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TRANSORAL ULTRASOUND PROBE AND
METHOD OF USE

RELATED APPLICATION

[0001] The present application claims priority to U.S.
provisional application no. 62/524,196, filed Jun. 23, 2017,
the entire disclosure of which is incorporated herein by
reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a transoral probe
for ultrasound imaging of the jaw, namely the temporoman-
dibular joint.

BACKGROUND

[0003] Temporomandibular disorders (TMD) are a signifi-
cant public health problem that represents a group of poten-
tially debilitating conditions affecting approximately 5% to
12% of the population in the U.S. TMD is the second most
common musculoskeletal condition (after chronic low back
pain) that is associated with pain and disability and is often
the result of disc displacement and the resulting mechanical
temporomandibular joint (TMJ) dysfunction. Pain-related
TMD can impact an individual’s daily activities, psychoso-
cial function, and quality of life. Research regarding disc
displacement has indicated that the clinical approaches for
assessing disc displacement can lead to diagnoses that
exhibit sensitivities as low as 0.34-0.54 Volts p-p. Conse-
quently, improved clinical diagnosis, treatment decision-
making in specific presentations, and confirmation of the
diagnosis of disc displacement, requires imaging.

[0004] Current TMJ imaging technologies include pan-
oramic radiographs, cone beam CT (CBCT) for hard tissues
only, and magnetic resonance imaging (MRI). There are
several barriers to the widespread use of these technologies
and effectiveness for TMD diagnosis, such as the medical
risk of exposure to ionizing radiation with panoramic radio-
graphs and CBCT, high cost of both CBCT and Mill, limited
accessibility of MM systems that are located in hospitals and
medical imaging laboratories, and patient-related claustro-
phobic concerns and the consequent management require-
ments for anxiolytics. Arthrography has also been previ-
ously used for imaging but was abandoned due to its
invasive nature.

[0005]  Prior attempts at developing ultrasound imaging of
the TMJ have been suboptimal due to the utilization of
large-sized imaging probes that are constrained to imaging
approaches of only the axial and coronal anatomical planes
because the images can only be acquired externally from the
side of the patient’s face. Bone barriers restrict sound
penetration to only the superficial aspect of the entire TMJ
soft tissue anatomy. Even if ultrasound energy had the
penetrating ability to image the entire axial and coronal TMJ
anatomy, these two anatomical planes of imaging are not
adequate to depict disc displacement. Research has shown
that the external imaging approach, as shown in FIG. 1,
achieved only a 22.8% specificity for disc displacement in
the closed-mouth position and zero specificity for disc
displacement in the opened-mouth position.

[0006] FIG. 1illustrates such suboptimal ultrasound imag-
ing approached externally with large probes. The external
facial approach has not gained clinical acceptance because:
1) the sound penetration is severely limited by the markedly
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contoured anatomy of the bones of the condyle, tubercle and
zygomatic arch of the TMJ; and 2) of being limited to the
depiction of only the axial (transverse) and coronal (longi-
tudinal) planes of imaging. The external bone barriers
restrict sound penetration to only the superficial aspects of
the TMJ anatomy. Extensive literature and extensive clinical
experiences derived from TMJ arthrotomography, CT and
MM, have proven that the sagittal plane of imaging is
preferred for the effective and accurate depiction of TMJ
disc displacement.

[0007] Therefore, there is a need for imaging modality that
can accurately depict dynamic TMJ function as an integral
characteristic of routine medical ultrasound imaging.

SUMMARY

[0008] A transoral ultrasound probe for imaging a tem-
poromandibular joint, comprising a handle section that has
a longitudinal axis, the handle section being configured for
connection to a power source; and an intraoral section that
has a cephalad angulation such that the intraoral section is
positioned at an operative angle with respect to the longi-
tudinal axis of the handle section, and the intraoral section
is configured to emit and receive sound waves. The opera-
tive angle of the intraoral section is preferably an acute
angle.

[0009] In one embodiment, the operative angle is less than
45 degrees and/or is about 30 degrees. In a certain embodi-
ment, the handle section has a longitudinal length and the
intraoral section has a length that is about one-third shorter
than the longitudinal length of the handle section; the handle
section has a first width and the intraoral section has a
second width, and the second width is greater than the first
width; the handle section and the intraoral section have
substantially the same thickness and the thickness is less
than or equal to the first width; the handle and intraoral
sections define substantially flat side surfaces and the thick-
ness extends between the side surfaces; a distal end of the
intraoral section is rounded; the intraoral section includes a
transducer aperture at a distal end thereof configured to emit
and receive the sound waves; the handle section is connected
to the power source via a power cable or the power source
is at least one battery connected to the handle section; and/or
the power source is either coupled to or is part of a control
unit.

[0010] A method of imaging a temporomandibular joint
using a transoral probe that has a handle section and an
intraoral section with a cephalad angulation, that comprises
the steps of holding the handle section of the transoral probe;
inserting the intraoral section of the transoral probe into a
patient’s mouth in a recess between the cheek and gum such
that a transducer aperture of the intraoral section generally
faces the temporomandibular joint; and emitting and receiv-
ing sound waves via the transducer aperture on the intraoral
section of the transoral probe thereby producing images of
the temporomandibular joint in at least the sagittal anatomi-
cal plane.

[0011] In one embodiment of the method, the step of
emitting and receiving sound waves produces images of the
temporomandibular joint in all anatomical planes, including
the axial, coronal, and sagittal planes. In other embodiments,
the method further comprises the step of controlling the
amplitude, frequency, and duration of the sound waves
emitted from the transducer aperture of the transoral probe;
and/or the step of connecting the transoral probe to a power
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source. In certain embodiments of the method, the intraoral
section of the transoral probe is positioned at an operative
angle with respect to a longitudinal axis of the handle
section, and the operative angle is an acute angle; the
operative angle of the intraoral section is about 30 degrees;
the handle and intraoral sections define substantially flat side
surfaces and a thickness that extends between the side
surfaces; the handle section has a first width and the intraoral
section has a second width that is larger than the first width;
and/or a distal end of the intraoral section of the transoral
probe is rounded.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] A more complete appreciation of the invention and
many of the attendant advantages thereof will be readily
obtained as the same becomes better understood by refer-
ence to the following detailed description when considered
in connection with the accompanying drawings, wherein:
[0013] FIG.11is a diagrammatic view of a prior art method
of imaging the temporomandibular joint;

[0014] FIGS. 2A thru 2C are perspective and elevational
views of a transoral probe according to an exemplary
embodiment of the present invention;

[0015] FIGS. 3A thru 3C are diagrammatic views of an
exemplary probe orientation and window of imaging into the
temporomandibular joint inside of a patient’s mouth in
accordance with the present invention; and

[0016] FIG. 4 is an exemplary sonogram image of the
temporomandibular joint produced in accordance with the
present invention and method.

DETAILED DESCRIPTION

[0017] The present invention generally relates to a tran-
soral ultrasound probe 10 and use thereof for imaging inside
of a patient’s mouth, such as the temporomandibular joint,
for diagnosis and treatment of disc displacement disorders.
The present invention preferably provides transoral sagittal
high resolution dynamic ultrasound as an effective imaging
modality to depict temporomandibular joint (TMJ) structure
and function. The present invention may be an imaging tool
that can detect TMJ disc displacement, assess the onset and
progression of disease, and facilitate longitudinal diagnos-
tics to monitor treatment outcomes. The present invention,
among other things, advances imaging of TMJ disc displace-
ment to complement the medical history and clinical exami-
nation of the patient; provides dynamic TMJ imaging for
clinical research and improved imaging capabilities for
practicing clinicians in the diagnosis and treatment of TMJ
disorders; permits multidimensional joint visualization, pat-
ticularly useful for routine screening of patients with joint
dysfunction; provides images that clearly show the structure
of the disc or as a part of the joint capsule or joint effusion;
and is ergonomically designed for optimal patient comfort.
[0018] TMIJ imaging in the clinical setting that is achieved
with the transoral ultrasound imaging of the present inven-
tion, may be used for screening protocols to establish the
presence or absence and severity of disc displacement in
TMD patients. Other advantages of the present invention
include that it provides non-invasive procedure; there is no
ionizing radiation risk; it is capable of 3-D and 4-D imaging
of joint function and mechanics; it is accessible and has ease
of portability; it is interactive, point-to-care clinical adjunct;
and it has a low expense.
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[0019] Ultrasound imaging is a highly sophisticated medi-
cal technology that eliminates and minimizes many of the
negatives currently found in TMI diagnostics. A benefit of
the present invention is that ultrasound imaging of TMD will
be more readily accessible and have widespread utilization
for expanded clinical diagnosis, screening for asymptomatic
disease, and research.

[0020] The transoral probe 10 of the present invention is
designed to acquire ultrasound images of the TMJ via a
transoral soft tissue window 200 that depicts the anatomic
sagittal plane and is of adequate imaging depth to encom-
pass the entire joint anatomy. The probe 10 of the present
invention preferably provides transoral sagittal imaging for
impacting this field of research and for point-to-care clinical
diagnostics.

[0021] The ultrasound probe (or transducer) 10 produces
sound waves that bounce off body tissues and make echoes,
and also receives the echoes and sends them to a control unit
or computer 12 that uses them to create an image or
sonogram. The probe 10 is configured to be connected to a
power source 14, which may be separate from or part of the
control unit 12. The control unit 12 does the calculations and
can display and/or print the processed images. In one
embodiment, the probe 10 is connected to the power source
14 via a power cable C. Alternatively, the power source 14
may be one or more batteries connected to or received in the
probe 10. The control unit 12 may also include pulse control
for changing the amplitude, frequency and duration of the
sound waves emitted from the probe 10.

[0022] The probe 10 is designed for acoustic, mechanical
and electrical optimization thereof. The probe 10 may have,
for example, about an 8-10 MHz center frequency-wide
band (minimum 70%+bandwidth), 32 elements, about 0.3
mm pitch, and about 3.5 mm elevation. The acoustic design
of probe 10 may integrate a piezo-composite, for example,
with matching layer and backing components optimized for
the high resolution for a shallow depth range (e.g. 40-45
mm). The electrical design of the probe 10 may be composed
of specialized circuitry to allow construction of the smallest
probe size possible. The probe cable exit 122 may be
reduced to a circumference as small as possible.

[0023] As seen in FIGS. 2A-2C, the transoral probe 10
generally includes a handle section 102 configured to facili-
tate gripping and manipulation of the probe 10 and an
intraoral section 104 configured for insertion into the
patient’s mouth for ultrasound imaging of the temporoman-
dibular joint. The probe 10 preferably has an ergonomic
configuration for patient comfort when the probe 10 is
inserted into the patient’s mouth. The probe 10 may be
ergonomically optimized particularly to fit inside the mouth
between the cheek and gum of the soft tissue recess of the
posterior maxillary region. The ergonomic configuration of
the probe 10 may include substantially flat side surfaces 106
and 108 with opposing generally rounded margins 110 and
112 extending between the side surfaces 106 and 108. In a
preferred embodiment, the thickness T of the probe 10 at the
margins 110 and 112 is relatively thin, thereby giving the
probe 10 a generally flat shape (particularly as compared to
the rounded configuration of traditional probes) similar to a
spatula.

[0024] The ergonomic configuration of the probe 10 is
also preferably compact and not bulky or rectangular with
squared off edges, like in some conventional probes. The
distal end 118 of the intraoral section 104 may be rounded
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for additional patient comfort. The length of the intraoral
section 104 is preferably shorter than the length of the
handle section 102. For example, the intracral section 104
may be about one-third shorter than the handle section 102.
In one embodiment, the intraoral section 104 is about 1.88
inches or about 4.5 cm long and the handle section 102 is
about 3.77 inches or about 9.5 cm long for a total length of
the probe 10 being about 5.66 inches or about 14 cm. The
width W, of the intraoral section 104 is preferably greater or
larger than the width W, of the handle section 102. The
width W, of the intraoral section 104 may be, for example,
about 0.45 inches or about 1.1 cm. The thickness T of the
probe 10 is preferably the same at both the handle and
intraoral sections 102 and 104 and is preferably the same as
or less than the width W, of the handle section 102. The
thickness T may be, for example, about 0.35 inches or about
0.9 cm. The ergonomic and compact design of the probe 10
also allows unrestricted movement of the patient’s jaw while
imaging the same, thereby producing more accurate images
of the TMJ movement and also adding to the patient’s
comfort.

[0025] The intraoral section 104 has a cephalad angulation
(also known as toward-the-head) such that it is positioned at
an operative angle a with respect to a longitudinal axis 114
of the handle section 102 for optimal imaging of the tem-
poromandibular joint and patient comfort when the intraoral
section 104 is inserted into the patient’s mouth. The opera-
tive angle a is preferably less than 90 degrees, more pref-
erably less than 45 degrees, and most preferably about 30
degrees. The intraoral section 104 is configured to emit and
receive sound waves via a transducer aperture 120. In a
preferred embodiment, the transducer aperture 120 is
located at or near the distal end 118 of the intraoral section
104, as best seen in FIGS. 2A and 2C.

[0026] Ultrasound imaging according to the present inven-
tion may be performed by using a pulse-echo technique, for
example, that sends and receives sound waves/energy via the
intraoral section 104 and aperture 120. The transoral probe
10 converts electrical energy into a brief pulse of high-
frequency sound energy that is transmitted into the patient’s
tissue. The probe 10 then becomes a receiver, detecting
echoes of sound energy reflected from the tissue. Real-time
images of moving patient tissues may be produced and
displayed via control unit 12 depicting TMJ condyle, disc
and muscle movement. In accordance with the present
invention, images may be produced in any anatomical
(hypothetical) plane, i.e. the axial (or horizontal) plane, the
coronal (or vertical) plane, and the sagittal (or median)
plane. The axial anatomical plane divides the body into
cranial and caudal (head and feet) portions; the coronal
anatomical plane divides the body into dorsal and ventral
(back and front) portions; and the sagittal anatomical plane
divides the body into left and right portions. The transoral
probe 10 is designed to allow for images of the TMJ in the
sagittal plane, in addition to the axial and coronal planes,
which provides the most effective and accurate depiction of
the TMI, including the TMJ disc, condyle, and fossa (and
movement thereof).

[0027] Optimal visualization of the TMJ may be per-
formed through a transoral window (between the cheek and
gum) 200 that is devoid of bone to allow adequate sound
transmission. FIGS. 3A-3C are diagrammatic views of a
preferred orientation of the transoral probe 10 of the present
invention, showing how the probe 10 is to be positioned in
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the window 200 between the cheek and gum of the upper
maxillary arch to acquire sagittal ultrasound images of the
condyle and disc of the temporomandibular joint there-
through without bone hindrance.

[0028] A method of imaging a temporomandibular joint
according to the present invention using the transoral probe
10 generally comprises the steps of, once connected to a
power source, holding and manipulating the handle section
102 of the transoral probe 10 and inserting the intraoral
section 104 into a patient’s mouth in the window 200
between the cheek and gum such that the transducer aperture
120 thereof generally faces the temporomandibular joint.
Once properly inserted and positioned in the patient’s
mouth, the probe 10 is activated to emit and receive sound
waves via the transducer aperture 120, thereby producing
images (via software and control unit 12) of the temporo-
mandibular joint in at least the sagittal anatomical plane and
preferably in all of the anatomical planes, i.e. the axial,
coronal, and sagittal planes. The amplitude, frequency, and
duration of the sound waves emitted from the transducer
aperture 120 of the transoral probe 10 may be controlled and
adjusted by the control unit 12.

[0029] In unblinded preliminary observations, the present
invention provided the first TMJ images acquired by sagittal
transoral sonography. The condyle and its subcondylar sur-
face, as seen in FIG. 4, were visible in all subject joints. The
condyle (C), which is the rounded protuberance at the end of
the bone for articulation with another bone, is vertically
oriented and hypoechoic; whereas, the subcondylar surface
is arc-shaped and echogenic, having a cap-like appearance
(small arrowheads in FIG. 4). The condyle is also identifi-
able by its translational and rotational motion with jaw
opening and closing.

[0030] While particular embodiments have been chosen to
illustrate the invention, it will be understood by those skilled
in the art that various changes and modifications can be
made therein without departing from the scope of the
invention as defined in the appended claims.

What is claimed is:

1. A transoral ultrasound probe for imaging a temporo-
mandibular joint, comprising:

a handle section having a longitudinal axis, the handle
section being configured for connection to a power
source; and

an intraoral section having a cephalad angulation such
that the intraoral section is positioned at an operative
angle with respect to the longitudinal axis of the handle
section, the intraoral section being configured to emit
and receive sound waves,

wherein the operative angle of the intraoral section is an
acute angle.

2. The transoral ultrasound probe of claim 1, wherein the

operative angle is less than 45 degrees.

3. The transoral ultrasound probe of claim 1, wherein the
operative angle is about 30 degrees.

4. The transoral ultrasound probe of claim 1, wherein the
handle section has a longitudinal length and the intraoral
section has a length that is about one-third shorter than the
longitudinal length of the handle section.

5. The transoral ultrasound probe of claim 1, wherein the
handle section has a first width and the intraoral section has
a second width, and the second width is greater than the first
width.
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6. The transoral ultrasound probe of claim 5, wherein the
handle section and the intraoral section have substantially
the same thickness and the thickness is less than or equal to
the first width.

7. The transoral ultrasound probe of claim 6, wherein the
handle and intraoral sections define substantially flat side
surfaces and the thickness extends between the side surfaces.

8. The transoral ultrasound probe of claim 7, wherein a
distal end of the intraoral section is rounded.

9. The transoral ultrasound probe of claim 1, wherein the
intraoral section includes a transducer aperture at a distal
end thereof configured to emit and received the sound
waves.

10. The transoral ultrasound probe of claim 1, wherein the
handle section is connected to the power source via a power
cable or the power source is at least one battery connected
to the handle section.

11. The transoral ultrasound probe of claim 10, wherein
the power source is either coupled to or is part of a control
unit.

12. A method of imaging a temporomandibular joint using
a transoral probe that has a handle section and an intraoral
section with a cephalad angulation, comprising the steps of:

holding the handle section of the transoral probe;

inserting the intraoral section of the transoral probe into a

patient’s mouth in a recess between the cheek and gum
such that a transducer aperture of the intraoral section
generally faces the temporomandibular joint; and
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emitting and receiving sound waves via the transducer
aperture on the intraoral section of the transoral probe
thereby producing images of the temporomandibular
joint in at least the sagittal anatomical plane.

13. The method of claim 12, wherein the step of emitting
and receiving sound waves produces images of the temporo-
mandibular joint in all anatomical planes, including the
axial, coronal, and sagittal planes.

14. The method of claim 12, further comprising the step
of controlling the amplitude, frequency, and duration of the
sound waves emitted from the transducer aperture of the
transoral probe.

15. The method of claim 12, further comprising the step
of connecting the transoral probe to a power source.

16. The method of claim 12, wherein the intraoral section
of the transoral probe is positioned at an operative angle with
respect to a longitudinal axis of the handle section, and the
operative angle is an acute angle.

17. The method of claim 16, wherein the operative angle
of the intraoral section is about 30 degrees.

18. The method of claim 12, wherein the handle and
intraoral sections define substantially flat side surfaces and
a thickness that extends between the side surfaces.

19. The method of claim 18, wherein the handle section
has a first width and the intraoral section has a second width
that is larger than the first width.

20. The method of claim 12, wherein a distal end of the
intraoral section of the transoral probe is rounded.
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