pl"O2 network

devices-lab.org

/summerschool

MouthlO: Customizable Oral User Interfaces with
Integrated Sensing and Actuation

Yijing Jiang
Computer Science Department
Aarhus University
Aarhus, Denmark
y.jiang@cs.au.dk

Abstract—MouthlO is a customizable intraoral user interface that
can be equipped with various sensors and output components. It
consists of an SLA-printed brace that houses a flexible PCB within
a bite-proof enclosure positioned between the molar teeth and
inner cheeks. All parts in contact with the oral cavity are made of
bio-compatible materials to ensure safety, while the design takes
into account both comfort and portability.

I.  INTRODUCTION

Wearable electronics are widely used for health monitoring
and to sense user interaction as they are readily available to
capture input and often have continuous access to the user's
bio-signals, such as the user's heart rate. However, most
wearable devices are worn on the skin or integrated into
textiles, while intraoral wearable technology that is worn
inside the mouth is still rare, providing potential room for
innovation.

In this paper, we present MouthlO, a fully self-contained
wearable device that integrates microcontrollers and
batteries as the base components, and can house a multitude
of sensors and output components, including temperature
sensors, capacitive touchpads, accelerometers and vibration
motors. Prototyping oral interfaces with MouthlO enables
dental technicians, researchers, and experienced makers to
embed interactivity in a near-invisible area of the body while
being suitable for long-term usage and not hindering the user
in daily activities.

Il.  RELATED WORK

Rapid advances in materials, electronics, and computing
technologies have made DIY wearable electronics a research
trend. Several studies have explored conductive materials
like gold leaf [12], woven textiles [13], and conductive gels
[14], as well as fabrication techniques with commodity
machines like inkjet printer [15], 3D printer [16] and weaving
machine [17], [18] to achieve rapid do-it-yourself on-body
prototyping of interactive wearables and devices.

However, most wearable devices are on the skin, while
intraoral wearable technology is rare and underdeveloped.
Recent research has demonstrated that oral interfaces can
provide a variety of discreet hands-free and eyes-free
interactions and help improve the efficiency of multitasking
[4], [7]. In addition, they can serve as assistive technologies
to help people with physical disabilities regain basic
interaction capabilities via tongue-controlled wheelchairs
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and computers [5], [9]. Oralinterfaces also provide significant
advantages in bio-monitoring. For example, saliva can be
tested through biochemical ligatures on braces to detect
metabolism changes [10]. Specific diseases such as diabetes
[1], xerostomia [8] and bruxism [3], [6] can be reliably
detected by sensors located in the user's mouth. However,
these devices require complex electronic manufacturing
processes or advanced dental equipment that are often
unavailable outside of specialized labs. So far, there has been
no research about DIY manufacturing technology for in-
mouth interactive interfaces.

I1l.  WORKING PRINCIPLE
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Figure 1: MouthlO schematic.

MouthlO consists of three components: (1) the 3D-printed
brace that gets attached to the teeth, (2) the flexible PCB with
circuits, batteries, microcontroller, and sensors, and (3) the
PCB housing to water-proof encapsulate the electronics and
make it bite-save (Figure 1).

The brace and the PCB housing are SLA-printed with bio-
compatible dental resin. The brace gets attached to the teeth
and the PCB housing encapsulates the flexible PCB with all
electronics including a microcontroller, batteries and custom
sensors. Some applications might require placing sensors or
actuators outside of the PCB Housing. To enable such user
interfaces, the maker can extend the PCB outside of the PCB
housing and place small components on the brace.

IV. APPLICATIONS EXAMPLES

A. Monitoring of Food Consumption

Consumption of very hot drinks and foods significantly
increases the risk of esophageal cancer [2]. We implemented
an ATTiny85, two coin batteries, a temperature sensor
(MCP9700), and a vibration motor to help users be aware of
high-temperature beverages. Since The International Agency



for Research on Cancer (IARC) assesses "very hot" (>65°C)
beverages as "possibly carcinogenic", the vibration motor is
activated when the temperature sensor detects temperature
over 65°C (Figure 2).
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Figure 2: (a) The MouthlO interface with temperature sensor and
vibration motor for monitoring beverage temperature, (b) with the
lid on. (c) Wearing the MouthlO interface on the upper teeth.

B. Health Monitoring

Bruxism is a widely occurring condition in which humans
grind on their teeth in their sleep or even during awake times.
To support the diagnosis of bruxism, we demonstrate a low-
cost MouthlO solution that people can locally fabricate for
monitoring teeth grinding during sleep. We developed a
MouthlO brace to be positioned on the lower jaw, as it is the
primary moving component during grinding. During the
prototyping phase, we integrated a coin battery, and an
accelerometer (ADXL345) into the PCB housing (Figure 3).
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Figure 3: (a) The MouthlO interface with accelerometer monitoring
grinding and biting, (b) with the lid on. (c) Wearing the MouthlO
interface on the lower teeth.
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C. Assistive Technology for Users with Motor Impairments

Nearly 2 million people are living with limb loss in the United
States [11]. To support users with motor impairments in
interacting with tongue-based user interfaces, we fabricated
two capacitive touch pads located behind the upper teeth
that can detect tapping with the user's tongue. We
embedded an ATTiny85, a battery, and two resistors
(1IMS\Omega$, for capacitive touch sensing) into the PCB
housing. We extended two copper traces on Kapton tape out
of the PCB housing along the front teeth. Each of these traces
connects to a 5Smmx4mm pad which we located behind the
front teeth (Figure 4). We applied three coats of dental resin
to the external circuits and cured it with UV light to ensure
proper insulation.
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Figure 4: (a) The MouthlO interface with two capacitive touch pads
for detecting tongue tapping, (b) with the lid on. (c) Wearing the
MouthlO interface on the upper teeth. (d) Data showing the
capacitive value pattern during tongue tapping on the touch pads.

V. ENVISAGED NEXT PROTOTYPE ITERATION

There are three main ideas for the next iteration of the
MouthlO prototype. Firstly, enhancing MouthlO by
incorporating features such as Bluetooth communication and
wireless charging, which will be beneficial for long-term
monitoring. Secondly, fabricating biosensors for use in
intraoral interfaces. This poses a challenge since most
biosensors need to come into contact with saliva, such as
those measuring glucose levels [1] and pH values [10].
Thirdly, exploring the integration of miniature microphones
and speakers into intraoral user interfaces, which can be
utilized for voiceless communication.

V1. RESPONSIBLE INNOVATION

MouthlO enables dental technicians, researchers, and
experienced makers to fabricate intraoral user interfaces
equipped with various sensors and actuators. This research
will impact the HCI field by introducing novel fabrication
techniques that support customization at a low cost.
Furthermore, this project will benefit the healthcare industry
by advancing better e-health solutions.

To address potential environmental costs, the next steps
involve transitioning from disposable coin cell batteries to
rechargeable batteries and incorporating wireless charging.
Additionally, the use of the TENG principle will be explored to
generate energy from oral activity, creating self-powered
sensors. There is also a potential to use recyclable and
biodegradable materials for the main structure of the brace.
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