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Use of ultrasonography for the diagnosis of temporomandibular joint 

disorders: A review 
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ABSTRACT: Purpose: To evaluate the reliability of ultrasonography in the diagnosis of temporomandibular joint (TMJ) 

disorders. Methods: A review of the literature was performed, searching for all articles published between 1966 and 

2006, and examining the ones which met the selection criteria. Results: Ultrasonography sensitivity ranged from 13-

100% for the evaluation of disc displacement (DD), from 70.6-83.9% for the evaluation of joint effusion (JE), and from 

70-94% for the evaluation of condylar erosion (CE). Specificity ranged from 62-100% for the evaluation of DD, from 

73.7-100% for the evaluation of JE, and from 20-100% for the evaluation of CE. Accuracy ranged from 51.5-100% for 

the evaluation of DD, from 72.2-95% for the evaluation of JE, and from 67-94% for the evaluation of CE. (Am J Dent

2007;20:73-78). 

CLINICAL SIGNIFICANCE: Ultrasonography is a noninvasive and inexpensive diagnostic procedure that can be 

suggested for the evaluation of TMJ disorders, with particular accuracy in the detection of disc displacement and joint 

effusion. Limitations are especially related to the scarce accessibility of the medial part of the TMJ structures, and the 

need for trained and calibrated operators. 

: Dr. Marcello Melis, Via Grosseto, 1,  09125 Cagliari, Italy.  E- : marcellomelis01@libero.it 

Introduction

 Many diagnostic means have been indicated for the 

diagnosis of temporomandibular disorders (TMD), including 

electrodiagnostic tests such as jaw-tracking devices, electro-

myography, thermography, sonography for the evaluation of 

joint sounds, vibration analysis, and several imaging tech-

niques.1-4 Such imaging techniques consist of plain and 

panoramic radiography, conventional and computerized tomo-

graphy (CT) scan, arthrography, magnetic resonance (MRI) and 

radionuclide imaging.1-3,5-13 All the methods mentioned above 

are always considered adjunctive procedures for the diagnosis 

of TMD, because anamnesis and clinical evaluation of the 

patient, in most cases, are sufficient to make a correct diag-

nosis.1-3,10,14,15

 However, the use of ultrasonography for the diagnosis of tem-

poromandibular joint (TMJ) disorders is uncommon, although 

several reports have been found in the literature16-38 suggesting 

evident advantages of the utilization of such procedure that is 

inexpensive and noninvasive compared to the other imaging tools 

habitually used, such as MRI, arthrography and CT scan. 

 The present review evaluated the diagnostic reliability of 

ultrasonography in the diagnosis of TMJ disorders. 

Ultrasonographic technique 

 The principle of ultrasonography is based on the fact that 

ultrasonic sound waves emitted by a device (transducer), travel 

through the tissue against which they are aimed, and are partly 

reflected on transiting through dissimilar anatomical structures. 

The reflected sound waves are then read by the same emitting 

device, and translated into images.39

 The TMJ region consists of diverse structures that reflect 

sound waves differently. Bone tissue, represented by the head 

of the condyle and the articular eminence, is generally 

hypoechoic (low reflection of sound waves) and appears black 

in ultrasonography images, however the margin of the bone is 

hyperechoic (high reflection of sound waves) and appears white 

in ultrasonography images. Connective tissue, represented by 

the joint capsule and the retrodiscal tissue, and muscular tissue, 

represented by the lateral pterygoid and masseter muscles, are 

isoechoic (intermediate reflection of sound waves) and appear 

heterogeneously grey in ultrasonography images. However the 

surface of the joint capsule, as well as the surface of the 

muscles, highly reflect the sound waves generating a hyper-

echoic (white) line. Empty space and water, like the superior 

and inferior joint spaces, are hypoechoic and appear black in 

ultrasonography images, however, these anatomic cavities are 

virtual because the opposing surfaces are in contact, and usually 

not detectable, unless effusion is present.40 The articular disc, 

similarly to all major ligaments, consists of dense fibrous tis-

sue, but its appearance in ultrasonography images is controver-

sial. It has been reported to be hyperechoic,18,30,35,36 hypoecho-

ic,20,21,23,33,34,37,38 isoechoic,24 and hypoechoic to isoechoic,25,27

probably for the presence of different structural, morphological 

and positional abnormalities in the patients examined. By 

ultrasonography it is also possible to identify sites of inflam-

mation by detecting the presence of articular effusion.40

 The difficulty of picturing the TMJ using ultrasounds 

depends on the limited accessibility of the deep structures, 

especially the disc, due to absorption of the sound waves by the 

lateral portion of the head of the condyle and the zygomatic 

process of the temporal bone. In fact, the transducer that emits 

and receives the sound waves is usually located over these 

structures, on the skin in front of the tragus. 

Literature review 

Inclusion criteria: A review of the literature was performed 

searching for all the articles published from 1966 to 2006 on 

the use of ultrasonography, alone or compared with other 

diagnostic procedures, in the diagnosis of TMJ disorders. The 

initial year of 1966 was chosen because most electronic 

indexing starts in that year; in addition, no articles were found 

on the topic before 1991.16 The key words “temporomandibular 

joint disorders” on one side,  and  “ultrasonography” and “echo- 
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Table. Summary of the studies reviewed. 
_________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

      Results
Authors Transducer Positioning Gold standard Disc Target Static CM Static OM Dynamic CM Dynamic OM 
_________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

Emshoff R  7.5 MHz Horizontal MRI Hyperechoic DD SE: 50% SE: 13% SE: 39% SE: 13% 
et al 199718    SP: 71% SP : 74% SP: 100% SP: 95% 

 AC: 54.6% AC: 55.6% AC: 51.5% AC: 70.4% 

Landes C  5-10 MHz Horizontal/ MRI Hypoechoic DDWR SE: 90% 
et al 200020  Vertical    SP: 85.7% 
      AC: 87.5% 

Jank S et al 12 MHz Vertical/ MRI Hypoechoic DD SE: 78% SE: 61% 
200121  horizontal    SP: 78% SP: 88% 

     AC: 78% AC: 77% 

Emshoff R  12 MHz Horizontal MRI Hypoechoic DD SE: 90% SE: 96% 
et al 200223      SP: 94% SP: 91% 

     AC: 91% AC: 93% 

Emshoff R 12 MHz Vertical MRI Isoechoic DD SE: 80% SE: 68% 
et al 200224      SP: 87% SP: 93% 

     AC: 82% AC: 82% 

Emshoff R  12 MHz Vertical MRI Hypoechoic  ID-DDWR-  SE: 93-82-83% 
et al 200225    to isoechoic DDWOR  SP: 98-95-96% 

      AC: 95-92-90% 
Uysal S  7.5 MHz Horizontal MRI  DDWR - SE: 100-100% 
et al 200226     DDWOR SP: 100-100% 

     AC: 100-100%  
Emshoff R  12-12.5 MHz Vertical MRI Hypoechoic DC-DC+  SE: 83-88-95% 
et al 200327    to isoechoic DDWOR -  SP: 63-79-91% 

    DDWOR  AC: 67-80-93% 
Brandlmaier I  12-12.5 MHz 60° from  MRI  DD-DDWR- SE:93-76-63% SE: 63%* 
et al 200328  horizontal   DDWOR SP: 77-78-89% SP: 89%* 

     AC: 87-77-83% AC: 80%* 

Brandlmaier I 12-12.5 MHz Vertical MRI  DC SE: 87% 
et al 200329      SP: 20% 
      AC: 79% 

Tognini F  8-15 MHz Horizontal/ MRI Hyperechoic with JE SE: 75.6% 
et al 200330  vertical  a hypoechoic halo  SP: 76.6% 
      AC: 76.1% 

Melchiorre D 7.5 MHz  MRI Hypoechoic JE-DR SE: 70.6-69.6% 
et al 200333     SP: 75-30% 

     AC: 72.2-57.6% 
Jank S MRI Hypoechoic DC-JE-DD  SE: 94-81-92% SE: 86%* 
et al 200534     SP: 100-100-92% SP: 91%* 

      AC: 94-95-92% AC: 90%* 
Tognini F 8-20 MHz Vertical MRI Hyperechoic with DD SE: 65.8% 
et al 200535    a hypoechoic halo  SP: 80.4% 
      AC: 73.1% 

Manfredini D 8-20 MHz Vertical MRI Hyperechoic with JE-DD- SE:85.1-56.7-67.3% 
et al 200536 a hypoechoic halo DC SP: 66.7-73.7-26.3% 

     AC: 79.4-66.2-55.9% 

Landes CA 8-12.5 MHz Horizontal** MRI Hypoechoic DC-DDe SE: 70/64% 
et al 200637      SP: 76/73% 

    AC: 75/71% 

Landes CA 8-12.5 MHz Horizontal** MRI Hypoechoic DD SE: 62% SE: 43% 
et al 200638      SP: 62% SP: 85% 

    AC: 62% AC: 77% 
_________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

CM: Closed mouth; OM: Open mouth; DC: Degenerative changes; DD: Disc displacement; DDe: Disc degeneration; DR: Disc-related diagnosis (including 
displacement, structural and morphological changes); JE: Joint effusion; SE: Sensitivity; SP: Specificity; AC: Accuracy. 
* Values referred to disc displacement. 
** 3-D Ultrasonography. 

graphy” on the other side were combined in a Ovid Medline 

and Pubmed search. The abstracts which appeared to fulfill the 

initial selection criteria were selected, and the original articles 

were obtained. Their references were then hand-searched 

looking for other possible missing articles, and a total of 36 

articles were found. Stricter selection criteria were then applied. 

Since in none of the studies the calculation of sample size and 

randomization of the subjects was performed, in only one of 

them24 intra- and inter-observer reliability was calculated, in 

one of them18 it was specified that the operator was blind to cli-

nical diagnosis of TMD, and in none of them was it specified 

that the patients were blind to the diagnosis, we decided not to 

include these limitations in the selection criteria. The following 

selection criteria were set: (1) Presence of MRI as gold standard 

for the TMJ diagnosis; (2) Calculation of sensitivity, speci-

ficity, accuracy or presence of data allowing such calculation; 

(3) ultrasonography diagnosis blind to the MRI diagnosis. 

 The selection of the articles was performed by two different 

reviewers independently (MM and SS). When discrepancies 

occurred between them, the criterion for the inclusion of the 

paper was discussed until agreement was reached. The 

reviewers were  not  blinded to the identity of the study authors. 
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Figure. Positioning of the transducer and consequent visualization of the temporomandibular joint (TMJ). A.

Horizontal positioning, transverse image of the TMJ. B. Vertical positioning, coronal/sagittal image of the 

TMJ (depending on the angulation of the transducer).

Only 17 articles fulfilled all criteria and were included in the 

review.18,20,21,23-30,33-38

 The Table summarizes the main features of the studies 

examined. 

Results

 Emshoff et al18 were the first to compare ultrasonography 

diagnosis with that of MRI of the TMJs. They used a 7 MHz 

transducer positioned horizontally; consequently, the images 

obtained were in the transverse plane (Fig. A), and evaluated 

the TMJs by both static and dynamic ultrasonography. They 

reported a low sensitivity of the procedure, but a high 

specificity, especially in the dynamic evaluation (95-100%), 

which can suggest ultrasonography in the identification of 

normal disc position in patients with signs and symptoms of 

TMJ disorders. Another study19 described a way of positioning 

the transducer that would allow a better visualization of the 

head of the condyle and the disc that are usually hidden by the 

temporal bone. The authors suggested rotating the transducer 

60 degrees from the horizontal plane, following the plane of the 

articular eminence, and tilting it 5-10 degrees from the line 

perpendicular to the sagittal plane in order to have access from 

above the zygomatic process of the temporal bone. 

 Landes et al20 suggested the use of ultrasonography for 

measurement of mandibular range of motion obtaining 83% 

agreement with axiographic results. They also reached values 

of sensitivity, specificity and accuracy close to 90% for the 

diagnosis of disc displacement with reduction (DDWR), 

compared to MRI, using both horizontal and vertical 

positioning of the transducer (Fig. A, B). 

 In 2001, Jank et al21 introduced the use of a high resolution 

transducer of 12 MHz to better visualize the TMJ structures. 

Differently from most of the previous reports, where the disc 

was described as hyperechoic, the authors considered it as a 

hypoechoic structure in the glenoid fossa surrounded by a 

hyperechoic rim. Their results, comparing ultrasonography 

diagnoses with diagnoses based on MRI, achieved a sensitivity, 

specificity and accuracy at closed-mouth position of 78%, and a 

sensitivity, specificity and accuracy of 61%, 88% and 77%, 

respectively, at maximum-mouth opening position. The values 

of sensitivity obtained in those studies20,21 were higher than 

those obtained previously,18 and allowed a more reliable de-

tection of TMJ internal derangements (ID). 

 Another study by Emshoff et al23 improved the values of 

sensitivity, specificity and accuracy of the exam to 90-96%, 94-

91%, and 91-93% respectively, at closed-mouth and maximum-

mouth opening positions. The authors stressed the concept that 

importance should be given to the positive predictive value 

(PPV) that was equal to 97%, and that expresses how much the 

presence of the finding is predictive of a true abnormality, even 

in case of lower sensitivity and specificity. Again, the use of a 

high resolution transducer seems to be relevant for an accurate 

diagnosis. Others41,42 questioned the interpretation of the ultra-

sonography images, arguing that the hypoechoic structure 

identified as the articular disc is probably the TMJ capsule or 

joint effusion. The point raised underlines the difficulty of 

interpreting ultrasonography images. In the same year, Emshoff 

et al24 published a larger study where for the first time intra-

observer and inter-observer variability was evaluated. Although 

sensitivity, specificity and diagnostic accuracy of the procedure 

were lower than the ones reported in the previous article, 80-

68%, 87-93%, and 82-82%  respectively,  at  mouth  closed and 
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open, intra-observer agreement was 93% at mouth closed and 

88% at maximum opening, and inter-observer agreement was 

89% at mouth closed and 84% at maximum opening. Those 

values were considered well within acceptable limits, together 

with the fact that a low sensitivity is balanced by a high 

specificity. This implicates a very small number of false 

positives, thereby decreasing the risk of unnecessary treatment. 

More precise outcomes can also be achieved using dynamic 

ultrasonography instead of static ultrasonography, as shown by 

Emshoff et al.25,27 Static views of the TMJ are more difficult to 

interpret because ultrasonography images are blurred and not 

clear; conversely, dynamic images allow identification of 

anatomic structures more easily. Sensitivity was 93% for ID, 

82% for DDWR, 83-93% for disc displacements without 

reduction (DDWOR), specificity can be as high as 98% for ID, 

95% for DDWR, 91-96% for DDWOR, accuracy can be as 

high as 95% for ID, 92% for DDWR, 90-93% for DDWOR. 

Detection of condylar erosion was less reliable with levels of 

sensitivity, specificity and accuracy of 83%, 63% and 67% 

respectively. Although using a 7.5 Mhz transducer, the highest 

performance was obtained by Uysal et al26 who found perfect 

agreement between MRI and ultrasonography diagnoses. The 

results of Brandlmaier et al28,29 confirmed the diagnostic value 

of ultrasonography to detect the absence, but not the presence 

of ID of the TMJ, because of its high specificity and lower 

sensitivity for the diagnosis of DDWR and DDWOR, and the 

low reliability of the procedure in the diagnosis of osteo-

arthrosis, in agreement with a previous study.27

 Evaluation of intra-articular effusion was reported to have a 

diagnostic accuracy ranging from 72.2-95%, with values of 

sensitivity ranging from 70.6-85.1%, and values of specificity 

ranging from 66.7-100%.30,33,34,36 Tognini et al30 assumed the 

presence of joint effusion when the distance between the lateral 

pole of the condyle and the lateral part of the articular capsule 

was greater than 3 mm, while Manfredini et al,36 in another 

study, used a cut-off value of 2 mm. As we could expect, 

reducing such value increased sensitivity, but significantly 

reduced the specificity of the exam. Melchiorre et al33

described levels of sensitivity, specificity and accuracy for the 

diagnosis of disc-related diagnoses (including displacement, 

structural and morphological changes) that were very low: 

69.6%, 30% and 57.6% respectively, despite the fact that they 

performed a static and dynamic assessment of the TMJ. 

Probably, the use of a 12-12.5 MHz high-resolution transducer, 

instead of the 7.5 MHz transducer utilized, would have 

improved the results. In fact, reports by Jank et al,34 using the 

high-resolution transducer, reached very high levels of accuracy 

both in the evaluation of disc displacement (DD), joint effusion 

and degenerative changes (DC) of the TMJ. Other recent 

studies35,36 reported significant difficulty locating the articular 

disc in the open-mouth position, therefore evaluation of DD 

was carried out in the closed-mouth position only. Levels of 

sensitivity and diagnostic accuracy were not very high, 

however specificity reached the value of 73.7%-80.4% for DD. 

Low levels of reliability were confirmed for the detection of 

DC of the condyle.36

 A different approach was suggested by Landes et al37,38

using a 3-D ultrasonography for the diagnosis of DC of the 

condyle and the articular eminence, disc degeneration, and DD. 
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The opinion of the authors of that study was that 3-D 

reconstruction of ultrasonography images allows a complete 

picture of the condyle, not a single transection in the transverse, 

frontal, or near-sagittal plane. Furthermore, interpretation of the 

images is easier because different cuts can be placed within the 

scan volume. In spite of these considerations, the values of 

sensitivity, specificity and diagnostic accuracy of the procedure 

for DD (62-62-62%, respectively, in the closed-mouth position, 

43-85-77%, respectively, in the open-mouth position), and DC 

of the condyle and the articular eminence (70-76-75%, respec-

tively) were not higher than the average of the ones obtained in 

the previous studies examined where 2-D ultrasonography was 

used. Differently from the opinion of others,35,36 disc position 

was more accurately detected in the open-mouth position 

(Table).

Discussion 

 The present review revealed a growing interest in the 

development of a standardized examination of the TMJ using 

ultrasonography. In fact, if acceptable levels of diagnostic 

accuracy are reached, the advantages of such a simple and 

inexpensive diagnostic procedure are relevant from a clinical 

point of view. 

 Differences were seen among the articles regarding the 

technique used for examination of the TMJ. First of all, a 

diverse equipment was utilized, especially the transducers had 

frequencies ranging from 5 MHz (low resolution)20 to 20 MHz 

(high resolution)35,36 as a consequence of the technological 

evolution. The position of the transducer also varied from 

horizontal (parallel to the zygomatic arc)18,20,21,23,26,30 to vertical 

(parallel to the ramus of the mandible),20,21,24,25,27,29,30,35 giving a 

different image of the TMJ in a transverse or a coronal/sagittal 

plane (Figure, Table). In reality, the planes of the images are 

rarely true transverse, coronal or sagittal, but almost always 

inclined, because the transducer is tilted during the examination 

in order to achieve a better visualization of the different 

components of the TMJ, especially the disc. This consideration 

does not apply in 3-D ultrasonography, where the TMJ can be 

evaluated in different planes within the scan volume. 

 Another major difference that was found among the articles 

selected was the appearance of the disc in ultrasonographic im-

ages. Some authors described the disc as hyperechoic,18,30,35,36

while others reported a hypoechoic,20,21,23,33,34,37,38 an isoecho-

ic,24 or a hypoechoic to isoechoic appearance,25,27 probably for 

the presence of different structural, morphological and posi-

tional abnormalities in the patients examined (Table). These are 

likely to be the reasons of the diverse levels of sensitivity, 

specificity and accuracy obtained in the studies. Nonetheless, 

overall values are generally high, especially for the diagnosis of 

DD, in spite of the various techniques used in the assessment of 

the patients’ TMJs (Table). 

 The lowest values are usually referred to the sensitivity of 

the examination, while specificity tends to be high. This can 

originate false negative results, but can rarely induce the clini-

cian to make an erroneous diagnosis of ID of the TMJ in 

absence of pathology; and this is fundamental in order to avoid 

unnecessary treatment. In fact, although TMJ disorders are 

common pathological conditions in the population, with 40-

75% of people showing at  least  one  sign  of  joint dysfunction 
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and 33% of people reporting at least one symptom, only 3.6-7% 

of these subjects are in need of treatment.1 In addition, such 

disorders are not life threatening and serious conditions, but 

frequently self-limiting.1,43,44 For these reasons, it is more im-

portant for an appropriate diagnostic exam to be able to accu-

rately identify subjects without pathology (high specificity), 

than for the exam to identify subjects with the disease (high 

sensitivity), especially in a contest where clinical signs and 

symptoms are usually sufficient to make the diagnosis. 

 Limits to the use of ultrasonography for the diagnosis of 

TMJ disorders are related to the difficulty in the visualization of 

the articular disc, that is allowed only through the small gap 

between the zygomatic process of the temporal bone (above) 

and the head of the condyle (below). It is very difficult to obtain 

satisfactory images especially when the condyle rotates and 

translates from the mouth-closed position to the mouth-open 

position. It is necessary to constantly adjust the position of the 

transducer to better visualize the disc. Furthermore, only the 

lateral part of the TMJ can be reached, while the medial part 

remains hidden by the mentioned structures. As a consequence, 

medial displacements of the disc are likely to be overlooked. 

 Another limit can be represented by the difficulty of inter-

preting the images which are blurred and not clear; therefore 

the need of well trained and calibrated operators can be 

important to obtain reliable results. In fact, most of the studies 

selected for the review were performed by only four study 

groups: University of Innsbruck (Austria),18,21,23-25,27-29,34

University of Frankfurt (Germany),20,37,38 Hacettepe University 

of Ankara (Turkey),26 and University of Pisa (Italy);30,33,35,36

therefore results obtained by other non-trained operators might 

not be as accurate and reliable as the ones highlighted in this 

review. In only one article24 intra-observer and inter-observer 

agreement was calculated, having two different investigators 

interpreting separately a set of 200 images in 50 patients 

randomly selected twice, blind to the results of the previous 

interpretation, and to the interpretation of the other investigator. 

Intra-observer agreement for the detection of disc position 

ranged between 87-93%, inter-observer agreement ranged 

between 82-90%. These results are well within acceptable 

limits and suggest high reliability of the procedure when 

performed by trained and calibrated operators, in spite of the 

difficulty of interpreting ultrasonography images. Nonetheless, 

more controlled studies are needed to evaluate intra-observer 

and inter-observer agreement especially among more than two 

operators, in order to include ultrasonography in the common 

exams for the diagnosis of TMJ disorders. 

 Another limitation is also the quality of the studies selected 

for the review. As we already mentioned, none of the studies 

included calculation of sample size and randomization of the 

subjects, in only one of them24 intra- and inter-observer relia-

bility was calculated, in another one18 it was specified that the 

operator was blind to clinical diagnosis of TMD, and in none of 

them it was specified that the patients were blind to the 

diagnosis. We chose not to include these limitations in the 

selection criteria because we could not find a sufficient number 

of studies with those characteristics; however, this limits the 

quality of the review, and the reliability of the results. 

 In light of the results shown in this review, ultrasonography 

can be used to investigate  TMJ  pathology,  particularly  for the 
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diagnosis of DD and joint effusion. It seems less accurate and 

reliable to evaluate the presence of osteoarthrosis. The highest 

performances seem to be related to the use of high-resolution 

transducers (12-12.5-20 MHz),23,25,27,35,36-38  (although in one case 

100% accuracy was obtained using a 7.5 Mhz transducer26) and 

to the use of both static and dynamic ultrasonography.25,27

 Despite the possibility of obtaining images of the TMJ in 

different planes, the use of 3-D ultrasonography does not seem, 

at the moment, to increase the reliability of the exam. 

 It must also be considered that ultrasonography diagnoses 

were compared to MRI diagnoses, which is, to date, the most 

reliable method of investigation for TMJ disorders. Still, 

accuracy of MRI is not 100%, if referred to cryosectional 

morphology of the TMJ. Using a 1.5 T imager, accuracy was 

calculated to be 95%, sensitivity 90% and specificity 100% for 

the evaluation of disc position, when both sagittal and coronal 

views were considered.45 Therefore, the values reported in the 

Table might be slightly different if they could be compared to 

the real occurrence of the disease. 

Conclusions 

 Ultrasonography is a noninvasive and inexpensive diag-

nostic procedure that has been shown to be accurate for the 

diagnosis of articular DD and joint effusion. For this reason it 

can be suggested for the evaluation of TMJ disorders. However, 

since very diverse techniques have been reported, further 

research is needed to standardize the exam, in order to avoid or 

reduce the limits related to the scarce accessibility of the TMJ 

structures.
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