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Cross Reference to Related Applications

{0061} This application claims priority to U.S. provisional application number 62/517,852,
filed June 9, 2017, the content of which is hereby incorporated herein by reference m its

entirety.

[B002] Subjects with ear injuries or undiagnosed car pain are typically forced to visit one or
more physicians or medical treatment centers to have their condition diagnosed. If the subject
1s a small child, or if the condition is thought to be serious or in need of immediate treatment,
the long waiting periods for a physician appointment may scem unreasonable or
unacceptable, and the subject ofien ends up going to an emergency room or urgent care cenfer
or both on a “walk-1n" basis. At the medical facility, the subject (or his or her guardian or
caregiver) fills out medical history forms, answers questions about the condition, and has a
clinician perform a physical examination to learn about the condition. In many cases, the
waiting period at the facility can consume many hours, depending upon facility capacity and
other subject needs. Ultimately, the subject’s visit may have been unnecessary, as the
condition may not have truly been “urgent” or “critical,” and thus treatment could have been
delaved and accommodated at a regularty scheduled appointment, or the condition would
have resolved itself with little or no intervention by the physician. In many cases, the stress
and uncertainty associated with the subject’s condition can be more debilitating than the
condition itself, cspecially where the subject is a small child, and the carcgiver is an
mexperienced parent who is anxious about his or her child’s condition. Moreover, the
wrmecessary use of emergency and urgent care facilities levies a heavy cost on the nation’s
health care and health care insurance systems, as such services are generallv much more
expensive than similar services provided on a scheduled or appointed basis.

18603} In particular, in many cases, ear ailments could be diagnosed using visual
mformation obtained at a remote location. Obtaining visual data of a patient’s gar, however,
can be time-consuming, ineffectual, or even dangerous, for an inexperienced lay person duc

to the shape and anatonucal structures of the patient’s ear. Current ear diagnostic devices are
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typically diffienlt to use and usually require training and practice. Additionally concurrent ear
diagnostic devices ¢an create {such as, for example, if the patient is in distress and requires
immediate medical attention) tolerability and safety problems, especially when in the hands
of an mexperienced consumer rather than a trained professional. For example, in order to
tmage the ear drum with an otoscope, several vaniables need to be controlled. One hand is
used to pull the car back relative to the head in order to straighten the ear canal. The other
hand is used to hold and position the ctoscope. In order to maintain the position of the ear and
otoscope relative to the head, one hand 1s often braced agamst the head and usually also
against the otoscope which is being held in the other hand. All of these varnables, as well as
the orientation and depth of the tip of the speculum {portion of the otoscope which is inserted
mto the ear canal), are adjusied and controlled by the user in order to safely use the device
and image the car drum. A user should be able 1o see or feel the position of these moving
parts while looking through a lens or at screen to know if the car drum is in view. Thisis a
difficult enough operation to descnbe, let alone to perform, and usually requires training,
practice and a certain degree of perception or “feel”. Additionally, caution must be used so
as to aveid insertion of the speculum too far as well as to avoid pressure of the tip of the

speculum against the walls of the ear canal.

Summary

100604]  Systems, methods and devices are described heremn for obtaining visual data related
to a subject’s mner car. The systems and devices described herein can be placed with little 1o
no mterference by anatomical features of the ear or surrounding teatures. Such system and
devices can enable an untrained layperson to safely obtain accurate visual imformation
relating to the subject’s ear, which may then be transmitted to a physician or other medical
protessional for diagnosis of the subject’s ear condition.

[8605]  In some implementations, a device obtains diagnostic data from a subject’s ear. As
used herein, “subject” may refer to one or more individuals desiring or needing medical
advice. A subject may be a group, €.g. exercise class or sport team. In some
implementations, the device 1s a medical device. For example, the device may be configured
to obtain visual data relating to the subject’s ear drum to diagnose an ailment and/or the
device may be an infrared thermometer configured to take the subject’s temperature. The
subject’s ear may include the outer car (also referred to as the auricie}, the nuddle car, the

mner ear, or any anatomical feature or landmark of the car.
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18606} In some implementations, the device has an mserted position and a rotated position.
In some implementations, in the inserted configuration, the device may be mserted into the
car without rotation. In somc implementations, the device may reside in the rotated
configuration after the device 1s mserted mto the subject’s ear and 1s rotated between 45
degrees and 180 degrees along a plane approximating the sagittal plane.

10607)  In some implementations, the device may comprise a central body. For example,
the central body, may be an oval-shaped three-dimensional structure, a rounded rectangular
prism, an earbud, a headphone, or any suitable shape. The central body may be sized and
shaped to fit within or partially within the auricle. The central body may be made of a hard
plastic, a soft plastic, polyurethane, a stiff material, a flexible material, or any suitable
material. The central body may be formed 1 a variety of ways. For example, the central
body may be molded, 3-D printed, hand-shaped, or any suitable method.

100608]  In some implementations, the central body may be stabilized by the car in the
rotated position. Moving the device from the inserted position to the rotated position may
“lock” the device m place. For example, in the rotated position, ear tissue may contact
portions of the device and apply forces to the central body such that the central body 1s held
in a fully-seated position within or partially within the auricie. In some implementations,
stabilizing the central body in the rotated position may enable the device to be operated in a
hands free manner. For example, a user may place the device in a subject’s gar in the inserted
configuration, rotate the device into the rotated position, then “step away ™ from the subject,
leaving the device held in place without the external user applying any additional forces. In
some mmplementations, at least one of an mferior portion and a posterior portion of the central
body may be held in place by the antitragus and an anterior portion of the central body may
be held i place by the tragus.

{0609} Tn some umplementations, the device may comprise an exiension connected to the
central body. The extension may be adapted for insertion into the ear canal. For example,
the extension may be sized and shaped to fit within the ear canal of a subject. In some
mmplementations, the exiension may he an attachment coupled to the contral body. For
example, the extension may be a removable attachment that can be replaced or adjusted for
maintenance or different ear canal shapes and/or sizes. In some implementations, the
extension used for a baby’s ear may be smaller and/or more flexible than an extension used
for an adult’s car. v some tplementations, the extension may be integrally formed with the
central body.  For example, the central body and the exiension may not be de-coupled

without breaking the device. The central body and extension may be formed from a single
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smooth picce of outer material. For example, the central body may taper into the extension.
Any of the extensions described herein may include bulb or ball joints, expandable tubes,
light tubes, LED configurations, tapered speculums, Q-tip configurations and/or spring
plunger extensions.

{8810} In some implementations, the device may comprise a receptor located within at least
one of the central body and the extension. The receptor may be an image capturing clement
{c.g., a camera), a medical device (¢.g., a thermometer), an infrared sensor, or any suitable
clement. In some implementations, the receptor may be an image capturing clement
configiired to obtain visual data of the ear drum in the rotated configuration. For example,
when the device is placed in the inserted position the receptor may not be able to “see” or
access the ear drum. When the device s adjusted into the rotated position, the receptor may
be able to obtain data from the ear drum. For example, if the receptor 1s within the tip of the
extension, when the device s placed 10 the inserted configuration, the extension may only
extend a short distance within the ear canal, but the extension may extend further 1nto the car
canal in the rotated positon, such that the receptor can image the ear drum.

{8611} In some implementations, the receptor may comprise an accessing clement and a
capturing clement. For example, an access elements may transfer diagnostic information to
and from capturing clements and areas of the body. Access elements include inputs and
cutputs such as lenses that transmit light from a light source towards an object as well as
lenses that collect light and channe! it towards a video chip to capture the light. Access
clements may include any means to access, collect and transfer diagnostic information
between an area of the body and a capturmg element. These may include open channels,
reflective surfaces and mirrors, fiber optics, lenses, diaphragms and other means to collect
and transfer energy including heat, sound, electricity, light, motion, and magnetic ficlds.
Access elements may also be used for tissue or fluids of the body. Access elements may
conform to an area of the body where the shape, texture or other characteristic 1s of interest.
Capturing clements include elements which are used to create and/or capture diagnostic-
related information. These may include source clements, such as light sources and pressure
sources, as well as destination elements such as video chups. For example, an LED uses
clectricity to produce hght which can be transmitted towards an car drum. Thig hght 1s then
absorbed or reflected back towards a lenses which focuses the light onto a video chip which
translates the information into clectricity to be processed (stored, recorded, output on screen
eic.). A capturing element may also be a user’s or provider’s eve or ear, for example, for

gathering light or sound which is then processed by the brain. Pressure transducers may be
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used to capture force in order to reproduce a tactie feel which 1s similar to nerve receptors on
fingers.
{0012} o some implementations, the receptor may comprise an element configured to
process audio data. For example, the receptor may comprise a microphone, speaker, or any
5 other suitable sensor configured to process avdio data. In some implementations, the receptor

may comprise an clement configured to obtain visual data. For example, the receptor may
comprise a camera or any other suitable sensor configured to obtain or process visual data.
{0013}  In some implementations, the device may comprise a first flexable arm and a second
flexible arm. Each of the first flexible arm and second flexible arm has a connected end

10 extending from the central body and a free end. In some implementations, the first flexible
arm and the second flexable arm may be removably attached 1o the central body. The flexsble
arms may be made of soft material or formed of thin pieces of material so that they can
confirm o ear anatomy.

{6614} In some implementations, the first flexible arm and the second flexible arm may

et
n

extend hinearly from the central body when the device 1s m the inserted position. In some

nplementations, the first flexible arm may extend 180 degrecs from the second flexible arm

in the inserted configuration.

[B815] In some implementations, the first flexible arm may bend to conform to the concha

of the ear when the device 13 in the rotated position. In some implementations, the second

20 flexible arm may extend linearly from the contral section in the rotated configuration.

[8016]  In some implementations, the first flexible arm may bend to conform to the concha
of the subject’s ear i the rofated configuration when the device is inserted into the subject’s
right ear, and the second flexible arm may bend to conform to concha of the subject’s car in
the rotated configuration when the device 1s inserted into the subject’s left car.

25 {0617} Io some implementations, the device may comprise a first flexible hook-shaped arm
and a second hook-shaped flexible arm. Each arm may have a connected end extending from
the central body and a free end. When the device s in the rotated position, the free end of the
first flexible hook-shaped arm mav hook behind a superior portion of the subject’s outer ear,
and the free end of the second flexible hook-shaped arm may hook behind an inferior portion

30 of the cuter ear. In some implementations, the device may be symmetnc around the major

axis of the central body, such that the device may be used in the subject’s left ecar or right car.

{6618} In some waplementations, the first and second flexible arms or the first and second

flexible hook-shaped arms may be configured to encourage the receptor into a position o

obtain the diagnostic data from the ear drum when the device is in the rotated position.
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8619} In some implementations, the central body may comprise a patient-proximate outer
surface, a distal outer surface opposite the patient-proxamate cuter surface, and an edge
surface extending between the perimeters of the patient-proximate and distal outer surfaces.
The patient-proximate and distal outer surfaces may be generally oval-shaped and comprise a
5 major axis, a minor axis, and a first end and a second end located at opposite ends of the
major axis. The cxtension ig positioned near the first end of the patient-proximate cuter
surface. The extension may cxtend outward from the paticot-proximate outer surface in a
direction generally perpendicular to the patient-proximate outer surface. The connected ends
of the first and second flexible arms may be positioned near the second end of the distal outer
16 surface. The free ends of the first and second flexible arms mav extend away from the central
body in opposite directions that are parallel to the nunor axis.
[0028] In some implementations, the device may be symmetric around the major axis of the
central body, such that the device can be used in the subject’s left ear or right ear. The

connected cnds of the first and second flexible anms may be positioned near the sccond end of
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the distal outer surface, and the free ends of the first and second tlexible arms may extend
away from the central body in opposite directions that are parallel to the minor axis. In some
implementations, the device may be symmetric around the major axis of the central body,
such that the device can be used in the subject’s left ear or nght ear. For example, the first
flexible arm may bend to conform to the concha of the subject’s ear in the rotated
20 counfiguration when the device is nserted into the subject’s right car, and the second fexible
arm may bend to conform fo concha of the subject’s car in the rotated configuration when the
device 1s inserted into the subject’s left car.
18621} In some implementations, the extension may comprise a distal end connected to the
patient-proximate outer surface and a patient-proximate tip extending into the subject’s ear
25 canal, the distal end being wider than the patient~-proximate tip such that the extension is
tapered to prevent over-insertion of the extension into the subject’s car canal.
10622]  In some implementations, the medical device may obtain diagnostic data froma
subject’s car. The device may have an mseried position and a rotated position, as described
above. The device may comprise a structure having a patient-proximate outer surface, a
30 distal cuter surface opposite the patient-proximate outer surface, and an edge surface
extending between the perimeters of the patient-proximate and distal cuter surfaces. Each of
the patient-proximate and distal outer surfaces may have a generally rectangular shape with

rounded comers and 1s defined by a major axus and a minor axis.
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18623} In some implementations, the structure may comprise a first portion of the edge
surface located at one end of the major axis and a second portion of the edge surface at the
opposite end of the major axis. The first portion may be located superior to the second
portion n the mserted position. The first portion may be located inferior to the second
portion i the rotated position.

10624]  In some implementations, in the inserted configuration, the device may be inserted
mito the car without rotation. In some implementations, the device may have the rotated
contiguration after the device is inserted into the ear and 1s rotated approximately 180 degrees
along the sagittal plane. In some implementations, the stracture may be stabilized by the car
m the rotated configuration. In some implementations, in the rotated position, the first
portion of the structure may be held in place by the subject’s antitragus.

[0025]  In some implementations, the device may comprise an extension exiending from a
central region of the patient-proximate surface of the structure. The extension may be sized
and shaped for insertion into the car canal and may extend at a non-perpendicular angle from
the patient-proximate surface. In some implementations, the extension may be an attachment
coupled to the structure. In some implementations, the extension may be integrally formed
with the structure.

[3026]  In some implementations, the extension may extend at an angle between 5 and 45
degrees from the horizontal plane. In some implementations, the extension may be
positioned between the first portion and the second portion of the structure.

{6627} In some implementations, the extension may comprise a receptor to obtain the
diagnostic data from the ear drurn when the device 1s n the rotated position. The structure
may be configured to encourage the receptor into a position 1o obtain the diagnostic data from
the ear drum when the device is in the rotated position.

{0028} In some maplementations, an arca of the patient-proximate outer surface may be
larger than a cross sectional area of the extension, such that the size of the structure prevents
over-insertion of the extension into the ear canal.

{0029 In some implementations, the device may further comprise a first flexible arm and a
second flexible arm, each arm having a connected end and a free end. In some
mnplementations, the first flexible arm and the second flexible arm may extend hinearly from
the central body 1n the nserted configuration, and the first flexable arm beods to conform to
the concha of the ear n the rotated configuration. In some implementations, the second
flexable arm may extend linearly from the stracture in the rotated configuration. In some

unplementations, the first flexible arm bends to conform to the concha of the ear in the
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rotated configuration when the device 1s inserted into the subtect’s right ear, and the second
flexible arm may bend to conform to concha of the ear in the rotated configuration when the
device 1s inseried into the subject’s left car. In some implementations, the first flexible arm
may extend 180 degrees from the second flexable arm m the mserted configuration.

5 [8330]  Insome implementations, the extension may be positioned between the first portion
and the second portion of the structure. The connected end of the first flexible arm may be
positioned at the first portion, the connected end of the second flexible anms may be
positioned at the second portion, and the free ends of the first and second flexible arms
extend away from the structure 1n opposite directions that are paralle] to the minor axis.

10 j0631] In some implementations, the first flexable arm and the second flexible arm may be
removably attached to the structure.
{8632} In some implementations, the receptor may be an image capturing clement
configured to obtain visual data of the car drum in the rotated configuration.

33331 In some implementations, a system may image a subject’s ear. The svstem may
> o o gl o v
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comprise a main body having a power source and an electronic element. The svstem may
also comprise a device for obtaining diagnostic data from a subject’s ear according to any of
the implementations described herein. In some implementations, the device may be an
carbud. The device may be connected to the main body.
{8834} In some implementations, the main body may be connected to the earbud via a
20 wired connection. In some mmplementations, the main body may be wirelessly connected to
the carbud over a communications link.
{8633} In some implementations, the main body may be configured to be placed over and
behind the ear.
{8636} In some implementations, a non-medical profession may use the systems and
25 methods described herein to perform an examination of a subject, as described in U5,
Application No.: 13/929,591, U5, Application No.: 13/573.432 and U.S. Patent No.:
8,858 430 the contents of which are hercby incorporated by reference in their entirety.
Performing the examination can include storing information about the subject’s condition in a
storage medium, include storage media accessed remoiely (e.g., USB- accessible, LAN-
30 accessible and/or internet accessible storage devices), as well as localized storage associated
with the device {e.g., RAM or flash memory, SD cards, attached smartphone memory, gtc.}.
The device may simultancously and/or subsequently upload stored data to a general or
specialized storage network, or remote access to the electronic storage medium can be

provided over a computer or other communication network. The stored data may then be
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accessed by a competent medical professional or other caregiver, properly assessed, and
recommendations regarding the condition and/or treatment can be transmitted or otherwise
given to the subject or guardian. Various implementations disclosed herein include the
manufacture, distribution and use of specialized and/or generalized devices that can be
5 utilized by non-medical personnel {c.g., consumers} to collect subject mformation in a home-

care or non-medical faciity location.
{00371 In some implementations, the systems and devices described hercin may be a part of
and/or may be used in conjunction with electronic conmmunications and/or display systems
such as telephones, cell phones, smart phones, computers, wirgless radios and/or other

10 communications media known m the art. Desirably, the disclosed systems may allow a
subject to transmit sufficient information over a communications link to the medical
professional to enable assessment of the subject’s condition, which may include information
relevant to immediate and/or critical treatment of the condition that may not be readily

apparent to the subject. In various implementations, the inventive systems mayv allow trained
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personnel to direct the subject’s actions and/or use of the diagnostic device, such as
requesting information regarding specific anatomical features which may be imaged by the
diagnostic device in the hands of the subject as requested “real time™ by the physician.
[B838] The link between the user and provider may be created using a vanety of methods.
A pser may nitiate a telehealth session by submitting a request for care. This request may be
20 directed to a specific provider {for example, the subject’s primary care physician}, a limited
network of providers, or it may be “crowd-sourced” to anv available provider, which may
facilitate a more rapid response. In addition, the request may be routed to a nurse hotline or
call center that may provide a preliminary evaluation and as necessary forward the
connection 1o an appropriate provider, such as a doctor or medical practitiongr. A provider
25  may then accept the request for care and, in various embodiments, a secure link between the
user and the provider(s) can be established. This link may be as simple as a phone call but
more desirably inchides a video link between the user{(s) and provider{s). Alsc, as described
m the aforcmentioned, the secure link may only mnvolve the transmission of information {c.g.
video, voice and/or diagnostic information) and may not require “real time” live
3¢ communication. The diagnostic information and/or other information sach as a recorded
voice and video transmission may be reviewed by a provider and/or software analysis tocl

offline from the user and a diagnosis or advice torwarded to the user.
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Bref Description of the Drawings

[6639] FIiG. 1A illustrates a representative diagram of a subject’s outer ear;

[6040] FIG. 1B dlustrates a representative diagram of a portion of a subject’s mner ¢ar;

{0041} FIG. 2 llustrates placement regions for the devices described herein;

10642] FIG. 3 illustrates an exemplary device placement;

[0043] FiG. 4 illustrates exemplary boundarics of the auricle;

{8644} FIGS. 3-6illustrates exemplary tissue that may be used to hold a device n place;
18645} FIG. 7 illustrates exemplary forces exerted by ear tissue on devices;

{0046] FiG. 8 illustrates an exemplary device placed in an ear;

{8047} FIG. 9 illustrates exemplary forces exerted by the ear canal on a device;

[00648] FIGS. 10A-C illustrate an exemplary device i an inserted position and a rotated

position, and a cross-section of the device;

[0049]  FIGS. 11A-B illustrate an exemplary device with hooked tiexible arms in an
mserted position and a rotated position;

18058F FIGS. 12A-B illustrate an exemplary device with hooked flexible arms in an
mserted position and a rotated position;

[B8531] FIGS. 13A-D sllustrate a cross-sectional and front view of an exemplary angled
device in an inserted position and a rotated position;

10052] FIGS. 14A-B dlustrate an exemplary angled device with flexible arms in an inserted
position and a rotated position;

[0053] FIGS. 15A-B illustrates an exemplary device with retention arms in an vnlocked
position and a locked position;

10654] FIGS. 16A-C illustrate an exemplary hinged device in an open position and a closed
position, and positioned in an ¢ar; and

[0635]  FIG. 17 illustrates an exemplary device placed in an car.

Detailed Descuption

{8656} To provide an overall understanding of the systems, method and devices described
herein, certain illustrative embodiments will be desenbed. Systems, methods and devices are
described herein for obtaining visual data related to a subject’s car dram. The systems and
devise described herein can be placed with little to no mmterferenee by anatomical features of
the car or near the ear. Such a svstem can enable an untrained layperson to safely obtam

accurate visual information relating to the subject’s ear, which may be transoutted to a

10
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physician or other medical professional for diagnosis of the subjeet’s ear condition. Although
the embodiments and features described herein are specifically described for use in
connection with imaging a subjects inner ear, 1t will be understood that all the components
and other features outlined below mayv be combined with one another in any suitable manner
5  and may be adapted and applied to other types of devices relating to ears, including
carphones for listening to audio signals, devices for measuring body temperature, devices for
mmaging the outer ear, and the like that require diagnostic information from the car to tailor to
the subject’s needs. The configurations and positions descnibed herein may allow devices to
be placed in the ear with limited interference by the anatomy. For example, the stabilization
10 and positioning elements described herein may be used to place an carbud such that a user
can histen to music, or may be comprise an mfrared thermometer to measure temperature of
the cardrum and/or nearby tissue.
10657F  The systems, methods, and devices described herein may capture information and,

m some implementations, send the captured information to a user’s electronic device {e.g, a
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phone, tablet, computer, or any suitable device).  In some implementations, the captured

mformation is transmitted wirelessly. In some tmplementations, the captured information is

transmitted over a wire. In some implementations, the captured information may seat to a

medical profession for diagnosis. For example, the svstems, methods, and devices described

herein may be part of a telehealth system.

20 j6658] The systems and methods described herein may be constracted with one or more
components or featurcs which are structured for contacting parts of the body, creating an
mterface between the device and the body. These mterfaces can make it easier to use a device
or provide for improved safety, tolerance or comfort. For instance, interfaces may provide
support or stability and reduce relative motion between components and the subject, help to

25  encourage or achieve preferred positions and angles for accessing and captuning diagnostic
mformation, reduce potential for mpring tissues, or provide soft and/or conforming
mterfaces for comfort. Interfaces may position a device with diagnostic elements in a
preferred position or close to or within a window around preferred positions, thereby
reducing the amount of user input or manipulation required to achieve a preferred position {a

3¢ position capable of capturing desired diagnostic information}. Interfaces may serve as

locating features which help position a device at or close 1o a desired location or position
prior to final positioning of other components or parts of the device, diagnostic elements,
additional anatomuic interfaces, or other accessing and capturing components. For example, an

car bud component with a through hole can be positioned in the ear pror to deploying an
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extension, attachment, or other part of the device through the car bud into the car canal.
Similarly, an ear bud may be inserted in the ear and ear canal respectively, which may then
be in a position to capture diagnostic information or may require additional manipulation,
extension or other positioning,.

[0859] FIGS. 1A-B are provided to give context to the placement of devices described
below. FIG. 1A shows a diagram of a subject’s outer ecar. FIG. 1A points to anatomical
features of the cuter car including the helix, scaphoid fossa, triangular fossa, auricular
tubercle (Darwin), antithelix, concha, tragus, anfitragus, lobule, crura of the antihelix, cvmba
conchae, crus of helix, anterior notch, cavum conchae, and intertragic incisure. The outer ear
consists of the visible portion of the car, called the pina or auricle, as well as the external
acoustic meatus, or car canal, which leads to the external surface of the tvmpanic membrane,
or ear drum. The visible portion of the car may also be referred to as the external car. The
concha is the bowl shaped part of the car and leads into the ear canal. The tragus s located at
the front of the concha and the antitragus 1s located below the concha. The antitragus is
located behind as well as above the concha. The cavum concha is the inner portion of the
concha that leads into the ear canal.

{0668} FIG. 1B shows a diagram of a portion of a subject’s inner car. Bones 102, 104 are
on either side of car canal 108, One end of car canal 108 terminates at ear drum 100, The
other end of ear canal 108 exits to the outer ear, partially defined by concha 106, The
external acoustic meatus, or car canal, is generally oval shaped and largest at the entrance.
The car canal is curved in an S shape, directed superiorly (up) and posteriorly (back) in the
first section and then moving mferiorly (down} and anteriorly (forward). The canal is
straighter in newboms, gradually taking on the general shape of an adult’s car canal through
growth, and the car canal is generally shaped similatly to an adult after 12 mounths of age. The
canal entry is gencrally in the range of 9mm vertically (inferior/superior direction} by 6.5mm
horizontally (anterior/posterior direction} for adults. The canal length varies from about
1.5cm in infants to approximately 2.5cm long for adults. The ear canal diameter then
decreases to an average diameter of approximately 6-7ram 1n adulis and 3mm o wfants. The
car canal consists of a cartilaginous section and a bony section. The walls of the ear canal
may be delicate and senasitive, especially when an ear infection is present. The bony portion
of the car canal, which rung the last 2/3 of the length of the car canal, is especially delicate
and sensitive and can be injured by objects such as the tip of a speculum. Tolerability
problems can make it very difficult to view the ear drum and sometimes 1t is not possible at

all. This situation is most common in younger children who are scared and vuncooperative.
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8661} FIG. 2 shows placement regions for the devices described herein within a subject’s
car. FIG. 2 dlustrates three regions (first region 204, second region 202, and third region
206} within the boundary of the external visible ear {also referred to as the outer ear or
auricle}. First region 204 is the primary area where the systems and devices described herein
arc configured to be placed into the car so that a portion of the svstem or device can extend
mito the car canal. First region 204 and second region 208 are within the concha. First region
204 is within the cavum conchae, overlaps the entrance of ear canal 208, and is where a
traditional carbud {c¢.g., for listening to music) may sit. First region 204 is bordered by the
antitragus and the crus of the hehix (as shown 1 FIG. 1A}, Second region 202 curves in a
superior and anterior manuer from the cavum conchag into the cyvmba conchae. Second
region 202 is another desirable area for the systems and devices described herein to be
placed. In some implementations, parts of the device may be placed in region 202 are
laterally offset to sections of the device placed n first region 204. In some implementations,
sections of devices placed in second region 202 may be more flexible than sections placed in
first region 204 to best fit the anatomy of the car. Similarly, sections of a device extending
mnto third region 206 may be laterally offset and/or more flexible than parts of the device
placed in the second region 202 or first region 204 to better fit the anatomy. Third region 206
extends through the mtertragic incisure and through the anterior noteh. Device portions
placed in third region 206 may alsc be more laterally offset and/or more flexible than parts of
the device placed in second region 202 to better fit the anatomy of the ear. Devices portions
located outside of these three regions 202, 204, 206 when a device 1s inserted are preferably
offset more laterally and/or more are flexible than parts of the device intended for placement
within these three regions 202, 204, 206.

18662} FIG. 3 shows an ilhustrative device placement 302, Portions of devices placed in the
placement regions 202, 204, 206 {described above in relation to Fi(z. 2) may be nigid or semi-
rigid and may be contained within auricle 300. Parts of the device not placed in these regions
should be flexible and/or configured to be placed lateral to the auricle as indicated by the
device placement arca 302, When a device is placed lateral to the auricle, it is at a non-
parallel angle relative to the sagittal plane due to the ear anatomy, as evidenced by the
placement area 302, The posterior end of placement arca 302 15 spaced a distance L2 away
from the subject’s head. The anterior end of placement area 302 is spaced a distance L1
away from the subject’s head. In some implementations, L.2 1s greater than L1, such that
placement arca 302 1s angled towards the subject’s face in order to not intertere with aunicle

300 during placement of a device in the location of placement area 302.
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18663} FIG. 4 shows tHustrative boundaries of auricle 400. The boundaries of auricle 400
are indicated by the interior border of placement area 402, Portions of devices placed in the
placement regions 202, 204, 206 {described above in relation to Fi(z. 2) may be nigid or semi-
rigid and may be contained within auricle 400. Parts of the device not placed 1n these regions
should be flexible and/or configured to be placed outside the boundarnies of auncle 400, as
shown by placement area 402, For example, an outer ring of a headphone device may be
positioned in placement arca 402, In some implementations forces represented by arrows 404
may exert an outward pressure on placement arca 402,

{8664} FIGS. 3-6 shows ilustrative tissue that may be used to hold a device in place.
Portions of the systems and devices described herein mayv be configured to be placed under or
behind ear tissue, as shown by shaded region 502 1n FIG. S and shaded regions 602, 604, 606
in FIG. 6. Shaded region 502 may comprise, for example, the helix, a portion of the scaphoid
fossa, and a portion of the lobule of the ear. Shaded region 604 may comprise a portion of
the tragus, shaded region 602 may comprise a portion of the antitragus, and shaded region
606 may comprise a portion of the antihelix and the crus of the helix.

{8665} When a device is placed behind any of shaded regions 502, 602, 604, 606, the car
fissue in those regions may exert a force on the device. Forces exerted by shaded region 502
arc represented by arrows 504, For example, a device may hook behind the auncle 300, such
that the device is supported by the outer portion of the auricle attached to and facing the
subject’s skull.  Forces exerted by shaded regions 602, 604, 606 are represented by arrows
510. For example, a device may fit within the concha such that the device is held in place by
shaded regions 602, 604, 606,

18666} Parts of devices intended to fit near or behind shaded regions 502, 602, 604, 606
may be configured in many ways. Shaded regions 502, 602, 604, 606 show locations where
tissue may exert medial, or inward, forces on device parts which serve as retention forces to
help prevent the device pualling or falling out. For example, devices may be tapered, with
parts of the device positioned just outside these regions (e.g., in a first inserted position). The
position of the device may be adjusted {(e.g., rotated) so that the device is fully seated into
position. In the tully seated position, the device may fit snuggly into or taper out into these
regions. In some implementations, the fully seated position 13 when the device is stably
placed and positioned at least partially within the car canal. In some implementations,
adjusting the device into the fully scated position pushes the tissue out of the way, so that
parts of the devices located in shaded regions 502, 602, 604, 606 are not behind or under

tissuc, but instead arc pushing the tissue out of the way. In some implementations, devices
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may also be tapered in an opposite direction as previously stated. In some implementations,
devices may have a small lip that snaps under one or more area of tissue (¢.g.. shaded regions
502, 602, 604, 606). As devices are pushed into tissue, the tissue is pressed inwards and then
snaps back out as the lip of the device passes. Parts of such devices may be flexable. For
example, the flexible portions of devices may be thin configurations, such as fingers or
wmbretla-like shapes, and/or may be made of soft/flexible material (e g, sitlicone, other
rubber, lower durometer urcthanes, or anv other suitable material). Parts of the device may
be located outside shaded regions 502, 602, 604, 606 and then rotated nto placed or
otherwise translated or moved into these regions, as described below in relation to FIGS, 10-
17

{8867} FIGS. 7-9 illustrate how tissue may exert forces (shown by arrows) on parts of
devices located i different regions and locations. In some implementations, it may be
preferable to have multiple forces acting on a device from different directions when the
device 1s in a fully-scated or rotated position. For example, anterior and posterior forces
{from front and back), inferior and superior forces {(from below and above), as well as medial
forces (forces acting inwards on device, or retention forces. Inward or retention forces (e.g.,
as shown by shaded regions 302, 602, 604, 606 in FIGS. 5 and 6 described above and as
described below in relation to arms 1106 and 1406 of FIGS. 11 and 14, respectivelv) may
also help to stabilize and hold the device m place, and may be created by friction forees
acting on parts of devices located in other regions. As previously mentioned, devices may be
flexible and snap into placed under tissue to help prevent device pullout. Devices may also
be rotated into place. Ideally, devices are rotated at least 5 degrees to secure, and more
preferably by at least 10 degrees, by at least 20 degrees, by at least 35 degrees, by at least 45
degrees, by at least 60 degrees, or by at least 90 degrees and up t¢ about 120 degrees, up to
about 150, up to about 180 or up to about 270 degrees, which may depend on specific device
configurations, as described below in relation to FIGS. 10-17.

100668] FIG. 7 shows the concha of an ear and shows forces represented by arrows 702 that
can be exerted by the concha, tragus, antitragus, and antihelix, as well as any other suitable
anatomical feature of the aurcle on a device {e.g., device 1008 of FIG. 10) placed at least
partially within the auricle. The forces represented by arrows 702 may hold the device in
place or help to stabilize the device while the device captures data relating to the ear drum.
FIG. § shows a device 802 with a stop 804 to provent over-insertion. Forces represented by
arrows 806 act agamst stop 804 to hold device 802 i the desired position, such that device

802 can acquire data relating to the ear drum. FIG. 9 shows an extension 900 within the car
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canal. Extension 900 may be part of a larger device {e.g., device 802 of FIG. 83, The ear
canal exerts forces represented by arrows 902 on extension 900 to hold the extension ina
desired position.
[B069] FIG. 10A shows an illustrative device 1008 n an inserted position 1002, while FIG.
5 10B shows the device in a rotated position 1004, and FIG. 10C shows a cross-section 1006 of
device 1020, Device 1008 comprises a central body 1010, an extension 1012, and a stop
1020 to prevent over-insertion of device 1008 into car canal 1005, In both the inserted
position 1002 and rotated position 1004, device 1008 sits within ear 1000, Central body 1010
is located within the concha of the ear 1000, In some implementations, central body mayv fit
10 mto a preferred placement region {e.g. first region 204 of FIG. 2. Central body 1010
corprises a patient-proximate outer surtace, a distal outer surface opposite the patient-
proximate outer surface, and an edge surface extending between the perimeters of the patient-
proximate and distal cuter surfaces. In some implementations, the patient-proximate and

distal outer surfaces arc generally oval-shaped and comprise a major axis, a minor axis, and a
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first end and a second end located at opposite ends of the major axis. Device 1108 can fitin

both the right and left cars.

{8678} Extension 1012 fits into the ear canal 1005, Extension 1012 extends from the

patient-proximate oufer surface of central body 1010, In some mmplementations, extension

1012 extends perpendicularly from the patient-proximate outer sarface. In some

20 implementations, extension 1012 extends non-perpendicularly from the patient-proximate
outer surface. For example, cxtension 1012 may extend at an angle of about 10 degrees,
about 20 degrees, about 30 degrees, about 40 degrees, about 50 degrees, about 60 degrees,
about 70 degrees, about 8¢ degroes, or any other suitable amount in any direction from the
patient-proximate outer surface.

25 60871} Device 1008 comprises a receptor. In some implementations, the receptor is located
within central body 1010, In some implementations, the receptor is located within extension
1012. The receptor may be an image capturing element {¢.g.. a camera), an infrared sensor
{c.g., athermometer), or any suitable receptor. The receptor obtains diagnostic information
relating to the ear drum.

30 [8072] Inthe inserted position 1002, device 1008 is inserted into the subject’s outer car,

within the concha. Extension 1012 is inserted into car canal 1005, In some implementations,

device 1012 may be inserted into position 1002 directly, without any angling of device 1008,

For example, the device 1008 may be mserted into the subject’s outer ear without any

manipulation of the outer car. In some implementations, i the mserted posttion 1002, device
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1008 may be mserted such that a major axus of device 1008 is approximately parallel to the
transverse plane. In some tmplementations, in inserted position 1602, device 1008 may be
mserted such that a major axis of device 1008 is approximately parallel to the sagittal planc.
in some wmplementations, i position 1002, device 1008 15 nserted at an angle. Stop 1020
5 prevents device 1020 from being over inserted into car canal 1003,

{0073] Between inserted position 1002 and rotated position 1004, device 1008 is rotated in
a coumter~clockwise direction by approximately 90 degrees. The device 1s rotated to position
device 1008 such that the receptor can acquire data relating to the ear drum. In some
inplementations, device 1008 may be rotated clockwise. In some implementations, device

16 1008 may be rotated greater than or less than 90 degrees. For example, device 1008 may be
rotated about 60 degrees, about 70 degrees, about 80 degrees, about 100 degrees, about 110
degrees, about 120 degrees or any other suitable amount.  In the rotated position 1004,
portions 1014 and 1018 of central body 1010 are positioned under tissue. Preferred forces are

created by car tissue which help to hold device 1008 in place. The tragus exerts an anterior
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force on device 1008 {e.g., at portion 1014). The antitragus exerts an nferior force on device
1008 (e.g., at portion 1018}, A posterior force from the back acts on the extension into the
car canal and a superior force or force from above is created by the weight of the device (e.g.,
at portion 1016). When the device 1s rotated to rotated position 104, the extension fits more
amuggly into the ear canal 1005 than in nserted positon 1002, The rotation between inserted
20 position 1002 and rotated position 1004 positions the receptor such that it can acquire data
relating 1o the ear drum. For example, if an image capturing clement 1s located within a tip of
extension 1002, the rotation positions the tip of extension 1002 such that the image capturing
clement can take an image of the car dram.
{8674} FIG. 11A shows an dlustrative device 1120 with arms 1106, 1108 1n an inserted
25  position 1102, while FIG. 118 shows the device in a rotated position 1104, Device 1120
comprises a central body 1110 and an extension 1112, Central body 1110 is similar to central
body 1010 and extension 1112 is similar to extension 1012, described above in relation o
FIG. 10. Device 1120 15 similar to device 1008 described above and comprises a receptor as
described in relation to F1G. 10, First arm 1106 and flexable aom 1108 cach have a connected
30 end attached to central body 1110, and a free end extending away from central body 1110, In
some implementations, the arms 1106, 1008 are made of flexible material. At least one
advantage of flexible arms 1s that they bend around the car tissue.
[B875] Device 1120 is mserted nto car 1100 in inserted position 1102, In inserted position

1102, first arm 1106 and second arm 1108 extend linearly from central body 1110, Arms
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1106, 1108 lay approximately “on top” of the auricle 1100, such that they are not fully within
the concha. Exiension 1112 extends partially into ear canal 1103,
{0076] Between inscried position 1102 and rotated position 1104, device 1008 is rotated in
a counter-clockwise direction by approximately 90 degrees. Device 1120 1s rotated so that
5 arm 1106 bends into the concha to help secure and stabilize the device. In rotated position

1104, arm 1108 extends through the intertragic incisure and exits ear 1100, Preferred forces
are created by car tissue which help to hold device 1020 i place. The tragus exerts an
anterior force on device 1008 {e.g., represented by arrow 1118). The antitragus exerts an
mferior force on device 1008 (¢.g., represented by arrow 1116). A posterior foree from the

10 back acts on the extension into the car canal and a superior force or force from above is
created by the weight of the device. The concha exerts a posterior force on arm 1106 {c.g.,
represented by arrow 11143, Arm 1106 fits within the concha and, in some implementations,
under the antihelix. Arm 1106 helps to hold device 1120 in a stable, proper position. Arms

1106, 1108 position central body 1110 such that extension 1112 extends at the correct angle
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for the receptor to acquire data relating to the car drum.
186777 In some implementations, device 1120 s configured for placement in either gar. For
example, device 1120 may be symmetrical around a horizontal axis, such that arms
1106,1 108 are equal in length and are at an angle of approxamately 180 degrees in mserted
position 1102, In the nght car, arm 1106 may engage the concha (as shown}, while in the left
20 ear, arm 1108 may engage the concha (¢.g., the opposite member engages the concha when
placed in the opposite car).
{8678} In some implementations, there mav be just one arm (e.g., first arm 1106 or second
arm 1108} extending from deviee 1120 and positioned towards the back or posteriorly on
device 1120, In some implementations, device 1120 may also have a flexible joint or hinge
25  that allows it to be rotated to fit the left or right car.
{66791 FIG. 12A shows an illustrative device 1220 with hooked flexible arms in an inserted
position 1202 while FIG. 12B shows the device in a rotation position 1204, Device 1120
comprises a central body 1210 and an extension 1212, Central body 1210 is similar to central
body 1010 and extension 1212 1s similar to extension 1012, deseribed above n relation to
30 FIG. 11, Device 1120 s simifar to device 1008 described above and comprises a receptor as
described 1n relation to FIG. 10, First arm 1206 and flexable arm 1208 cach have connected
end connected 1o central body 1210, Arms 1206, 1208 are hook-shaped to interface with car
1200, In some implementations, the arms 1206, 1208 are made of flexible material. At least

one advantage of flexible arms is that they bend around the car tissue.
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18088F Device 1220 is inserted into ear 1200 i inserted position 1202, In mserted position
1202, first arm 1206 and second arm 1208 extend from central body 1210, Arms 1206, 1208
lay approximately “on top” of the auricle 1200, such that they are not within the concha and
do not vet hook around the auricle. Extension 1112 extends partially into ear canal 1105,

5 0081} Between mserted position 1202 and rotated position 1204, device 1220 is rotated m
a counter-clockwise direction by over 90 degrees and then allowed to “snap™ back, by
rotating 1n a slightly clockwise direction. This “over rotation” and snap back allows arm
1206 to hook over the top of the auricle 1200 and allows arm 1208 to hook beneath the
auricle 1200, For example, arm 1206 may hook behind the helix while arm 1208 may hook

10 behind the lobule of auricle 1200 The placement of arms 1206, 1208 helps secure and
stabilize device 1208. Preferred tissue forces are created which help to hold device 1220 in
place. Forces represented by arrows 1214, 1218, 1216 are exerted on arm 1206 and help to
hold device 1220 in place. Arms 1206, 1208 position central body 1210 such that extension

1212 extends at the correct angle for the receptor to acquire data relating to the car drum.
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{6682} FIG. 13A and FIG. 13C show a cross~-sectional and front view of an illustrative
angled device 1308 in an inserted position, while FIG. 13B and FIG. 13D show device 1308
in a rotated position. The inserted position 1s shown i views 1302, 1304, while the rotated
posttion 1s shown in views 1318, 1306, Dievice 1308 comprises central body 1322 and
extension 1320, Device 1308 compnses a receptor. In some implementations, the receptor is
20 located within central body 1322, In some taplementations, the receptor is located within
extension 1312, The receptor mav be an image captunng clement {(e.g., a camera), an
mfrared sensor {¢.g., a thermometer), or any suitable receptor. The receptor obtaing
diagnostic information relating 1o the ear drum.
{0683} Extension 1320 extends at a non-perpendicular angle from central body 1322,

25 formung an acute angle a: and an obtuse angle a2, Becaunse of the angled extension 1320 and
the car anatomy, i inserted position 1302, 1304, the anterior part of device 1308 13 imitially
positioned closer to the head (and car canal entrance) as represented by distance L1 (formed
from acute angle o) and the posterior part of device 1308 1s further from the head as
represented by distance L2 (formed from obtuse angle o), so the device does not mterfere

30 with aaricle 1300 when mitially placed.

{0684} Device 1308 is then rotated approxamately 180 degrees counterclockwise mto

rotated position 1318, 1306, In the rotated posttion, the top anterior part of the device is now

located more postenorly (1.¢., towards the back of the head). The top anterior part of device

1308 is thus posttioned farther from the head (and ear canal entrance) as represented by
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distance L4 {formed from obtuse angle o), and the posterior part of device 1308 is farther
from the head as represented by distance L3 {formed from acute angle ¢i}. This rotation
positions the receptor such that it may acquire mnformation from the car drum.

[B085]  As shown in rotated position 1306, a portion 1310 of device 1308 is positioned into
the concha, helping to secure the device. Forces represented by arrows 1314, 1312 help to
hold device 1308 i place. In some implementations, a second poition of device 1308 may be
tucked under tissuc in the concha (¢.g., under the antihelix} or outside of the concha. In some
implementations a central body smmitlar to central body 1010 of FIG. 10 15 secured to central
body 1322 to better secure device 1308 within auricle 1300, In some implementations,
device 1320 is configured for placement in cither car.

[B086] FIG. 14A shows an illustrative angled device 1414 with flexible arms 1406, 1408 in
an inserted position 1402 while FIG. 148 shows the device in a rotated position 1404,
Device 1414 comprises central body 1422 (similar to central body 1322 described above 1n
relation to FIG. 13}, an extension {similar to central body 1320 described above in relation to
FI(s. 13}, and a receptor (simlar to the receptor described in relation to FIG. 13).
Additionally, device 1414 compnises a first arm 1406 and a second arm 1408, First arm 1406
and second arm 1408 each have connected end connected to central body 1422, and a free
end extending away from central body 1422,

{00871 Device 1414 13 inserted into the ear in inserted position 1402, In mserted position
1402, first arm 1406 and second arm 1408 extend linearly from central body 1422, Arms
1406, 1408 lay generally outside of the concha. The extension extends partially unto the ear
canal.

{8088] Between nserted position 1402 and rotated position 1404, device 1414 13 rotated in
a counter-clockwise direction between 45 and 180 degrees. Device 1414 is rotated so that
arm 1406 bends mto the concha to help secure and stabilize the device. In rotated position
1404, arm 1408 extends outside of the auncle. Preferred tissue forces are created which help
to hold device 1414 m place. The concha exerts a posterior force on arm 1106 (a.g
represcnted by arrow 1412). Arm 1406 fits within the concha and, in some tmplementations,
under the antihelix. Amm 1406 helps to hold device 1414 m a stable, proper position so that
the receptor can obtain data from the ear drum.

10689} In some implementations, device 1414 is configured for placement in either the left
car or the right car. For cxanple, device 1414 may be symmetrical around a horizontal axis,
such that arms 1406, 1408 are equal in length and are at an angle of approximately 180

degrees from one another in nserted posttion 1402, In the night car, arm 1406 may engage
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the concha {as shown), while i the left ear, arm 1408 may engage the concha (e g, the
opposite member engages the concha when placed in the opposite ear).

[6090] FIiGS. 15A-B show two vaniations 1522, 1552 of a device with retention arms in an
unlocked position 1502, 1506 and a locked position 1504, 1308, Device 1522 comprises
central body 1512, extension 1510, central arm 1514, proxamal side arm 1516, and distal side
arm 1518, Central body 1510 comprises a patient-proximate outer surface, a distal outer
surface opposiic the patient-proximate outer surface, and an edge surface extending between
the perimeters of the patient-proximate and distal outer surfaces. In some implementations,
the patient-proximate and distal cuter surfaces are generally oval-shaped and comprise a
major axis, a nunor axis, and a first end and a second end located at oppositc ends of the
major axis. In some implementations, central body 1312 is an earphone to deliver music to
an ear. Proximal side arm 1516 and distal side arm 1518 each have a connected end
connected to central 1514 and a free end extending away from central arm 1514 10 opposite
directions of one another. Central arm 1514 is lincar and one end of central arm 1514
connects to central body 1512, Proximal side arm 1316 and distal side arm 1518 are curved.
Optionally, proximal side arm 1516 may be an extended proximal side arm 1520 as shown.
{8691} Extension 15190 fits into the car canal. Extension 1510 extends from the patient-
proximate outer surface of central body 1512, In some implementations, extension 1510
extends perpendicularly from the patient-proximate outer sarface. In some implementations,
extension 1510 extends non-perpendicularly from the patient-proximate outer surface. For
example, extension 1012 may extend at an angle of about 10 degrees, about 20 degrees, about
30 degrees, about 40 degrees, about 50 degrees, about 60 degrees, about 70 degrees, about 80
degrees, or any other suitable amount in any direction from the patient-proximate outer
surface.

{6092} In some wmplementations, device 1522 comprises a receptor. In some
mmplementations, the receptor is located within central body 1512, In some implementations,
the receptor is located within extension 1510, The receptor may be an image capturing
clement {¢.g., a camera), an infrared sensor {¢.g., a thermometer), or any suitable receptor.
The receptor obtains diagnostic information relating to the ear drum.

186931 In the unlocked position 1502, central arm 1514 extends in a generally inferior
direction. The majority of central arm 1514, proximal side arm 1316, and distal side arm
1518 lav on top of or cutside of ear 1500, In the locked position 1504, device 1522 is rotated
m a counterclockwise mamner from unlocked position 1502, In locked position 1504, central

arm 1514 extends from central body 1512 out through or near the intertragic ncisure.
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Bevice 1522 is rotated to allow distal side arm 1518 to lock into place under and in front of
the mferior auricle. The weight of device 1522 and central arm 1514 prevent device 1522
from rotating further in the counterclockwise direction and “undocking” (i.c., returning to
unlocked state 1502). Proximal arm 1516 also prevents further rotation by engaging the
cutside of the tragus when rotated. In some implementations, extension 1320 extends over
the top of auricle 1500 and hooks behind the car, ¢ngaging the top of and/or behind the
superior or upper portion of auricle 1500,

{8694} FIG. 158 1s sumlar to FIG. 15A . Extension 1530 corresponds o extension 1510 of
FIG. 15A, central body 1532 to 1512, device 1552 to 1522, central arm 1534 to 1514,
proximal side arm 1336 to 1516, distal side arm 1538 to 1518, and proximal side amm
extension 1540 to 1520, FIG. 15B differs from FIG. 15A, however, in that central arm 1534
ts shidably connected to central body 1532, Central arm 1534 can slide within opening 1542
to allow central arm 1534 to lock into position between the unfocked state 1506 and locked
state 1508, This slideable connection provides further stahility and prevents device 1552
from over-rotating.

8695} In some implementations, other means to prevent further rotation are provided. For
example, central bodies 1522, 1552 may be “oversized” oval earbud that are restricted by the
mferior tissue (antitragus) and/or tragus from over-rotating and being unlocked. In some
mmplementations, a concha retention member 18 included. The concha retention member may
extend off of central bodies 1522 or 1552,

10096} FIG. 16A shows an illustrative hinged device 1 an open position 1602, while FIG.
168 shows the device in a closed position 1604, and FIG. 16C shows the device m a closed
position within an ear 1614, Extension 1606 13 sized and shaped to enter the ear canal.
Exiension 1606 is connected by a hinge join to a central body 1608. Open position 1602 and
closed position 1604 are views of the device from above, looking down into the page. The
extension 1s placed into the ear canal with the device tn open position 1602, The device is
then “closed™ by rotating central body 1608 into the concha and into closed position 1604,
When the car is pulled back, the tragus or other surrounding tissue pushes on part of the
extension 1606 causing it to rotate and be directed more anteriorly, a more favorable position
for imaging the ear drum when the car is pulled back. The hinge between extension 1606 and
central body 1608 allows the extension to better align with the car canal in different positions
and in different people with different shaped anatony. Various types of joints and
connections may be incorporated, including springs, ball joinis, or any suitable connector.

Flexible material may be used to form a hinge rather than using typical mechanical designs.
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This may allow motion in any direction and also be deflected by anatomy of different shapes
or when the ear is pulled.

{8097 View 1614 shows the device i the closed position 1604 within an car. When the
device 1s in the closed position, a portion 1610 of central body 1606 is held i place by the
tragus. Another portion 1612 of central body 1606 1s held in place by the antitragus.

10098] FIG. 17 shows an illustrative device placed in an ear, with a hand shown for scale.
The device comprises a central body 1712, an extension 1714, and a stop 1710 to provent
over-insertion of the device. Extension 1714 includes bulb that houses the receptor described
above. In some implementations, the receptor i1s a video chip with boroscope type lens
design. Because of the bulb shape on extension 1714, the video chip may be of a greater size
than could be accommodated in an extension without a bulb or ball joint.  The device may
also mehide any of the elements described above.

100991 Any of the devices described herein may include a stop to prevent over-insertion of
the device. In some implementations, the device comprises an extension sized and shaped to
fit withan the car canal. The extension may comprise a first end connected to a central body
and a second end configured to extend within the ear canal. The extension may, for example,
taper from the first end to the second end, such that the width of the extension narrows as it
extends mto the ear canal. In some implementations, a stop is located between and connects
the central body and the extension. The stop may have a wider width than the extension and
may be configured to prevent over-insertion of the extension into the ear canal.

10100}  Any of'the devices described hercin may be part of a system including a main body
housing electronics. The main body may include a power source {¢.g., a batierv). The main
body may also include a processing clement (e.g., a processor configured to process visual
data} and a storage element {c.g., memory). In some implementations the device is connected
to the main body by a wireless connection {e.g., via Wifi, Bluetooth, or any other suitable
communications link). In some implementations, the device is connected to the main body
by a wired connection (¢.g.. a detachable wire element running between the device and the
main bodv).

{8161}  In some implementations, the main body 1s placed over the ear {e.g., over and
behind the auricle}. In some implementations, a portion of the main body extends down to
join to the device which inclades an extension for insertion to the ear canal to image the ear
drum. The extension may be adjustable (e.g., to it ditferent ages and car sizes.
Alternatively, the portion of the main body that extends down from the over-auricle section,

may be flexible and/or stretchy, so the same portion can accommodate many ear sizes {8.g.,

2
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beeause the portion can eastly bend and curve if the full length is not required). This type of
device may have a retaining featare (such as an “umbrella” feature, thin cutward fingers, ora
stop like stop 804 of FIG. 8) on the extension into the car canal to help hold the extension m
place.

5 [8102] Any of the devices described herein may include features to reduce the hkelihood of
wnintentional destabilizing/unlocking (¢ g., from the rotated position}. These features may
fimit “anti-rotation” forces that could “de-rotate™ a device (¢.g., from a rotated position to an
mserted position} and/or release locking features. For example, locking features may mclude
flexible arms (e.g., 1106, 1108 of FIG. 11), hook-shaped arms {e.g., 1206, 1208 of FIG. 12),

10 flexable armas (c.g., 1406, 1408 of FIG. 14), arms (e, 1514, 1516, 1518, 1538, 1534, 15336 of
FIG. 15}, the hinge mechanism of {e.g., as shown 1n FIG. 16), or any other suitable feature.
Forces that may unlock the device are most likely to occur during movement, such as
activities like running or playing sports.

10103}  To reduce the likelihood of unintentionally destabilizing the device, the device may
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melude a elemenis such as a dampening system (e.g.. a weight on spring) and/or a gyroscope.
The device may also include at least one accelerometer to detect motion and activate these
clements. Additionally and/or alternatively, the device may be proportioned or a weight may
be placed at a distance from the center of rotation of the device to create a moment. For
example, the device may be of a rectangular shape with the major axis positioned vertically i
20 aninseried position. When the device is adjusted to the rotated position, the major axis is
moved at least slightly horizontally. This causes a weight at a distance from the center of
rotation (¢.g., the extension into the ear canal or an earbud earphone in the ear) and, therefore,
creates a force or moment which will help prevent “un-rotation” and unlocking of the device.
{0104} Anv of the extensions described herein (e.g., extension 1012 of FIG. 10, 1212 of
25 FIG. 12, 1320 of FIG. 13, 1510 and 1530 of FIG. 15, 1606 of FIG. 16, and 1714 of FIG. 17}
may include bulb or ball joints, expandable tubes, light tubes, LED configurations, tapered
speculums, (-tip configurations and/or spring plunger extensions. In some implementations,
a bulb or ball jount of the extension may house the receptor described above. For example,
the joint may hold a video chip with boroscope type lens design. Because of the bulb shape
30 on the extension, the video chip may be of a greater size than could be accommodated in an
extension without a bulb or ball joint.
{3105} In some mmplementations, the extension comprises an expandable tip. The
expandable ip may prevent wax blocking. In some implementations, the expandable tip

mcludes a flexible nose cone. In some implementations, the expandable tip is a flexible
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entering tip configured to prevent damage to the car canal. In some mnplementations, the
expandable tip comprises wires that expand a tip, sheath, or extension that is pushed through
a sheath.
[3186] In some implementations, the extension comprises hight tubes and/or LED

5 configarations. Micro “steps” in hight tube at the tip of the extension may be configured to
give an effective taper while still outputting hight straight ahead. Light may be cutput to
allow an image of the car drum to be captured by a receptor.
01071  In some implementations, the tip ot the extension is in the shape in a miniature or
tapered (3-tip. The tip may be tapered to mimic a speculum.

10 {61068] o some implementations, the extension is spring plunger extension. The device may
be placed prior to placing an extension into the ear canal. For example, a device may be
placed in an nserted position and then adjusted to a rotated position before the extension
enters the car canal. This allows a device with parts that are not in 3 preferred placement

arca, or otherwise configured to create some difficulty if placed with an extended tip or car
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canal extension, to be mancuvered into place prior to extending the tip or extension into the

car canal. Once the device 18 placed within the auricle, the extension may be estended into

place within the car canal {¢.g., via a spring system}. This allows certain angles or shapes to

be created in the ear canal extension that may have otherwise been difficult.

{3109]  In some implementations, the systems and devices described heremn can include

20 variable size fittings to help secure the device anto different size cars. The fitting may be part
of existing clements of the device {e.g., an extension, stop, or flexible arm) or may be
additional elements. In some implementations, vanable fitting have various thicknesses to
change the length of the exposed extension that enters the ear canal. In some
implementations, the fittings can depress part of the extension back into the device (for

25 cxample a spring loaded extension can be pressed back into the device) to vary the length of
the extension. The length of the extension can also be modified without relyving on fittings.
For example, the length of the extension may be altered with a screw mechanism or gear
mechanism {(e.g., worm gear). In some implementations, the extension is tapered, or its
diameter mcereased at a cerfain point, to ensure that an extension cannot be madvertently

30 over-inserted into a subject’s ear. In this case, a larger diameter portion, for example located

between Smm and 12oum for a child, prevents entry into the ear canal and ensures safe

operation.

{3110} o some implementations, the systems and devices described heremn can be

mtegrated with oral and other medical devices. For example, an car imaging device or part of
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an ear imaging device may be nserted into a device intended for placement into an oral
cavity for imaging the oral cavity and/or throat. The oral device may be configured as a
clamshell and opened to receive the main device {¢.g., the car imaging device) and then
closed prior to insertion info the oral cavity. The oral device may have a plastic shield near
or at the distal tip {a “windshield”} that protects the camera and insides of the device from
saliva and fog. This windshield may have anti-fog lubricant, channels may blow air or water
across the “windshield” (similar to a windshicld 1n a car}. This oral device preferably has
hights located outside the windshield so that light s not reflected by the windshield back at
the camera. In this case, it 13 preferred that any lights on the main device, or car imaging
device, be turned off.

{3111} In some implementations, the systems and devices described herein may connect to
additional diagnostic devices. For example, the device may comprise an additional
component with wirgless chip {e.g., Wifi, Bluctooth, etc ) that attaches to
phone/computer/tablet, giving a wireless communications channel. The wircless
communications channel may be for a diagnostic device such as an ear imaging device, a
throat imaging device or a stethoscope device, and another communications channel for
transfer of mformation to the cloud or other device or location and/or a video/voice call. The
diagnostic device may also transfer information at a lower resolution than it captures
mformation i order to maintain a live and steady stream of mformation (or to allow other
mformation or uses of wircless channels). In this case, the device may store higher resolution
mformation. In some implementations, the phone/computer/tablet may send information at a
fower resolution 1o the cloud or other device or location. The mformation from any device
can be later {or simultaneously) sent in higher resolution. The user or another person, such as
a doctor, may seloct certain segments or specific snapshots of imformation to
download/upload/send m bigher resolution.

{81121 Speafically, in some implementations, he systems, methods, and devices described
herein may be part of a telehealth system. A telchealth system will preferably include a
method to remotely link one or more parties through communication devices and cnable
voice, video and/or text commumication. Alternatively, a svstem may employ communication
devices to allow a user to record and/or upload video, voice, text, background health
mformation and/or diagnostic information, and enable a provider to evaluate and provide a
diagnosis or advice without live communication with the user.

[3113] The communication component{s) may take a variety of forms. For example, the

user may communicate with a computer, a tablet, a landline phone, a standard mobile phone,
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a smart phone such as the Apple iPhone, a snigue communication device spectalized for use
with a telchealth system, or any other device that allows recording, transmission and/or
uploading of voice, video, text, files and/or diagnostic mformation. In various
implementations, the device will desirably allow receiving of similar information and enable
the user to receive a diagnosis or advice from the provider. In one embodiment, the provider
commumication component is of similar design and capability. Although o other
mmplementations, the user and provider can have dissimilar communications devices and
components which still communicate and allow for sharing of text/voice/data as may be
applicable.

16114} The foregomng is merely dlustrative of the principles of the disclosure and the
apparatuses can be practiced by other than the described aspects, which are presented for
purposes of Hustration and not of limitation. It 18 to be understood that the apparatuses
disclosed herein, while shown for use in percutancous tosertion of blood pumps, may be
applied to apparatuses in other applications requiring homostasis.

{8113} Vanations and modifications will occur to those of skill in the art atier reviewing
this disclosure. The disclosed features may be implemented, in any combination and
subcombination {including multiple dependent combinations and subcombinations), with one
or more other features described herein. The vanous features desceribed or tllustrated above,
mclading any components thereof, may be combimed or mtegrated in other systems.
Muorecover, certain features may be omitted or not implemented.

{0116} Examples of changes, substitutions and alterations are ascertainable by one skilled
i the art and could be made without departing from the scope of the information disclosed
heremn. All references cited herein are mcorporated by reference in thetr entirety and made

part of this application.
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CLAIMS

L. A medical device for obtaining diagnostic data from a subject’s ear, the device having
an inserted position and a rotated position, the device comprising:
3 a central body;

an gxtension connected to the central body, the extension adapted for msertion into
the car canal;

a receptor located within at least one of the central body and the extension;

a first flexable arm and a second flexible arm, each having a connected end extending

16 from the central body and a free end,

wherem the first flexible arm and the second flexable arm extend hnearly from the
central body when the device 1s in the mnserted position, and the first flexible arm bends to
conform to the concha of the ear when the device is n the rotated position,

the first and second flexible arms being configured to encourage a placement of the
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device such that the receptor 1s able to obtain the diagnostic data from the ear drum when the

device 1s in the rotated position.

2. ¢ device of claim 1, wherein the second flexible arm extends hinearly from the

central section i the rotated configuration.

3. The device of claim 1, wherein the first flexible arm bends to conform to the concha
of the subject’s ear i the rofated configuration when the device is inserted into the subject’s
right ear, and the second flexable arm bends to conform to concha of the subject’s car in the

rotated configuration when the device is inserted into the subject’s left ear.

4, The device of claim 1, wherein the extension 13 an attachment coupled to the central

body.

5. The device of clamm 1, wherein the extension 1s mtegrally formed with the central

30 body.

6. The device of claim 1, wherein the first flexible arm and the sccond flexuble amy are

removably attached to the central body.
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7. The device of claim 1, wherein the central body is stabihized by the car in the rotated
configuration.
3. ¢ device of claim 7, wherein at least one of an mferior portion and a posterior

portion of the central body 13 held in place by the antitragus and an anterior portion of the

central body is held in place by the tragus 1n the rotated configuration,

9. The device of clamm 1, wherein the first flexable arm extends 180 degrees from the

second flexible arm in the inserted configuration.

10. The device of claim 1, wherein, m the inseried configuration, the device is imserted

mto the ear without rotation.

11 The device of claim 10, wherein the device has the rotated configuration after the
device is mserted into the subject’s ear and 15 rotated between 45 degrees and 180 degrees

along a plane approximating the sagittal plane.

12. ¢ device of claim 1, wherein the central body comprises a patient-proximate outer
surface, a distal outer surface opposite the patient-proximate outer surface, and an edge
surface extending between the penmeters of the patient-proximate and distal outer surfaces,
wherein the patient-proximate and distal outer surfaces are gencrally oval-shaped and
comprise a major axis, a munor axis, and a fivst end and a second end located at opposite ends
of the major axis, wherein:

the extension is positioned near the first end of the patient-proximate outer surface,
the extension extending outward from the patient-proximate outer surface in a direction
generally perpendicular to the patient-proximate outer surface, and

the connected ends of the first and second flexible arms are positioned near the second
end of the distal outer surface, and the free ends of the first and sccond flexible arms extend

away from the central body in opposite directions that are parailel 1o the munor axis.

13 The device of claim 12, wherein the device is symmetnic around the major axis of the

central body, such that the device can be used in the subject’s left car or right ear.
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14 The device of claim 12, wherein the extension comprises a distal end connected to the
patient-proximate outer surface and a patient-proximate tip extending into the subject’s ear
canal, the distal end being wider than the patient-proximate tip such that the extension is
tapered to prevent overinsertion of the extension into the subject’s ear canal.

15. The device of claim 1, wherein the receptor is an image captuning element configured

to obtain visual data of the ear drum in the rotated configuration.

16, A medical device for obtaining diagnostic data from a subject’s ear, the device
having an inserted position and a rotated position, the device comprising:

a central body;

an extension connected to the central body, the extension adapted for msertion into
the car canal;

a receptor located within at least one of the central body and the extension;

a first flexible hook-shaped arm and a second hook-shaped fiexable arm, each amm
having a connected end extending from the central body and a free end,

wherein, when the device is i the rotated position, the free end of the first flexible
hook-shaped arm is hooked behind a superior portion of the subject’s outer ear, and the free
end of the second flexible hook-shaped arm hooks behind an inferior portion of the outer ecar,

the first and second flexible arms being configured to encourage a placement of the
device such that the receptor is able to obtain the diagnostic data from the ear drm when the

device is n the rotated position.

17. The device of claim 16, wherein the central body is stabilized by the car in the rotated
configuration.
18 The device of claim 17, whergin an inferior portion of the central body is held 1n place

by the antitragus and a superior portion of the central body is held in place by the tragus in

the rotated configuration.

19 The device of claim 16, wherein the extenston is an attachment coupled to the central

body.
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20. The device of claim 16, wherein the exiension 1s integrally formed with the central
body.
21 ¢ device of claim 16, wherein the first flexible arm and the sccond flexable arm are

removably attached to the central body.

22, The device of claim 16, wheremn the first flexible arm extends 180 degrees from the

second flexible arm in the mserted configuration.

23 The device of claim 16, wherein, in the mserted configuration, the device is mserted

mio the ear without rotation.

24 The device of claim 16, whergin the device has the rotated configuration after the
device is inserted into the car and is rotated between 45 degrees and 180 degrees along the

sagitial plane.

23 The device of claim 16, wherein the central body comprises a patient-proximate outer
surface, a distal outer surface oppostie the patient-proxamate outer surface, and an edge
surface extending between the penmeters of the patient-proximate and distal outer surfaces,
wherein the patient-proximate and distal outer surfaces are generally oval-shaped and
COMPIiSe a major axis, a minor axis, and a first end and a second end located at oppostte ends
of the major axig, wherein:

the extension s positioned near the second end of the patient-proximate cuter surface,
the extension extending cutward from the patient-proximate outer surface i a direction
generally perpendicular to the patient-proximate outer surface, and

the connected ends of the first and second flesible arms are positioned near the second
end of the distal cuter surface, and extend away from the central body in opposite directions

that are parallel to the minor axis.

26. The device of claim 25, wherein the extension comprises a distal end connected to the
patient-proximate outer surface and a patient-proximate tip extending into the car canal, the
distal end being wider than the patient-proximate tip such that the extension is tapered to

prevent over msertion of the extension into the car canal.
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27. The device of claim 25, wherein the device 1s symmetric around the major axis of the

central body, such that the device can be used n the subject’s left car or right car.

28

oo

The device of claim 16, wherein the receptor 1s an image capturing element

5 configared to obtain visual data of the car dram in the rotated configoration.

29, A medical device for obtaiming diagnostic data from a subject’s car, the device having
an ingerted position and a rotated position, the device comprismg:
a structure having a patient-proximate outer surface, a distal outer surface opposite the
10 patient-proximate outer surface, and an cdge surface extending between the perimeters of the
patient-proximate and distal outer surfaces, wherein each of the patient-proximate and distal
outer surfaces have a generally rectangular shape with rounded corners and 1s defined by a
major axis and a minor axis, the steucture comprising a first portion of the edge surface

located at one end of the major axis, a second portion of the edge surface at the opposite end
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of the major axus; and

an extension extending from a central region of the patient-proximate surface of the
structure, the extension comprisimg a receptor to obtain the diagnostic data from the car drum
when the device 1s in the rotated position, the extension being sized and shaped for insertion
nto the car canal and extending at a non-perpendicular angle from the patient-proximate
20 surface, wherein:

the first portion is located superior to the second portion m the inserted position, and

the first portion is located inferior to the second portion in the rotated position,

the structure configured to encourage a placement of the device such that the receptor
is able to obtain the diagnostic data from the ear drum when the device is in the rotated

25  position.

30. The device of claim 29, whergin, in the rotated position, the first portion of the

structure is held in place by the subject’s antitragus.

30 31 The device of claim 29, wherein the structure is stabilized by the ear in the rotated
configuration.
32, ¢ device of claim 29, wherein, n the inserted configuration, the device is inserted

ito the ear without rotation.
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33 The device of claim 29, wherein the extension is an attachment coupled to the
structure.

34 The device of claim 29, whergin the extension 1s integrally formed with the structure.
35, The device of claim 29, wherein the device has the rotated configuration after the

device 1s inserted into the ear and is rotated approximately 180 degrees along the sagittal

plane.
36 ¢ device of claim 29, wherein an arca of the patient-proximate outer surface s
larger than a cross sectional area of the extension, such that the size of the structure prevents

over msertion of the extension into the ear canal.

37. The device of claim 29, wherein the extension extends at an angle between 5 and 45

degrees from the horizontal plane.

38, The device of claim 29, tfurther comprising a first flexible arm and a second flexible

jocal

arm, each arm having a connected end and a free end.

39 The device of claim 38, wherein the first flexible arm and the second flexible arm
extend hinearly from the central body in the mserted configuration, and the first flexible arm

bends to conform to the concha of the car in the rotated configuration.

44, The device of claim 38, wherein the second flexible arm extends linecarly from the

structure in the rotated configuration.

41, The device of claim 38, wherein the first flexible arm bends to conforn to the concha
of the ear in the rotated configuration when the device 1s mserted into the subject’s night car,
and the second flexible arm bends to conform to concha of the car in the rotated configuration

when the device 1s inserted into the subject’s left car.

42, ¢ device of claim 38, wherein the first flexible arm extends 180 degrees from the

second flexible arm in the inserted configuration.
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43, The device of claim 38, wherein the extension is positioned between the first portion
and the second portion of the structure, and wherein the connected end of the first flexible
arm 1s positioned at the first portion, the connected end of the second flexible arms is
positioned at the second portion, and the free ends of the first and second flexible arms

extend away from the structure in opposiie directions that are paralle! to the minor axis.

44, The device of claim 39, wherem the first flexable arm and the second flexible arm are

removably attached to the structure.

43, ¢ device of claim 29, wherein the receptor 1s an image capturing element

configared to obtain visual data of the car dram in the rotated configoration.

46. A system for imaging a subject’s ear, the svstem comprising:
a main body comprising a power source and an clectronic clement;

an earbud accordimg to any of claims 1, 16, and 29 connected to the main body.

47. e system of claim 46, wherein the main body is commected to the earbud via a wired
connection.
48. The system of claim 46, wherein the main body is wirclessly connected to the carbud

over a communications link.

49, The systom of claim 46, wherein the main body is configured to be placed over and

behind the ear.
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