w0 2022/165005 A1 |0 00000 KO0 00 0 OO 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
04 August 2022 (04.08.2022)

(10) International Publication Number

WO 2022/165005 Al

WIPO I PCT

(51) International Patent Classification:
A61B 5/01 (2006.01) A61C 7/08 (2006.01)

(21) International Application Number:
PCT/US2022/014059

(22) International Filing Date:
27 January 2022 (27.01.2022)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

63/143,683 29 January 2021 (29.01.2021) us

(72) Inventor; and
(71) Applicant: RODGERS, Trafton D. [US/US]; 3204 111th
Street, Suite A., Lubbock, Texas 79423 (US).

(72) Inventor: WILLIAMSEN, Joseph S.; 844 W 1850 S,

Woods Cross, Utah 84087 (US).

Agent: ARMSTRONG, Joel S.; c/o Oliff PLC, P.O. Box
320850, Alexandria, Virginia 22320 (US).

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,

DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,

84

HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,
KP, KR, KW,KZ, LA, LC,LK, LR, LS, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: INTELLIGENT MOUTHGUARD

FIG. 1

(57) Abstract: A mouthguard has a body having a channel to receive a user's set of upper or lower teeth. The mouthguard has a
processor, a power source, and a display embedded in the interior of the body.



WO 2022/165005 PCT/US2022/014059
1

INTELLIGENT MOUTHGUARD

BACKGROUND

[0001] Athletes, particularly those participating in contact sports often wear a
protective device for the mouth that covers the teeth and gums to prevent and reduce injury to
the teeth, arches, lips and gums known as a mouthguard. The device may also be described as
a mouth protector, mouth piece, gumshield, gumguard, nightguard, occlusal splint, bite splint,
or bite plane. The American Dental Association (ADA) recommends mouthguards be used in
twenty-nine sports: acrobatics, basketball, bicycling, boxing, equestrian, football, gymnastics,
handball, ice hockey, inline skating, lacrosse, martial arts, racquetball, rugby football, shot
putting, skateboarding, skiing, skydiving, soccer, softball, squash, surfing, volleyball, water
polo, weightlifting, and wrestling. Mouthguards may also be used to prevent or reduce the

effects of concussions.

BRIEF SUMMARY

[0002] In embodiments, a mouthguard may be worn by a user. The mouthguard
includes a body or frame having a channel to receive a user's set of upper or lower teeth, a
processor, at least one sensor, a power source, an antenna, an LED display or any
combination thereof.

[0003] The mouthguard can display a message that can be displayed to others
and/or may provide other information -- either illustratively via light or via a data stream
from an antenna.

[0004] In accordance with some embodiments, a mouthguard has a body having a
channel to receive a user's set of upper or lower teeth. The mouthguard has a processor, a
power source, and a display embedded in the interior of the body.

[0005] In another embodiment, a mouthguard has a body having a channel to receive
a user's set of upper or lower teeth. The mouth also includes a front face facing away from the
teeth in an outward direction so that person can view the front face when installed on the

user; a back face opposing the front face; and a interior in between the back face and front
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face. The mouthguard has a processor, a power source, and a display embedded in the interior
of the body. The display is disposed in the front face.

[0006] In accordance to another embodiment, a method of making a mouthguard
comprising: providing a mold; disposing in the mold: a processor; at least one sensor;  a
power source; and a display in a front face of the mold, the processor being electronically
connected to the display, the at least one sensor, and the power source; after the disposing,
filling the mold with a material, thereby encapsulating the display, the processor, the at least
one sensor, and the power source in the material.

[0007] In accordance to another embodiment, a method of operating a mouthguard
includes disposing the mouthguard in a user's mouth, the mouthguard comprising a display, a
processor, at least one sensor, and a power source each being encapsulated in the
mouthguard; determining, by the at least one sensor disposed in the mouthguard, data;
determining, by the processor disposed in the mouthguard, that the data has met a predefined
condition; transmitting a signal, by the processor, to the display disposed in the mouthguard
to change the display based on a signal associated with the condition being met, the display
disposed in the mouthguard in a front face facing away from the teeth in an outward direction
so that person can view the display when not obstructed by the user's lips.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 depicts a mouthguard and a mouthguard tray according to an
exemplary embodiment.

[0009] FIG. 2 depicts a main body of a mouthguard according to an embodiment.

[0010] FIG. 3 illustrates an exploded view of components of a mouthguard
according to an exemplary embodiment.

[0011] FIGS. 4A and 4B each depict a mouthguard according to embodiments.

[0012] FIGS. 5A, 5B, 5C, and 5D each depict a mouthguard according to
exemplary embodiments.

[0013] FIGS. 6A and 6B depict a mouthguard with a charging system according to

exemplary embodiments.
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[0014] FIGS. 7A, 7B and 7C depict a mouthguard assembly with a lip guard
according to an exemplary embodiment.

[0015] FIG. 8 depicts a mouthguard assembly with a lip guard with a helmet
attachment according to an exemplary embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0016] The following detailed description includes exemplary implementations of
the invention. The description merely defines the general principles of the invention and is
not intended to limit the invention, but should include other alternatives of which one of
ordinary skill in the art will become aware from an understanding of the details of the
following disclosure.

[0017] The below description is a general overview of only some embodiments of
the mouthguard of the present application. Such mouthguard embodiments of the present
application are mouth protectors integrated with technology sources that will not only help
prevent dental damage and concussions, but will interact with its host and/or provide a
display to other users.

[0018] The mouthguard is configured with various functions and capabilities,
including some that are unique to mouthguard protection, and will meet or exceed
qualifications in today's protection and safety requirements in sports competition.

[0019] The mouthguard is available for most contact sports such as basketball,
football, soccer, hockey, lacrosse, boxing, and many other sports that require mouthguard
protection.

[0020] On the field of play or in the home, the mouthguard will give its host
accurate measures of: shockload, body temperature, a clear display with LED lighting, read
outs of bodily functions (heart rate, etc.), wireless device transmission to a wireless device
(e.g., tablet, smart phone, smart watch, laptop, etc.), warning signals (e.g., liquid consumption,
over exertion etc.), self-cleaning capabilities, and the like.

[0021] Secondary to sports athletes, the mouthguard may also crossover into daily

life individuals that require the use of a mouthguard for: teeth grinding, snoring, sleep apnea,
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and braces.

[0022] The above are general discussions of the mouthguard embodiments.
Referring now to Figures 1-8, various embodiments of a mouthguard are shown and
described.

[0023] Referring first to FIGs. 1-3, FIG. 1 depicts a mouthguard 100 and a
mouthguard tray 150 according to an exemplary embodiment, FIG. 2 depicts a main body
101 of a mouthguard 100 according to an exemplary embodiment, and FIG. 3 illustrates an
exploded view of components of a mouthguard 100 according to an exemplary embodiment.

[0024] As shown in FIGS. 2 and 3, the mouthguard may include the following: a
heat-moldable polymer body 101 which fully encases the following internal components
within the body 101: one or more ECUs (Electronic Control Units) 106, batteries (within the
ECU 106), charging coils (within the ECU 106), sensors 105, antennas 107, LED matrix
display 103.

[0025] First, the body 101 (or otherwise referred to herein as "frame") has a front
face 102, a back face opposing the front face, and a channel extended along a centerline of
the mouthguard 100. The body or frame 101 can be made of any material to encase one or
more of the other components listed above, including ECU, batteries, charging coils, antennas,
and LEDs or any combination thereof.

[0026] The frame 101 is configured to be inserted into the mouth of a person, either
the upper set of teeth or lower set of teeth, according to some embodiments. The frame 101
could be configured to protect the teeth that the frame surrounds in the event that the frame is
impacted during an activity, such as an elbow to the mouth or the user hitting their mouth on
a hard surface (e.g., floor, head, etc.).

[0027] Each of the ECUs 106 may include hardware processors that are configured
to process program instructions that may be stored in memory (which may also be stored in
the frame). The ECUs 106 may be powered by one or more batteries and receive instructions
from memory and/or data from one or more of the sensors. The ECUs 106 each may output

data to output devices, such as the LEDs 103, lighting devices within the frame 101,
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transceivers/antennas 107 to output data, etc. The ECUs 106 also receive data via the
antennas 107. The ECUs 106 are configured to execute instructions and operations of the
mouthguard 100.

[0028] The batteries may be rechargeable power sources for the ECUs 100, power
sources for the lighting devices, etc.

[0029] In another embodiment, the mouthguard can connect to a power source
outside of the mouthguard, such as a power source located in a different device (e.g., a helmet,
wristband, phone, external battery pack, etc.), especially with regard to the embodiment of
Figure 8. The mouthguard can also communicate data between such external devices as well.

[0030] The mouthguard could also communicate with speech-to-text
communication devices, such as Google voice, Apple's Siri. Amazon's Alexa, etc. so that
voice commands to those devices can then control operations in the mouthguard by
transmitting commands to the mouthguard. The mouthguard may also have a voice
command ECU that receives commands from the user, interprets these commands and then
performs control (e.g., instructions discussed herein) within the mouthguard or transmit
commands outside of the mouthguard. For example, a user can state a command to the
mouthguard while the mouthguard is installed in the users mouth (or outside the users mouth
such as on the charger), the ECU process these commands by translating the voice commands
to text/instructions, and then the text/instructions is executed to process them to perform a
task, similar to Amazon Alexa or Apple Siri. The mouthguard may be connected to Wifi to
connect to the internet to perform such operations (in an embodiment where the mouthguard
has a transceiver to connect to a router/gateway device to receive an IP address and thus be
on a network). In one example, the user can state (while the mouthguard is inside of outside
of the user's mouth) "what is the shock load readout" or "what is the hydration levels" and the
mouthguard will communicate with the ECU which will receive sensor data (e.g., shock load
sensor data, hydration sensor data, etc.) which then may be visually presented in the LED
display (or audibly presented using speakers that may be encapsulated in the mouthguard and

electronically connected to the ECU).
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[0031] The sensors 105 may be any type of sensor, such as a temperature sensor, air
flow sensor, heart rate sensor, shock sensor or any other sensor. The sensors 105 may be on
each side of the ends of the mouthguard, as shown in the embodiment of Figures 2 and 3.
This may allow the sensors 105 to be placed proximate to the gums of a user or proximate to
the user's teeth.

[0032] Each sensor 105 is connected to a respective ECU 106 which processes the
data. The processing of the data may include determining if a triggering condition has been
met. For example, if a user's temperature is greater than 100 degrees (if desired) or increases
greater than a preset amount, the mouthguard 100 may display a message on the LED display
103 or light up a colored indicator to light up the mouthguard 100 indicating the user's body
temperature is hot. Other conditions may also be displayed such as amount the shock
received by the mouthguard is greater than a threshold, the user's heart rate is higher than a
threshold, the wetness level is below a threshold, the battery charge is below a threshold, the
current status of the mouthguard system meets all operational requirements, etc.

[0033] In one embodiment, the mouthguard can use data received to detect sleep
apnea (and an air flow sensor can be embedded in the mouthguard as well). The mouthguard
can also be used to determine if a user is grinding his teeth at night using the shock sensors.

[0034] In one embodiment, there is an LED or series of LEDs 103 within the
mouthguard body/frame that shines light within the mouthguard body/frame 101 at the front
face 102 so that most of the mouthguard body/frame 101 lights up with the color of the
LED/series of LED colors 103. This allows another person looking at the user to view the
LED display 103 to see a message through the mouthguard 100.

[0035] In another embodiment, the LED/series of LEDs 103 may alternatively or
additionally be disposed to be directed at the back face of the LED display/matrix 103 to
shine light a direction towards the back face (i.e. in a direction opposite to the direction the
LEDs output towards the front face). This would allow a user's mouth to be internally lit up a
certain color making the user's mouth look a certain color when the user opens his mouth.

[0036] In another embodiment, the LED/series of LEDs 103 may be disposed along
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the wire(s) 104 connecting the ECU 106 and the LED matrix/display 103.

[0037] In one embodiment, the mouthguard body/frame 101 may have reflective
elements which assist in illuminating the mouthguard when the LED/series 103 of LEDs light
up. In any event, light within the mouthguard body/frame 101 reflect within the mouthguard
body/frame 101 so that the whole mouthguard body/frame 101 looks like it is illuminating as
a whole.

[0038] As another example, the sensor 105 may take a heart rate of the user and
display the user's heart rate on the LED display 103 and/or transmit this data to a
computer/tablet over a short range wireless network (Wifi, Bluetooth, etc.).

[0039] As another example, the sensor 105 may take the temperature of the user and
display the user's temperature on the LED display 103 and/or transmit this data to a
computer/tablet over the short range wireless network (Wifi, Bluetooth, etc.). This is shown
in Figures 4A-4B.

[0040] The mouthguard 100 may also display the level of the battery charge, as
shown in Figures SA, and as shown in Figures 5B, 6 and 7 indicating whether the battery is
currently being charged.

[0041] Other indications may also be displayed such as "Ready", which indicates
that the mouthguard 100 is sufficiently charged and data can be transmitted,, and "Water"
which indicates that the mouthguard 100 has detected dehydration symptoms in the user, and
it is a warning to the athlete and staff that the subject may be reaching dangerous levels of
dehydration and or heat stroke

[0042] As mentioned above, the LED display 103 may be positioned in the front
part of the mouthguard 100 -- i.e., where the lips open so that when the lips smile or open, the
LED display 103 can be perceived by another user's eyes, etc. The LED matrix 103 may be a
series of LED arrays so that any word, number, character or image can be displayed on the
LED panel 103. Images can be displayed across the LED matrix 103 via outside devices, but
information sent from the mouthguard 100 to the devises cannot be manipulated or changed,

in some embodiments, for the safety of the user. This safety mechanism has been
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implemented so that athletes and staff cannot change data so it appears that the athlete or
subject is not in any danger. For home use, doctors or dentist cannot manipulate sleep and
teeth grinding results etc.

[0043] In some embodiments, operations of the mouthguard 100 (e.g., what is
displayed on the LED matrix/display 103, illumination colors, etc.) can be controlled
remotely by another user. For example, a team manager can control what is displayed on the
LED matrix/display 103 remotely, such as "timeout" or a flame. This allows one to show an
active player is doing well ("heat check") in a game or transmit messages to the players using
the mouthguard. This is done using a base computer which connects wirelessly to the
mouthguard 100 using short range network protocols (Bluetooth, wifi, etc.) and data can be
sent from the base computer and received at the mouthguard 100 and then the ECU 106 of
the mouthguard 100 control operations of the mouthguard 100 based on the received
instructions.

[0044] The antennas 107 may be any transceiver that is configured to connect to
another antenna of another computer or electronic device, and the antennas 107 of the
mouthguard 100 are configured to transfer data from the mouthguard 100 to the computer or
other device. This data can be any data from the sensors 107, status data of a component of
the mouthguard 100, or any other data. Included in that data is an alert system with GPS
capabilities. The inductive charging base, the chargeable cleaning case, and the mouthguard
all have receivers that listen for navigation satellite signals. Once the receiver calculates its
distance from multiple satellites, it can then determine where the items are located; this data
can then be transmitted to any Wifi or Bluetooth device using an application. This will allow
for the user to locate a lost or misplaced mouthguard, charging case, or charging base.

[0045] The mouthguard 100 can change from a white or clear translucent to various
translucent colors to signal warning conditions, such as high temperature, if a predetermined
threshold has been met, as shown in Figures 4A and 4B. For example, the sensor 105 in the
mouthguard will measure a temperature when the mouthguard 100 is inserted into the mouth,

which is an accurate measurement of temperature of the body. A user can set the predefined
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threshold temperature, at which above, the processor will trigger outputs, such as changing
colors of the light in mouthguard 100.

[0046] The mouthguard 100 can communicate its hardware status as well as
monitored information via its integrated LED matrix display 103, as shown in Figures SA-D.
[0047] The mouthguard 100 charges via inductive charging facilitated via a

charging platform 152 or while inside its storage case 150. Both of these charging systems
150 and 152 (e.g., charging platform 152 in Fig. 6A and the case 150 in Fig. 6B) can also be
used to charge other devices (e.g., tablets, phones, etc.), as they both have built in energy
storage units. When the charging systems 150 and 152 are plugged in there is a battery unit
that 1s connected to the main battery or power source so that it can charge the mouthguard
even when the charging platform/device is not plugged into a power source. This unit is used
for quick charging of devices, and runs on a separate power source as shown in Figures 6A
and 6B.

[0048] The UV LEDs 155 (see Fig. 1) in the case lid act to sterilize the mouthguard
and are self-limiting and on a timer. The UV LED’s 155 may activate only when the lid is
fully closed and will shut off at the end of the timing cycle or when the lid is opened,
according to some embodiments. It does this because there are sterilizing UV LEDs 155 in
the top and bottom of the charging case as shown in Fig. 1 and 6B. When the case 150 is
closed (i.e., when the mouthguard is in the case 150 and the top of the case is positioned so
that the mouthguard cannot exit the case or is completely encompassed within the case), the
sterilization light illuminates all of the mouthguard which in turn sterilizes any bacteria or the
like on the mouthguard.

[0049] The mouthguard 100 may broadcast user information in set intervals (e.g.,
one second, two second, ¥ second, 1 minute, etc.) to help conserve battery life. The ECU
106 is programmable via Bluetooth connection from a smart phone or tablet. The LED
matrix 103 display is only enabled when exposed to light — it does not remain on if the users
lips are closed, in some embodiments, to conserve power. However, in some embodiments,

the LED display 103 is on even when the user's lips and mouth are closed.
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[0050] As shown in Figures 7A-7C, another embodiment of a mouthguard 200 is
shown and may also have the mouthguard 100 discussed above but also a lip guard 120 that
is connected to (or integrally formed with) mouthguard 100. The lip guard 120 is spaced an
area 110 from the body 101 so that the user's lips can be disposed between the lip guard 120
and the body 101 of mouthguard 100 in order to protect the users lips in the event that the
frame is impacted by a hit. The lip guard 120 may be made of similar material to the
mouthguard and may be integrally formed with mouthguard 100. As shown in the Figures,
the LED display 103 does not have to be displayed in the teeth protection body 101 of the
mouthguard but instead can be in the lip protection portion 120 which may be integrally
formed with (but spaced from) the body 101 of the mouthguard 100.

[0051] As shown in Figure 8, another embodiment of a mouthguard 300 is shown.
The mouthguard 300 may include mouthguard 200 and also may also have a helmet
connector 130 that allows the mouthguard 200 to be connected to a helmet (not shown) in the
event that the mouthguard is released from the user's mouth. The helmet connector 130 may
be made of similar material to the mouthguard and may be integrally formed with the
mouthguard. The helmet connector 130 has an end 134 and holes 132. The end 134 is
configured to be spaced from holes 132 so that the end 134 wraps around a portion (e.g., a
face mask) of the helmet and then is disposed in one of the holes 132 to secure the helmet
connector 130 (and thus, the mouthguard 300) to the helmet in the event that the mouthguard
300 is released from the user's mouth.

[0052] The above description defines various embodiments of a quick release split
drive sprocket assembly, allowing a user to replace a drive sprocket and its corresponding
parts easily and efficiently. It should be understood that the foregoing description relates to
exemplary embodiments of the invention and that modifications may be made without

departing from the spirit and scope of the present invention.
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CLAIMS

What is claimed is:

1. A mouthguard comprising:
a body comprising:
a channel to receive a user's set of upper or lower teeth;
a front face facing away from the teeth in an outward direction so that person
can view the front face when installed on the user;
a back face opposing the front face;
a interior in between the back face and front face;
a processor;
a power source; and

a display embedded in the interior of the body.

2. The mouthguard of claim 1, wherein the interior is filled with a material, and
wherein the display is disposed within the material so that the person can view the display

through the front face.

3. The mouthguard of claims 1 or 2, wherein the processor and power source are all

disposed within the material.

4. The mouthguard of any of the preceding claims, further comprising at least one
sensor that is a sensor selected from: a temperature sensor, air flow sensor, heart rate sensor,

or shock sensor.

5. The mouthguard of claim 1, wherein the at least one sensor is a temperature sensor,



WO 2022/165005 PCT/US2022/014059
12

and the temperature sensor is communicatively coupled with the processor and power source

to deliver temperature information to the processor.

6. The mouthguard of claim 5, wherein the processor is configured to change the

display when the temperature measured by the temperature sensor exceeds a threshold.

7. The mouthguard of any of the preceding claims, further comprising an antenna that
is communicatively coupled to the processor and is configured to communicate data from the
mouthguard to a device remote from the mouthguard when the mouthguard is installed in a

mouth of the user.

8. The mouthguard of any of the preceding claims, wherein the antenna is configured
to receive a message from the remote device, wherein the processor is configured to transmit
instructions based on the message for the display to display a series of alphanumeric

characters.

9. The mouthguard of any of the preceding claims, further comprising a charging case

which is configured to wirelessly charge the power source.

10. The mouthguard of claim 9, wherein the charging case is configured to completely

encapsulate the mouthguard to act as a mouthguard protective case.

11. The mouthguard of any of the preceding claims, further comprising a case

comprising a series of UV LEDs to sterilize the mouthguard when the case is closed.

12. The mouthguard of any of the preceding claims, wherein the series of UV LEDs
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are organized in a pattern overlapping a centerline along the body of the mouthguard.

13. The mouthguard of any of the preceding claims, wherein the display is connected

to the power source and processor via a conductor disposed along the body.

14. A method of making a mouthguard comprising:
providing a mold,
disposing in the mold:
a processor;
at least one sensor;
a power source; and
a display in a front face of the mold, the processor being electronically
connected to the display, the at least one sensor, and the power source;
after the disposing, filling the mold with a material, thereby encapsulating the display,

the processor, the at least one sensor, and the power source in the material.

15. A method of operating a mouthguard comprising:

disposing the mouthguard in a user's mouth, the mouthguard comprising a display, a
processor, at least one sensor, and a power source each being encapsulated in the
mouthguard,

determining, by the at least one sensor disposed in the mouthguard, data;

determining, by the processor disposed in the mouthguard, that the data has met a
predefined condition;

transmitting a signal, by the processor, to the display disposed in the mouthguard to
change the display based on a signal associated with the condition being met, the display

disposed in the mouthguard in a front face facing away from the teeth in an outward direction
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so that person can view the display when not obstructed by the user's lips.

16. The method of claim 15, wherein the data comprises temperature data and the at
least one sensor is a temperature sensor and the condition is that the temperature has

exceeded a predetermined threshold.

17. The method of claim 15, wherein the determining comprising determining, by the

at least one sensor disposed in the mouthguard, data;

18. The method of claim 15, wherein the data comprises message data to display on
the display and the at least one sensor is a temperature sensor and the condition is that the

temperature has exceeded a predetermined threshold.
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“L” document which maK throw doubts on priority claim(s) or which “Y” dacument of particular relevance; the claimed invention cannot
is cited to establish t ef{:ublication date of another citation or other be considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination
“O” documentreferringtoanoral disclosure, use, exhibition or other means being obvious to a person skilled in the art

“P" document published prior to the international filing date but later than  “&™ document member of the same patent family
the priority date claimed
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20 May 2022 (20.05.2022) J U N 0 6 2022
Name and mailing address of the ISA/US Authorized officer

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Shane Thomas

P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571.273-8300 Telephone No. PCT Helpdesk: 571-272-4300
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Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

I. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. I:] Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. IZ Claims Nos.: 4,7-13
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
-***-Please See Supplemental Page-***-

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. [:I As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. K{ No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:
1-3 and 5-6

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee. ’ .

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)
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-***.Continued From Box No. IlI: Observations where unity of invention is lacking-***-

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I: Claims 1-3 and 5-6 are directed toward a mouthguard comprising: a body comprising: a channel to receive a user's set of upper
or lower teeth; a back face opposing the front face; a interior in between the back face and front face.

Group Ii: Claim 14 is directed toward a method of making a mouthguard comprising: providing a mold; disposing in the mold: a
processor; at least one sensor; a power source; and a display in a front face of the mold; after the disposing, filling the mold with a
material.

Group lII: Claims 15-18 are directed toward a method of operating a mouthguard comprising: determining, by the at least one sensor
disposed in the mouthguard, data; determining, by the processor disposed in the mouthguard, that the data has met a predefined
condition; transmitting a signal, by the processor, to the display disposed in the mouthguard to change the display based on a signal
associated with the condition being met.

The inventions listed as Groups I-11l do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Group | include a mouthguard comprising: a body comprising: a channel to receive a user's set of upper or lower teeth; a back face
opposing the front face; a interior in between the back face and front face (which are not present in Groups II-iif).

Group Il include a method of making a mouthguard comprising: providing a mold; disposing in the mold: a processor, at least one
sensor; a power source; and a display in a front face of the mold, the processor being electronically connected to the display, the at least
one sensor, and the power source; after the disposing, filling the mold with a material (which are not present in Groups | and ill), thereby
encapsulating the display, the processor, the at least one sensor, and the power source in the material (which are not presentin Group

0).

Group Il include a method of operating a mouthguard comprising: disposing the mouthguard in a user's mouth, the mouthguard
comprising a display, a processor, at least one sensor, and a power source each being encapsulated in the mouthguard; determining, by
the at least one sensor disposed in the mouthguard, data; determining, by the processor disposed in the mouthguard, that the data has
met a predefined condition; transmitting a signal, by the processor, to the display disposed in the mouthguard to change the display
based on a signal associated with the condition being met, the display disposed in the mouthguard in a front face facing away from the
teeth in an outward direction so that person can view the display when not obstructed by the user's lips (which are not present in Groups
1-11).

The common technical features of Groups I-1Il are a mouthguard comprising: a front face facing away from the teeth in an outward
direction so that person can view the front face when installed on the user; a processor; a power source; and a display embedded in the
mouthguard.

The common technical features of Groups II-lll are a mouthguard comprising: at least one sensor; encapsulating the display, the
processor, the at least one sensor, and the power source in the material.

The common technical features of Groups I-Ill are disclosed by US 2020/0197785 A1 (FORCE). Force discloses a mouthguard (1,
figures 1-2, 7) comprising: a front face facing away from the teeth in an outward direction so that person can view the front face when
installed on the user (front side 4 which faces away from the wearer's teeth, capable of being viewed; figure 7; paragraph [0043}); a
processor (processor 28; paragraph [0049]); a power source (battery 22; paragraph [0045]); and a display (LED display 10; paragraph
[0055]) embedded in the mouthguard (embedded in the material layers 82 and 84 forming the mouthguard 1 as shown; figures 1-2, 6A-7;
paragraphs [0072]-[0075]).

The common technical features of Groups II-lll are disclosed by Force. Force discloses a mouthguard (1; figures 1-2, 7) comprising: at
least one sensor (sensors 30, 31, 32; paragraph [0047]); encapsulating the display, the processor, the at least one sensor, and the
power source in the material (LED display 10, processor 28, sensors 30-32, and battery 22 are encapsulated in the material layers 82
and 84 forming the mouthguard 1 as shown; figures 1-2, 6A-7; paragraphs [0072]-[0075]).

Since the common technical features are previously disclosed by the Force reference, the common features are not special and so
Groups I-lli lack unity.
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