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(57) Abstract: Anaspect of the present disclosure relates to an intra-oral device. The intra-oral device comprises a lower arch component
and an upper arch component, wherein the lower arch component is configured to be advanced relative to the upper arch component.
The intra-oral device further comprises sensors configured for detecting characteristics of a patient, wherein the sensors are disposed
in the upper arch component or the lower arch component, wherein the characteristics comprise indicators of sleep apnea on the patient
and the advancement of the lower arch component relative to the upper arch component. The intra-oral device further comprises a
processor in communication with the sensors to receive the detected characteristics, wherein the detected characteristics are used to
determine efficacy of the intra-oral device in reducing the sleep apnea of the patient.
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AN INTELLIGENT INTRA-ORAL DEVICE

Technical Field

[0001] The present invention relates generally to an intra-oral device and, in particular, to
detect the use of the intra-oral device and medical events of a patient when the intra-oral device

is being used.

Background

[0002] Globally, almost 1.5 billion people have Obstructive Sleep Apnea (OSA). OSAis a
condition whereby the airway at the back of the throat collapses during sleep, reducing and
potentially stopping, airflow. OSA has long term medical implications including increased risk
of heart failure, hypertension, type 2 diabetes and stroke. It is estimated that 80% of patients are
unaware they have this condition. Patients who show symptoms of OSA are monitored during
their sleep with a polysomnography (PSG), which determines the existence and severity of OSA.
PSG is typically completed via an overnight stay in hospital, so is expensive and often rationed
by healthcare systems. This leads to patients with symptoms remaining undiagnosed for longer

periods.

[0003] Around 85% of OSA patients are typically treated with Continuous Positive Airway
Pressure (CPAP). CPAP therapy requires air to be pumped into the airway of a patient to inflate,
and by doing so, keeping that airway open. To do so, the patient is required to wear a mask that
is tightly sealed over the nose and mouth of the patient, creating a cavity between the mask and a
portion of the patient’s face. An air pump then pumps air, via a hose, into the cavity while the

patient is asleep. The patient is forced to intake the air pumped into the cavity.

[0004] Apnea events are generally measured by an Apnea Hypopnea Index (AHI), which is the

number of apneas or hypopneas recorded per hour of sleep.

[0005] CPAP typically reduces a patient’s AHI to less than 5 events per hour (which is
considered fully treated). However, wearing a CPAP mask can be uncomfortable, as patients can
become entangled in the hose and the noise of the CPAP air pump can keep the patient and their
bed partner awake. Therefore, compliance to CPAP therapy has been shown to be low. Most

patients do not wear their CPAP device for the full night’s sleep, or on every night during a
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typical week. To be considered to be compliant to therapy, a patient typically needs to use CPAP
for at least 4 hours/night on 5 out of 7 nights per week. During the time the patient is sleeping
but not using their CPAP device, the patient continues to have apneas and the elevated medical

risk resulting from OSA equally continues.

[0006] Compliance of CPAP therapy can be tracked through measurements of airflow and
pressure by the CPAP device. Efficacy of CPAP therapy can be measured by placing a sensor
(e.g., for detecting breathing activity) on the mask. The measurements are sent back to the
patients, physicians, and equipment suppliers daily via cloud-based software. Physicians can
then modify treatment (e.g., change masks, add humidification, etc.) to improve compliance and

efficacy.

[0007] The lack of a comfortable CPAP device and its low compliance have led to the
development of a number of alternative therapies, including Oral Appliance Therapy (OAT). An
example of OAT is a mouthguard type appliance that moves the lower jaw and tongue forward to
open the airway, thereby reducing a patient’s number of apnea events or their AHI. Appliances
for OAT are designed to be comfortable while in the mouth and are typically worn for most of
the night and all nights of the week. Therefore, compliance to OAT is considerably higher than
with CPAP.

[0008] However, unlike a CPAP device, tracking compliance to and the efficacy of OAT, is
more difficult. Accordingly, there is little capability for OAT appliances to provide feedback to
the physician or patient on the efficacy and compliance of a patient’s OAT in treating their OSA

on an ongoing and longer term basis.

[0009] For example, an OAT device may use a pressure sensor or a temperature sensor to
determine whether a patient is using the OAT device. This data however is often inaccurate as
that patient is not asleep at least in the beginning and may be awake in the middle of the night
due to an apnea event. Further, a sensor may be used to track biometric information of the
patient to attempt to determine the AHI of a patient. However, due to the inaccuracy of the

compliance data, the resulting efficacy data is also inaccurate.

[0010] Individual patient feedback is of critical importance because sleep apnea is
heterogeneous in the population. Evidence shows that there is not one OAT design that most

effectively improves polysomnographic indices, but that efficacy depends on a number of factors
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including severity of OSA, materials and method of fabrication, type of OAT device, and the

degree of protrusion (sagittal and vertical).

[0011] Complicating sleep apnea treatments is the fact that an individual’s sleep patterns can
change from night to night. The position that a patient sleeps in, being on one’s back, stomach or

side can affect the efficacy of OAT treatment.

[0012] Furthermore, the success of OAT can be affected by numerous factors outside of an
individual appliance design, for example weight gain/loss. These factors can change over time
and therefore it becomes important to enable easy and objective monitoring of these
physiological changes over time. With this information, a physician can coach the patient to

undertake weight loss or modify their treatment and can involve the patient in the solution.

[0013] Sleep apnea has no cure and is a disease that generally worsens over time when left
untreated. Therefore, there is a need for ongoing longer term monitoring of compliance to and

efficacy of OAT.

[0014] By gaining individualised feedback, every patient can customise their oral appliance
therapy to achieve the maximum possible effectiveness, minimise undesirable side effects and

continuously optimise their individual treatment based upon objectively measured parameters.

[0015] For example, OAT is known to work largely, although not exclusively, in a dose-
dependent manner. Thus, the further the patients lower jaw is advanced (moved in forward
direction) the greater the likelihood of therapeutic success. Whilst this may be true for the
majority of patients, there are other patients who require very little protrusion to maximise
therapeutic success. The dose-dependent effect of mandibular protrusion on reduction of AHI by
mandibular advancement devices is nonlinear and becomes more pronounced with increased
severity of OSA. The mandibular protrusion should be more personalized to each patient.
Therefore, the nightly monitoring of an individual patient’s biological signals will allow the
correct protrusion to be set for a patient, which will personalise treatment and ensure therapeutic

success in OAT.

[0016] Complicating the ideal protrusive setting formula is the fact that one of the possible side
effects of appliance therapy is undesirable tooth movement. It has been demonstrated that tooth

movement occurs in a similar dose-dependent manner whereby the further forward the mandible
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is protruded the greater the forces translated to the teeth resulting in tooth movement. Therefore
it would be advantageous to know how far forward the lower jaw is being protruded at the same
time as knowing how effective the therapy is at the given degree of protrusion. A physician may
subsequently balance the degree of successful therapy against the potential side effects if
efficacy and compliance data is available on a night-to-night basis. A logical extension of this
technology may be an oral appliance that self titrates based on the desired vs actual efficacy

achieved by a patient during a night’s sleep.

[0017] Other factors known to play a role in appliance therapy comfort include vertical
dimension (amount of opening between the upper and lower teeth when appliance is in-situ)
which can be increased, decreased, or stabilised by knowing if the patient is excessively opening
or moving their lower jaw which may impact the apnea, hypopnea, and snoring. Monitoring
these physiological characteristics will allow a subsequent device to be manufactured for a

patient that will better treat their symptoms of OSA.

[0018] OAT has also been shown to be extremely effective in the treatment of snoring without
OSA. Snoring is a common symptom of OSA, but patients may also develop snoring without
OSA. Whilst not a medical condition per se, snoring is a common complaint, particularly of

sleeping partners.

[0019] Accordingly, there is a need to provide an intra-oral device capable of more accurate

monitoring of compliance to and efticacy of OAT for an individual patient.

Summary

[0020] It is an object of the present invention to substantially overcome, or at least ameliorate,

one or more disadvantages of existing arrangements.

[0021] Disclosed are arrangements which seek to address the above problems by providing an
intra-oral device having sensors of sensing biometric information and using the biometric

information to determine compliance to and efficacy of OAT for individual patients

[0022] According to an aspect of the present disclosure, there is provided an intra-oral device
comprising:. a lower arch component and an upper arch component, wherein the lower arch

component is configured to be advanced relative to the upper arch component; sensors
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configured for detecting characteristics of a patient, wherein the sensors are disposed in the
upper arch component or the lower arch component, wherein the characteristics comprise
indicators of sleep apnea on the patient and the advancement of the lower arch component
relative to the upper arch component; and a processor in communication with the sensors to
receive the detected characteristics, wherein the detected characteristics are used to determine

efficacy of the intra-oral device in reducing the sleep apnea of the patient.

[0023] Another aspect of the present disclosure provides a method of determining efficacy of
using an intra-oral device for reducing sleep apnea on a patient, wherein the intra-oral device
comprises a lower arch component and an upper arch component, wherein the lower arch
component is configured to be advanced relative to the upper arch component, the method
comprising: detecting, using sensors disposed in the intra-oral device, characteristics of the
patient, wherein the characteristics comprise indicators of sleep apnea on the patient and the
advancement of the lower arch component relative to the upper arch component; and
determining efficacy of the intra-oral device in reducing the sleep apnea on the patient based on

the detected characteristics.

[0024] Another aspect of the present disclosure provides an intra-oral device comprising: a
lower arch component and an upper arch component, wherein the lower arch component is
configured to be advanced relative to the upper arch component; sensors configured for detecting
characteristics of a patient, wherein the sensors are disposed in the upper arch component or the
lower arch component, wherein the characteristics comprise indicators of sleep apnea on the
patient and the advancement of the lower arch component relative to the upper arch component;
and a processor in communication with the sensors to receive the detected characteristics,
wherein the detected characteristics are used to determine whether a sleep apnea occurs on a

patient.

[0025] Another aspect of the present disclosure provides a method of determining whether a
sleep apnea occurs on a patient, the method comprising: detecting, using sensors disposed in an
intra-oral device, characteristics of the patient, wherein the intra-oral device comprises a lower
arch component and an upper arch component, wherein the lower arch component is configured
to be advanced relative to the upper arch component, wherein the characteristics comprise

indicators of sleep apnea on the patient and the advancement of the lower arch component
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relative to the upper arch component; and determining whether a sleep apnea occurs on a patient

based on the detected characteristics.

[0026] Other aspects are also disclosed.

Brief Description of the Drawings

[0027] Atleast one embodiment of the present invention will now be described with reference

to the drawings and appendices, in which:

[0028] Fig. 1 shows a system for monitoring compliance of OAT and for determining efficacy

of the OAT for a patient according to the present disclosure;

[0029] Figs. 2A and 2B collectively form a schematic block diagram representation of an intra-

oral device of the system of Fig. 1;

[0030] Fig. 3 shows a schematic block diagram of a docking station of the intra-oral device of

Figs. 2A and 2B;

[0031] Figs. 4A and 4B form a schematic block diagram of a general purpose computer system

upon which the system of Fig. 1 can be implemented,

[0032] Fig. 5 is a flow diagram of a method of monitoring compliance of OAT and of

determining efficacy of the OAT for a patient according to the present disclosure; and

[0033] Figs. 6A, 6B, 7A, and 7B show diagrams of the intra-oral device of Figs. 2A and 2b

with a magnetometer and magnet in different configurations.

Detailed Description

[0034] Itis to be noted that the discussions contained in the "Background" section and that
above relating to prior art arrangements relate to discussions of documents or devices which
form public knowledge through their respective publication and/or use. Such should not be
interpreted as a representation by the present inventor(s) or the patent applicant that such

documents or devices in any way form part of the common general knowledge in the art.
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[0035] Where reference is made in any one or more of the accompanying drawings to steps
and/or features, which have the same reference numerals, those steps and/or features have for the
purposes of this description the same function(s) or operation(s), unless the contrary intention

appears.

[0036] Fig. 1 shows a system 1000 for monitoring compliance of a patient in following OAT
and for detecting the efficacy of the OAT on the patient. The system 1000 includes an intra-oral
device 100, a docking station 200, and a computing device 1300.

[0037] The intra-oral device 100 is a device disposed within the mouth of a patient to reduce
sleep apnea and/or snoring. The intra-oral device 100 includes an upper arch component 110, a
lower arch component 120, a connector 130, and a sensor assembly 140. The upper arch
component 110 and the lower arch component 120 are connected to each other by the connector
130. When in-use, the upper arch component 110 is disposed on the teeth on the upper jaw of
the patient, while the lower arch component 120 is disposed on the teeth on the lower jaw of the
patient. The connector 130 maintains the position of the lower arch component 120 to be
forward relative to the upper arch component 110. This position moves the lower jaw and
tongue forward, thereby opening the airway of the patient. The sensor assembly 140 is
configured to detect parameters relating to the patient. The sensor assembly 140 will be

discussed below in relation to Fig. 2.

[0038] In another arrangement, there may be more than one connector 130 used to connect the
lower arch component 120 to the upper arch component 110. Examples of the connector 130 are

straps, wing/lugs, and telescopic arm.

[0039] The docking station 200 includes a housing in which the intra-oral device 100 can be
disposed. The docking station 200 wirelessly charges the intra-oral device 100, when the intra-
oral device is docked in the docking station 200. The docking of the intra-oral device 100

within the housing of the docking station 200 will be discussed below in relation to Fig. 3.

[0040] The computing device 1300 is in communication with the sensor assembly 140 of the
intra-oral device 100. The computing device 1300 may be a laptop, a desktop computer, a tablet,
a smartphone, and the like. The system 1000 provides an app that can be installed on the
computing device 1300. The app then analyses the data from the sensor assembly 140 and

provides notifications and statistics on a display of the computing device 1300. The app can also
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forward the data to other computing devices (e.g., a computing device owned by a physician or
the patient). The computing device 1300 is described below in relation to Figs. 4A and 4B. The
app on the computing device 1300 executes a method of monitoring the compliance of the
patient to the OAT and also of detecting the efficacy of the OAT on the patient. The method is

described below in relation to Fig. 5.

[0041] In an alternative arrangement, the computing device 1300 is in communication with a
cloud computing system, which receives the data from the computing device 1300 and analyses
the data. The cloud computing system then provides notifications and statistics on a display of

the computing device 1300.

Sensor Assembly 140

[0042] Figs. 2A and 2B collectively form a schematic block diagram of the sensor assembly
140 including a power source 144, magnets 142, and sensors 150. The sensors 150 are
configured to detect parameters relating to the patient wearing the intra-oral device 100.
Although Fig. 1 shows the sensor assembly 140 is shown to be disposed in the upper arch

component 110, the sensor assembly 140 may also be disposed in the lower arch component 120.

[0043] Asseen in Fig. 2A, the sensor assembly 140 also includes an embedded controller 302.
The controller 302 has a processing unit (or processor) 305 which is bi-directionally coupled to
an internal storage module 309. The storage module 309 may be formed from non-volatile
semiconductor read only memory (ROM) 360 and semiconductor random access memory
(RAM) 370, as seen in Fig. 3B. The RAM 370 may be volatile, non-volatile or a combination

of volatile and non-volatile memory.

[0044] The sensor assembly 140 has a communications interface 308 to permit coupling of the
sensor assembly 140 to the computing device 1300 or communications network 1320 via a
connection 321. The connection 321 is wireless in a preferred arrangement. However, the
connection 321 may be wired. For example, the connection 321 may be radio frequency or
optical. An example of a wired connection includes Ethernet. Further, an example of wireless
connection includes Bluetooth™ type local interconnection, Wi-Fi (including protocols based on

the standards of the IEEE 802.11 family), Infrared Data Association (IrDa) and the like.
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[0045] In one arrangement (not shown in Fig. 2A), the sensor assembly 140 couples to one or
more external sensors via the communications network 1320. The data collected by the one or

more external sensors can then be used to supplement the data collected by the sensor 150.

[0046] The sensors 150 are configured to detect parameters relating to the patient. In one
arrangement, the sensors 150 include a pulse oximeter sensor, an accelerometer, a magnetometer
610 (see Figs. 6A, 6B, 7A, and 7B), a temperature sensor, and a microphone. Other sensors such
as a pressure sensor, a switch, and the like may also be included. The embedded controller 302
is in communication with each of the sensors 150 to receive the parameter detected by the
sensors 150. In one arrangement, the controller 302 stores the detected parameters in the internal
storage 309 and then transmits the detected parameters to the computing device 1300 for
analysis. In another arrangement, the controller 302 performs certain steps of the method 500
(see Fig. 5) so that only relevant detected parameters are stored in the internal storage 309,

thereby reducing the internal storage 309 requirements.

[0047] The pulse oximeter sensor (also known as SpO2 sensor) is a sensor configured to
measure the blood oxygen level or the saturation of oxygen in the blood of a patient. The pulse
oximeter sensor can also be used to determine the heart rate, heart rate variability and blood

pressure of the patient.

[0048] The accelerometer sensor is configured to detect the orientation of the sensor assembly
140 and, in turn, the upper arch component 110. As the upper arch component 110 is disposed
on the upper jaw of the patient when in use, the orientation of the upper arch component 110
corresponds to the orientation of the head of the patient. Once the head position of the patient is

known, the sleeping position of the patient can be determined.

[0049] The magnetometer sensor 610 is configured to detect the magnetic field strength of a
magnet 620 (see Figs. 6A, 6B, 7A, and 7B). The lower arch component 120 contains the magnet
620, the magnetic field of which is detected by the magnetometer sensor 610. The magnetic
field strength of the magnet 620 detected by the magnetometer 610 at different protrusions of the
lower arch component 120 can be determined experientially. Further, the magnetic field
strength of the magnet 620 detected by the magnetometer 610 when the upper arch component
110 is apart from the lower arch component 120 can be determined experientially. Based on the

experiment data, the protrusion of the lower arch component 120 and how far apart the upper
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arch component 110 is from the lower arch component 120 (e.g., whether a mouth is open,

shifted to one side or protruded) can be determined.

[0050] Figs. 6A, 6B, 7A, and 7B show the magnet 620 in communication with the
magnetometer 610 (which is one of the sensors 150 disposed in the sensor assembly 140). The
communication between the magnet 620 and the magnetometer 610 is in the form of the
magnetometer 610 detecting the magnetic field 625 generated by the magnet 620. The magnet
620 1s disposed in the arch component opposite to the arch component in which the sensor
assembly 140 is disposed. In other words, if the sensor assembly 140 is disposed in the upper
arch component 110, then the magnet 620 is disposed in the lower arch component 120. If the
sensor assembly 140 is disposed in the lower arch component 120, then the magnet 620 is

disposed in the upper arch component 110.

[0051]  Figs. 6A and 7A show two examples of the intra-oral device 100 in a first
configuration. The first configuration is when a user places the intra-oral device 100 in the
mouth before advancing the lower arch component 120. Depending on the jaw structure of the
user, the intra-oral device 100 may be in a first configuration shown in either Fig. 6A or 7A.

There are also other possible configurations not shown.

[0052] Figs 6B and 7B show two examples of the intra-oral device 100 in a second
configuration. The second configuration is when the intra-oral device 100 is in operation such
that the lower arch component 120 is moved forward relative to the upper arch component 110.
The second configuration of Fig. 6B corresponds to the first configuration shown in Fig. 6A.
Similarly, the second configuration of Fig. 7B corresponds to the first configuration shown in

Fig. 7A.

[0053] As discussed above, the strength of the magnetic field 625 when the magnet 620 is
located at different positions relative to the magnet 610 is determined experientially. In the first
configuration, the detected strength of the magnetic field 625 is recorded and the position
corresponding to the detected strength of the magnetic field 625 is set to be the position of the
first configuration. Recording the position in the first configuration can be performed during a
setup stage. The setup stage may be performed by a physician administering the OAT or by the

user.
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[0054] In the second configuration, the detected strength of the magnetic field 625 is recorded
and the position corresponding to the detected strength of the magnetic field 625 is set to be the
position of the second configuration. The advancement of the lower arch component 120
relative to the upper arch component 110 can then be determined by comparing the position of

the first configuration against the position of the second configuration.

[0055] The above enables the determination of the advancement of the lower arch component
120 relative to the upper arch component 110 to be customized for each user. In turn, such
customization enables a more accurate determination of the advancement. Any changes to the
typical advancement determination of a user may also be used to determine issues with the OTA

(e.g., whether the user has not complied with the prescribed OAT).

[0056] The temperature sensor is configured to detect a change of temperature. An increase in
temperature to a normal bodily temperature can be used as an indicator that the intra-oral device

110 is disposed in the mouth.

[0057] The microphone is configured to detect sound. The controller 302 or the computing
device 1300 can then analyse the detected sound to determine breathing activity (e.g., normal

breathing, snoring patterns, bruxing etc.).

[0058] Other sensors such as a pressure sensor or a switch may be included to determine
whether the intra-oral device is in use or determine the pressure of a bite (e.g., for detecting

bruxism).

[0059] The sensor assembly 140 also includes a power source 144 and a magnet 142. The
power source 144 includes a wireless power receiver, a battery, and a voltage regulator. The
components of the power source 144 are not shown in Fig. 2A for simplicity sake. The wireless
power receiver is configured to receive power wirelessly in order to charge the battery. The
battery is configured to provide power to the voltage regulator, which in turn provides the

regulated power to the controller 302.

[0060] The magnet 142 is used to engage a corresponding magnet 242 located in the docking
station 200. When the magnets 142 and 242 are engaged, the wireless power receiver of the
power source 144 is aligned with the transmitter coil of the wireless charger 210 located at the

docking station 200.
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[0061] The methods described hereinafter may be implemented using the embedded
controller 302, where steps 510, 520, and 550 of Fig. 5 may be implemented as one or more
software application programs 333 executable within the embedded controller 302. In particular,
with reference to Fig. 3B, steps 510, 520, and 550 of the described method 500 are effected by
instructions in the software 333 that are carried out within the controller 302. The software
instructions may be formed as one or more code modules, each for performing one or more

particular tasks.

[0062] The software 333 of the embedded controller 302 is typically stored in the non-volatile
ROM 360 of the internal storage module 309. The software 333 stored in the ROM 360 can be
updated when required from a computer readable medium. The software 333 can be loaded into
and executed by the processor 305. In some instances, the processor 305 may execute software
instructions that are located in RAM 370. Software instructions may be loaded into the

RAM 370 by the processor 305 initiating a copy of one or more code modules from ROM 360
into RAM 370. Alternatively, the software instructions of one or more code modules may be pre-
installed in a non-volatile region of RAM 370 by a manufacturer. After one or more code
modules have been located in RAM 370, the processor 305 may execute software instructions of

the one or more code modules.

[0063] The application program 333 is typically pre-installed and stored in the ROM 360 by a
manufacturer, prior to installation of the sensor assembly 140 in the upper arch component 110.
However, in some instances, the application programs 333 may be read by the processor 305
from the network 1320. Computer readable storage media refers to any non-transitory tangible
storage medium that participates in providing instructions and/or data to the controller 302 for
execution and/or processing. Examples of such storage media include a solid state drive, a ROM
or integrated circuit, USB memory, and the like. Examples of transitory or non-tangible
computer readable transmission media that may also participate in the provision of software,
application programs, instructions and/or data to the sensor assembly 140 include radio or infra-
red transmission channels as well as a network connection to another computer or networked
device, and the Internet or Intranets including e-mail transmissions and information recorded on
Websites and the like. A computer readable medium having such software or computer program

recorded on it is a computer program product.
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[0064] Fig. 2B illustrates in detail the embedded controller 302 having the processor 305 for
executing the application programs 333 and the internal storage 309. The internal storage 309
comprises read only memory (ROM) 360 and random access memory (RAM) 370. The
processor 305 is able to execute the application programs 333 stored in one or both of the
connected memories 360 and 370. When the sensor assembly 140 is initially powered up, a
system program resident in the ROM 360 is executed. The application program 333 permanently
stored in the ROM 360 is sometimes referred to as “firmware”. Execution of the firmware by
the processor 305 may fulfil various functions, including processor management, memory

management, device management, storage management and user interface.

[0065] The processor 305 typically includes a number of functional modules including a
control unit (CU) 351, an arithmetic logic unit (ALU) 352, a digital signal processor (DSP) 353
and a local or internal memory comprising a set of registers 354 which typically contain atomic
data elements 356, 357, along with internal buffer or cache memory 355. One or more internal
buses 359 interconnect these functional modules. The processor 305 typically also has one or
more interfaces 358 for communicating with external devices via system bus 381, using a

connection 361.

[0066] The application program 333 includes a sequence of instructions 362 through 363 that
may include conditional branch and loop instructions. The program 333 may also include data,
which is used in execution of the program 333. This data may be stored as part of the instruction

or in a separate location 364 within the ROM 360 or RAM 370.

[0067] In general, the processor 305 is given a set of instructions, which are executed therein.
This set of instructions may be organised into blocks, which perform specific tasks or handle
specific events that occur in the sensor assembly 140. Typically, the application program 333
waits for events and subsequently executes the block of code associated with that event. Events
may be triggered in response to input from a user, via the user input devices 313 of Fig. 3A, as
detected by the processor 305. Events may also be triggered in response to other sensors and

interfaces in the sensor assembly 140.

[0068] The execution of a set of the instructions may require numeric variables to be read and
modified. Such numeric variables are stored in the RAM 370. The disclosed method uses input

variables 371 that are stored in known locations 372, 373 in the memory 370. The input



WO 2022/187889 PCT/AU2022/050171
14
variables 371 are processed to produce output variables 377 that are stored in known
locations 378, 379 in the memory 370. Intermediate variables 374 may be stored in additional
memory locations in locations 375, 376 of the memory 370. Alternatively, some intermediate

variables may only exist in the registers 354 of the processor 305.

[0069] The execution of a sequence of instructions is achieved in the processor 305 by repeated
application of a fetch-execute cycle. The control unit 351 of the processor 305 maintains a
register called the program counter, which contains the address in ROM 360 or RAM 370 of the
next instruction to be executed. At the start of the fetch execute cycle, the contents of the
memory address indexed by the program counter is loaded into the control unit 351. The
instruction thus loaded controls the subsequent operation of the processor 305, causing for
example, data to be loaded from ROM memory 360 into processor registers 354, the contents of
a register to be arithmetically combined with the contents of another register, the contents of a
register to be written to the location stored in another register and so on. At the end of the fetch
execute cycle the program counter is updated to point to the next instruction in the system
program code. Depending on the instruction just executed this may involve incrementing the
address contained in the program counter or loading the program counter with a new address in

order to achieve a branch operation.

[0070] Each step 510, 520, or 550 of the method 500 described below is associated with one or
more segments of the application program 333, and is performed by repeated execution of a
fetch-execute cycle in the processor 305 or similar programmatic operation of other independent

processor blocks in the electronic device 301.

Docking Station 200

[0071] Fig. 3 shows a schematic of the docking station 200. The docking station 200 includes
a wireless charger 210 and a magnet 242. As described above in relation to the sensor assembly
140, the magnet 242 is configured to engage with the magnet 142 disposed in the sensor
assembly 140. When the magnets 142 and 242 are engaged, the transmitter coil of the wireless
charger 210 is aligned with the wireless power receiver in the sensor assembly 140. The
alignment of the transmitter coil of the wireless charger 210 and the wireless power receiver
enables power to be supplied from the wireless charger 210 to the battery of the power source

144.
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[0072] The wireless charger 210 receives electrical power from the mains 280. There is
electronic circuitry (not shown or discussed here for simplicity sake) configured to convert the
AC electrical power from the mains 280 to electrical power suitable for charging the power

source 144 by the wireless charger 210.

[0073] The docking station 200 also includes a housing into which the intra-oral device 100

can be disposed.

Computing Device 1300

[0074] Figs. 4A and 4B depict the computing device 1300. As seen in Fig. 4A, the computing
device 1300 includes: a computer module 1301; input devices such as a keyboard 1302, a
mouse pointer device 1303, a scanner 1326, a camera 1327, and a microphone 1380; and output
devices including a printer 1315, a display device 1314 and loudspeakers 1317. An external
Modulator-Demodulator (Modem) transceiver device 1316 may be used by the computer
module 1301 for communicating to and from a communications network 1320 via a

connection 1321. The communications network 1320 may be a wide-area network (WAN), such
as the Internet, a cellular telecommunications network, or a private WAN. Where the
connection 1321 is a telephone line, the modem 1316 may be a traditional “dial-up” modem.
Alternatively, where the connection 1321 is a high capacity (e.g., cable) connection, the

modem 1316 may be a broadband modem. A wireless modem may also be used for wireless

connection to the communications network 1320.

[0075] The computer module 1301 typically includes at least one processor unit 1305, and a
memory unit 1306. For example, the memory unit 1306 may have semiconductor random access
memory (RAM) and semiconductor read only memory (ROM). The computer module 1301 also
includes an number of input/output (I/O) interfaces including: an audio-video interface 1307 that
couples to the video display 1314, loudspeakers 1317 and microphone 1380; an I/O

interface 1313 that couples to the keyboard 1302, mouse 1303, scanner 1326, camera 1327 and
optionally a joystick or other human interface device (not illustrated); and an interface 1308 for
the external modem 1316 and printer 1315. In some implementations, the modem 1316 may be
incorporated within the computer module 1301, for example within the interface 1308. The
computer module 1301 also has a local network interface 1311, which permits coupling of the

computing device 1300 via a connection 1323 to a local-area communications network 1322,
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known as a Local Area Network (LAN). As illustrated in Fig. 4A, the local communications
network 1322 may also couple to the wide network 1320 via a connection 1324, which would
typically include a so-called “firewall” device or device of similar functionality. The local
network interface 1311 may comprise an Ethernet circuit card, a Bluetooth® wireless
arrangement or an IEEE 802.11 wireless arrangement; however, numerous other types of

interfaces may be practiced for the interface 1311.

[0076] The I/O interfaces 1308 and 1313 may afford either or both of serial and parallel
connectivity, the former typically being implemented according to the Universal Serial Bus
(USB) standards and having corresponding USB connectors (not illustrated). Storage

devices 1309 are provided and typically include a hard disk drive (HDD) 1310. Other storage
devices such as a floppy disk drive and a magnetic tape drive (not illustrated) may also be used.
An optical disk drive 1312 is typically provided to act as a non-volatile source of data. Portable
memory devices, such optical disks (e.g., CD-ROM, DVD, Blu-ray Disc™), USB-RAM,
portable, external hard drives, and floppy disks, for example, may be used as appropriate sources

of data to the computing device 1300.

[0077] The components 1305 to 1313 of the computer module 1301 typically communicate via
an interconnected bus 1304 and in a manner that results in a conventional mode of operation of
the computing device 1300 known to those in the relevant art. For example, the processor 1305
is coupled to the system bus 1304 using a connection 1318. Likewise, the memory 1306 and
optical disk drive 1312 are coupled to the system bus 1304 by connections 1319. Examples of
computers on which the described arrangements can be practised include IBM-PC’s and

compatibles, Sun SPARCstations, Apple Mac™ or like computer systems.

[0078] The method of determining compliance to and efficacy of using the intra-oral device
100 may be implemented using the computing device 1300 wherein the processes of Fig. 5, to be
described, may be implemented as one or more software application programs 1333 executable
within the computing device 1300. In particular, the steps of the method of determining
compliance to and efficacy of using the intra-oral device 100 are effected by instructions 1331
(see Fig. 4B) in the software 1333 that are carried out within the computing device 1300. The
software instructions 1331 may be formed as one or more code modules, each for performing
one or more particular tasks. The software may also be divided into two separate parts, in which

a first part and the corresponding code modules performs the determining compliance to and
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efficacy of using the intra-oral device 100 methods and a second part and the corresponding code

modules manage a user interface between the first part and the user.

[0079] The software may be stored in a computer readable medium, including the storage
devices described below, for example. The software is loaded into the computing device 1300
from the computer readable medium, and then executed by the computing device 1300. A
computer readable medium having such software or computer program recorded on the computer
readable medium is a computer program product. The use of the computer program product in
the computing device 1300 preferably effects an advantageous apparatus for determining

compliance to and efficacy of using the intra-oral device 100.

[0080] The software 1333 is typically stored in the HDD 1310 or the memory 1306. The
software is loaded into the computing device 1300 from a computer readable medium, and
executed by the computing device 1300. Thus, for example, the software 1333 may be stored on
an optically readable disk storage medium (e.g., CD-ROM) 1325 that is read by the optical disk
drive 1312. A computer readable medium having such software or computer program recorded
on it is a computer program product. The use of the computer program product in the computing
device 1300 preferably effects an apparatus for determining compliance to and efficacy of using

the intra-oral device 100.

[0081] In some instances, the application programs 1333 may be supplied to the user encoded
on one or more CD-ROMSs 1325 and read via the corresponding drive 1312, or alternatively may
be read by the user from the networks 1320 or 1322. Still further, the software can also be
loaded into the computing device 1300 from other computer readable media. Computer readable
storage media refers to any non-transitory tangible storage medium that provides recorded
instructions and/or data to the computing device 1300 for execution and/or processing.
Examples of such storage media include floppy disks, magnetic tape, CD-ROM, DVD, Blu-
ray M Disc, a hard disk drive, a ROM or integrated circuit, USB memory, a magneto-optical
disk, or a computer readable card such as a PCMCIA card and the like, whether or not such
devices are internal or external of the computer module 1301. Examples of transitory or non-
tangible computer readable transmission media that may also participate in the provision of
software, application programs, instructions and/or data to the computer module 1301 include

radio or infra-red transmission channels as well as a network connection to another computer or
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networked device, and the Internet or Intranets including e-mail transmissions and information

recorded on Websites and the like.

[0082] The second part of the application programs 1333 and the corresponding code modules
mentioned above may be executed to implement one or more graphical user interfaces (GUIs) to
be rendered or otherwise represented upon the display 1314. Through manipulation of typically
the keyboard 1302 and the mouse 1303, a user of the computing device 1300 and the application
may manipulate the interface in a functionally adaptable manner to provide controlling
commands and/or input to the applications associated with the GUI(s). Other forms of
functionally adaptable user interfaces may also be implemented, such as an audio interface
utilizing speech prompts output via the loudspeakers 1317 and user voice commands input via

the microphone 1380.

[0083] Fig. 4B is a detailed schematic block diagram of the processor 1305 and a

“memory” 1334. The memory 1334 represents a logical aggregation of all the memory modules
(including the HDD 1309 and semiconductor memory 1306) that can be accessed by the
computer module 1301 in Fig. 4A.

[0084] When the computer module 1301 is initially powered up, a power-on self-test (POST)
program 1350 executes. The POST program 1350 is typically stored in a ROM 1349 of the
semiconductor memory 1306 of Fig. 4A. A hardware device such as the ROM 1349 storing
software is sometimes referred to as firmware. The POST program 1350 examines hardware
within the computer module 1301 to ensure proper functioning and typically checks the
processor 1305, the memory 1334 (1309, 1306), and a basic input-output systems software
(BIOS) module 1351, also typically stored in the ROM 1349, for correct operation. Once the
POST program 1350 has run successfully, the BIOS 1351 activates the hard disk drive 1310 of
Fig. 4A. Activation of the hard disk drive 1310 causes a bootstrap loader program 1352 that is
resident on the hard disk drive 1310 to execute via the processor 1305. This loads an operating
system 1353 into the RAM memory 1306, upon which the operating system 1353 commences
operation. The operating system 1353 is a system level application, executable by the
processor 1305, to fulfil various high level functions, including processor management, memory
management, device management, storage management, software application interface, and

generic user interface.
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[0085] The operating system 1353 manages the memory 1334 (1309, 1306) to ensure that each
process or application running on the computer module 1301 has sufficient memory in which to
execute without colliding with memory allocated to another process. Furthermore, the different
types of memory available in the computing device 1300 of Fig. 4A must be used properly so
that each process can run effectively. Accordingly, the aggregated memory 1334 is not intended
to illustrate how particular segments of memory are allocated (unless otherwise stated), but
rather to provide a general view of the memory accessible by the computing device 1300 and

how such is used.

[0086] As shown in Fig. 4B, the processor 1305 includes a number of functional modules
including a control unit 1339, an arithmetic logic unit (ALU) 1340, and a local or internal
memory 1348, sometimes called a cache memory. The cache memory 1348 typically includes a
number of storage registers 1344 - 1346 in a register section. One or more internal busses 1341
functionally interconnect these functional modules. The processor 1305 typically also has one or
more interfaces 1342 for communicating with external devices via the system bus 1304, using a

connection 1318. The memory 1334 is coupled to the bus 1304 using a connection 1319.

[0087] The application program 1333 includes a sequence of instructions 1331 that may
include conditional branch and loop instructions. The program 1333 may also include data 1332
which is used in execution of the program 1333. The instructions 1331 and the data 1332 are
stored in memory locations 1328, 1329, 1330 and 1335, 1336, 1337, respectively. Depending
upon the relative size of the instructions 1331 and the memory locations 1328-1330, a particular
instruction may be stored in a single memory location as depicted by the instruction shown in the
memory location 1330. Alternately, an instruction may be segmented into a number of parts
each of which is stored in a separate memory location, as depicted by the instruction segments

shown in the memory locations 1328 and 1329.

[0088] In general, the processor 1305 is given a set of instructions which are executed therein.
The processor 1305 waits for a subsequent input, to which the processor 1305 reacts to by
executing another set of instructions. Each input may be provided from one or more of a number
of sources, including data generated by one or more of the input devices 1302, 1303, data
received from an external source across one of the networks 1320, 1302, data retrieved from one
of the storage devices 1306, 1309 or data retrieved from a storage medium 1325 inserted into the

corresponding reader 1312, all depicted in Fig. 4A. The execution of a set of the instructions
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may in some cases result in output of data. Execution may also involve storing data or variables

to the memory 1334.

[0089] The disclosed method of determining compliance to and efficacy of using the intra-oral
device 100 arrangements use input variables 1354, which are stored in the memory 1334 in
corresponding memory locations 1355, 1356, 1357. The disclosed arrangements produce output
variables 1361, which are stored in the memory 1334 in corresponding memory

locations 1362, 1363, 1364. Intermediate variables 1358 may be stored in memory

locations 1359, 1360, 1366 and 1367.

[0090] Referring to the processor 1305 of Fig. 4B, the registers 1344, 1345, 1346, the
arithmetic logic unit (ALU) 1340, and the control unit 1339 work together to perform sequences
of micro-operations needed to perform “fetch, decode, and execute” cycles for every instruction
in the instruction set making up the program 1333. Each fetch, decode, and execute cycle

comprises:

[0091] a fetch operation, which fetches or reads an instruction 1331 from a memory

location 1328, 1329, 1330;

[0092] a decode operation in which the control unit 1339 determines which instruction has

been fetched; and

[0093] an execute operation in which the control unit 1339 and/or the ALU 1340 execute the

instruction.

[0094] Thereafter, a further fetch, decode, and execute cycle for the next instruction may be
executed. Similarly, a store cycle may be performed by which the control unit 1339 stores or

writes a value to a memory location 1332.

[0095] Each step or sub-process in the processes of Fig. 5 is associated with one or more
segments of the program 1333 and is performed by the register section 1344, 1345, 1347, the
ALU 1340, and the control unit 1339 in the processor 1305 working together to perform the
fetch, decode, and execute cycles for every instruction in the instruction set for the noted

segments of the program 1333.
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[0096] The method of determining compliance to and efficacy of using the intra-oral device
100 may alternatively be implemented in dedicated hardware such as one or more integrated
circuits performing the functions or sub functions of the method 500. Such dedicated hardware
may include graphic processors, digital signal processors, or one or more microprocessors and
associated memories. Such a dedicated hardware may be disposed at the docking station 200 or

the sensor assembly 140.

Method 500

[0097] Fig. 5 shows a method 500 of determining compliance to and efficacy of using the intra-
oral device 100. The method 500 is computer program, the steps of which are executable by the

processor 305 or 1305.

[0098] The method 500 commences with an optional step 510 by determining whether the
intra-oral device 100 is in use. As mentioned hereinbefore, step 510 may be implemented by the
sensor assembly 140 before executing the further steps of the method 500. The optional step 510
enables the sensor assembly 140 to record data when the patient is wearing the intra-oral device

100.

[0099] Step 510 can also be performed by the controller 1305. If the controller 1305 performs
step 510, the controller 305 records all the data detected by the sensors 150. The controller 1305

then analyses the recorded data.

[00100] In one arrangement, the method 500 commences when the intra-oral device 100 is
removed from the docking station 200. In an alternative arrangement, the method 500 is
executed continually. If step 510 is not implemented, the method 500 commences from step

520.

[00101] There are multiple characteristics that can be used for determining whether the intra-oral
device 100 is in use. These characteristics include the temperature, blood pressure, heart rate,
and blood oxygen level. The characteristics for determining whether the intra-oral device is in

use will be hereinafter referred to as the first characteristics.

[00102] The temperature sensor in the sensor assembly 140 is used to determine a change in

temperature. When the detected temperature is in the range of 35°C to 41°C (i.e., a body
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temperature), the controller 305 or 1305 determines that the intra-oral device 100 to be in use by

the patient.

[00103] The pulse oximeter sensor is used to determine a blood oxygen level, a blood pressure,
and heart rate of a patient. If the pulse oximeter sensor detects a blood oxygen level of above a
predetermined threshold (e.g., 90%), then the controller 305 or 1305 determines the intra-oral
device 100 to be in use. Further, when a heart rate is detected, the controller 305 or 1305
determines that the intra-oral device 100 to be in use. Further, when a blood pressure is detected,

the controller 305 or 1305 determines that the intra-oral device 100 is in use.

[00104] Combinations of the first characteristics can also be used in step 510 to more accurately
determine when the intra-oral device 100 is in use. For example, if the temperature sensor is
within the range of 35°C to 41°C but no heart rate is detected, the method 500 determines that

the intra-oral device 100 is not in use.

[00105] If the intra-oral device is determined to be in use (YES), then the method 500 proceeds
from step 510 to step 520. Otherwise (NO), the method 500 remains at step 510 to continually
determine whether the intra-oral device 100 is in use. This is recorded as usage time. Usage time

stops when the device is removed from the mouth and no signals are recorded.

[00106] Step 520 determines whether the patient is asleep. As mentioned hereinbefore, step 520
may be implemented by the sensor assembly 140 before executing the further steps of the
method 500. Step 520 enables the sensor assembly 140 to record data when the patient is asleep
so that only relevant data is recorded. In another arrangement, the sensor assembly 140 records
data at all time. If this other arrangement is implemented, steps 510 and 520 can occur

simultaneously with step 530.

[00107] Step 520 can also be performed by the controller 1305. If the controller 1305 performs
step 520, the controller 305 records all the data detected by the sensors 150. The controller 1305

then analyses the recorded data.

[00108] There are multiple characteristics that can be used for determining whether a patient is
asleep. These characteristics include pulse oximetry, pulse wave, detection of snoring sounds,
mandibular movement and heart rate. The characteristics for determining whether the patient is

asleep will be hereinafter referred to as the second characteristics.
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[00109] The pulse oximeter sensor is used to determine the pulse wave, blood pressure and heart
rate of the patient. When the detected blood pressure drops by 20-50mmHg, or the height of the
pulse wave reduces by 20% or more, the controller 305 determines that the patient is asleep.
When the detected heart rate drops by 10-20 beats/ minute the controller 305 determines that the

patient is asleep.

[00110] The second characteristics can be customised to a patient based on the recorded data.
For example, the default for determining when a patient falls asleep is when the blood pressure
drops by 20-50mmHg. However, over time, the computer software being executed by the
controller 305 or 1305 may obtain more data to better determine when a particular patient’s
blood pressure when falling asleep. The method 500 then adjust the predetermined threshold so
that the method 500 can better determine when that particular patient falls asleep.

[00111] A combination of the second characteristics can also be used in step 520 to more
accurately determine when the patient is asleep. For example, if the blood pressure drops below
the predetermined threshold but the heart rate is still high, the method 500 determines that the

patient is not asleep yet.

[00112] When the method 500 determines that the patient is asleep, the method 500 logs the
time that the patient is determined to be asleep. This is recorded as sleep time and stops when the

patient is detected to be awake.

[00113] If the patient is determined to be asleep (YES), then the method 500 proceeds from step
520 to step 530. Otherwise (NO), the method 500 returns to step 510 to determine whether the

intra-oral device 110 is still in use.

[00114] Step 530 determines an apnea or hypopnea event. There are multiple characteristics that
can be used as indicators for determining an apnea event. These characteristics include blood
oxygen level, heart rate, mandibular and head positions, and certain breathing activity (e.g.,
gasping for air). The characteristics for determining an apnea event will be hereinafter referred to

as the third characteristics. Step 530 is performed by the processor 1305.

[00115] The pulse oximeter sensor is used to determine the blood oxygen level and heart rate of
the patient. When the detected blood oxygen level drops by greater than or equal to 3% and, at

around the same time, the heart rate increases by 10-50% the controller 1305 determines that an
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apnea event occurs. The drop in blood oxygen level and increase in heart rate are used as the

primary indicator as to whether an apnea event occurs.

[00116] The mandibular position is determined by using the magnetic field strength determined
by the magnetometer. As discussed hereinbefore, the magnetic field strength determined by the
magnetometer in the upper arch component 110 indicates the protrusion of the lower arch
component 120 and also how far apart the lower arch component 120 is from the upper arch
component 110. When the mouth is determined to be opening after detecting a drop in blood
pressure and an increase in heart rate, this is an indicator of an apnea event occurring. The

opening of the mouth is used as a secondary indicator whether an apnea event occurs.

[00117] The gasping for air of a patient can be determined by analysing the sound recorded by
the microphone. The gasping for air is an increase in sound amplitude for a short period of time.
The gasp for air occurs simultaneously with the opening of the mouth and therefore a gasp for air

is used as a secondary indicator whether an apnea event occurs.

[00118] The third characteristics can be customised to a patient based on the recorded data. For
example, the default for determining when an apnea event occurs is when the blood oxygen level
drops by greater than or equal to 3%. However, over time, the computer software being
executed by the controller 1305 obtains more data to better determine when a particular patient’s
apnea event occurs. The method 500 then adjusts the predetermined threshold so that the

method 500 can better determine when an apnea event occurs.

[00119] The method 500 then proceeds from step 530 to step 540.

[00120] Step 540 determines characteristics associated with the patient before and during the
apnea event. Step 540 is performed by the processor 1305 and can be executed at any time after

step 520 concludes.

[00121] There are multiple characteristics recorded to perform step 540. These characteristics
will be hereinafter referred to as the fourth characteristics. The fourth characteristics include the
position of the head and mandible of the patient, the protrusion of the lower arch component 120
in relation to the upper arch component 110, breathing activity, oxygen saturation and

acceleration of the patient’s head and jaw.
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[00122] The position of the head of the patient can be determined based on the data recorded by
the accelerometer. For example, if the accelerometer indicates that accelerometer is oriented
vertically upward, then such provides an indication that the head is facing upward and that the
patient is sleeping in a supine position. In another example, if the accelerometer indicates that
the accelerometer is oriented horizontally, then such provides an indication that the head is

facing sideway and that the patient is sleeping in a side position.

[00123] The protrusion of the lower arch component 120 can be determined based on the data
recorded by the magnetometer. As discussed hereinbefore, the protrusion of the lower arch
component 120 and how far apart the upper arch component 110 is from the lower arch
component 120 (e.g., whether a mouth is open, closed or shifted to one side) can be determined

by using experimental and recorded data.

[00124] The breathing activity of the patient can be determined by analysing the sound recorded
by the microphone. The controller 1305 executes a software program analysing the frequency
and periodical pattern of the patient’s breathing to determine whether the patient is breathing

normally, snoring, gasping, and the like.

[00125] The method 500 proceeds to step 550 at the conclusion of step 540.

[00126] Step 550 determines whether the patient is awake. As mentioned hereinbefore, step 550
may be implemented by the sensor assembly 140. Step 550 enables the sensor assembly 140 to
stop recording data when the patient is determined to be awake. In one arrangement, recording
of data is not stopped to enable the recorded data to be analysed shortly after the patient is

awake.

[00127] Step 550 can also be performed by the controller 1305. If the controller 1305 performs
step 550, the controller 305 records all the data detected by the sensors 150. The controller 1305

then analyses the recorded data.

[00128] The second characteristics are used for determining whether a patient is awake.

[00129] The pulse oximeter sensor is used to determine the blood pressure and heart rate of the

patient. When the detected blood pressure increases 20-50mmHg, the controller 305 determines
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that the patient is awake. When the detected heart rate increases 10-50%, the controller 305

determines that the patient is awake.

[00130] The second characteristics can be customised to a patient based on the recorded data.
For example, the default for determining when a patient wakes up is when the blood pressure
increases by 20-50mmHg. However, over time, the computer software being executed by the
controller 305 or 1305 obtains more data to better determine when a particular patient’s blood
pressure when waking up. The method 500 then adjusts the predetermined threshold so that the

method 500 can better determine when that particular patient wakes up.

[00131] A combination of the second characteristics can also be used in step 550 to more
accurately determine when the patient is awake. For example, if the blood pressure/ pulse wave
increases above the predetermined threshold but the heart rate is still low, the method 500

determines that the patient is not awake yet.

[00132] When the method 500 determines that the patient is awake, the method 500 logs the

time that the patient is determined to be awake.

[00133] If the patient is determined to be awake (YES), then the method 500 proceeds from step
550 to step 560. Otherwise (NO), the method 500 returns to step 530 to continually determine

apnea events and the fourth characteristics.

[00134] Step 560 determines the compliance of the patient to a prescribed OAT using the intra-
oral device 100. Step 560 is performed by the controller 1305.

[00135] Step 560 is performed by comparing the recorded usage of the intra-oral device 100
with the prescribed amount of using the intra-oral device 100 during sleep. The recorded usage
of the intra-oral device 100 is determined from the logged times of the patient being asleep and
awake. This recorded usage is then compared against the prescribed usage time. If the recorded
usage falls below the prescribed usage time, then the method 500 outputs a compliance

percentage of the patient.

[00136] The method 500 then proceeds from step 560 to step 570.
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[00137] Step 570 determines the efficacy of the intra-oral device 100 in reducing the apnea

events occurring during sleep. Step 570 is performed by the controller 1305.

[00138] Step 570 1s performed by determining AHI of the patient. AHIis determined by
comparing the number of apnea events occurring every hour the patient is asleep. The efficacy
of the OAT using the intra-oral device 100 can be better determined using the fourth
characteristics. For example, the mandibular and head position of the patient, breathing activity
(e.g., snoring), and the like when apnea events occur may provide a better insight into what is
causing the apnea event and whether the intra-oral device 100 assists in reducing the number of

apnea events occurring.

[00139] The method 500 concludes at the conclusion of step 570.

[00140] Based on the data collected by the sensor assembly 140, a physician uses the data to
improve the OAT (e.g., by increasing the protrusion, changing the intra-oral device, increasing

titration, adding a supplemental therapy, etc.).

Industrial Applicability

[00141] The arrangements described are applicable to the computer and data processing
industries and particularly for determining the compliance to and efficacy of using the intra-oral

device 100.

[00142] The foregoing describes only some embodiments of the present invention, and
modifications and/or changes can be made thereto without departing from the scope and spirit of

the invention, the embodiments being illustrative and not restrictive.

[00143] In the context of this specification, the word “comprising” means “including principally
but not necessarily solely” or “having” or “including”, and not “consisting only of”. Variations
of the word "comprising”, such as “comprise” and “comprises” have correspondingly varied

meanings.
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CLAIMS:

1. An intra-oral device comprising;

a lower arch component and an upper arch component, wherein the lower arch
component is configured to be advanced relative to the upper arch component;

sensors configured for detecting characteristics of a patient, wherein the sensors are
disposed in the upper arch component or the lower arch component, wherein the characteristics
comprise indicators of sleep apnea on the patient and the advancement of the lower arch
component relative to the upper arch component; and

a processor in communication with the sensors to receive the detected characteristics,

wherein the detected characteristics are used to determine efficacy of the intra-oral device

in reducing the sleep apnea of the patient.

2. The intra-oral device of claim 1, wherein the sensors comprise a pulse oximeter sensor,

an accelerometer, a magnetometer, a temperature sensor, and a microphone.

3. The intra-oral device of claim 1 or 2, wherein the detected characteristics are further used
to determine compliance of the patient to using the intra-oral device according to a prescribed

oral appliance therapy.

4. The intra-oral device of any one of claims 1 to 3, wherein the detected characteristics
include first characteristics comprising a temperature, a blood pressure, a heart rate, and a blood
oxygen level of the patient, wherein the first characteristics are used to determine whether the

intra-oral device is being used by the patient.

5. The intra-oral device of any one of claims 1 to 4, wherein the detected characteristics
include second characteristics comprising a blood pressure and a heart rate, wherein the second

characteristics are used to determine whether the patient is asleep.

6. The intra-oral device of any one of claims 1 to 5, wherein the detected characteristics
include third characteristics comprising a blood oxygen level, a heart rate, a mouth position, and
a breathing activity, wherein the third characteristics are used to determine whether a sleep apnea

occurs on the patient.
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7. The intra-oral device of any one of claims 1 to 6, wherein the detected characteristics
include fourth characteristics comprising a mandibular and head position, a position of the intra-
oral device, and a breathing activity, wherein the fourth characteristics are determined when the

patient is asleep.

8. A method of determining efficacy of using an intra-oral device for reducing sleep apnea
on a patient, wherein the intra-oral device comprises a lower arch component and an upper arch
component, wherein the lower arch component is configured to be advanced relative to the upper
arch component, the method comprising:

detecting, using sensors disposed in the intra-oral device, characteristics of the patient,
wherein the characteristics comprise indicators of sleep apnea on the patient and the
advancement of the lower arch component relative to the upper arch component; and

determining efficacy of the intra-oral device in reducing the sleep apnea on the patient

based on the detected characteristics.

9. The method of claim 8, wherein the sensors comprise a pulse oximeter sensor, an

accelerometer, a magnetometer, a temperature sensor, and a microphone.

10. The method of claim 8 or 9, further comprising determining compliance of the patient to
using the intra-oral device according to a prescribed oral appliance therapy based on the detected

characteristics.

11.  The method of any one of claims 8 to 10, wherein the detected characteristics include
first characteristics comprising a temperature, a blood pressure, a heart rate, and a blood oxygen
level of the patient, wherein the method further comprises determining, using the first

characteristics, whether the intra-oral device is being used by the patient.

12.  The method of any one of claims 8 to 11, wherein the detected characteristics include
second characteristics comprising a blood pressure and a heart rate, wherein the method further

comprises determining, using the second characteristics, whether the patient is asleep.
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13.  The method of any one of claims 8 to 12, wherein the detected characteristics include
third characteristics comprising a blood oxygen level, a heart rate, a mouth position, and a
breathing activity, wherein the method further comprises determining, using the third

characteristics, whether a sleep apnea occurs on the patient.

14.  The method of any one of claims 8 to 13, wherein the detected characteristics include
fourth characteristics comprising a mandibular and head position, a position of the intra-oral
device, and a breathing activity, wherein the fourth characteristics are determined when the

patient is asleep.

15. A computer program product comprising a computer program, wherein when the
computer program is executed by a processor, the processor is configured to perform the method

according to any one of claims 8 to 14.

16. An intra-oral device comprising;

a lower arch component and an upper arch component, wherein the lower arch
component is configured to be advanced relative to the upper arch component;

sensors configured for detecting characteristics of a patient, wherein the sensors are
disposed in the upper arch component or the lower arch component, wherein the characteristics
comprise indicators of sleep apnea on the patient and the advancement of the lower arch
component relative to the upper arch component; and

a processor in communication with the sensors to receive the detected characteristics,

wherein the detected characteristics are used to determine whether a sleep apnea occurs

on a patient.

17. The intra-oral device of claim 16, wherein the sensors comprise a pulse oximeter sensor,

an accelerometer, a magnetometer, a temperature sensor, and a microphone.

18. The intra-oral device of claim 16 or 17, wherein the intra-oral device is configured for
reducing sleep apnea on the patient, and wherein the detected characteristics are used to further

determine efficacy of the intra-oral device in reducing the sleep apnea on the patient.
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19. The intra-oral device of claim 18, wherein the detected characteristics are further used to
determine compliance of the patient to using the intra-oral device according to a prescribed oral

appliance therapy.

20.  The intra-oral device of any one of claims 16 to 19, wherein the detected characteristics
include first characteristics comprising a temperature, a blood pressure, a heart rate, and a blood
oxygen level of the patient, wherein the first characteristics are used to determine whether the

intra-oral device is being used by the patient.

21.  The intra-oral device of any one of claims 16 to 20, wherein the detected characteristics
include second characteristics comprising a blood pressure and a heart rate, wherein the second

characteristics are used to determine whether the patient is asleep.

22.  The intra-oral device of any one of claims 16 to 21, wherein the detected characteristics
include third characteristics comprising a blood oxygen level, a heart rate, a mouth position, and
a breathing activity, wherein the third characteristics are used to determine whether a sleep apnea

occurs on a patient.

23.  The intra-oral device of any one of claims 16 to 22, wherein the detected characteristics
include fourth characteristics comprising a mandibular and head position, a position of the intra-
oral device, and a breathing activity, wherein the fourth characteristics are determined when the

patient is asleep.

24, A method of determining whether a sleep apnea occurs on a patient, the method
comprising:

detecting, using sensors disposed in an intra-oral device, characteristics of the patient,
wherein the intra-oral device comprises a lower arch component and an upper arch component,
wherein the lower arch component is configured to be advanced relative to the upper arch
component, wherein the characteristics comprise indicators of sleep apnea on the patient and the
advancement of the lower arch component relative to the upper arch component; and

determining whether a sleep apnea occurs on a patient based on the detected

characteristics.
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25. The method of claim 24, wherein the sensors comprise a pulse oximeter sensor, an

accelerometer, a magnetometer, a temperature sensor, and a microphone.

26.  The method of claim 24 or 25, wherein the intra-oral device is configured for reducing
sleep apnea on the patient, and wherein the method further comprises determining efficacy of the

intra-oral device in reducing the sleep apnea on the patient based on the detected characteristics.

27. The method of claim 26, further comprising determining compliance of the patient to
using the intra-oral device according to a prescribed oral appliance therapy based on the detected

characteristics.

28.  The method of any one of claims 24 to 27, wherein the detected characteristics include
first characteristics comprising a temperature, a blood pressure, a heart rate, and a blood oxygen
level of the patient, wherein the method further comprises determining, using the first

characteristics, whether the intra-oral device is being used by the patient.

29.  The method of any one of claims 24 to 28, wherein the detected characteristics include
second characteristics comprising a blood pressure and a heart rate, wherein the method further

comprises determining, using the second characteristics, whether the patient is asleep.

30.  The method of any one of claims 24 to 29, wherein the detected characteristics include
third characteristics comprising a blood oxygen level, a heart rate, a mouth position, and a
breathing activity, wherein the determination of whether a sleep apnea occurs on the patient uses

the third characteristics.

31.  The method of any one of claims 24 to 30, wherein the detected characteristics include
fourth characteristics comprising a mandibular and head position, a position of the intra-oral
device, and a breathing activity, wherein the fourth characteristics are determined when the

patient is asleep.

32. A computer program product comprising a computer program, wherein when the
computer program is executed by a processor, the processor is configured to perform the method

according to any one of claims 24 to 30.
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