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 Background: The increased prevalence of temporomandibular disorders (TMDs) requires searching for new, easily accessi-
ble diagnostic methods. In addition to routine clinical examination, various methods of imaging temporoman-
dibular joints are available, such as magnetic resonance imaging, computed tomography scans, or scintigraphy. 
Ultrasound imaging, due to short examination time, low cost, and non-invasiveness, should be recommended 
as a routine diagnostic procedure. The aim of the study was to investigate whether ultrasound imaging can be 
used in the diagnosis of temporomandibular joint disorders.

 Material/Methods: Publications during the period 2006 to March 2017 from the US National Library of Medicine database were se-
lected for analysis by entering the terms “ultrasonography”, “ultrasound”, “USG”, “temporomandibular joint”, 
“TMJ”, “temporomandibular disorders”, and “TMD”. Papers were chosen if they met the required criteria relat-
ing to the sensitivity, specificity, accuracy, positive predictive value, and negative predictive value of this diag-
nostic technique with regard to imaging articular disc displacement, joint effusion, and condylar abnormalities.

 Results: The search yielded 1883 publications, of which 8 were selected that met the criteria for inclusion in the analy-
sis. For articular disc displacement examinations, the following results were obtained: sensitivity 75.6%; spec-
ificity 69.1%; accuracy 76.1%; positive predictive value 72.2%; negative predictive value 65.6%. When the ex-
aminations of joint effusion and condylar abnormalities were included, the results were respectively 66.9%; 
70.8%; 69.9%; 75.8%; and 62.4%.

 Conclusions: The use of ultrasonography in the diagnosis of temporomandibular disorders requires standardizing the meth-
od as well as further research to confirm its effectiveness.
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Background

Nowadays, a significant increase in the prevalence of temporo-
mandibular disorders (TMDs) can be observed. Among the gen-
eral population, it varies between 10% and 70% [1]. In children 
and adolescents, it ranges between 16% and 68% [2]. The in-
creasing number of TMD cases may be related to the impact 
of the growing psychological pressure on today’s society [3]. 
There may be a number of different causes for these disorders 
as well as a number of different specific conditions. The simi-
larity of the symptoms for the different disorders causes diffi-
culties in clinical diagnosis. In addition to the basic clinical ex-
amination, there are a variety of methods and techniques for 
TMD diagnosis. Magnetic resonance imaging (MRI) is regarded 
as the gold standard in the evaluation of soft tissues as well 
as the articular disc. Computed tomography (CT) is used to di-
agnose bone lesions such as bone erosion, fractures, postop-
erative deformities, and deformities of the adjacent temporal 
bone. Bone scintigraphy is useful for the evaluation of osteoar-
thritis and joint inflammation [4,5]. All of these methods have 
certain limitations, which will be discussed later in the arti-
cle. Ultrasound imaging of the joint and surrounding tissues 
seems to be a reasonable direction in which TMD diagnostics 
should proceed. It is a cheap, non-invasive, and quick exami-
nation technique, widely available in most healthcare institu-
tions. The aim of this paper was to discuss the possibility of 
using ultrasonography for TMD diagnosis, show the advance-
ments in imaging technology, as well as present the rationale 
for further research into the use of ultrasound waves in the 
diagnosis of temporomandibular disorders.

During an ultrasound of the temporomandibular joint, a linear 
probe is used, which is positioned transversely or longitudinal-
ly relative to the zygomatic arch, and then tilted to obtain the 
best view [6–10]. During the examination, the patient remains 
in a prone position with their mouth either closed or maximally 
open. To better understand this issue under discussion, the au-
thors performed their own examinations of the temporoman-
dibular joint by means of an ultrasound machine. The ultra-
sound scans were of a healthy patient. In the first and second 
imaged (Figures 1, 2), the probe was positioned perpendicu-
lar to the zygomatic arch with the mouth open and closed re-
spectively. In images 3 and 4 (Figures 3, 4), the probe was po-
sitioned parallel to the zygomatic arch with the mouth open 
and closed respectively. The arrows indicating the structures 
of the temporomandibular joint showed the following: arrow 
1, TMJ capsule; arrow 2, articular disk; and arrow 3, condyle. 
Dynamic ultrasound examinations were also carried out with 
the patient continuously opening and closing their mouth, be-
cause according to Emshoff et al., this is a very good method 
for excluding disc displacement [6]. In later research, howev-
er, this method was discontinued due to the difficulty in track-
ing the image of the disc while the mandible was moving. It 

is, thus, recommended that a probe with a frequency equal 
to or higher than 8 MHz should be used [4]. When analyzing 
the use of probes over time, one can observe an increase in 
probe frequency up to even 17 MHz used in more recent stud-
ies [6,7,10]. There are 2 methods for analyzing the images ob-
tained. The first is the direct method, involving an assessment 
of the relationships between the anatomical structures visible 
on the ultrasound scans, and on this basis making a diagno-
sis [7–10]. The other is an indirect method based on measur-
ing the size of the joint space, which then becomes the basis 
for a diagnosis [11]. The aim of this study was to investigate 
whether ultrasound imaging can be used in the diagnosis of 
temporomandibular joint disorders based on research find-
ings available in international literature.

Figure 1.  Temporomandibular joint (TMJ), coronal view, open 
mouth (arrow 1, TMJ capsule; arrow 2, articular disk; 
arrow 3, condyle).

Figure 2.  Temporomandibular joint (TMJ), coronal view, closed 
mouth (arrow 1, TMJ capsule; arrow 2, articular disk; 
arrow 3, condyle).
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Material and Methods

In order search for relevant articles in the US National Library 
of Medicine database, combinations of the words “ultrasonog-
raphy”, “ultrasound”, “USG” or “US” with “temporomandibu-
lar joint”, “TMJ”, “temporomandibular disorders”, and “TMD”, 
“disk displacement”, “temporomandibular joint effusion”, or 
“condyle” were entered. The results are presented in Table 1, 
with a total of 1883 papers published in 2006 to March 2017. 
Papers published before 2006 (862) were excluded from the 
analysis due to a meta-analysis performed by Manfredini et al. 
on the same topic [12]. The following publications were also 
rejected: 174 articles concerning animal research, 89 liter-
ature reviews, 743 papers unrelated to the topic, 3 papers 
where the full versions were unavailable, and 4 papers con-
taining incomplete data. Articles regarded as containing com-
plete information were those which described the sensitivity, 

specificity, accuracy, as well as the positive and negative pre-
dictive value of ultrasound imaging of the temporomandibu-
lar joint. Two papers had to be translated due to the lack of 
an English-language versions [13,14]. In the end, a total of 8 
publications were included.

Results

The data obtained in the analyses from all the publications 
are presented in Table 2. In the case of studies where statis-
tical data were calculated separately for an open and closed 
mouth, it was decided to calculate the arithmetic mean to be 
included in further analysis [8]. The largest number of ultra-
sound examinations were performed to detect a displacement 
of the articular disc. The analysis considered their sensitivity, 
specificity, accuracy, as well as positive predictive value and 
negative predictive value. After calculating weighted averag-
es, that considered the size of the test group determining the 
validity of the study, the following results were obtained for 
publications related to disc displacement: sensitivity 75.6%; 
specificity 69.1%; accuracy 76.1%; positive predictive value 
77.2%; negative predictive value 65.6%. As regards temporo-
mandibular joint effusion and condylar abnormalities, in each 
case only one publication was found containing the aforemen-
tioned statistical data. After calculating the average values for 
all the possibilities for use ultrasound in temporomandibular 
joint examination, the following results were obtained: sensi-
tivity 66.9%; specificity 70.8%; accuracy 69.9%; positive pre-
dictive value 75.8%; negative predictive value 62.4%.

Discussion

The number of publications related to ultrasound imaging of 
the temporomandibular joint has been relatively small over the 
years. Comparing the results obtained in the present study to 

Figure 3.  Temporomandibular joint (TMJ), axial view, open 
mouth (arrow 1, TMJ capsule; arrow 2, articular disk; 
arrow 3, condyle).

Figure 4. T emporomandibular joint (TMJ), axial view, closed 
mouth (arrow 1, TMJ capsule; arrow 2, articular disk; 
arrow 3, condyle).

Combinations of the terms Ultrasonography, 
Ultrasound, USG or US along with

Number of 
studies

Temporomandibular joint 445

Temporomandibular disorder 316

TMJ 453

TMD 188

Disk Displacement 91

Temporomandibular joint effusion 18

Condyle 372

Table 1. Database search results.
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those obtained by Manfredini at al. [12], who analyzed works 
published up to 2006, it can be observed that the discrepan-
cies in the results have stabilized considerably. In the case of 
articular disc displacement, Manfredini et al. obtained sensi-
tivity in the range of 31% to 100%, while in our study the re-
sults for sensitivity were 66% to 91%. Similarly, specificity was 
30% to 100% compared to 16% to 94% in our study; accura-
cy was 62% to 100% vs. 72% to 92%; positive predictive val-
ue was 41% to 100% vs. 65% to 95%; negative predictive val-
ue was 51% to 100% vs. 20% to 80%.

The principal expectation connected with the use of ultrasound 
devices in the diagnosis of TMD is the use of this method as a 
screening test. Magnetic resonance imaging, which is associat-
ed with exposure to magnetic fields, is too expensive, not avail-
able in most medical facilities, and impossible in patients with 
claustrophobia. Computed tomography (CT) does not show soft 
tissues such as the articular disc [12]. CT scans, due to expo-
sure to x-rays, cannot be done more often than once or twice 
a year [15]. Traditional pantomographic images, available in 
many dental offices, show only very advanced changes in the 
temporomandibular joint [12]. Importantly, the correct diagno-
sis of temporomandibular disorders cannot be based solely on 
clinical examination [16]. Clinical symptoms commonly mani-
fest very late in patients with TMD, while imaging diagnostic 

techniques such as MRI and ultrasonography can detect de-
generative changes and disc dislocations at earlier stages of 
the condition [15]. In addition, noises in the joint, for example 
clicking, which are used in clinical assessments, may be simply 
a physiological symptom [17]. The temporomandibular joint 
may be the first, and sometimes even the only joint involved 
in juvenile idiopathic arthritis (JIA) [18,19]. The issue can be 
complicated by the fact that this joint is often affected with-
out any detectable clinical symptoms, which may additionally 
delay the diagnosis [20,21]. TMD can also be masked by anti-
rheumatic therapy, used in the treatment of polyarthritis [15].

The use of ultrasound examinations as a screening test requires 
obtaining the greatest possible sensitivity. The low sensitivity 
of ultrasound examinations recorded in Müller’s research pre-
cludes, according to the authors, the use of ultrasound as an 
early diagnostic method [22]. However, the opinions of the au-
thors of various publications on this subject vary significantly. 
A study published in 2006 by Jank et al., which was conducted 
on 100 patients and which compared the techniques of ultra-
sound and MRI in terms of detecting degenerative changes, 
joint effusion, and disc displacement obtained very good re-
sults. For degenerative changes, the sensitivity was 94%, spec-
ificity was 100%, and accuracy was 94%; and for joint effusion 
the sensitivity was 81%, specificity was 100%, and accuracy 

Author
Year of 

publication
Number of 

joints
Comparison 
examination

Probe 
frequency

Probe 
position

Sensitivity Specificity Accuracy
Positive 

predictive 
value

Negative 
predictive 

value

Disc displacement

Kaya 
et al.

2009 52 MR
7.5 MHz D, 

O, C 
Longitudinal, 
transverse

91% 16% 82% 89% 20%

Nilufer 
et al.

2010 56 MR 12 MHz O, C Transverse 66.05% 68.75% 67.43% 68.48% 67%

Dupuy-
Bonafe 
et al.

2012 120 MR
5–12 MHz 

O, C, D
Longitudinal, 
transverse

71.5% 74.3% 72.5% 66% 78.8%

Yang 
et al. 

2012 40 MR 82.6% 94.1% 92.5% 95% 80%

Razek 
et al.

2014 40 MR 77.15% 68.15% 72.1% 65.65% 72.3%

Habashi 
et al.

2015 78 MR
5–17 MHz 

O, C, D
Longitudinal, 
transverse

74.3% 84.2% 77.7% 89.7% 64.0%

Joint effusion

Kaya 
et al.

2009 52 MR
7.5 MHz D, 

O, C 
Longitudinal, 
transverse

53% 63% 57% 72% 50%

Condylar abnormalities

Muller 
et al.

2009 60 MR 12 MHz O, C
Longitudinal, 
transverse

23% 89% 41% 70% 52%

Table 2. Summary of results obtained for the studies analysed.
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was 95%. For disc displacement, a comparison of ultrasound 
and MRI resulted in sensitivity, specificity, and accuracy at a 
level of 92% each. Thus, this publication appears to open up 
the possibility of using ultrasound examination as a diagnostic 
method for TMD, however, it seems that ultrasound still can-
not replace MRI [23]. Dupuy-Bonafé et al. do not recommend 
the use of ultrasound in the diagnosis of TMD as in their re-
search they obtained low sensitivity but high specificity in the 
diagnosis of disc displacement [9]. Kaya et al., on the other 
hand, obtained high sensitivity and accuracy, but low specific-
ity. They concluded that ultrasound is useful for the diagno-
sis of disc displacement but unfortunately not very effective 
in excluding disorders in a healthy temporomandibular joint. 
Although ultrasound can detect disc displacement, it cannot 
determine the type of displacement and, according to the au-
thors, it is not suitable for assessing the presence of joint ef-
fusion [7]. Siegfried et al. used high frequency ultrasound to 
examine patients with JIA for degenerative changes in the 
temporomandibular joint and articular disc displacement. A 
12 MHz transducer was used, which was positioned parallel 
to the mandibular ramus with the patient’s mouth fully open. 
The study was conducted on 48 people. A significant relation-
ship was found between the results obtained by ultrasonog-
raphy and the number of joints involved in JIA. The authors 
proposed a high frequency ultrasound scan as an interesting 
diagnostic technique for screening tests [15].

Ultrasonographic examination is a procedure which greatly de-
pends on the operator’s skill and experience [10]. Differences 
of opinion among researchers may result from the lack of 
standardization in the procedures related to conducting the 
examination: starting from the selection of the transducer, its 
settings, and the mouth opening position; and ending with in-
terpreting the results using either the direct or indirect meth-
od. A probe with a higher frequency enables a better visual-
ization of the tissues, with high frequency ultrasound using a 
probe with a frequency equal to or higher than 12 MHz [10]. 
Attempts have been made to standardize the position of the 
transducer relative to Camper’s line [9], and the vast majori-
ty of practitioners conduct the examination with the patient 
in a supine position, but variations in the administration of 
ultrasound also concern mouth positions. When measuring 
the distances in the joint, some authors noticed that exami-
nation with the mouth open was more reliable for assessing 
disc displacement, while examination with the mouth closed 
was more useful for determining the normal position of the 
disc [8]. Others encountered difficulties in locating the disc dur-
ing an open-mouth examination due to the fact that the bony 
structures obscure the deeper structures [9] and found that 
the sensitivity of ultrasound examination was a higher with 
the mouth closed than with the mouth open [10]. It should 
also be remembered that only the lateral part of the tem-
poromandibular joint can be adequately shown in ultrasound 

images. The medial part is obscured by bony structures; con-
sequently, lateral or medial displacement, as well as disc rota-
tion, can be difficult to assess in an ultrasound image, which 
may negatively influence examination results [9]. This should 
encourage the use of the indirect imaging technique, which is 
based on measuring the distances between the joint capsule 
and the condylar head. Nilüfer et al. found the greatest accu-
racy in the assessment of joint space distances for the anteri-
or distance with the mouth closed, and argued that measur-
ing the anterior distance was more appropriate for assessing 
disc displacement. They stated that the results of their study 
were influenced by the fact that the majority of the patients 
had medial disc displacement, making the diagnosis more dif-
ficult and paradoxically reducing the anterior distance between 
the joint capsule and the condyle [8]. Burcu et al. describe 2 
possible methods of ultrasound diagnosis for the presence of 
effusion in the temporomandibular joint. One is by direct vi-
sualization of a hypoechoic area within the joint space; and 
the other is by an indirect measurement of capsular disten-
sion. This measurement is made between the condylar latero-
superior surface and the articular capsule with the patient in 
the closed-mouth position [11].

It was evident that there was no uniform methodology for per-
forming ultrasound imaging of the temporomandibular joint. 
This supports the need for further research that would include 
a larger number of people and therefore help in standardizing 
the procedure as well as improving the assessment of the re-
sults. Nilüfer et al. mentioned the need for a more precise de-
termination of the threshold values for joint space distance 
measurements [8]. The vast majority of publications were con-
cerned with the issue of disc displacement. However, it should 
be remembered that ultrasonographic temporomandibular joint 
examinations should not be limited to disc displacement but 
should also assess degenerative changes regarding joint sur-
faces, joint effusion and synovitis [15]. JIA is the most com-
mon pediatric rheumatic disease [24]. The condition affects 
synovial joints and can often involve the temporomandibular 
joint [25–27]. When mandibular asymmetry or progressive ret-
rognathias become evident, irreversible changes in the con-
dyles are already present [28]. Muller et al. compared the pos-
sibilities of a JIA diagnosis by means of ultrasound along with 
clinical rheumatological and orthodontic examination, to that 
of using MRI and concluded that ultrasound is the more spe-
cific diagnostic method [22]. Melchiorre et al. considered ul-
trasound to also be useful in diagnosing pathological changes 
in the temporomandibular joint in adult patients with rheu-
matoid arthritis [29]. Burcu et al. obtained a high consistency 
in their research between MRI and an indirect examination of 
intra-articular effusion [11]. Ultrasound examination can also 
be used as a cheaper option in assessing the impact of con-
servative treatment on alleviating lockjaw [9].
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Conclusions

Temporomandibular joint examination using high-frequen-
cy ultrasound is a diagnostic method of unconfirmed effec-
tiveness. Most of the studies conducted to date concerned 
the assessment of pathological conditions rather than that of 
healthy joints in order to determine the correct ultrasound im-
age. Nevertheless, there is a need for a cheap, non-invasive and 
simple diagnostic technique for imaging the temporomandib-
ular joint. High-frequency ultrasound seems promising, both 
due to technological advances that provide increasingly more 

powerful transducers as well as some of the findings of research 
conducted so far. However, all the knowledge acquired to date 
needs to be unified and standardized, and further research is 
required that should involve both normal and abnormal joints.
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