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Comparison of the effectiveness of high resolution ultrasound 
with MRI in patients with temporomandibular joint dısorders

Dilek Yılmaz and Kıvanç Kamburoğlu

Department of Dentomaxillofacial Radiology, Dentistry Faculty, Ankara University, Ankara, Turkey

Objectives:  To assess the effectiveness of a high resolution ultrasound for temporomandib-
ular joint (TMJ) evaluation in comparison to MRI in patients with TMJ disorders.
Methods:  Our study comprised 50 patients (35 female and 15 male) with a mean age of 30.61. 
Clinical examination was performed. Bilateral imaging of TMJ was conducted by using a 
high-resolution ultrasound and 1.5 Tesla MR. Diagnostic accuracy of ultrasound was assessed 
for disc displacement and joint effusion in comparison to MRI. Sensitivity (Se), specificity 
(Sp), positive predictive value (PPV), negative predictive value (NPV), and accuracy (Ac) were 
calculated for ultrasound. Measurements were compared by Bland & Altman and intraclass 
correlation coefficient (ICC). Significance level was set at p < 0.05.
Results:  Most frequent complaints were noise 42 (84%) and 34 (68%) pain. For disc posi-
tion assessment with ultrasound for both sides and closed-open mouth, sensitivity, specificity, 
PPV, NPV and accuracy ranged between, 0.88 – 1, 0.60 – 0.87, 0.70 – 0.97, 0.75 – 1, and 0.84 
– 0.98, respectively. For the diagnosis of effusion with ultrasound for both sides, sensitivity, 
specificity, PPV, NPV and accuracy ranged between 0.65 – 0.81, 0.91 – 1, 0.96 – 1, 0.45 – 0.46 
and 0.72 – 0.84, respectively. ICC values calculated for intraobserver agreement for right and 
left TMJ for all measurements were found to be statistically significant (p < 0.001). ICC values 
ranged between 0.964 and 0.995 suggesting excellent correlation among ultrasound and MRI. 
In general, for ultrasound measurements we found a mean difference ranging between −0.182 
and +0.130 mm in comparison to MRI.
Conclusion:  Ultrasound can be suggested as an adjunct to common imaging modalities in 
the assessment of TMJ.
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Introduction

The temporomandibular joint (TMJ) is a composite 
ginglymus-arthrodial joint that is composed of the 
condyle, glenoid fossa, articular tubercle, articular disc, 
retrodiscal tissue, synovial membrane, and joint capsule. 
Temporomandibular joint disorders (TMD) do not only 
affect TMJ but also the masticatory muscles and other 
components of the stomatognatic system.1 Pringle et 
al., were the first to report and define TMD in 1918.2 

Although the aetiology of TMD is not fully understood 
yet, presence of trauma, degenerative disease, inflam-
mation, para-functional habits, postural condition, 
occlusal microtrauma, orthodontic disorders, systemic 
predisposition, sleep disorders, and deleterious psycho-
social alterations were all proposed as risk factors.3

A common form of TMD is the internal derange-
ment that manifests as displacement of the disc as a 
result of instability between condyle, temporal bone 
and articular disc components. Anterior disc displace-
ment is more frequently discovered in comparison to 
posterior, medial and lateral displacements. Internal 
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derangements may also be divided into three different 
subgroups as follows: (1) disc displacement with reduc-
tion, (2) disc displacement without reduction, (3) disc 
displacement without reduction and limited mouth 
opening.4,5 TMJ effusion, the excessive accumulation of 
fluid in and around TMJ, is an inflammatory response 
that occurs as a result of internal derangement, trauma, 
arthritis, and inflammatory changes related to rheuma-
toid diseases. Osteoarthritis is characterized by degen-
erative changes of TMJ structures, and irregularities of 
the condyle.6–8 TMD affects 28% of the world popula-
tion6 and may present clinical signs such as; TMJ pain, 
articular noises, and restricted jaw function.7,8 Restricted 
jaw opening and joint pain have a negative effect on the 
patients’ quality of life, therefore, accurate diagnosis 
of TMD is essential in order to render an appropriate 
treatment plan.9

In conjunction with medical history and clinical 
examination, MRI, arthrography, and CBCT are the 
techniques which are preferred for TMJ imaging in order 
to make accurate diagnosis. Arthrography is an invasive 
method that may be complicated by pain and allergic 
reactions. MRI is a powerful and versatile imaging 
modality utilized in various medical fields. Three-di-
mensional (3D) MRI assessment of morphology and 
function without ionizing radiation attracted attention 
in dental applications during 1980s.10,11 MRI is accepted 
as the reference standard for the diagnostic imaging of 
TMJ disorders related to articular disc structure and 
position along with changes in soft tissues and synovial 
fluid, however; low availability, long time requirement, 
and high cost preclude its routine use. In addition, MR 
is contraindicated for patients with claustrophobia, 
pacemaker and metal prosthesis.9–12 The ability to 
provide high-resolution and accurate multiplanar refor-
matted images with a lower dose than multidetector CT 
(MDCT) made CBCT the imaging modality of choice 
for assessing osseous components of the TMJ. Refor-
matted CBCT images provide useful information for the 
diagnosis of a variety of TMJ related entities, including 
subchondral cyst, flattening and sclerosis of condylar 
structures, osteophyte formation and idiopathic 
condylar resorption. However, patient is subjected to 
ionizing radiation and visualization of TMJ soft tissue 
structures and the articular disc is not possible with 
CBCT.13–15

In response to the high demand for a technique that 
could provide real time images at a low cost and without 
ionizing radiation, a group of scientists proposed 
ultrasound imaging as an alternative technique in the 
beginning of 1990s.16 In diagnostic ultrasound, high 
frequency sound waves are transmitted into the body 
by use of a transducer and echoes from tissue interface 
are detected and displayed on a screen. Sound waves are 
emitted from the ultrasound transducer via piezoelectric 
crystals. TMJ ultrasonography may be considered as an 
onsite, comfortable, easy to use, fast and low cost tech-
nique.17,18 With ultrasound, immediate assessment of 

condylar translation, disc position, and articular effu-
sion is possible.19–21 Our objective was therefore to assess 
the effectiveness of a high resolution ultrasound for the 
diagnosis of disc position and effusion, in comparison 
to MRI, in patients who referred to our clinic with TMJ 
complaints. In addition, patient history and clinical 
examination findings were critically analyzed.

Methods and materials

Ethical approval was obtained from Ankara University, 
Faculty of Dentistry, Ethics Committee (36290600/72-
14/1). Our study comprised 50 patients (35 female and 
15 male) admitted to Dentomaxillofacial Radiology 
Department between January 2017 and June 2017 
with complaints of TMJ and who met certain criteria 
as follows: (1) Patients with pain and/or noise in TMJ 
region, limited mouth opening, and/or tinnitus. (2) 
Patients diagnosed with TMD during clinical and radio-
logical examination (MRI, ultrasound and/or CBCT). 
(3) Patients, whose, TMJs could be visualized by use 
of ultrasound probe. Besides, patients who received 
previous trauma to TMJ region, who had orthognathic 
surgery, who were under active orthodontic treatment 
and patients with syndromes effecting dentomaxillofa-
cial region were not included in the present research.

Clinical evaluation and diagnostic imaging
Clinical evaluation was performed and recorded by one 
researcher (oral and maxillofacial radiologist) with 10 
years of clinical experience in TMJ patients, who also 
blindly and separately assessed the diagnostic images 
with the two techniques obtained later. In case of uncer-
tainty, consensus was reached by consulting another 
experienced researcher (oral and maxillofacial radiolo-
gist). A specific calibration session prior to data collec-
tion was conducted on a patient with TMD who was not 
included in the study. An informed consent was obtained 
from each patient. During patient history taking and 
clinical examination, difficulty when opening jaw in the 
morning, pain during jaw opening and closing, pain 
in the ear and cheek region, tinnitus, clenching, prior 
referral to a dentist due to TMJ complaint, prior use of 
night guards along with pain in the muscles (lateral pter-
ygoid muscle, medial pterygoid muscle, and masseter 
muscle) were all assessed. Thereafter, bilateral imaging 
of TMJ by using ultrasound was conducted and TMJs 
were assessed for each patient. Bilateral TMJ MRI of 
the patients were also obtained and reported for each 
patient. Diagnostic accuracy of ultrasound was assessed 
for disc displacement and joint effusion along with 
measurement accuracy of various TMJ related struc-
tures in comparison to MRI.

Ultrasonography
Ultrasound imaging was performed by using a high-res-
olution (5–14 MHz) ACUSON S 2000 ultrasound 
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machine (Siemens, Munich, Germany) with a “hockey 
stick” transducer when patients were in supine position 
by one researcher (oral and maxillofacial radiologist 
with 10 years of experience in TMJ patients). Consid-
ering our pilot studies, hockey stick probe was preferred 
due to TMJ image quality difference between hockey 
stick probe and linear probe. Figure  1 shows images 
obtained by using both probes. Ultrasound image 
obtained by using hockey stick probe clearly demon-
strates all TMJ-related structures. In case of uncer-
tainty, a consensus was reached after consulting another 
researcher with more experience (oral and maxillofacial 
radiologist with 15 years of experience). Transducer 
was placed extraorally on left TMJ and first positioned 
transversally and then longitudinally in closed and open 
mouth positions and images were obtained. The same 
procedure was also repeated for the right TMJ. When 
obtaining closed mouth ultrasound images, transducer 
was placed transversally and positioned parallel to the 
zygomatic arc and Frankfurt plane and perpendicular 
to ramus. When obtaining open mouth ultrasound 
images, transducer was positioned transversally with 
a 60°−70° angle to the Frankfurt plane. The operator 

constantly adjusted the position of the transducer 
during condylar translation from closed mouth position 
to open mouth position for better visibility of the disc. 
Real-time movement was utilized for the assessment of 
disc displacement whereas static images were utilized 
for conducting ultrasound measurements. Ultrasound 
images of condyle and articular eminence appeared as 
two different hyperechoic lines whereas articular disc 
appeared as hypoechoic thin band between these two 
lines. However, disc also appeared as isoechoic (regions 
that produce ultrasound echoes equal to those of neigh-
bouring tissues) in some cases. Besides, joint capsule, 
pterygoid muscle and retrodiscal tissues all appeared as 
isoechoic. Figure 2 shows ultrasound image of left TMJ 
with normal disc position in closed mouth position of a 
male patient. (A) Positioning of “hockey stick” probe in 
transversal plane; (B) anatomical landmarks observed 
in transversal plane; (C) positioning of “hockey stick” 
probe in longitudinal plane; and (D) anatomical land-
marks observed in transversal plane. With ultrasound, 
assessment and measurement of specific structures were 
conducted as follows:

(1) Articular disc position was assessed in trans-
versal plane in both closed and open mouth situation. 
For open mouth ultrasound images, articular disc 
was considered as normal if  it was located superior to 
condyle, whereas anterior disc displacement was consid-
ered if  the disc was positioned anterior to mandibular 
condyle. For closed mouth ultrasound images, articular 
disc was considered as normal if  it was located between 

Figure 1  Ultrasound images obtained by using both probes from the 
same patient’s left closed TMJ in transversal position. (A) Ultrasound 
image obtained by using linear probe; (B) ultrasound image obtained 
by using hockey stick probe. Ultrasound image obtained by using 
hockey stick probe clearly demonstrates all TMJ related structures. 
TMJ, temporomandibular joint.

Figure 2  Ultrasound imaging of left TMJ with normal disc posi-
tion in closed mouth position of a male patient. (A) Positioning of 
“hockey stick” probe in transversal plane; (B) Anatomical landmarks 
observed in transversal plane; (C) Positioning of “hockey stick” probe 
in longitudinal plane; and (D) Anatomical landmarks observed in 
longitudinal plane. TMJ, temporomandibular joint
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condyle and articular eminence, whereas anterior disc 
displacement was considered if  the disc was positioned 
anterior to mandibular condyle and inferior to articular 
eminence. Figures  3–5 show, TMJ images (ultrasound 
and MRI) of patients with normal disc position, ante-
rior disc displacement with reduction, and anterior disc 
displacement without reduction, respectively.

(2) Both in transversal and longitudinal trans-
ducer positions synovial fluid increase in TMJ space 
was assessed. In transversal position, for closed mouth 
measurement, distance between mandibular condyle 
and glenoid fossa was measured at three points twice 
and the highest value was recorded, whereas, for open 
mouth measurement, distance between posterior artic-
ular eminence and mandibular condyle was measured at 
three points twice and the highest value was recorded. 
Prior to our study, ultrasound imaging was conducted 
on 15 patients (who were not included in the present 
study) with available MR images with effusion in TMJ. 
Our pilot ultrasound measurements from those patients 
were in accordance with a previous study.22 Therefore, 

measurements higher than 1.76 mm were considered as 
an increase in synovial fluid thickness leading to TMJ 
effusion.22 In longitudinal position, in both closed and 
open mouth positions, distance between TMJ capsule and 
lateral pole of mandibular condyle was measured at three 
points twice and the highest value was recorded, thereby; 
the effect of synovial fluid increase in the space between 
capsule and mandibular condyle was determined.

Magnetic resonance imaging
MRI were obtained by utilizing General Electric HDI 
1.5 Tesla machine (GE, Milwaukee, WI). In both closed 
and open mouth positions T1W (T1 weighted) images 
which demonstrates differences in the T1 relaxation 
times of tissues, Multiple Echo Recombined Gradient 
Echo that offers high resolution and Proton Density 
(PD) series images of bilateral TMJs were obtained 
with sagittal and coronal oblique reconstructions. 
Disc position and effusion were evaluated from 3 mm 

Figure 3  A 26-year-old male patient referred with the complaints 
of clicking and pain during mouth opening in left TMJ. Disc is in 
normal position in left TMJ. (A) Closed mouth ultrasound (trans-
ducer placed transversally) image; (B) schematic drawing of closed 
mouth ultrasound (transducer placed transversally) image; (C) closed 
mouth MRI (sagittal plane) image of the patient showing left TMJ 
with normal disc position; (D) open mouth ultrasound (transducer 
placed transversally) image; (E) schematic drawing of open mouth 
ultrasound (transducer placed transversally) image; (F) open mouth 
MRI (sagittal plane) image of the patient showing left TMJ with 
normal disc position. TMJ, temporomandibular joint.

Figure 4  A 21-year-old female patient referred with limited mouth 
opening and clicking during mouth opening in right TMJ. (A) Closed 
mouth ultrasound (transducer placed transversally) image with disc in 
anterior position; (B) schematic drawing of closed mouth ultrasound 
(transducer placed transversally) image with disc in anterior position; 
(C) closed mouth MRI (sagittal plane) image of the patient showing 
right TMJ with anteriorly positioned disc; (D) closed mouth ultra-
sound (transducer placed transversally) image with disc in normal 
position; (E) schematic drawing of open mouth ultrasound (trans-
ducer placed transversally) image with disc in normal position; (F) 
open mouth MRI (sagittal plane) image of the patient showing right 
TMJ with anterior disc displacement with reduction. TMJ, temporo-
mandibular joint.
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thickness slices by an oral and maxillofacial radiology 
specialist independently in a separate session. With 
MRI, articular disc is visualized as biconcave shaped 
with low signal intensity. Mandibular condyle, bone 
marrow are seen as homogenous high signal at T1W 
and PD-weighted images, whereas, as medium signal 
intensity at T2 weighted images. Bone marrow edema 
is seen as low intensity signal at T1W and PD-weighted 
images, whereas, as high signal intensity at T2 weighted 
images. Sclerosis and fibrosis of TMJ are seen as low 
signal intensity at T1W, PD-weighted and T2 weighted 
images. Osteonecrosis is observed as heterogenic signal 
intensity.23 Figures  3–5 show TMJ images (ultrasound 
and MRI) of patients with normal disc position, ante-
rior disc displacement with reduction, and anterior disc 
displacement without reduction, respectively.

Following gold standard measurements were also 
obtained from MRI images by using proprietary soft-
ware in the MRI scanner software: (1) At mouth closed 
position, distance between glenoid fossa and mandib-
ular condyle were measured at three points twice and 
the highest value was recorded on sagittal oblique planes 
(transversal). (2) At open mouth position, distance 
between articular eminence and mandibular condyle was 
measured at three points twice and the highest value was 
recorded on sagittal oblique planes (transversal). (3) At 
both closed and open mouth positions distance between 
joint capsule and lateral end of mandibular condyle was 
measured at three points twice and the highest value 
was recorded on coronal oblique planes (longitudinal). 
“Measure distance” tool was selected and distances were 
measured by clicking the mouse and enhancement tools 
(density and contrast adjustment and zoom function) 

were used when deemed necessary. Figure 6 shows MRI 
and ultrasound images of a patient with joint effusion 
in left TMJ. Finally, following responses were recorded 
twice by the researcher within 1 week interval. For the 
disc position: displacement with reduction, displace-
ment without reduction or normal disc position. For 
joint effusion: a yes or no response.

Statistical Analysis

Descriptive statistics were given as mean, median, stan-
dard deviation, minimum and maximum values for 
continuous data. Percentage values were given for inter-
mittent data. Chi square/Fisher’s Exact Test were used 
for the comparison of intermittent data. Sensitivity (Se), 
specificity (Spe), positive predictive value (PPV), nega-
tive predictive value (NPV), and accuracy (Ac) were 
calculated for ultrasound as compared to gold-standard 
MRI. Measurements obtained by using ultrasound and 
MRI techniques were compared and assessed by Bland 
& Altman and intraclass correlation coefficient (ICC). 
Significance level was set at p < 0.05.

Results

There was a total of 50 patients, 35 females (70%) and 15 
males (30%) aged between 17 and 75 (mean 30.61 ± stan-
dard deviation 1.856; median = 26). According to patient 
history and clinical examination most frequent complaints 
were noise 42 (84%) and 34 (68%) pain during opening 

Figure 6  MRI and ultrasound images of left TMJ of a 55-year-old 
female patient with joint effusion. The patient was referred with the 
complaints of severe pain and limitation in mouth opening. (A) Meas-
urement of the distance between mandibular condyle and glenoid 
fossa on transversal ultrasound image in left closed mouth position; 
(B) schematic drawing of measurement of the distance between 
mandibular condyle and glenoid fossa on transversal ultrasound 
image in left closed mouth position. Measurements higher than 1.76 
mm were considered as an increase in synovial fluid thickness leading 
to joint effusion; (C) sagittal T2 weighted MRI image of the same 
patient showing joint effusion with high signal intensity anterosupe-
riorly.

Figure 5  A 26-year-old female patient referred with complaints of 
limited mouth opening and pain in left TMJ. Condylar flattening and 
degenerative changes are observed. (A) Closed mouth ultrasound 
(transducer placed transversally) image with disc in anterior position; 
(B) schematic drawing of closed mouth ultrasound (transducer placed 
transversally) image with disc in anterior position; (C) closed mouth 
MRI (sagittal plane) image of the patient showing left TMJ with 
anteriorly positioned disc; (D) open mouth ultrasound (transducer 
placed transversally) image with disc in anterior position; (E) sche-
matic drawing of open mouth ultrasound (transducer placed transver-
sally) image with disc in anterior position; and (F) open mouth MRI 
(sagittal plane) image of the patient showing left TMJ with anterior 
disc displacement without reduction. TMJ, temporomandibular joint.
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and closing mouth. Pain was mostly prominent in the 
ear region with 26 (52%) patients. Masticatory pain was 
observed in 36 patients (72%) and most frequently, lateral 
pterygoid muscle was tender to palpation with 31 patients 
(62%). 95.8% of the patients with limited mouth opening 
in the morning had muscle pain as well (p < 0.001). 42.3% 
of the patients (11 out of 26) had mouth splint treatment 
for at least 1 year approximately 1 year prior to our exam-
ination. Patient history and clinical examination findings 
are given in Table 1.

MRI assessment revealed disc displacement with 
reduction in 28 (56%) patients, disc displacement without 
reduction in 17 (34%) patients, and normal disc position in 
5 (10%) patients for left TMJ and disc displacement with 
reduction in 29 (58%) patients, disc displacement without 

reduction in 16 (32%) patients, and normal disc position 
in 5 (10%) patients for right TMJ. The most frequent 
type of internal derangement was disc displacement with 
reduction on both sides in 21 patients (42%). Of the 17 
patients who were diagnosed as disc displacement without 
reduction on the left side, 15 had effusion, whereas, on the 
right side, of the 16 patients who were diagnosed as disc 
displacement without reduction, 14 had effusion. Table 2 
shows the distribution of disc displacement and effusion 
found by using MRI.

Patients who had unilateral chewing habit had higher 
rates of anterior disc displacement (p < 0.05) and joint 
effusion (p < 0.05) when compared to patients who 
did not have unilateral chewing habit. Average mouth 
opening was found to be 3.94 + 1.02 cm, median 4 cm, 
min – max 1–5.8 cm. Number of patients with anterior 
disc displacement who had mouth opening smaller than 
3.5 cm was higher when compared to patients who had 
mouth opening larger than 3.5 cm (p < 0.05). Number 
of patients with anterior disc displacement who had 
lateral pterygoid muscle pain was lower than with that 
of who had no lateral pterygoid muscle pain (p < 0.05). 
Number of patients with anterior disc displacement 
who had pain or limitation during lateral and protru-
sive movement of the jaw was higher than that of who 
had no pain or limitation during lateral and protrusive 
movement of the jaw (p < 0.05). The percentage of effu-
sion in patients with pain during protrusion was found 
to be higher when compared to patients without pain 
during protrusion (p < 0.05).

We found a significant positive correlation between 
transversal and longitudinal measurements conducted 
by using gold standard MRI images on both sides (r 
= 0.768 for right TMJ and r = 0.741 for left TMJ, p = 
0.000). Table 3 shows Se, Sp, PPV, NPV and Ac values 
found for ultrasound imaging in comparison to MRI 

Table 1  Distribution of patient history and clinical examination 
findings

n %

Difficulty during jaw opening in the morning

No 26 52

Yes 24 48

Pain during jaw opening and closing

No 16 32

Yes 34 68

Pain in the ear region

No 24 48

Yes 26 52

Pain in the cheek region

No 41 82

Yes 9 18

Tinnitus

No 8 16

Yes 42 84

Clenching

No 19 38

Yes 31 62

Prior referral to a dentist with TMJ complaint

No 24 48

Yes 26 52

Prior usage of night guards

No 39 78

Yes 11 22

Pain in the muscles

No 14 28

Yes 36 72

Lateral pterygoid pain

No 19 38

Yes 31 62

Medial pterygoid pain

No 27 54

Yes 23 46

Masseter pain

No 27 54

Yes 23 46

Table 2  Distribution of disc displacement and effusion found by 
using MRI

Left TMJ 
effusion

Disc displacement 
with reduction

Disc displace-
ment without 

reduction
Normal disc 

position Total

No 7
(58.3%)

2
(16.7%)

3
(25%)

12
(100%)

Yes 21
(55.3%)

15
(39.5%)

2
(5.3%)

38
(100%)

Total 28
(56%)

17
(34%)

5
(100%)

50
(100%)

Right TMJ 
effusion

Disc 
displacement 

with reduction

Disc 
displacement 

without 
reduction

Normal disc 
position Total

No 4
(57.1%)

2
(28.6%)

1
(14.3%)

7
(100%)

Yes 25
(58.1%9

14
(32.6%)

4
(9.3%)

43
(100%)

Total 29
(58%)

16
(32%)

5
(10%)

50
(100%)

TMJ, temporomandibular joint.
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for both left and right TMJs. For anterior disc position 
assessment with ultrasound for both sides and closed-
open mouth, sensitivity, specificity, PPV, NPV and 
accuracy ranged between, 0.88–1, 0.60–0.87, 0.70–0.97, 
0.75–1, and 0.84–0.98, respectively. For the diagnosis 
of effusion with ultrasound for both sides, sensitivity, 
specificity, PPV, NPV and accuracy ranged between 
0.65–0.81, 0.91–1, 0.96–1, 0.45–0.46 and 0.72–0.84, 
respectively.

ICC values calculated for intraobserver agreement for 
right and left TMJ ranged between 0.096 and 0.999. For 
all measurements intraobserver agreement was found 
to be statistically significant (p < 0.001). Table 4 shows 
ICC values for MRI and ultrasound measurements for 
both left and right TMJs. ICC values ranged between 
0.964 and 0.995 suggesting excellent correlation among 
both methods. Table  5 shows average measurement 
differences between MRI and ultrasound according to 
jaw position and transducer localization. In general, for 
ultrasound measurements we found a mean difference 
ranging between −0.182 and +0.130 mm in comparison 

to MRI measurements. Figure 7 shows Bland & Altman 
graphics of ultrasound and MRI measurement correla-
tion according to jaw position and transducer localiza-
tion on both TMJ sides.

Discussion

Diagnosis of TMJ mainly depends on patient history 
and clinical examination in conjunction with various 
imaging techniques. The choice of an accurate and 
reliable imaging modality in the assessment of TMJ 
is clinically important in terms of diagnosis and selec-
tion of treatment approach. Thereby, patient comfort 
is maintained and psychologic and economic stress on 
the patient is relieved. Panoramic radiography, CBCT, 
arthrography and MRI are utilized for diagnostic 
assessment of TMJ.24–27Our research was designed to 
assess and compare ultrasound and MRI techniques for 
the assessment of disc position and effusion in patients 
with TMJ complaints along with clinical symptoms. We 

Table 4  ICC values for MRI and ultrasound measurements for both left and right TMJs

Intra Class Corre-
lation p 95% Confidence interval

Lower limit Upper limit

MR left transversal closed
& ultrasonography left transversal closed

0.971 0.000 0.950 0.984

MR left longitudinal closed & ultrasonography left longitudinal closed 0.993 0.000 0.987 0.996

MR left transversal open
& ultrasonography left transversal open

0.995 0.000 0.992 0.997

MR left longitudinal open & ultrasonographies left longitudinal open 0.964 0.000 0.938 0.980

MR right transversal closed
& ultrasonography right transversal closed

0.988 0.000 0.979 0.993

MR right longitudinal closed & ultrasonography right longitudinal closed 0.993 0.000 0.987 0.996

MR right transversal open
& ultrasonography right transversal open

0.995 0.000 0.991 0.997

MR right longitudinal open & ultrasonography right longitudinal open 0.991 0.000 0.984 0.995

ICC, intraclass correlation coefficient; TMJ, temporomandibular joint.

Table 3  Se, Sp, PPV, NPV and Ac values found for ultrasound imaging in comparison to MRI with 95% CI and min-max values for both left 
and right TMJs

Sensitivity
95 % CI

Specificity
95 % CI

PPV
95 % CI

NPV
95 % CI Accuracy values

Left closed disc position 0.978
(0.884–0.996)

0.600
(0.231–0.882)

0.956
(0.846–0.992)

0.750
(0.604–0.857)

0.940

Left open disc position 0.882
(0.657–0.967)

0.879
(0.727–0.952)

0.789
(0.647–0.887)

0.935
(0.819–0.982)

0.880

Left effusion presence 0.658
(0.499–0.768)

0.917
0.646–0.985)

0.961
(0.853–0.994)

0.458
(0.319–0.604)

0.720

Right closed disc position 1.000
(0.921–1.000)

0.800
(0.375–0.964)

0.978
(0.877–0.999)

1.000
(0.911–0.998)

0.980

Right open disc position 0.875
(0.639–0.965)

0.823
(0.664–0.916)

0.700
(0.552–0.817)

0.933
(0.8156–0.981)

0.840

Right effusion presence 0.814
(0.674–0.903)

1.000
(0.546–1.000)

1.000
(0.911–998)

0.467
(0.327–0.612)

0.840

Ac, accuracy; CI, confidence interval; NPV, negative predictive value; PPV, positive predictive value; Se, sensitivity; Spe, specificity. 
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found high Se, Spe, Ac, PPV, and NPV for ultrasound 
imaging for the assessment of TMJ in terms of anterior 
disc position and effusion. In addition, measurements 
obtained from ultrasound images highly correlated 
with those of MRI measurements. MRI has been used 
in the TMJ, specifically to determine the disc position. 
MRI do not only shows the presence or absence of disc 
displacement but also associated bony changes. The 
TMJ disc may be stuck in a normal or displaced posi-
tion and limits the normal degree of condylar transla-
tion, which results in restricted jaw opening. However, 
clinical significance of disc displacement is not always 
definite since disc displacement may also be observed in 
asymptomatic patients. Therefore, in the present study 
we assessed gold standard MR images in conjunction 
with patient history and clinical examination findings.28

Ultrasound is an operator—and—patient depen-
dent imaging modality and this phenomenon should 
be taken into consideration when evaluating ultra-
sound findings. In addition, depending on the patient 
and tissues ultrasonic characteristics and resistance to 
propagation of ultrasound waves—the acoustic imped-
ance—may vary. In particular, weight of the patient, 
excessive fat tissue, gender (sideburn in male patients), 

and patient age (decreased water concentration in 
elderly) may all negatively affect image quality.24–27 We 
found a high prevalence of TMJ disorders which can 
be explained by the fact that only patients with TMJ 
complaints were included in the present research. Obvi-
ously, it was neither ethical nor practical to obtain ultra-
sound and MRI from patients with no TMJ complaints 
as the control group. Ultrasound can be preferred as an 
adjunct to commonly utilized imaging modalities in the 
assessment of TMJ owing to its non-ionizing nature, 
availability, ease of usage, and real time rapid imaging 
at a low cost.

Another recent pilot study conducted by Katzberg 
et al.29 assessed disc displacement in only six patients, 
by using 15 MHz “hockey stick” transducer intraorally 
in transversal position. Due to difficulties during posi-
tioning of the transducer the condyle and subcondylar 
surface were visible in 10 of 10 joints (100%), and the 
disc in 7 of 10 joints (70%). Authors confirmed the 
correlation with ultrasound and MRI for disc position 
and configuration in the five joints with MRI findings. 
Although, we utilized a similar transducer in the trans-
versal position in order to assess disc position, unlike 
mentioned study we preferred using extra oral approach 
due to difficulties which may occur as a result of appli-
cation, patient cooperation and sterilization issues when 
using the transducer intraorally. Considering the visi-
bility of structures we were able to observe and evaluate 
all TMJ structures in all patients.

Bradlmaier et al.30 assessed TMJs of 48 patients for 
the presence or absence of disc displacement by placing 
12 MHz linear transducer longitudinally. For closed 
mouth position, they found Se 0.93, Spe 0.77, Ac 0.87, 
PPV 0.86 and NPV 0.88, whereas, for open mouth posi-
tion they found Se 0.63, Spe 0.89, Ac 0.80, PPV 0.74 
and NPV 0.85. In the present clinical research, in order 
to assess TMJ disc position we placed the transducer 
in transversal position since we had a better vision of 
the condyle and articular eminence when transducer 
was placed parallel to the zygomatic arch in comparison 
to longitudinal positioning which was parallel to the 
ramus. On both sides, we determined disc displacement 
on the basis of disc position according to condyle. Also, 
transversal positioning of the 4–15 MHz “hokey stick” 

Table 5  Average measurement differences between MRI and ultrasoundS according to jaw position and transducer localization

Difference Compliance limits (95%)

N Average Standard deviation Lower Upper

MR & ultrasonography left transversal closed 50 0.041 0.134 −0.229 0.312

MR & ultrasonography left longitudinal closed 50 0.019 0.071 −0.125 0.163

MR & ultrasonography left transversal open 50 0.031 0.046 −0.062 0.125

MR & ultrasonography left longitudinal open 50 0.011 0.150 −0.291 0.313

MR & ultrasonography right transversal closed 50 0.032 0.069 −0.106 0.171

MR & ultrasonography right longitudinal closed 50 0.016 0.056 −0.096 0.129

MR & ultrasonography right transversal open 50 0.027 0.043 −0.059 0.113

MR & ultrasonography right longitudinal open 50 0.026 0.132 −0.079 0.132

Figure 7  Bland & Altman graphics of ultrasound and MRI measure-
ment correlation according to jaw position and transducer localiza-
tion on both TMJ sides. TMJ, temporomandibular joint.
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transducer enabled better visualization and localization 
of disc during mouth opening. The operator constantly 
adjusted the position of the transducer during condylar 
translation from closed mouth position to open mouth 
position for better visibility of the disc. Higher Se, Spe, 
PPV, NPV, and Ac values found in the present study 
when compared to previous studies17,30 in which authors 
placed linear transducer in a longitudinal position vali-
date the use of our methodological approach.

Emshoff et al.31 assessed TMJs of 29 patients for 
the presence of disc displacement, by placing 12 MHz 
linear transducer both in transversal and longitudinal 
positions. Analogous to our findings, for closed mouth 
position, they found Ac 0.91, PPV 0.97 and NPV 0.81, 
whereas, for open mouth position, they found Ac 0.93, 
PPV 0.88 and NPV 0.97. In fact, in general, previous 
studies revealed lower accuracy values when compared 
to ours. Bonafé et al.32 assessed TMJs of 40 patients for 
the presence of disc displacement, by placing 5–12 MHz 
linear transducer both in transversal and longitudinal 
directions. For closed mouth position, they found Se 
0.22, Spe 0.96, PPV 0.81 and NPV 0.64, whereas, for 
open mouth position they found Se 0, Spe 0.98, PPV 0 
and NPV 0.91. Abdel Razek et al.33 assessed TMJs of 
22 patients for anterior and lateral-medial disc displace-
ment, by placing 12 MHz linear transducer both in 
transversal and longitudinal directions. For anterior 
disc displacement, they found Se 0.79, Spe 0.72, Ac 0.77, 
PPV 0.88 and NPV 0.57, whereas, for lateral-medial disc 
displacement they found Se 0.75, Spe 0.63, Ac 0.66, PPV 
0.42 and NPV 0.87. In the present study, we did not 
focus on the direction of disc displacement since it was 
almost impossible to detect medial or lateral displace-
ment with ultrasound and most of our patients showed 
anterior disc displacement with or without reduction. 
Therefore, comparison of the findings obtained from 
anterior and mediolateral disc displacement was out 
of our scope. In addition, previous ultrasound studies 
conducted on knee joint34,35 revealed that ultrasound 
was a safe non-invasive imaging modality that could be 
used for the diagnosis of different disorders involving 
the knee joint. The advantages of ultrasound included 
low cost, portability, real-time assessment, and facili-
tated side-by-side-comparisons.34,35 Authors, also found 
excellent interobserver agreement for most diagnostic 
tasks related to knee joint with ultrasound.35 Main 
difference between TMJ and knee joint assessment with 
ultrasound probe is that when assessing TMJ, unlike 
knee joint, the operator is only able to approach from 
lateral aspect of the TMJ. This can be considered as a 
major limitation of TMJ assessment with ultrasound in 
comparison to other parts of musculoskeletal system.

Tognini et al.36 assessed TMJs of 41 patients for the 
presence of disc displacement, by placing 8–20 MHz 
linear transducer both in transversal and longitudinal 
directions and they found Se 0.65, Spe 0.80, Ac 0.73, 
PPV 0.77 and NPV 0.70. Landes et al.37 assessed TMJs 
of 33 patients for the presence of disc displacement by 

placing 8–12.5 MHz linear transducer transversally. For 
closed mouth position, they found Se 0.63, Spe 0.47, Ac 
0.55, PPV 0.50 and NPV 0.61, whereas, for open mouth 
position they found Se 0.43, Spe 0.78, Ac 0.73, PPV 
0.42 and NPV 0.85. We found more accurate results in 
the assessment of disc displacement when compared to 
mentioned studies.36,37 Apart from using a high resolu-
tion hockey stick transducer in a transversal position 
for assessing disc position, it is possible that observer 
performance, study design, and patient selection might 
all cause discrepancies between different study findings 
and ours regarding disc displacement assessment.

TMJ effusion may occur as a result of internal 
derangement, trauma, arthritis, or inflammatory changes 
related to rheumatoid diseases.38 Several studies proved 
ultrasound to be effective in the evaluation of effusion 
in large joints, however; studies regarding small joints 
like TMJ are sparse.39 Joint effusion causes enlargement 
of joint capsule and observed as anechoic or hypoechoic 
in ultrasound images40,41Manfredini et al.42 assessed 69 
patients by using 8–20 MHz linear transducer longitu-
dinally and transversally for the detection of effusion. 
For the measurement of the distance between articular 
capsule and condyle, values higher than 1.95 mm and 
2.15 mm were considered as effusion. For the threshold 
value of 1.95 mm, PPV was 0.83, NPV was 0.26 and 
sensitivity was high and for the threshold value of 2.15 
mm, PPV was 0.71, NPV was 0.11 and specificity was 
high. In the present study, for the diagnosis of effusion 
with ultrasound for both sides, sensitivity, specificity, 
PPV, NPV and accuracy ranged between 0.65–0.81, 
0.91–1, 0.96–1, 0.45–0.46 and 0.72–0.84, respectively. 
Higher values found in our study might be attributable 
to threshold value which was taken as 1.76 mm. In a 
previous study conducted by Assaf et al,22 measurements 
higher than 1.76 mm were considered as an increase in 
synovial fluid thickness leading to joint effusion.22 While 
Assaf et al,22 assessed joint effusion both as “sono-
graphically visible joint effusion in the joint in current 
inflammatory activity” and “specific measurements 
higher than the threshold value” it was not possible to 
visualize joint effusion in the present study. Therefore, 
we diagnosed effusion on the basis of specific measure-
ments conducted on ultrasound and assessment of gold 
standard MR images. In addition, the threshold value 
of 1.76 mm reported by Assaf et al,22 was found to be 
clinically realistic by our team.

Bas et al.43 in their study assessed 91 patients by 
placing 10 MHz linear transducer longitudinally and 
transversally and investigated the relationship between 
effusion and pain. Authors accepted 1.66 mm as the 
threshold value for effusion and scored pain level 
according to visual analogue scale (VAS). However, 
unlike our study, authors did not compare ultrasound 
and MRI for the evaluation of effusion. For measure-
ments lower than 1.65 mm VAS was found to be 2.2, 
whereas, for measurements higher than 1.65 mm VAS 
was 3.75 suggesting that there was a positive correlation 
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between pain scores and ultrasound capsule thick-
ness measurements (R2 = 0.137; R2 = 0.370). We also 
found that the percentage of effusion in patients with 
pain during protrusion was higher when compared to 
patients without pain during protrusion.

In a previous pilot study conducted by Jank et al.10 
by using 2D and 3D ultrasound imaging, TMJ disc 
displacement, condylar degeneration, and effusion were 
assessed in closed and open mouth positions in 100 
patients. However, unlike the present study, authors did 
not give detailed information regarding the frequency 
and position of the transducer and the method used to 
assess different variables. For disc displacement assess-
ment in closed mouth position, high resolution ultra-
sound device revealed, 0.92, 0.92, 0.92, 0.96 and 0.84, 
Sey, Spe, Ac rate, PPV and NPV, whereas, in open mouth 
position, 0.86, 0.91, 0.90, 0.86 and 0.92, Se, Spe, Ac rate, 
PPV and NPV, respectively. Authors also found, 0.81, 1, 
0.95, 0.93, and 0.93 for Se, Spe, Ac rate, PPV and NPV, 
respectively, for the diagnosis of effusion with ultra-
sound. Higher rates obtained in the mentioned study 
might be related to transducer and technique used, study 
design, patient characteristics and experience of oper-
ator. It is possible that a 3D ultrasound system that was 
chosen for the mentioned study could enhance observer 
performance in TMJ evaluation. Assessment of the 3D 
visualization properties of ultrasound and fusion of 
ultrasound images with other image modalities in the 
dentomaxillofacial region may be the subject of further 
research.

A recently published systemic review and meta-anal-
ysis44 recommend ultrasound imaging be used for the 
assessment of suspected disc displacement in selected 
cases to supplement clinical examination and that 
combined static and dynamic examinations using 
high-resolution ultrasound may be utilized for gaining 
this information. However, in the presence of clinical 
signs or symptoms, ultrasound imaging is only advised 
after sufficient training and calibration of operating 
and interpretation. This recommendation is based on 
evidence that ultrasound is an operator and patient 
dependent modality and, therefore; variations among 
different cases should be minimized. For routine clin-
ical practice, a standardized protocol for the diagnostic 
use of ultrasound in conjunction with certain reference 
standards for different disease processes may help effec-
tive use of ultrasound in TMJ patients.44

Up until now, medical radiologists acted as observers 
in most of the previous studies comparing diagnostic 
effectiveness of TMJ pathology with ultrasound and 
MRI. In our notion, considering the fact that as dento-
maxillofacial radiologists are dentists and have detailed 
information regarding TMJ anatomy, pathology, and 
occlusion, TMJ reporting and assessment with ultra-
sound and MRI should be conducted by them. In the 
present research, all images obtained from 50 patients 
were evaluated by one researcher twice. In case of uncer-
tainty, consensus was reached by consulting another 
experienced researcher. In order to assess interobserver 
agreement and increase the impact of the research’ we 
belıeve that performıng a study with more patients and 
observers would be more contributive to the literature. 
Our further research will also focus on ultrasound assess-
ment of muscular disorders and changes in muscles that 
is an important component of TMJ, which may occur as 
a result of TMD and vice versa.

Conclusion

In consideration to high Se, Spe, Ac, PPV, and NPV 
found for the assessment of anterior disc position and 
effusion along with highly accurate measurements, 
ultrasound can be suggested as an adjunct to common 
imaging modalities in the assessment of TMJ for oral 
and maxillofacial radiologists due to its advantages such 
as; non-ionizing radiation, availability, ease of usage, 
and providing real-time rapid images at a low cost.
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