch, 

chemical emulsion or cell(e.g. granulocyte) that has an 

affinity towards a towel or organ (21). Since the preface of 

nuclear imaging, numerous technological advances have 

been made to expand the clinical and exploration operations 

of nuclear imaging; one of them is the enhancement of 

image resolution of the reviews. Among other specialized 

advances are those (1) a variety of radiopharmaceuticals has 

been synthesized and made extensively available for clinical 

use;( 2) sophisticated computer- supported imaging outfit 

has been developed; and (3) effective imaging protocols 

have been linked to meet a variety of exploration, individual, 

and treatment planning objects (22). Registration of 

radiation can be performed by means of a single static 

gamma camera (also known as a scintillation camera), one 

or further rotating gamma cameras or multi headed gamma 

cameras. Depending on the type of enrolment device, the 

imaging styles are divided into scintigraphy, single- photon 

emigration reckoned tomography (SPECT) and positron 

emigration tomography (PET).  

 

2.5.1Scintigraphy 

Scintigraphy aids in discovering the early changes in the 

TMJ outfit which may also affect in common slice 

abnormalities. Bone scintigraphy is performed using 

orthotropic tracers, utmost generally methylene 

diphosphonate (MDP) linked with radioactive 

technetium(99mTc), which is fitted into a tone (arm, hand or 

bottom). MDP targets bone towel, and its uptake depends on 

bone mineralisation, collagen content, vascularisation and 

bone remodelling. Forming of hydroxyapatite chargers in the 

areas of product of new osteoid towel by osteoblasts leads to 

an increased uptake of tagged MDP; therefore, these areas 

accumulate further radioactive dick and show up as 

“hot”spot (23). The use of bone scintigraphy in TMJ 

diagnostics is limited. The mileage of bone scintigraphy for 

evaluation of the TMJ, including assessment of condylar 

redoing including growth and resorption; evaluation of the 

viability of a bone graft; osteochondroma of the condyle, 

metastatic complaint to the condyle, it may give fresh 

information on the redoing in the TMJ. Bone scintigraphy 

provides substantiation of active common change or stability 

and inflammation, which, in turn, may affect how an existent 

is treated. The capability to descry or rule out active redoing 

in the TMJ may be precious previous to complex dental 

remedy. A negative bone check-up suggests a lack of active 

bony complaint or redoing of the hard towel and 

inflammation of the joint. It's largely useful growth 

modulation curatives and TMJ surgeries as bone 

scintigraphy provides information related to redoing, and 

inflammation that imaging assessing structure, including 

tomography, CT check-up and MRI don’t (24- 26). [Fig.5] 

 

2.5.2Single-Photon Emission Computed Tomography 

SPECT is one of the most recent imaging ways grounded on 

enrolment of emigration of radiation by means of a rotating 

gamma camera to gain protrusions from multiple angles. It 

uses the same principles as that of scintigraphy, but is are 

more precise regarding localisation of areas of dick uptake. 

The temporomandibular joint is ideal for what's called 

SPECT, because it's a relatively small joint positioned near 

to the cranium base and paranasal sinuses. So, SPECT can, 

unlike the double- dimension featuring, present the 

discriminational bone consistence of TMJ and girding 

structures more precisely. The radionuclide examination 

perceptivity is high, but its particularity is still low. Any 

hypertrophic condition can increase the original isotope 

attention. For this reason, numerous studies states that 

radionuclide examination is applicable only as a webbing 

system rather than a individual system. The following 

operations of SPECT in TMJ imaging were reported a) 

Unilateral condylar hyperplasia b) Bone dick uptake in cases 

suffering from TMJ pain c) Osteoarthritis d) Quantitative 

evaluation of temporomandibular common complaint 

(TMD) e) Evaluation of the goods of functional orthopaedic 

treatment of TMJ (21). [Fig.6] 

 

2.5.3Positron Emission Tomography 

Positron Emission Tomography Positron Emission 

Tomography differs from other nuclear drug examinations in 

that PET detects metabolism within body apkins, whereas 

other types of nuclear drug examinations descry the quantum 

of a radioactive substance collected in body towel in a 

certain position to examine the towel's function. PET has the 

advantages of advanced discovery effectiveness and spatial 

resolution. The use of PET reviews as an imaging modality 

has been adding and is helpful in assessing metabolic 

responses, blood inflow in the body. PET data reflects the 

uptake of the radiotracer in the area being imaged, but 

doesn't give structural information relating to the 

deconstruction of the case. Rather, PET provides functional 

information grounded on the commerce of the radiotracers at 

the molecular position in relation to physiological events 

(27). PET is generally combined with CT, which provides 

structural information of the case. PET may descry 

biochemical changes in an organ or towel that can identify 

the onset of a complaint process before anatomical changes 

related to the complaint can be seen with other imaging 

processes similar as CT and MRI PET is most frequently 

used by oncologists, neurologists and neurosurgeons, and 

cardiologists. Suh MS, etal. delved cases with 

temporomandibular common complaint (TMD) by means of 

PET- CT with 8 F- sodium fluoride (NaF) as dick and set up 

out that this imaging modality was useful in arthralgia TMJ 

and TMD osteoarthritis and a correlation with the cases’ 

response to flake remedy was caught on. Use of PET in 

TMD opinion is a subject of unborn exploration. (28- 29). 

[Fig.7] 

 

3. Conclusion 
 

Reliable case history and the case’s clinical examination are 

generally inadequate to base exact opinion of 

temporomandibular blights on. Several radiographic styles 

are used to assess the TMJ from 2D to 3D. The complexity 

of the TMD still, demands increased perceptivity and 

particularity of the region for effective operation of the 

cases. Where CT is traditional choice of disquisition for 

detecting osseous changes similar as condylar growth 

changes, cortical differences within TMJ, MRI is a gold 

standard for soft towel evaluation, bone gist abnormalities in 
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TMD cases. CBCT is superior to all the other ways due to its 

low radiation cure to case, lower outfit and capability to give 

multiplanar reformation and 3D images. Ultrasonography is 

anon-invasive and affordable individual volition for the 

evaluation of TMJ diseases. Nuclear drug offers 

experimenters anon-invasive and sensitive system for studies 

involving seditious responses within the oral depression. 

Understanding of the TMJ deconstruction, biomechanics, 

and the imaging instantiations of conditions is important to 

directly fete and manage these colourful pathologies. 

 

References 
 

[1] Aiken A, Bouloux G, Hudgins P. MR imaging of the 

temporomandibular joint. Magn Reson Imaging Clin N 

Am 2012; 20: 397-412 [PMID: 22877948 DOI: 

10.1016/j.mric.2012.05.002] 

[2] Guralnick W, Kaban LB, Merrill RG. 

Temporomandibularjoint afflictions. N Engl J Med 

1978; 299: 123-129 [PMID: 661872 DOI: 

10.1056/NEJM197807202990304] 

[3] Marques AP, Perrella A, Arita ES, Pereira MF, 

Cavalcanti MG (2010) Assessment of simulated 

mandibular condyle bone lesions by cone beam 

computed tomography. Braz Oral Res 24(4): 467-474. 

[4] Tvrdy P (2007) Methods of imaging in the diagnosis of 

TMJ Disorders. Biomed Pap Med Fac Unic Palacky 

Olomouc Czech Repub 151(1): 133-136. 

[5] Vilanova JC, Barceló J, Puig J, Remollo S, Nicolau C, 

Bru C. Diagnostic imaging: magnetic resonance 

imaging, computed tomography, and ultrasound. Semin 

Ultrasound CT MR 2007; 28: 184-191 [PMID: 

17571701 DOI: 10.1053/j.sult.2007.02.003] 

[6] Pullinger AG, Hollender L, Solberg WK, Petersson A 

(1985) A tomographic study of mandibular condyle 

position in an asymptomatic population. J Prosthet 

Dent 53(5): 706-713. 

[7] Blaschke DD, Blaschke TJ (1981) Normal TMJ bony 

relationships in centric occlusion. J Dent Res 60(2): 

98-104. 

[8] Paknahad M, Shahidi S, Iranpour S, Mirhadi S, 

Paknahad M (2015) Cone-Beam 

ComputedTomographic Assessment of Mandibular 

Condylar Position in Patients with Temporomandibular 

Joint Dysfunction and in Healthy Subjects. Int J Dent 

2015: 301796. 

[9] Tvrdy P (2007) Methods of Imaging in the Diagnosis 

of Temporomandibular Joint Disorders. Biomed Pap 

Med Fac Univ Palacky Olomouc Czech Repub 151(1): 

133-136. 

[10] Hayt MW, Abrahams JJ, Blair J (2000) Magnetic 

resonance imaging of the temporomandibular joint. 

Top Magn Reson Imaging 11(2): 138-146. 

[11] Krishnamoorthy B, Mamatha N, Kumar VA (2013) 

TMJ imaging by CBCT: Current scenario. Ann 

Maxillofac Surg 3(1): 80-83. 

[12] White SC, Pharoah MJ. Oral Radiology Principles and 

interpretation 5th (Edn.), Petrikowski CG. 

[13] Pauwels R, Araki K, Siewerdsen JH, Thongvigitmanee 

SS (2015) Technical aspects of dental CBCT: state of 

the art. Dentomaxillofacial Radiol 44(1): 20140224 

[14] Alexiou K, Stamatakis H, Tsiklakis K (2009) 

Evaluation of the severity of temporomandibular joint 

osteoarthritic changes related to age using cone beam 

computed tomography. Dentomaxillofac Radiol 38(3): 

141-147. 

[15] Ahmad M, Hollender L, Anderson Q, Kartha K, 

Ohrbach R, et al. (2009) Research diagnostic criteria 

for temporomandibular disorders (RDC/TMD): 

development of image analysis criteria and examiner 

reliability for image analysis. Oral Surg Oral Med Oral 

Pathol Oral Radiol Endod 107(6): 844-860. 

[16] dos Anjos Pontual ML, Freire JS, Barbosa JM, Frazão 

MA, dos Anjos Pontual A (2012) Evaluation of bone 

changes in the temporomandibular joint using cone 

beam CT. Dentomaxillofac Radiol 41(1): 24-29. 

[17] Tecco S, Saccucci M, Nucera R, Polimeni A, Pagnoni 

M, et al. (2010) Condylar volume and surface in 

Caucasian young adult subjects. BMC Med Imaging 

10: 28. 

[18] Westesson PL (1993) Reliability and validity of 

imaging diagnosis of temporomandibular joint 

disorder. Adv Dent Res 7(2): 137-151. 

[19] Landes CA, Goral WA, Sader R, Mack MG (2007) 

Three dimensional versus two-dimensional sonography 

of the temporomandibular joint in comparison to MRI. 

Eur J Radiol 61(2): 235-244. 

[20] Różyło-Kalinowska I (2019) Nuclear Medicine in TMJ 

Imaging. In: Rozylo-Kalinowska I, Orhan K (Eds.), 

Imaging of the Temporomandibular Joint, Springer, 

Cham: 247-254. 

[21] Matteson SR, Deahl ST, Alder ME, Nummikoski PV 

(1996) Advanced Imaging Methods. Crit Rev Oral 

Biol Med 7(4): 346-395. 

[22] Choi BH, Yoon SH, Song SI, Yoon JK, Lee SJ, et al. 

(2016) Comparison of diagnostic performance between 

visual and quantitative assessment of bone 

scintigraphy results in patients with painful 

temporomandibular disorder. Medicine (Baltimore) 

95(2): 2485. 

[23] Epstein JB, Rea A, Chahal O (2002) The use of bone 

scintigraphy in temporomandibular joint disorders. 

Oral Dis 8(1): 47-53. 

[24] Kim JH, Kim YK, Kim SG, Yun PY, Kim JD, et al. 

(2012) Effectiveness of bone scans in the diagnosis of 

osteoarthritis of the temporomandibular joint. 

Dentomaxillofac Radiol 41(3): 224-229. 

[25] Park KS, Song HC, Cho SG, Kang SR, Kim J, et al. 

Openmouth bone scintigraphy is better than closed-

mouth bone scintigraphy in the diagnosis of 

temporomandibular osteoarthritis. Nucl Med Mol 

Imaging 50(3): 213-218. 

[26] Keyes JW Jr, Harkness BA, Greven KM, Williams 

DW 3rd, Watson NE Jr, et al. (1994) Salivary gland 

tumors: pretherapy evaluation with PET. Radiology 

192(1): 99-102. 

[27] Lee JW, Lee SM, Kim SJ, Choi JW, Baek KW (2013) 

Clinical utility of fluoride-18 positron emission 

tomography/CT in temporomandibular disorder with 

osteoarthritis: comparisons with 99m Tc-MDP bone 

scan. Dentomaxillofac Radiol 42(2): 29292350. 

[28] Suh MS, Lee WW, Kim YK, Yun PY, Kim SE (2016) 

Maximum standardized uptake value of (99m) Tc 

Hydroxymethylene diphosphonate SPECT/CT for the 

evaluation of temporomandibular joint disorder. 

Radiology 280(3): 890-896. 

Paper ID: SR23903210441 DOI: 10.21275/SR23903210441 447 




