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Evaluation of the anterior meniscal displacement with reduction by
High-Resolution Ultrasonography pulsed-wave Doppler mode (PWD).

A pilot study
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Abstract

Objective: The temporomandibular joint disorder (TMD)
refers to mandibular dysfunction caused by reduced function of
the primary structures that compose the temporomandibular joint
(TMJ) or other structures related to the TMJ or by the interaction
of these structures with each other. Ultrasound imaging (USI)
can demonstrate not only soft tissue alterations but also visualize
hard tissue alterations. Pulsed-wave Doppler mode is a widely
used technique in the study of movable structures, particularly the
vascular system.

Material and Methods: 16 patients (32 TMJ) were included
in this study, grouped in 10 women’s and 6 men’s). An extraoral
and intraoral examination of the TMJ was realized to detect
anterior disc displacement with reduction. Ultrasonography high-
resolution examination was carried out by LOGIQ e Healthcare®
with a 16 MHz high-frequency transducer. A musculoskeletal L8-
18i wideband linear array was used for pulsed-wave doppler mode
examination.

Results: Fourteen patients presented anterior disc displacement
with reduction, and 2 patients presented normal disc position.
When meniscal displacement is detected, PWD mode presents a
distinct waveform on the timeline of the exploration.

Conclusion: Pulsed-wave Doppler mode provides an
advantage in USI, helping to confirm the existence of anterior disc
displacement or crepitation. USI is a noninvasive technique with
no radiation exposure. It permits static and dynamic exploration
of the TMJ with a short examination time, low cost, and no
contraindications or special patient preparation.
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Introduction

The human temporomandibular joint (TMJ) is distinct from
other synovial joints in that it is formed by two separate
mesenchymal tissues(1). The TMJ consists of the mandible
condyle and glenoid fossa of the temporal bone. The
articular disc consists of intermediate fibrocartilage fixed to
the articular capsule and the lateral margins of the condyle.
However, the disc divides the articular joint cavity into two
compartments: upper and lower(2). A synovial membrane
covers the inner surface of the capsule and disc, except
for the articular surface(3). The TMJ has a crucial role in
mastication and speech, making it an essential anatomical
structure of interest for dentists, orthodontists, clinicians,
and radiologists(4). The term “temporomandibular joint
disorder” (TMD) refers to mandibular dysfunction caused
by reduced function of the primary structures that constitute
the TMJ or other structures related to TMJ or by the
interaction of these structures with each other(5). Pringle
(6) was the first to report and define TMD in 1918. TMD
affects not only the TMJ but also the masticatory system
and other structures of the stomatognathic system. Overall,
41% of people exhibit at least one symptom related to TMD,
and 56% have at least one related sign, which indicates that
40-60% of the general population is affected by TMD(5).
Disc displacement is the most common intraarticular cause
of TMD and results from instability between the condyle,
temporal bone, and articular disc components(7). TMJ
disc displacements are frequently symptomatic. However,
in some individuals, disc displacement could be present
with no symptoms. TMD affects women more than men,
which could be referred to as the hormonal theory, which
indicates that female hormones play a significant role
in the pathogenesis of TMDs(8-10). Several studies
have discussed the use of various imaging techniques as
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diagnostic methods for TMD(11,12). Magnetic resonance
imaging (MRI) is considered the gold standard modality
due to its efficacy in evaluating the soft and hard tissues
of the TMJ(7). Computerized tomography (CT) enables
the evaluation of the bony structures, but it is not helpful
in the evaluation of soft tissue structures like the articular
disc. Furthermore, CT radiation exposure limits its use as
a screening method because of the large doses of ionising
radiation (13).

The high demand for a non-invasive technique and
allows real-time evaluation with no radiation exposure
and low cost, lead a group of scientists to propose the
Ultrasonography as an alternative imaging technique in
1990(7). In ultrasonography, high-frequency wave sounds
(emitted by the transducer through the piezoelectric crystals)
are transmitted into the human body through the transducer,
the interfered echoes of the body tissues are detected and
displayed on the screen(7). The main advantage of USI
is the ability to perform static and dynamic studies; this
feature allows the practitioner to detect the disc position
more accurately than with a single static investigation. USI
can demonstrate not only soft tissue alterations but also
visualize hard tissue alterations(8). However, USI is not
only used to detect disc position but also used for detection
of joint effusion (an increase of articular space width) and
condylar irregularities.

Moreover, USI has a significant advantage that has
been introduced in the last generation of USI equipment,
namely, the pulsed-wave Doppler (PWD) mode. This
mode is widely used in the study of movable structures,
particularly the vascular system. The equipment combines
real-time B-mode USI with the pulsed Doppler technique,
permitting the user to evaluate the differences in frequency
and thereby calculate blood flow velocity in the selected
vessel (14). Some studies of the TMJ have used Doppler
sound analysis techniques and, recently, two-dimensional
Doppler velocimetry techniques. The aim of this study was
to evaluate the efficacy of PWD mode ultrasonography for
the detection of ADDwr.

Materials and methods

This study evaluated 32 TMJs of 16 patients (10 women
and 6 men) with age ranged between 12 to 48 years old.

These patients came to our clinic between March 2019 and
June 2019 with pain in the TMJ area who were suspected
of presenting TMD symptoms; the patients were otherwise
in good health. The exclusion criteria of this study included
previous trauma to the head and face area, prior surgery
on the TMJ, orthodontic treatment, and facial deformities.
Ethical approval was obtained from the ethics committee
of the Instituto Asturiano de Odontologia (IAO) (Ref.IAO-
16-060), and this study met the criteria of Helsinki 1975,
2008 revision and Spanish legalization. Extraoral and
intraoral exploration and clinical assessments of the TMJ
were conducted by the same practitioner (orthodontist)
per the research diagnostic criteria for temporomandibular
disorders (CDC/TMD) (15). The examination included
evaluating the patient’s history, assessing the presence of
joint sound and pain, palpating the intraoral and extraoral
masticatory muscles, and measuring the mouth opening
range. A clinical examination was carried out for all patients,
followed by the USI B-Mode examination. Ultrasonographic
examinations were carried out with a LOGIQ e ultrasound
apparatus (BT12-GE Healthcare®USA) with a 16 MHz high-
frequency transducer. The transducer used in this study for
musculoskeletal imaging purposes was an L8-18i wideband
high-frequency linear array, which has a 6.7-18.0 MHz
imaging frequency. PWD mode was applied with a frequency
of 10.0 MHz, a sample volume (SV) of 2, Figure 1, a pulse
repetition frequency (PRF) of 2.6 Hz, and a wave frequency
(WF) of 78 Hz. The patient was imaged under appropriate
lighting in a dental chair while in a supine position. The
probe was positioned over the TMJ area perpendicular to
the zygomatic arch in the transverse and longitudinal planes
and tilted until the best visualization was achieved(16—19),
figure 2. The images were captured in both the closed
and maximally open positions. On the ultrasound images,
the condylar surface and articular eminence appeared as
hyperechogenic lines, while the articular disc was identified
by a thin hypoechogenic band between the two lines. The
relationship between the articular disc and the condyle
was assessed. The disc position was classified as normal
when the anterior border of the disc was located superior
to the condyle and as anteriorly displaced when the anterior
border of the disc was anterior to the condyle. Subsequently,
a dynamic examination of the TMJ was realized using PWD
mode, which allows the simultaneous display of USI and
Doppler signals.
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Figure 1. Sample volume of the mandibular condyle in PWD
mode and analysis of condylar movement.

Figure 2. Patient and probe positioning in ultrasonography
examination.

Results

Actotal of 14 patients presented ADDwr through the extraoral
exploration of the TMJ. Ultrasound examination with PWD
mode, confirm that fourteen patients had ADDwr, while two
patients showed normal disc position.

PWD-mode USI confirmed the suspected presence
of ADDwr by showing an elongated waveform on the
timeline when the meniscal click occurred. In a normal

patient included in this study, no alteration in the doppler
spectrum was observed. Figure 3 shows a normal disc
position diagnosed by PWD mode, where the examination
timeline does not demonstrate any wave irregularities.
While in a patient with dysfunction of the condylar-disc
complex, irregular and elongated peaks were observed
on examination timeline due to incorrect movement of
the meniscus and condyle. However, Figures 4 from a
different patient show an elongated waveform that indicates
anterior disc displacement with reduction. However, Figure
5 presents a slight click of a girl with 12 years old. This
click is presented on the timeline with a short and multiple
waveforms. In the present work, crepitation was not detected
through this study due to sample patients.
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Figure 3. The patient did not present any wave irregularities on
the timeline, which indicates that there was no disc displacement.
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Figure 4. The patient presented anterior disc displacement with
reduction. The PWD timeline shows an elongated wave at the time
of the click.
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Figure 5. A 12-year-old girl presented a slight click when opening
and closing her mouth. The first short wave on the left indicates the
click during mouth opening, while the second short wave on the
right indicate the click during mouth closing.

Discussion

The TMJ consists of the mandibular condyles, the
mandibular fossa, and the articular disc. TMD is a common
orofacial disorder that affects approximately 8-12% of
the population, and a significant proportion of these
patients seek treatment (20). TMD is divided into two
groups: ID and musculoskeletal problems. ID is the most
frequent type of TMD and is characterized by anterior
disc displacement, joint effusion, condylar erosion, and
osteoarthritis. The management of TMD starts with a
clinical examination, which must be supported by the
appropriate imaging modality to confirm the presence or
absence of the suspected disorder, allowing the physician
to make the correct treatment decision. In clinical practice,
ordinary CT scans or cone-beam CT (CBCT) can help in the
confirmatory diagnosis of hard tissue, while MRI can do the
same for soft tissue. Many pathologies related to the head
and neck, including structures such as the salivary glands,
lymphatics, vascular structures, and nerves, are accessible
to USI. However, reports have discussed the limitations of
USI in the detection of TMD in clinical practice (20,21). On
the other hand, several reports confirm that USI is a useful
imaging modality for the diagnosis of TMD. A study by
Hayashi et al. (22) with more than 23 patients and a 10 MHz
transducer reported a Se of 63%, Sp of 100% and accuracy
of 72% for detecting disc displacement, while Manfredini et
al. (23) reported a Se and Sp of 57% and 74% for detecting
disc displacement, respectively. Kaya et al. (24) stated that

there were no significant differences between MRI and USI
in visualizing ADD, ADDwr, ADDwor, and effusion, and
the findings of the two methods agreed with each other in all
assessments (p>0.05). Dong et al. (25) reported that patients
who were suspected of having ADDwr were associated
with an 89% probability of having a positive ADDwr result
and a 21% chance of having a negative result after being
evaluated by USI.

In comparison, the corresponding probabilities for
ADDwor were 82% and 16%, respectively (25). Other
authors reported that ultrasound is not an effective method
to distinguish between anterior disc displacement with and
without reduction (24,26). However, the new generation
of ultrasonography equipment has a Doppler mode
incorporated into it, permitting simultaneous B-mode
and Doppler examination. In the dynamic exploration of
the TMJ, PWD mode permits the examiner to hear and
to visualize on the timeline any acoustic alteration that
will produce an elongated waveform (with a distinct peak
and trough), as in cases when a click caused by ADDwr
occurs during the examination. This ability gives PWD an
advantage in the detection of ADDwr or crepitation. It is
essential to investigate sounds from the TMJ to understand
TMIJ dysfunction better. USI has advantages that make it
superior to other imaging modalities, such as non-invasive
techniques, a lack of radiation exposure, low cost, short
examination time, and casily repeatable methods. Few
studies have evaluated TMJ pathology through PWD mode.
The recent paper about using PWD mode to study TMJ
was in 2012 by A. Stagnitti et, al(14). However, the correct
outcome of the examination seems to depend on operator
experience as it is possible to generate many artifacts
which are sometimes linked to minor methodological
variations especially in the positioning and inclination of
the transducer. Therefore, this study aimed to evaluate the
efficacy of PWD-mode ultrasonography for the detection of
ADDwr.

PWD mode uses the Doppler effect, i.e., moving objects
change the characteristics of sound waves. By sending
short, quick pulses of sound, it is possible to accurately
measure the velocity of blood in a precise location and in
real-time. In all cases, the Doppler ultrasound examination
has shown the ability to differentiate between normal and
pathological patients and has permitted the most significant
aspects of dysfunctional to be identified (14). One must bear
in mind, of course, that the examination outcome depends
on operator experience, as it is possible to produce many



European Journal of Research in Dentistry 2020; 4-1: 2-6

Alsafadi et al. 5
Meniscal Displacement by PWD Mode

artifacts, especially in the positioning and inclination of the
transducer (14). A study by Stagnitti et al. (14) mentioned
that the PWD examination proved particularly useful in
planning and follow-up because it allowed quantification
of the kinetic moment of the pathological movement,
including temporal and spatial relationships. Through this
study, we found that PWD mode is a useful mode that
helps the physician confirm the presence of ADDwr and/
or crepitation of the mandibular articulation. This study
has a small sample size; therefore, future studies of PWD
mode must be conducted in large samples to confirm the
effectiveness of this mode in detecting ADDwr. This work
was realized because few studies were realized overusing
pulsed wave mode as a diagnostic method for the detection
of ADDwr. We suggest a prospective study with a more
extensive patient’s sample to confirm the usefulness of the
PWD mode as a diagnostic method for the detection of TMD
pathologies especially disc displacements and crepitation,
which could allow ultrasound to take the place of MRI as
the initial imaging modality for the diagnosis of TMD.

Conclusion

Ultrasonography is a useful diagnostic method for the
detection of TMD. PWD mode gives ultrasound an
advantage in confirming the existence of anterior disc
displacement or crepitation. USI is a non-invasive technique
with no radiation exposure and permits both static and
dynamic exploration of the TMJ; this technique also has
the advantages of short examination time, low cost, and no
contraindications or special patient preparation required. A
prospective study with a large patient sample is necessary
to confirm the effectiveness of USI with PWD mode in
diagnosing anterior disc displacement with reduction.
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