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Ultrasound assessment of increased capsular width as a

predictor of temporomandibular joint effusion
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Objectives: The aim of this study was to evaluate whether an increased capsular width
evidenced by ultrasound (US) could be an indirect marker of temporomandibular joint (TMJ)
effusion.
Methods: 138 TMJs were evaluated by US and magnetic resonance imaging (MRI) by two
blinded calibrated investigators. US measures of capsular width (in mm) and MRI diagnosis of TMJ
effusion (presence/absence) were used to perform a receiver operating characteristic (ROC) curve
analysis in order to assess the most accurate cut-off value of capsular width that was able to
discriminate between joints with and without MRI effusion.
Results: Diagnostic accuracy of US to detect MRI-depicted TMJ effusion was good (area under
the ROC curve ¼ 0.817). US sensitivity was high for values below the cut-off value of 1.950 mm
(true positive rate (TPR) ¼ 83.9%; false positive rate (FPR) ¼ 26.3%), while specificity was high
for values above the cut-off value of 2.150 mm (TPR ¼ 71.0%; FPR ¼ 11.8%).
Conclusions: Analysis of ROC curve appears to reveal that the critical area is around the 2 mm
value for TMJ capsular width. These findings need to be refined by further studies assessing the
smallest detectable difference in capsular width, with attention to reliability of interobserver
observations.
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Introduction

Temporomandibular joint (TMJ) effusion, which can be a
local problem as well as one correlated to systemic
diseases, may derive, for example, from inflammatory
changes related to internal derangement, traumatic
injuries, arthritis/arthrosis or rheumatic diseases (such as
rheumatoid and psoriatic arthritis).1 – 4 Since joint effusion
may be of clinical importance, a diagnostic technique
capable of detecting the presence of intrarticular fluid is
needed. At present, the standard of care is best represented
by magnetic resonance imaging (MRI), which, when
appropriate parameters have been set (i.e., T2 weighted
spin echo images), can provide information about
effusion and inflammatory changes in the TMJ.5 – 7

However, in certain circumstances MRI is contraindicated

(i.e. pacemakers, claustrophobia). The high cost and
relatively long examination time also preclude the use of
MRI in all patients.8 Therefore, a need has emerged for a
low cost, rapid, non-harmful and non-invasive alternative
that has good diagnostic accuracy and reliability. One
possible alternative is ultrasound (US), which could
provide all the potential advantages over MRI.9

US is currently applied to many areas of the muscu-
loskeletal system, being employed in the evaluation of
joint effusion in diarthrodial joints such as the shoulder and
the knee for example. Suggestions already exist that in
those large joints, US can produce results similar to those
obtained with MRI.10 – 14

With regard to the application of US in the study of
small joints, the existing literature provides only prelimi-
nary data. In particular, in the case of the TMJ, US has been
suggested as being quite accurate in detecting disc position
abnormalities15 – 17 and useful in evaluating condylar range
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of motion,18 but, to our knowledge, only pilot studies have
been conducted on its role in depicting inflammation of the
TMJ.19,20

The presence of effusion within the articular space can
be detected both directly and indirectly. In the former case,
effusion can be evidenced as a hypoechoic area within the
articular space, while in the latter case its presence can be
suggested by an abnormal measure of articular capsule
distension.9 This second method has been employed in a
pilot study on effusion of the TMJ.19

Considering that there is a need to establish the most
accurate cut-off value of capsular distension that discrimi-
nates joints with effusion from normal joints, a receiver
operating characteristic (ROC) curve analysis has been
performed to assess such a cut-off value.

Materials and methods

The study group consisted of 69 patients who sought
treatment for temporomandibular disorders at the Section
of Prosthetic Dentistry, Department of Neuroscience,
University of Pisa, Italy. After a standardized clinical
examination was conducted,21 participants were included
on the basis of the presence of one or more of the following
signs and symptoms (at least in one joint): TMJ pain, joint
sounds, and restricted or deviated jaw function. Patients
with muscular disorders were not included in this study.
All the TMJs (n ¼ 138) were evaluated to detect the
presence of effusion by means of US and MRI. The two
examinations were conducted by two blinded operators no
more than 2 weeks apart. During that period the patients
did not receive any kind of treatment. The research was
approved by the ethics committee and all subjects gave
consent prior to the start of the study.

MRI
MRI was carried out with a 1.5 T MRI scanner (GE Signa
Contour; GE Medical Systems, Buc, France) and a
dedicated, circular-polarized transmit and receive TMJ
coil. The MRI protocol included bilateral oblique sagittal
and oblique coronal T2 weighted fast spin echo images
(repetition time, 2300 ms; echo time, 30–80 ms), with
3 mm slice thickness, 256 £ 160 matrix, 15 cm field of
view, in both closed and maximum opening mouth
position. MR images were corrected to the horizontal
angulation of the long axis of the condyle. A wooden
intermaxillary device was used for the open mouth views.

The presence or absence of joint effusion was diagnosed
as follows: (i) effusion ¼ presence of thin lines or area of
high signal intensity inside the articular space; (ii) no
effusion ¼ no area or thin lines of hyperintensity. All the
MR images were interpreted by the same trained
radiologist.

US investigation
All TMJs were evaluated by an US examination conducted
by a blinded observer on the same day as the clinical
assessment. A Toshiba PowerVision 6000 instrument
(Toshiba Inc., New York, NY) with a 8–20 MHz linear

probe was used with a 1 cm spacer between the skin and
the probe. A static and dynamic examination was
conducted on both TMJs, performing sagittal scans along
the longitudinal axis and coronal scans along the transverse
axis of the mandibular condyle. The US examination
allowed the depiction of the articular capsule, the articular
disc and the condylar laterosuperior surface osseous
perimeter.

The articular disc appeared as a hyperechoic area with a
subtle hypoechoic delimitation, positioned above the
condylar hyperechoic line. The condylar laterosuperior
surface was evident in the sagittal scan as a hyperechoic
line, whose irregularities suggested the possible presence
of erosions or osseous remodelling.

The articular capsule was identified as a hyperechoic
line running parallel to the surface of the mandibular
condyle, and its width was measured as the distance
between that line and the condylar laterosuperior
surface with the subject in the closed mouth position
(Figures 1–4).

Statistical analysis

ROC curve analysis was performed to establish the most
accurate cut-off value of capsular width to discriminate
between joints with and without MRI effusion.

ROC curve analysis
A ROC curve is a graphical representation of the trade-off
between the false negative and false positive rates for every
possible cut-off. By tradition, the plot shows the false
positive rate (1 2 specificity; FPR) on the x-axis and the
true positive rate (sensitivity; TPR) on the y-axis.

The accuracy of a test (i.e. the ability to correctly
classify cases with a certain condition and cases without
the condition) is measured by the area under the ROC

Figure 1 Longitudinal ultrasound scan of a right temporomandibular
joint. The patient did not report any symptoms and MRI evidenced no
signs of effusion. Capsular width was 1.8 mm. The two calipers were
placed above the condylar laterosuperior surface (lower clip) and the
glenoid fossa (upper clip)
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curve. An area of 1 represents a perfect test, while an area
of 0.5 represents a worthless test. The closer the curve
follows the left-hand border and then the top border of the
ROC space, the more accurate the test; the TPR is high and
the FPR is low. Statistically, a larger area under the curve
means that it is identifying more true positives whilst
minimizing the number/percent of false positives.

A rough guide for classifying the accuracy of a
diagnostic test is the traditional academic point system:
0.9–1 ¼ excellent; 0.8–0.9 ¼ good; 0.7–0.8 ¼ fair; 0.6–
0.7 ¼ poor; 0.5–0.6 ¼ fail.22

Results

According to MR parameters, 62 joints were positive for
effusion and the remaining 76 were negative.

Values of capsular distension ranged from 0.8 mm to
4.9 mm, with the range between 1.4 mm and 3.0 mm

including most of the observed joints (100/138). The
distribution of single observations is reported in Table 1.

A ROC curve was created and the FPR (1 2 specificity)
and TPR (sensitivity) were calculated for the different cut-
off values (Figure 5).

The extremes of cut-off values used in constructing the
curve were the minimum observed test value 21 and the
maximum observed test value þ1. All the other cut-off
values were the averages of two consecutive ordered
observed test values.

The area under the ROC curve was equal to 0.817,
meaning that the diagnostic accuracy of US for detecting
MRI-depicted TMJ effusion is quite good.

With regard to sensitivity and specificity for the
different cut-off values, sensitivity was high for cut-off
values less than 1.950 mm (TPR ¼ 83.9%; FPR ¼ 26.3%),
while specificity was high for cut-off values greater than
2.150 mm (TPR ¼ 71.0%; FPR ¼ 11.8%) (Table 2).

Discussion and conclusions

Numerous works have focused on US examination of large
joints, such as the hip, shoulder and knee. In these larger
joints US demonstrated a good accuracy in detecting
synovitis, also allowing a distinction between synovial
hypertrophy and effusion.

For example, a recent work showed that US of the
glenohumeral joint represents a helpful instrument in
differentiation in elderly onset rheumatoid arthritis and
polymyalgia when clinical overlap between the two
conditions can be observed.23 Also, US appears to be a
sensitive and reliable method for the assessment and
monitoring of knee joint involvement in pauciarticular
juvenile rheumatoid arthritis.24

The hallmark of joint effusion is distension of the
joint capsule, and most effusions appear anechoic or
hypoechoic.9,10

More recently, with the introduction of smaller and
more manoeuverable high frequency transducers, some
attempts to study small joints have been made. For the
TMJ, studies on the use of US are relatively recent.

Some authors suggested that US has good diagnostic
accuracy in detecting disc position abnormalities com-
pared with MRI15,17; others claimed that US is also useful
in evaluating condylar range of motion18; others confirmed
the reliability of US in diagnosing disc displacements,
although demonstrating that US does not allow visualiz-
ation of the medial aspect of the joint.16

Nevertheless, to our knowledge, very few works have
investigated the potential of US for the assessment of TMJ
effusion.19,20,25

Given the lack of literature on this specific issue,
criteria to detect the presence of effusion and/or inflam-
matory changes within the articular space were taken from
similar works on larger joints. For example, a couple of
studies established the diagnostic criteria for hip joint
effusion.11,13 The normal width of the anterior hip synovial
recess was assessed, and the authors suggested that hip
joint effusion should be suspected when the width of this

Figure 2 Longitudinal ultrasound scan shows a capsular width of
3.0 mm in a left temporomandibular joint that was not painful to palpation
but that showed MRI signs of effusion

Figure 3 Longitudinal ultrasound scan of a left temporomandibular
joints with a capsular width of 4.8 mm. The joint was painful to palpation
and MRI depicted effusion
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synovial recess exceeded normal values and/or fluid
pockets identified as hypoechoic areas could be seen
within the articular space. This means effusion could be
evidenced directly (i.e. hypoechoic area within the articular
space) or indirectly (i.e. increase in capsular distension).

Based on these premises, in a preliminary investigation,
US showed a good accuracy in identifying clinically
painful TMJs. In particular, the most reliable parameter to
detect painful joints appeared to be the presence of
capsular distension greater than 3 mm.19

Another study adopted the same US criteria to assess the
accuracy of US examination to detect MRI-depicted

Figure 4 Longitudinal ultrasound scans of both temporomandibular joints in a patient with bilateral pain and effusion. Capsular width is 1.7 mm (left)
and 4.8 mm (right)

Figure 5 Receiver operating characteristic (ROC) curve. False positive
rate (1 2 specificity) is shown on the x-axis and true positive rate
(sensitivity) is shown on the y-axis for the different cut-off values

Table 1 Cross-tabulation: ultrasound (US) capsular distension vs
magnetic resonance imaging (MRI) findings of temporomandibular joint
effusion

MRI effusion

No Yes Total

US capsular distension (mm) 0.8 2 1 3

0.9 2 1 3

1.0 2 1 3

1.1 5 1 6

1.2 5 0 5

1.3 5 0 5

1.4 5 4 9

1.5 6 0 6

1.6 3 0 3

1.7 7 1 8

1.8 11 1 12

1.9 3 0 3

2.0 4 6 10

2.1 7 2 9

2.2 2 7 9

2.3 2 6 8

2.4 0 4 4

2.5 1 8 9

2.6 1 1 2

2.7 1 0 1

2.9 0 2 2

3.0 1 4 5

3.1 0 2 2

3.2 1 2 3

3.3 0 1 1

3.4 0 1 1

3.5 0 1 1

3.7 0 2 2

4.0 0 1 1

4.2 0 1 1

4.9 0 1 1

Total 76 62 138
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effusion. US showed acceptable sensitivity (80%), speci-
ficity (84%), positive predictive values (80%) and negative
predictive values (84%), and agreement with MR diagnosis
of joint effusion was fairly good (76.1%; K ¼ 0.642).20

These interesting findings need to be confirmed by
further research, and some aspects have to be defined. In
particular, considering the usefulness of capsular width as
an indicator of TMJ effusion, it could be interesting to set
cut-off values that permit increases in sensitivity or
specificity.

A ROC curve represents the most widely adopted
instrument to achieve this goal of evaluating the accuracy
of a new diagnostic test (i.e. US) for a series of different
cut-off values compared with a test that is considered the
diagnostic standard of reference (i.e. MRI).

In the present investigation, the TPR (sensitivity) and
FPR (1 2 specificity) were calculated for a series of
different values of capsular width.

The best cut-off value should provide an acceptable
compromise between true and false positive rates. For
example, if low values of capsular distension are adopted
as a cut-off threshold, a high number of false positives
should be expected. By contrast, if high values of capsular
distension are selected, a small number of true positives
should be expected.

Analysis of the ROC curve seems to reveal that the
critical area is around the 2 mm value, which was
considered the threshold to discriminate between TMJs
with and without effusion in a work on patients affected by
rheumatic disorders.25

In particular, a cut-off value of 1.950 mm gave a
sensitivity of 83.9% and a specificity of 73.7%. A 0.2 mm
increase in capsular distension (cut-off value ¼ 2.150 mm)
gave a high specificity (88.2%) but a lower sensitivity
(TPR ¼ 71.0%).

The existence of such a small range of capsular
distension values to discriminate between a sensitive
cut-off value and a specific cut-off value could be
problematic and, in fact, a 0.2 mm difference in the
measurement of capsular distension could be due simply
to intraobserver or interobserver variability.

This investigation has therefore provided data that
indicate the need for further studies to assess the
smallest detectable difference in capsular distension
considering reliability of interobserver observations.

Furthermore, issues such as the possible decrease or
increase in capsular distension in non-treated TMJs has
to be considered. During the 2-week period between US
and MRI, some intra-articular changes may have
occurred, and the status of the joint at the moment of
US examination could have been slightly different from
that visualized at the moment of MRI.

Nevertheless, despite the limitations of this study, it
seems possible to claim that US appears to be a very
promising technique in the study of TMJ effusion, even
though, in the absence of studies assessing intraobserver
and interobserver agreement, definitive findings about the
assessment of the most accurate threshold of capsular
distension value cannot yet be drawn.
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