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COLPOSCOPES AND MAMMOSCOPES
HAVING CURVED ENDS AND FLAT ENDS,
ASSOCIATED METHODS, AND
SPECULUM-FREE IMAGING METHODS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of and priority
to U.S. Provisional Patent Application No. 62/315,140, filed
Mar. 30, 2016 and titled IMAGING DEVICE AND METH-
ODS OF USE, the disclosure of which is incorporated herein
by reference in its entirety.

STATEMENT AS TO FEDERALLY SPONSORED
RESEARCH

[0002] This invention was made with the support of the
United States government under Federal Grant Nos. 1 RO1
CA193380-01 and 1 RO1 CA195500-01 and awarded by the
National Institutes of Health (NIH). The Government has
certain rights in this invention.

TECHNICAL FIELD

[0003] The presently disclosed subject matter relates to
colposcopes, inserters, and speculum-free imaging methods.
Particularly, the presently disclosed subject matter relates to
inserters having curved ends and associated methods.

BACKGROUND

[0004] Invasive Cervical Cancer (ICC) is the second most
common female cancer in low and middle-income countries
(LMICs) and the seventh most common in high-income
countries. Annually, over 500,000 women are diagnosed,
causing over 270,000 deaths recorded with more than 75%
of cases occurring in Africa and India. The World Health
Organization (WHO) estimates that currently 88% of world-
wide ICC mortalities occur in LMICs, and this rate is
expected to increase to 98% by 2030, furthering the dispari-
ties as the total number of annual worldwide mortalities
increases to nearly 400,000. Though early diagnosis and
treatment of cervical pre-cancers have been shown to sig-
nificantly increase survival rates, diagnostic tools are not
widely available in LMICs. Currently, as an alternative to
cytology screening, the standard-of-care screening method
in most LMICs is visual inspection with acetic acid (VIA),
with or without digital image capture. This technique
involves the use of a speculum to expand the vaginal canal
to enable a clear field-of-view of the cervix, for visualization
with a colposcope, camera or directly by the health provider
(naked eye). Speculums are needed mainly because of the
need to expand the entire vaginal canal.

[0005] During the VIA procedure, 3-5% acetic acid is
applied to the surface of the cervix. A positive VIA exam
shows a sharp, distinct, well-defined, dense aceto-white
area, with or without raised margins. If a camera or digital
colposcope is available, images of the cervix can be visu-
alized at higher magnification and can also be archived for
further analysis and review

[0006] Generally, colposcopes are stereomicroscopes with
an extended working distance of between 250-350 mm.
Working distance is defined as the length from the last
optical element (outermost) to the target object. Colpo-
scopes have 5 glass lens elements: common objective, zoom
system (2 elements), erecting beam splitter, and eyepieces.
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A digital camera can be added with the use of a beam splitter
between the right most zoom element and eyepiece. The
mechanically compensated zoom lens systems allows for the
working distance to remain constant when changing
between magnifications, these 2 elements move indepen-
dently. The colposcope lens elements are comprised of
different glass materials of different refractive indices
(crown and flint), with antireflective coating, and between
25 to 50 mm in diameter. Due to the complex arrangement
and large number of elements of the traditional colposcope,
the large device footprint, lack of portability due to weight,
an expensive capital purchase, and reliance on walled elec-
tricity make wide scale dissemination and uptake difficult.
[0007] The speculum has been identified as a significant
factor in the resistance of women to undergo cervical cancer
screening, largely due to anxiety, fear, discomfort, pain,
embarrassment, and/or vulnerability during the procedure.
In the U.S., even though there is greater access to health
care, compliance rates to cervical cancer screening vary, and
embarrassment and fear of pain during examination have
been reported as potential barriers to screening.

[0008] The speculum has been in existence in various
shapes and forms since the tenth century and has evolved
with hundreds of modifications in attempts to enhance
exposure. The first rudimentary prototype of the modern
speculum was developed out of a bent spoon. The semblance
to the standard bivalve speculum was put forward by the
manufacturer Charriere who introduced the bivalve, tri-
blade and four-blade speculum. This inspired the duck bill
designs of the familiar Cusco speculum in 1870 and the
Graves speculum in 1878. These are cold, hard, metal
devices with two bills each that expand the entire vaginal
canal. Since the introduction of duck billed speculums, there
have been few improvements to make them more comfort-
able and acceptable for women. Slight changes in design
have involved introducing a variety of sizes and making the
speculum out of plastic. Current speculums are designed for
an external user, which makes it difficult for self-insertion by
women. Being able to self-insert is important in being able
to re-adjust when there is discomfort. Furthermore, in cases
where women have tilted uteri or lax vaginal walls due to
having a larger body size or a high parity, increased manipu-
lation or use of an extra device, such as a side wall retractor,
is needed to obtain a clear view of the cervix. This further
adds to discomfort and pain during vaginal examinations.

[0009] The few attempts at major changes in the redesign
of the speculum have been somewhat unsuccessful. The
FemSpec, a clear plastic cylinder with inflatable air pockets,
was developed in 2005 by FemSuite of San Francisco, Calif.
The FemSpec has a tampon-sized insertion diameter and,
once inserted, can be inflated to expand the vaginal walls.
This was taken off the market due to the reluctance of
medical professionals to embrace the device. This device has
been found to have sharp plastic edges and unable to
withstand high vaginal pressures. The Vedascope, designed
in Australia, is an encompassing speculum/colposcopic
device, which dilates the vagina with air inflow and is
attached to a camera and illumination for colposcopy.
Though 92% of women have indicated a preference for the
Vedascope to the speculum, it is very bulky, expensive and
requires physician placement. Additionally, it has a potential
risk for air embolism, which can be fatal.

[0010] In view of the foregoing, there is a need for
improved speculum/colposcopic devices.
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SUMMARY

[0011] Disclosed herein are colposcopes, mammoscopes
and speculum-free imaging methods (inserters) having
curved ends and flat ends and associated methods. Accord-
ing to an aspect, an inserter includes an elongate body
defining an interior space and having a distal end, a proxi-
mate end, and an axis extending between the distal end and
the proximate end. The distal end is substantially funnel
shaped and defines a wide portion and a narrow portion. The
narrow portion is closer to the proximate end than the wide
portion. An edge of a first portion of the wide portion
extends further from the proximate end than an edge of a
second portion of the wide portion.

[0012] According to another aspect, a speculum-free
imaging device (inserter) is disclosed that has an elongate
body defining an interior space and having a distal end, a
proximate end, and an axis extending between the distal end
and the proximate end. The distal end is substantially funnel
shaped and defines a wide portion and a narrow portion. The
narrow portion is closer to the proximate end than the wide
portion.

[0013] According to other aspects, an imaging device for
the visualization of body, parts of a subject is disclosed. In
certain aspects, the imaging device comprises a speculum-
free imaging device (i.e., inserter) for imaging a body part
of a subject, such as a cervix. The device is easy to use both
by medical personnel on patients and by patients for self-
examinations. It certain embodiments configured for vaginal
imaging, it provides a clear wide field of view of the cervix
comparable to that obtained from the speculum and is more
comfortable and patient-oriented than the speculum. In such
configurations, the device provided herein will be useful for
cervical cancer screening but also for other applications,
such as assessing ovulation, effacement of the cervix during
labor and for educational purposes.

[0014] Another aspect of the present disclosure provides a
method of using the speculum-free imaging device on a
subject comprising, connecting the imaging device to the
visualization component, inserting the device into the vagina
of the device until the cervix comes into view, and viewing
the images received by the image capture device on the
visualization component.

[0015] Inother embodiments, the elongate body and over-
mold are removable from the image capture device and at
least one light emitter.

[0016] Accordingly, one aspect of the present disclosure
provides an imaging device (colposcope) comprising, con-
sisting of, or consisting essentially of (a) an elongate body
having a first end, a second defines an interior space; (b) an
imaging capture device positioned within the interior space
and positioned to capture images of an area outside the
elongate body; (c) at least one light emitter attached to the
first end of the elongate body and positioned to generate and
direct light towards the are outside of the elongate body; and
(d) an over-mold portion positioned at the first end and
providing a water-resistant seal over the image capture
device and at least one light emitter.

[0017] Another aspect of the present disclosure provides a
method of using the imaging device as described herein on
a subject comprising connecting the imaging device to the
visualization component, placing the device next to the body
part of interest, and viewing the images received by the
image capture device on the visualization component.

May 23, 2019

[0018] According to other aspect, the present disclosure
provides a colposcope with a control panel and associated
electronics configured to select from among a plurality of
modes of illumination for an object in a field of view of the
image capture device. The control panel and associated
electronics are configured to select from among the modes
of illumination to control the light emitter. A light emitter
may be, for example, a light emitting diode (LED). The LED
may be configured for white light imaging for VIA and
VILLI, green light imaging for enhanced contrast for vas-
culature, or blue light imaging for excitation illumination of
potential target fluorophores. The control panel and associ-
ated electronics may be configured to select from among a
plurality of different magnifications or colors for viewing an
object in a field of view of the image capture device.

[0019] In some embodiments, the over-mold further com-
prises a fog-resistant lens, the fog-resistant lens and cover
mold provide a water-resistant seal.

[0020] In other embodiments, the imaging device further
comprises a visualization component that is external to the
elongate body and in communicative communication with
the imaging capture device.

[0021] Inother embodiments, the visualization component
comprises a portable electronic device. In some embodi-
ments, the portable electronic device comprises a laptop
computer. In certain embodiments, the portable electronic
device comprises a smartphone.

[0022] In other embodiments, the image capture device
comprises a digital camera having a resolution of at least 2
MP. In certain embodiments, the image capture device
comprises a digital camera having a resolution of at least 5
MP.

[0023] The working distance between the image capture
device and fog-resistant lens is about 1 mm to about 50 mm.
In another embodiment, the working distance is about 10
mm to about 25 mm. In some embodiments, the working
distance is about 20 mm to about 50 mm. In certain
embodiments, the working distance is about 30 mm to about
50 mm.

[0024] In another embodiment, the device is about 125
mm to about 250 mm in length. In other embodiments, the
device is about 150 mm to about 225 mm in length. In yet
another embodiment, the device is about 175 mm to about
200 mm in length.

[0025] Inyet another embodiment, the device comprises a
viewing angle having a length of about 5 mm to about 40
mm. In other embodiments, the device comprises a viewing
angle having a length of about 10 mm to about 35 mm. In
another embodiment, the device comprises a viewing angle
having a length of about 15 mm to about 30 mm.

[0026] Inyetanother embodiment, the device comprises a
viewing angle having a length of about 20 mm to about 25
mm.

[0027] In some embodiments the method further com-
prises aceto-whitening and/or staining for the presence of
glycogen on the cervix for improved contrast imaging, the
method further comprising prior to inserting the image
device, inserting a cotton swab soaked in acetic acid or
Lugol’s iodine solution into the vagina such that the cervix
is soaked in acetic acid and/or Lugol’s iodine.
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BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0028] The foregoing aspects and other features of the
present subject matter are explained in the following
description, taken in connection with the accompanying
drawings, wherein:

[0029] FIGS. 1A-1E are different views of an example
colposcope for imaging precancerous cervical lesions in
accordance with embodiments of the present disclosure;
[0030] FIG. 1F is a side cross-sectional view of an end cap
for use with a colposcope in accordance with embodiments
of the present disclosure;

[0031] FIGS. 1H-1M are perspective views of example
end caps in accordance with embodiments of the present
disclosure;

[0032] FIGS. 2A-2F are various images showing experi-
mental results conducted with example end caps in accor-
dance with embodiments of the present disclosure;

[0033] FIG. 3 is a representative image of the fluorescent
phantom imaged in high-resolution mode (3 micrometer
resolution) with the scale bar at 100 micrometers;

[0034] FIG. 4 is an exploded view of another implemen-
tation of the device for imaging breast tumor margins
topically stained with fluorescent contrast agents, which is
referred to as the mammoscope in accordance with embodi-
ments of the present disclosure;

[0035] FIG. 5 is a perspective view of a colposcope with
speculum-free imaging device (Inserter) and an electronic
device in accordance with embodiments of the present
disclosure;

[0036] FIG. 6A is a perspective view of the inserter shown
in FIG. 5;
[0037] FIG. 6B is a cross-sectional side view of the

inserter shown in FIG. 6A;

[0038] FIGS. 6C and 6D are a perspective view and a
cross-sectional side view, respectively, of another example
inserter in accordance with embodiments of the present
disclosure;

[0039] FIGS. 6E and 6F are a perspective view and a
cross-sectional side view, respectively, of another example
inserter in accordance with embodiments of the present
disclosure;

[0040] FIGS. 7A-7E are different views of another
mechanical billed expander colposcope in a closed configu-
ration and open configuration, respectively, in accordance
with embodiments of the present disclosure;

[0041] FIGS. 8A-8C are different views of a flat-tip
inserter in accordance with embodiments of the present
disclosure;

[0042] FIGS. 9A and 9B are cross-sectional side views
showing using of a flat and curved end inserters, respec-
tively, for manipulation of the cervix;

[0043] FIG. 10 shows images of a finite element analysis
with factor of safety (FOS) plots over the entirety of
different inserter/expander prototypes, ranging from rela-
tively low values to high FOS values;

[0044] FIG. 11A shows representative images from each
prototype as well as the standard Graves speculum of the
cervix phantom at an untilted position under different pres-
sures;

[0045] FIG. 11B shows a grouped bar plot of mean percent
visual area of the cervix for different devices disclosed
herein under different pressures;
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[0046] FIG. 12A shows images from testing, after the
tilted cervices had been manipulated towards the center
position by the Graves speculum and both the flat tip and
curved tip inserters;

[0047] FIG. 12B is a graph showing measured mean offset
of the os from the center for each device under different
uterus tilts;

[0048] FIG. 12C is a graph showing mean PVA for each
device under different uterus tilts; and

[0049] FIGS. 13A and 13B show representative images
from a single volunteer with a sideverted cervix using the
flat tip inserter and the curved tip inserter.

DETAILED DESCRIPTION

[0050] For the purposes of promoting an understanding of
the principles of the present disclosure, reference will now
be made to various embodiments and specific language will
be used to describe the same. It will nevertheless be under-
stood that no limitation of the scope of the disclosure is
thereby intended, such alteration and further modifications
of'the disclosure as illustrated herein, being contemplated as
would normally occur to one skilled in the art to which the
disclosure relates.

[0051] Unless otherwise defined, all technical terms used
herein have the same meaning as commonly understood by
one of ordinary skill in the art to which this disclosure
belongs.

[0052] Articles “a” and “an” are used herein to refer to one
or to more than one (i.e. at least one) of the grammatical
object of the article. By way of example, “an element”
means at least one element and can include more than one
element.

[0053] In accordance with embodiments, the present sub-
ject matter relates to colposcopy. For example, inserters are
described herein that utilize the principle of a mechanical
delivery method for insertion and stabilization into the
vagina for imaging of the external cervix. The imaging may
produce digital, color, high-resolution images at both full
field and at high magnification of areas of interest. Inserters
described herein may include an image capture device for
capture and storage of high-resolution, multimodal images
of the external cervix for post-hoc analysis by medical
personnel at a centralized location.

[0054] In accordance with embodiments of the present
disclosure, an inserter, a colposcope and electronic device
may be a part of a kit provided for use by medical personnel
to allow for screening of patients. Captured images may be
suitably stored and processed. In an example, the images
may be communicated or downloaded to a server for remote
expert diagnosis. The colposcope may be suitably sterilized
and subsequently re-used.

[0055] FIGS. 1A-1E illustrates different views of an
example colposcope 100 for imaging precancerous cervical
lesions in accordance with embodiments of the present
disclosure. Referring to FIG. 1A, the figure shows a per-
spective view of the colposcope 100 including a handle 102
at a proximate end 104. The colposcope includes a camera
(e.g., a 5 MP camera) (132) and white, green, and blue light
emitting diodes (LEDs) (not shown) functionally integrated
into a distal end 106. A glass optical long pass filter 505 nm
(housed in 134) is used to remove the excitation light (blue
LEDs) for the fluorescent compound and only allow higher
fluorescent light to return to the camera, but not interfere
with white and green illumination modes. In an example, the
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colposcope 100 weigh less than 1 pound. The colposcope
100 also includes an electronic cord 108 for connection and
interface to an electronic device, such as various electronic
devices for control and presentation as described herein. The
electronic cord 108 may also provide power to the device for
enabling imaging and other functions. FIG. 1B illustrates a
top view of the colposcope 100. FIG. 1C illustrates a side
view of the colposcope.

[0056] The handle 102 includes a control panel having a
slider 110 and a button 112 for control of operation of the
colposcope 100. Particularly, the slider 110 can be moved by
a user to control the working distance, field of view (FOV)
and resolution. The button 112 can be pushed to enable
switching between illumination with either a white or green
LED. A button on the device enables switching between
illumination with a white or green LED. The diagonal FOV
and resolution at a 35 mm working distance is 34 mm and
22 um, and at a 10 mm working distance is 5 mm and 3
micrometers.

[0057] FIGS. 1D and 1E illustrate different exploded
views of the colposcope 100. Referring to FIGS. 1D and 1E,
the handle 102 of the mammosope 100 is formed at least
partially by a housing that is put together by housing parts
114 and 116. The housing parts 114 and 116 can be con-
nected together to form the handle 102 and house the
electronic and mechanical components for operation of the
slider 110 and the button 112. Particularly, the slider’s 110
movement is operable by use of the retainer assembly, which
is comprised of pin 120, washer 122 and spring 124. The
compression forces produced by this assembly provide a
liquid and dust tight seal without inhibiting the freedom of
movement. Specifically, the retainer assembly enables the
easy sliding motion of slider 110 and enables connection to
sled 134, which allows the user to zoom in on different
features of the cervix, while also providing a tight seal
preventing liquid and particle infiltration into the handle.
The housing may also be formed by an interface panel 124
that is operatively connected to the slider 110 and the button
112. The housing clamshell housing is ultrasonically welded
to ensure liquid and dust tight protection and doesn’t depend
on medical superglue or epoxy.

[0058] The housing may also contain a printed circuit
board (PCB) and LED driver board 126 for implementing
functionality as described herein Specifically, the LED
driver board 126 allows the manufacturer to program the lux
levels of the three LED settings, low white, high white,
green, blue light. The LED driver board can allow the user
to switch between the three LED settings, low white, high
white, blue, and green light to image acetic acid staining,
Lugol’s iodine staining, and vascular patterns in the organ
tissue bed of interest (e.g. cervix or breast). With continuing
reference to FIGS. 1D and 1E, the distal end of the colpo-
scope 100 may be formed of a sleeve 128 and an end cap
130. The sleeve 128 and the end cap 130 may be fitted
together. A PCB and camera 132 may be held inside the
sleeve 128. A holder 134 may also be fitted inside the sleeve
128 for carrying various components, including the PCB and
camera 132. The distal end may also include a light guide
and diffuser 134 located within the end cap 130. The
geometry of the light guide is significant in that the 3D
design prevent image vignetting and eliminate environmen-
tal or stray light eliminating baffle and structurally supports
the concentric LED PCB ring. A hydrophobic window is
mated to center of the light guide and diffuser by a press fit
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and reinforced by a silicone O-ring and medical grade epoxy
to prevent liquid and particle infiltration. Imaging quality is
not compromised with the addition of these structural com-
ponents validated by computational ray tracing and empiri-
cal validation testing.

[0059] The end cap 130 may be suitably configured for
illuminating an object to be imaged. For example, FIG. 1F
illustrates a side cross-sectional view of an end cap 130 for
use with a colposcope, such as colposcope 100 show in
FIGS. 1A-1E, in accordance with embodiments of the
present disclosure. FIG. 1G illustrates a perspective view of
the end cap 130 shown in FIG. 1F. Referring to FIGS. 1F and
1G, the end cap 130 may include a reflective surface 136 that
extends around edges of a recess 138 within the end cap 130.
The reflective surface 136 may be made of any suitable
reflective material, such as a metal. The reflective surface
136 may be positioned and configured to receive light
emitted by light emitters situated within the end cap 130. For
example, the light emitters may be one or more LEDs
positioned along a surface 140 for emitting light in a
direction generally indicated by arrow 142. It is noted that
the direction indicated by arrow 142 is also the general
direction of a field of view of the image capture device (e.g.,
camera) of the colposcope. Thus, the light emitters are
positioned to illuminate objects within the field of view of
the light capture device.

[0060] In the example of FIGS. 1F and 1G, an end cap is
shown having a reflective surface 136 angled at 75 degrees
with respect to an axis of the body of the colposcope.
Further, the length of the reflective surface is 4.5 millime-
ters. The reflective surface 136 can refocus light normally
lost outside the region of interest in a uniform matter.
[0061] In alternative embodiments of the end cap, the
reflective surface of an end cap may be configured differ-
ently than the reflective surface 136 shown in FIGS. 1F and
1G. For example, FIGS. 1H-1M illustrate perspective views
of other example end caps 130 in accordance with embodi-
ments of the present disclosure. Particularly, FIG. 1H shows
an end cap 130 have a reflective surface 136 angled at 75
degrees and a length of 5.5 millimeters. FIG. FIG. 11 shows
an end cap 130 have a reflective surface 136 angled at 75
degrees and a length of 6.5 millimeters. FIG. 1J shows an
end cap 130 have a reflective surface 136 angled at 75
degrees and a length of 7.5 millimeters. FIG. 1K shows an
end cap 130 have a reflective surface 136 angled at 30
degrees and a length of 1.8 millimeters. FIG. 1L shows an
end cap 130 have a reflective surface 136 angled at 60
degrees and a length of 5.5 millimeters.

[0062] Experiments were conducted with end caps as
shown in FIGS. 1G-1M. FIGS. 2A-2E are various images
showing results of such experiments, where the reflector
improves the beam uniformity across working distances
when compared to the bare and lower angle reflectors.
[0063] In accordance with embodiments, the presently
disclosed colposcopes and techniques may be used for other
indications, such as imaging breast tumor margins and oral
cancer. The colposcope may be altered to function as a
mammoscope by incorporating fluorescence imaging capa-
bilities of an exogenous contrast agent (e.g. anthracyclines
(a family of antibiotics that binds to dsDNA) and doxycy-
cline (a family of antibiotics that bind to mitochondrial
ribosomes) and fluorescently tagged receptors or inhibitors,
as potential vital stains. Colposcopes and techniques dis-
closed herein may be used for the effective visualization and
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treatment of residual disease at the time of an initial breast
conserving surgery (BCS) while minimizing risks of re-
excision surgeries and radiation and the cost of repeat visits
and interventions. In accordance with embodiments, the
primary tumor or the tumor cavity can be rapidly assayed for
the presence of residual disease. The tumor cells can be
selectively visualized using a fluorescently labeled agent
that when topically applied targets a ubiquitous signaling
node common to the all subtypes of HPV induced cancer and
to exploit metabolic differences in all types of breast cancer,
including ductile carcinoma in situ (DCIS). The tumor cells
may be localized by easily navigating back and forth
between wide-field (to maximize sensitivity) and high-
resolution imaging (to maximize specificity). The agent can
be designed to have a dual role of selectively targeting tumor
cells, at a low dose and demonstrating therapeutic potency
at a high dose. This can allow for the same agent to eradicate
residual tumor cells when applied topically to the tumor bed
for those patients with residual disease. The etiology of
cervical cancer by Human Papilloma Virus (HPV) a double
stranded (ds)DNA virus, was first postulated by Dr. Harald
zur Hausen in 1977(5) and later confirmed by 1984 with the
extraction of integrated and episomal HPV dsDNA from
cervical neoplasia, carcinoma, and immortalized cervical
cancer cell lines (6, 7). HPV are a family of viruses with
circular dsDNA around 8 kbp in length, an icosahedral
nucleo-capsid shell with a diameter between 45-55 nm
(8-10). In cervical cancer, the target cell for infection by
HPV are the basal keratinocytes bottommost layer of the
cervical squamous epithelium and uniquely the only nor-
mally undergo cell replication. After cellular division at the
basal layer, the keratinocytes begin to rise towards the
surface of the cervix and undergo differentiation process that
involves flattening of the cell but no additional mitosis
flattening concurrent with their differentiation where when
infected the virion will be duplicated up to 1000 times before
being released to infect other cells as seen in FIG. 1 (11).
These infected cells lose their ability to terminally differen-
tiate (8). The thickness of epithelial layer is reported to be
260 to 450 um and does not significantly change with
disease severity (9, 10, 12-17). HPV oncogene products
have been shown to mediate the normal regulatory apoptosis
cascade, leading to uncontrolled proliferation and lack of
terminal differentiation (13, 14, 18-25). In the mid 1960’s
investigations by EM (electron microscopy) revealed some
curious findings: abnormal number of chromosomes in the
nucleus (now believed to be episomal HPV copies), a
significant increase in non-membrane associated ribosomes
that aggregate together, and a significant increase in RER
(rough endoplasmic reticulum) in early cervical neoplasia
when compared to normal control tissue(26). These struc-
tural findings suggest viral hijacking of internal organelles
of infected cells for production of oncoproteins (11), HPV
virion duplication, and production of the capsid casing for
the HPV virions prior to dispersion (26). Patients that were
HPV-16+ and with biopsy confirmed high grade precancer-
ous lesions (HSIL/CIN2+) had on average a 60 and 30 fold
higher number of viruses per cell when compared to HPV+
women with biopsy confirmed normal cervices and biopsy
confirmed low grade (LSIL/CIN1) cervices, respectively
(27). Thus, a potential potent early surveillance target for
cervical neoplasia could be selective staining of dsDNA for
the episomal presence of HPV and increased dsDNA due to
increased rates of uncontrolled cellular division induced by
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HPV infection at the superficial layer of the cervix where
mitosis doesn’t normally occur.

[0064] Concordant with the replication of virus and con-
trolled cellular replication, there is a dramatic increase in
energy consumption by the HPV infected cervical cells.
Upregulation of glucose (glucose transporter, GLUT-1) (28-
30) and lactate (monocarboxylate transporters, MCT-1 and
MCT-4) transporters (31-35) has been widely reported in
cervical pre-cancers and cancers with increasing expression
highly correlated with increasing severity of disease.
Increased activity of the first two enzymes in the pentose
pathway, 6-phosphogluconate dehydrogenase and glucose-
6-phosphate dehydrogenase has been reported in cultured
samples from patients with biopsy confirmed cervical intra-
epithelial neoplasia (36) and confirmed with studies in
HPV+ cervical carcinoma cell lines(37), indicating the War-
burg effect on the metabolism towards aerobic glycolysis.
HPV-16 E7 oncoproteins increased glycolysis and glutamin-
olysis through upregulation of pyruvate kinase type M2
(38). Studies in human keratinocytes cell lines infected by
HPV demonstrated a profound increase in energy consump-
tion when compared to non-infected control cells. This
increased demand in energy was concordant with an
increased protein translation and virion duplication, fol-
lowed by contraction of cell size and shift to IRES (internal
ribosome entry site) dependent translation for production of
proteins (39). Furthermore, primary cervical cells immor-
talized by HPV infection demonstrated markedly higher
rates of estrogen (16a-hydroxylate estradiol) (40, 41) and
cholesterol metabolism (42) when compared to normal
control cell lines, potentially indicative of additional virally
induced metabolic adaptations. More recently, the mecha-
nism for this metabolic adaptation has been further elucidate
with the discovery that the E2 oncoproteins encoded by high
risk HPV-16 and -18, but not low risk HPV-6 was shown to
co-localize with the host cell’s mitochondria and induce
distinct cristae morphology changes concordant with a sig-
nificant increase in mitochondrial reactive oxygen species
(ROS) production without the induction of apoptosis (43).
Furthermore, the E1"E4 oncoproteins encoded by high risk
HPV-16 has been shown to first bind to and initiate the
breakdown of the cytokeratin support network of the
infected cell and then is translocated to the mitochondria
(44). The mitochondria bound to E1 E4 begin to migrate and
aggregate around the nucleus before depolarizing and ini-
tiation apoptosis (44). This is the hypothesized mechanism
for the release of the duplicated HPV virion once the
cervical epithelial cell reaches to outermost epithelial sur-
face to infect other cells (44). Furthermore, there is a
profound and significant association for the increasing num-
ber of mitochondrial DNA mutations with severity of cer-
vical pre-cancer and cancer grade (45-49). Increases in
mitochondrial DNA copy number have been associated with
higher risk of other cancers including: breast, head and neck,
endometrial, ovarian, among others (50, 51). Although, it’s
unknown if these mutations occurred prior to HPV infection
or as a result of HPV infection’s increased mitochondrial
ROS production. Each mitochondrion is estimated to con-
tain between 2 to 10 copies of mitochondrial (mt)DNA,
which is also a circular dsDNA like HPV (52). There are
approximately 1000 total copies of mtDNA per normal
human cell (53). Thus, selective staining of mitochondria to
assess metabolic function and/or dsDNA content would
enable earlier surveillance of cervical neoplasia. Increased



US 2019/0150725 Al

inner mitochondrial membrane potential (AWm) as mea-
sured by higher rates of sequestration and accumulation of
fluorescent cationic lyophilic dyes (e.g. Rhodamine 123,
TMRE/TMRM, JC-1) has been widely reported in carci-
noma (122-124) and other metabolically active normal cells
undergoing mitosis (123, 125). Mitochondrial DNA
(mtDNA) copy number and total mitochondrial mass as
assessed by inner mitochondrial membrane independent
stains (i.e. 10-N nonyl-acridine orange which binds to
cardiolipin an inner mitochondrial membrane protein)(124,
126, 127) has been shown to increase significantly in
response to oxidative stress (128). Another fluorescent stain
for mitochondrial mass, from the antibiotic tetracycline
family, has been shown to preferential stain malignant tissue
more heavily than normal tissue in squamous cell, non-
melanoma skin, gastric, laryngeal, pharyngeal, and oral
cancers among others (129-136). The cytoplasmic fluores-
cence distribution of tetracycline is consistent with the
mitochondrial ribosome 30s subunit by allosteric inhibition
of the amino acyl-tRNA at the acceptor site preventing
protein synthesis (137). A phenomena first reported in
1960’s where tetracycline inhibited the translation of pro-
teins encoded by mitochondria (mtDNA), but not by nuclear
DNA (nDNA) in yeast (138). Interestingly, this homology
and potential bacterial origin of mitochondria leads to simi-
lar disruption of the mitochondrial protein synthesis process
in humans that could provide a unique avenue for targeting
cancer cell via their unique metabolic profile(139). Thus,
selective staining of mitochondria through visualization of
the increases in inner mitochondrial membrane potential
(AWm), increases in mtDNA (dsDNA) concentration, or
increases mitochondrial mass (assessed by cardiolipin or
mitochondrial ribosome staining) might prove an important
early surveillance tool for improving cervical neoplasia
detection accuracy.

[0065] In accordance with embodiments, a colposcope as
disclosed herein can be modified for use as a mammoscope.
In an example, the green LEDs at the distal end of the probe
can be replaced with blue LEDs (470/490 nm) to excite a
variety of fluorophores. A band pass filter can be added in
front of the camera to ensure only fluorescence reaches the
camera (see e.g., FIG. 4), without cutting off any of the
illumination from the blue LED. FIG. 4 is an exploded view
of another example mammoscope 400 in accordance with
embodiments of the present disclosure. Referring to FIG. 4,
the mammoscope 400 includes a linear film polarizer 402, a
white and blue concentric LED ring 404, an aluminum LED
ring heat sink and optic mount 406, an anti-reflection coated
hydrophobic window 408, a green bandpass filter 410, a
linear glass polarizer 412, a S-megapixel CMOS camera 414
with autofocus and USB 2.0, (416A, 416B) probe handle.

[0066] In other experiments, 10 pm diameter fluorescent
beads on a glass slide (simulating a superficial layer of
fluorescence in tissue) with a mammoscope in accordance
with embodiments disclosed herein. Representative images
collected at a 10 mm working distance demonstrate the
fluorescence imaging capabilities. For example, FIG. 3 is a
representative image of the fluorescent phantom imaged in
high-resolution mode (3 micrometer resolution) with the
scale bar at 100 micrometers.

[0067] In accordance with embodiments, the disclosed
subject matter may be used to establish wide-field, high-
resolution, visualization strategies, automated segmentation
algorithms, and a fluorescently antibiotics to enhance speci-
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ficity of the system. In an example, a colposcope having
features disclosed herein may be adapted to function as a
mammoscope. The mammoscope may be a portable wide-
field, high-resolution imaging system utilizing a fluorophore
for visualization and treatment of residual disease during
BCS. The sensitivity and specificity of the mammoscope to
detect fluorescence may be established as a function of
progressively decreasing tumor cell density in a pre-clinical
model of breast cancer.

[0068] FIG. 5illustrates a perspective view of a speculum-
free imaging device (Inserter with colposcope) 500 and an
electronic device 502 in accordance with embodiments of
the present disclosure. Referring to FIG. 5, the colposcope
within the inserter 500 and electronic device 502 are com-
municatively connected by a cable 504. In this example, the
colposcope 500 and electronic device 502 communicate in
accordance with the universal serial bus (USB) standard.
Alternatively, the inserter 500 and electronic device 502 may
communicate by another suitable communications standard.
[0069] The inserter 500 includes an elongate body 506
having a distal end 508, a proximate end 510, and an axis
indicated by broken line 512. The body 506 is generally
tubular and rounded in shape. Alternatively, the body 506
may be of any suitable shape and size.

[0070] Referring to the distal end 508, this end has a
curved funnel-like tip. The curved tip enables easy manipu-
lation of the cervix, especially in cases where the patient has
a tilted uterus. In this example, the device has a slim tubular
body that can range between 1 centimeter to 1.5 centimeters
to enable accommodation of the camera through the channel
while still preserving patient comfort. The tubular body
opens up to a curved funnel-like tip which can range
between about 2.5 centimeters and about 3.5 centimeters in
diameter (range of anatomical cervix diameter). The tip may
be curved (a variable s-curve) and funnel like for enabling
a fit with the curvature of the cervix and protrudes on one
end to scoop the cervix in place can function the same way.
[0071] For testing, each device was rapid prototyped using
a 3D printer (dimension 1200es, Stratasys, [td.). The
mechanical expansion device was assembled using stainless
steel pins. The silicone device was assembled by attaching
a menstrual cup to a 3D printed cylindrical stem. For bench
testing, a custom-made vaginal phantom was created using
a synthetic female reproductive organ. The organ included
an outer genitalia, labia, a vagina, cervix, inner and outer os
(cervical opening into the uterus), uterus, ovaries and fallo-
pian tubes. The structural design was based on an amalgam
of CT and MRI images from actual patients and the synthetic
tissues employed in construction had been validated against
the mechanical, physicochemical, thermal and dielectric
properties of living tissue. The organ was compatible with
both imaging and surgical equipment and devices, hence
providing a realistic experimental testing platform for our
prototypes. Different vaginal pressures were simulated by
suspending the organ in a custom-made tank that was filled
with ultrasound gel of known density, to appropriate heights,
to provide the desired pressures through the relation shown
in the following equation:

Pressure (P)=density (p)xacceleration due to gravity
(g)xheight (%) Eq. 1
where the density (p) is equal to 1 g/cm3 and acceleration
due to gravity (g) is equal to 10 m/s*>. Each prototype was
inserted into the phantom vagina, opened to the desired
position (where applicable) and images of the cervix were
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captured with a 2MP USB camera (Supereyes Y002) and
saved for further analysis to determine the percent visual
area (PVA) that each prototype allowed. It should be noted
that the 2MP USB camera used for experiments and clinical
studies is a low-cost, off-the-shelf camera. The inserters in
accordance with disclosed embodiments may be adaptable
to the 5 MP colposcope by simply increasing the diameter of
the stem diameter of the speculum-free device. Testing was
performed under vaginal pressures of 0.1 cm H,O to 15 cm
H,0, spanning the range of supine position pressures pre-
viously cited. Images were also captured with the standard
Graves speculums for comparison. The percentage of unob-
structed cervical area, with the os centered, was calculated
from each image using a circular grid (30) and Equation 2,
which provided a standardized comparison regardless of
distance between the camera and the cervix.

PVA=(number of square with cervix region/total

number of squares)x100 Eqn. 2

[0072] Based on initial favourable testing with the flat tip
inserter, an iteration of the inserter with integrated 2MP
camera was made for further testing to enable manipulation
of the cervix for effective use with women (see Results,
Phantom Testing). The probe inserter was further iterated on
to enable manipulation of the cervix for effective use in
women with severely tilted uteri, namely retroverted (tilted
posteriorly), anteverted (tilted anteriorly) and sideverted
uteri (tilted to the side) which condition affects about 20%
of women. FIGS. 9A and 9B are cross-sectional side views
showing using of a flat and curved end Inserters with
integrated 2 MP camera 900, respectively, for manipulation
of'the cervix 902. These figures show how the curved end of
the colposcope enables advantageous manipulation of the
cervix 902. Since the cervix is shaped like a semi-sphere
with the curved portion interfacing with the Inserter, pro-
trusion of the tip of the inserter is required to easily
manipulate it. The variation of the design was tested in the
phantom to assess ability to manipulate the cervix at differ-
ent tilts.

[0073] To test the two probe Inserters, the uterus in the
phantom was tilted under constant pressure (5 cm H,0) 30°
to the side for sideverted, 30° downwards for retroverted and
30° upwards for anteverted position. Height and angle
measurements were achieved using a 30 cm ruler and a
protractor attached to the acrylic walls of the phantom
respectively. The prototypes were inserted and used to
gently manipulate the cervix into the mid-position, with the
os centered as well as possible. Images were then taken for
further visual analysis to estimate how much of the cervix,
with the os centered, could be visualized. The percentage of
unobstructed visual area was calculated using Equation 2.
The offset of the os from the center for each image was also
determined by measuring the distance from the position of
the os to the center of the grid. Each experiment was
repeated 5 times and all results were statistically compared
between designs and the standard speculum using student
t-tests (=0.05).

[0074] An IRB-approved clinical study in health volun-
teers was performed with the flat tip and curved tip inserters
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to validate the results from the phantom studies. 15 volun-
teers with informed consent were enrolled to determine
feasibility and comfort of the inserter for clinical use, and to
validate its ability to view and manipulate the cervix for
image capture. The visualization of the cervix and the
centeredness of the os for both the flat tip and the curved tip
were also qualitatively compared. After informed consent
was obtained, volunteers were asked to complete a pre-
examination questionnaire to assess their experiences with
and attitudes towards the standard speculum and vaginal
examinations. Volunteers were then trained for about 5
minutes on how to use the inserter with the camera and
capture images of their cervices using a pelvic mannequin.
Once trained, each volunteer inserted the device herself and
maneuvered it to find her cervix with the aid of the camera
(for image capture) and mobile phone (for image display).
Images were captured once the cervix was in view. Since
these were healthy volunteers, no acetic acid was applied
during the procedure. After the examination was complete,
the volunteers were asked to complete post-examination
questionnaires. The volunteer post-examination question-
naires assessed comfort and compared their experience with
the inserter to previous examinations with a speculum.

[0075] FIG. 10 shows images of a finite element analysis
with factor of safety (FOS) plots over the entire device,
ranging from relatively low values (lower end of scale on
right) to high FOS values (upper end of scale on right).
Various inserters as disclosed herein are shown in images
(a)-(e) of FIG. 10. The lower the FOS, the more likely the
device is to fail under pressure and possibly fracture within
the patient’s body during use. This metric is especially
important for devices that have to expand to open the vaginal
walls. All the devices had a minimum FOS above the
acceptable value of 4. The standard speculum had a mini-
mum FOS of 8.07. The billed expander was rated 11.67; the
silicone expander, 346; the flat tip inserter, 3095.3; and the
curved tip inserter, 90.9.

[0076] Testing in the phantom was conducted to compare
visualization of the cervix afforded by the different proto-
types under different pressures (0.1-15 cm H,O) correspond-
ing to and slightly above a range of vaginal pressures of
0.1-12.0 cm H,O measured in the supine position. Images
were also taken with a standard medium-sized Graves
speculum to compare visualization with the standard of care.
FIG. 11 A shows representative images from each prototype
as well as the standard Graves speculum of the cervix
phantom at an untilted position under different pressures.
The images show the central os of the cervix, the cervix and
the vaginal walls in some cases. Table 1 shows the mean
percent visualization for the speculum, silicone expander,
flat tip inserter and the billed expander. FIG. 11B shows a
grouped bar plot of mean percent visual area of the cervix
for different devices disclosed herein under different pres-
sures. Error bars shown in FIG. 7B are standard deviations.

TABLE 1

Pressure value (cm H,0)

0.1 5 10 15

Speculum mean

PVA (%)

100 +/- 0 88.1 +/- 1.5 78.8 +/- 6.8 80.7 +/- 1.2



US 2019/0150725 Al

TABLE 1-continued
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Pressure value (cm H,O)

0.1 5 10 15
Silicone expander 100 +/- 0 100 +/- 0 100 +/- 0 96.9 +/- 3.8
mean PVA (%)
Flat tip inserter 100 +/- 0 97.7+/-3.1  920+-53  78.86 +/- 8.7
mean PVA (%)
Billed expander ~ 98.86 +/~ 1.5 4578 +/~ 7.0 31.94 +/- 5.7 3038 +/- 7.4
mean PVA (%)
[0077] Although the devices performed similarly at 0.1 cm TABLE 2-continued
H,O0, statistically significant differences were found at other
pressures. Statistical analysis showed that the mean PVA for Uterine Position
the silicone expander was statistically higher (i.e. better)
than the standard speculum (p<0.001) for 5, 10 and 15 cm Normal
H,O. The PVA for the flat tip inserter was also statistically Position Anteverted ~ Retroverted  Sideverted
higher than the standard speculum (p<0.01) for 5 and 10 cm
H,O. The billed expander was worse than the speculum lFlat tip 95.78 +/- 3.92 75 +/- 1.2 519 +/-21 592 +/-54
(p<0.00001) for 5, 10 and 15 cm H,O. Even though the mserter
silicone expander provided the best PVA in these experi- mean
ments, it was limited by the complexity of insertion and PVA (%)
removal. Curved tip 954 +/- 4.5 100 +- 0  93.8 +/- 43 96.9 +/- 3.8
[0078] The two variations of the inserter were tested on EZZ:H
the vaginal phantom, which had been positioned at different PVA (%)
tilts to simulate cervices that are sideverted, anteverted and
retroverted. FIG. 12A shows images from testing, after the
tilted cervices had been manipulated towards the center
position by the Graves speculum and both the flat tip and TABLE 3

curved tip inserters. Particularly, FIGS. 12A-12C show
results from comparing the ability of the speculum, flat tip
and curved tip probe inserters to manipulate the cervix. FIG.
12A are images of the cervix at after manipulation with the
standard speculum, flat tip and curved tip inserters for
normal, sideverted, anteverted and retroverted positions.
FIG. 12B is a graph showing measured mean offset of the os
from the center for each device under different uterus tilts.
FIG. 12C is a graph showing mean PVA for each device
under different uterus tilts. Error bars are standard devia-
tions.

[0079] Table 2 below shows the mean percent visual area
(PVA) of the cervix enabled by the speculum, flat tip and
curved tip inserters after attempts by each device to center
the tilted uterus under constant pressure. Table 3 below
shows the mean percent offset of the os from the center after
manipulating the cervix. Results showed that the curved tip
was best able to manipulate the cervix to a position with the
os closest to the center, providing the lowest offsets with
p<0.00001 for the sideverted position compared to the
speculum and p<0.001 for all three positions compared to
the flat tip inserter. The curved tip also provided the highest
PVA across the sideverted and anteverted positions com-
pared to the speculum (p<0.001) and across all three posi-
tions compared to the flat tip inserter (p<0.00001).

TABLE 2

Uterine Position

Normal

Position Anteverted Retroverted  Sideverted
Speculum 100 +/- 0 758 +/- 4 92.0 +/- 5.3 66.5 +/- 4
mean
PVA (%)

Uterine Position

Anteverted Retroverted Sideverted
Speculum mean offset 26.6 +/- 8.4 15.6 +/- 6.2 50 +/-0
(%)
Flat tip inserter mean 41.0 +/- 3.6 74.7 +/- 44 485 +/- 11.0
offset (%)
Curved tip inserter 20.0 +/- 6.1 33.9 +/- 3.0 125 +/-0

mean offset (%)

[0080] Testing of the flat tip and curved tip inserter varia-
tions were performed in fifteen volunteers. Volunteer demo-
graphics for the study are outlined in Table 4. For demo-
graphics, the number of vaginal deliveries, previous history
with the speculum and use of tampons were observed, as
these could affect how easy and comfortable women would
find the inserter. It was also determined whether women
thought the speculum was a barrier to screening and what
they considered to be the top three most important factors for
cervical cancer screening. Most of the volunteers were under
the age of 29 and had not had any vaginal deliveries

[0081] Approximately half of them had had fewer than
two speculum examinations, however three-quarters of the
volunteers were regular users of tampons/menstrual cups.
Two-thirds of the women did not consider the speculum to
be a barrier to cervical cancer screening, however one-third
thought it was a small to medium barrier. Most of the women
thought that adequate assessment of risk was most important
in cervical cancer screening, while cost (three-quarters of the
women) and comfort (half of women) were the second and
third most important factors, respectively. Only one woman
considered physician gender to be an important factor.
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TABLE 4
Characteristics Response Volunteers % (1)
Age, vy =29 86.7 (13)
[140-44 6.7 (1)
[45-49 6.7 (1)
Number of vaginal [0 93.3 (14)
deliveries 03 6.7 (1)
Number of cervical [0 13.3 (2)
examinations with [ 1-2 333 (5)
a speculum [3-5 26.7 (4)
J6-10 6.7 (1)
J>10 20 (3)
Regular use of [ Yes 77.8 (7/9)
tampons [ No 22.2 (2/9)
Barrier of speculum [J Not a barrier 60 (9)
to getting cervical [ Small barrier 26.7 (4)
cancer screening [J Medium barrier 13.3 (2)

[ Large barrier 0 (0)

Top 3 most [J Adequate assessment of risk 93.3 (14)
important [J Travel distance to provider 46.7 (7)
considerations [ Cost 73.3 (11)
for cervical [J Comfort during screening 53.3 (8)
cancer examination [J Procedure time 26.7 (4)

[J Physician gender 6.7 (1)

[0082] Images were captured from twelve out of the
fifteen volunteers. Six of the acquired images were obtained
from the flat tip inserter while six of the images were
acquired from the curved tip inserter. FIGS. 13A and 13B
show representative images from a single volunteer with a
sideverted cervix using the flat tip inserter (FIG. 13A) and
the curved tip inserter (FIG. 13B). The flat tip inserter was
only able to sufficiently manipulate the cervix to a centered
position and provide an adequate view (constitutes the entire
os and a proportion of the surrounding cervix on all sides of
the os) of the cervix for two out of six of the women assigned
to it. In contrast, the curved tip inserter was able to center the
cervix for imaging and provide an adequate view of the
cervix for five out of six women, showing the os and an
adequate section of the cervix. The mean percent visual area
for the six patients who used the flat tip inserter was
63.44/-9.1% and the mean percent offset was 40.25+/-15.
6%. For the curved tip inserter, the mean percent visual area
81.54/-16.7% and the mean percent offset was 38.8+/-15%
(FIGS. 9C and 9D).

[0083] The body 506 can define an internal space or
channel through which a camera (not shown) with LED
illumination (e.g., a 2MP mini USB camera) to enable cervix
image capture. The light and camera feature allows for an
image of the cervix to be lit and captured. Further, the
internal space of the body 506 or channel may also enable
acetic acid/Lugol’s iodine application and insertion of swabs
for Pap smear sample collection. The camera can be con-
nected to the electronic device 502 for image capture. The
colposcope 100 can provide for patient-centered colposcopy
and can also be used to center and identify the cervix for
physician-based or self-Pap/HPV testing.

[0084] FIGS. 6A and 6B illustrate a perspective view and
a cross-sectional side view, respectively of a body of the
colposcope 500 shown in FIG. 5. Referring particularly, to
FIG. 6B, the body may form an interior channel 522 or other
interior space. An image capture device, such as a water-
proof, 2 mega pixel, Supereyes Y002, may be suitably
positioned and attached inside the channel 522. In an
example, the camera may have four white LEDs for illumi-
nation and a lens covered by a plane hydrophobic window.
The associated colposcope may be configured to have
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adjustable brightness and a manual focus. Electronics for
image capture and lighting may be housed in a metallic body
of the image capture device (e.g., camera). interfaces via a
USB cable to a phone, tablet, or computer, all of which
provide power to the camera and enable image capture.
Thus, the camera may only require a charged phone, tablet,
or computer to operate, but does not require AC power or a
separate battery source. The cross-sectional view of the
inserter shows an increasing thickness from the bottom to
the tip. This enables preservation of the slim body while
enabling a blunt, comfortable tip for introduction into the
patient. The slanted curve of the tip also enables a gradual
and hence more comfortable introduction as compared to a
flat tip.

[0085] In accordance with other embodiments, FIGS. 6C
and 6D are a perspective view and a cross-sectional side
view, respectively, of another example inserter 612. Refer-
ring to FIGS. 6C and 6D, the inserter 612 is similar to the
inserter shown in FIGS. 6A and 6B. Inserter 612 differs in
that it also includes a channel 614 that extends a length of
the inserter 612. The channel 614 includes an opening 616
at a proximate end of the inserter 612. The channel also
includes another opening 618 at a distal end of the inserter
612. The openings 614 and 616 are in fluid communication
such that fluid can be moved between the openings 614 and
616. In an example, opening 616 may be suitably connected
to a source of acetic acid. The acetic acid may be suitable
moved from the source and through the channel 614 to the
opening 616 for spray on an organ tissue bed of interest for
imaging.

[0086] FIGS. 6E and 6F illustrate a perspective view and
a cross-sectional side view, respectively, of another example
inserter 620 in accordance with embodiments of the present
disclosure. Referring to FIGS. 6E and 6F, the inserter 620 is
similar to the inserter 500 shown in FIG. 5. The inserter 620
shown in FIGS. 6E and 6F differs in that it consists of the
tip of the inserter 600 modified to fit on the tip of the
colposcope 100 for speculum-free cervix imaging.

[0087] Other than the curved funnel-like tip embodiment
shown in FIG. 5, various alternative inserters are disclosed
herein. FIGS. 7A-7E illustrate different views of another
inserter referred to herein as the mechanical billed expander
700 for use with a colposcope in a closed configuration and
open configuration, respectively, in accordance with
embodiments of the present disclosure. FIGS. 7A-7E depict
a bottom perspective view, a top perspective view, a side
view, a cross-sectional side view, and another top perspec-
tive view. Referring to FIGS. 7A-7E, the expander 700
includes a distal end 702 having a pair of bills 704 and 706
that can be closed together upon insertion and opened once
inserted to expand. The bills 704 and 706 can open by
rotation of the bill 706 about a pivot 708. The bill 706 may
be rotated by pushing a plunger connected to an extension
710 of the bill that causes rotation of the bill 706 about the
pivot point 708. A screw knob can be twisted to lock the bills
704 and 706 in position once opened to the desired diameter.
The expander 700 also includes a handle 710. The expander
700 may also be operatively connected to a device similar to
the device 502 shown in FIG. 5 for controlling the operation
of the colposcope 500, processing captured images, and
interfacing with a user. An image capture device, such as a
waterproof, 2 mega pixel, Supereyes Y002 camera, may be
positioned and fitted in an interior channel 710 of the
expander. In an example, the image capture device may have
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four white LEDs for illumination and a lens covered by a
plane hydrophobic window. The LEDs may have adjustable
brightness and a manual focus. Electronics for image capture
and lighting may be housed in a metallic body of the camera.
The electronics may interface via a USB cable to a phone,
tablet, or computer, all of which provide power to the camera
and enable image capture. Thus, the camera only requires a
charged phone, tablet, or computer to operate, but does not
require AC power or a separate battery source.

[0088] In another example, FIGS. 8 A-8C illustrate differ-
ent views of a flat-tip inserter 400 for use with a colposcope
in accordance with embodiments of the present disclosure.
Referring to FIG. 8, the inserter 800 includes a distal end
802 having a flat tip. The inserter 800 also includes a handle
804. The inserter 800 may be similar to the body shown in
FIGS. 6 A and 6B except that the tip is flat rather than curved.
An image capture device, such as a waterproof, 2 mega
pixel, Supereyes Y002 camera, may be positioned and fitted
in an interior channel 606 of the inserter. In an example, the
image capture device may have four white LEDs for illu-
mination and a lens covered by a plane hydrophobic win-
dow. The LEDs may have adjustable brightness and a
manual focus. Electronics for image capture and lighting
may be housed in a metallic body of the camera. The
electronics may interface via a USB cable to a phone, tablet,
or computer, all of which provide power to the camera and
enable image capture. Thus, the camera only requires a
charged phone, tablet, or computer to operate, but does not
require AC power or a separate battery source.

[0089] It is noted that in the embodiments of the inserter
disclosed herein, the inserter may define an interior space
that can serve as a working channel for camera placement,
acetic acid application, and other features.

[0090] The electronic device 502 may be configured to
control the operation of the colposcope 500, to process
captured images, and to interface with a user, such as
medical personnel. In this example, the electronic device
502 is a smartphone, although it should be understood that
the electronic device 502 may alternatively be any other type
of computing device. It is noted that the term “electronic
device” should be broadly construed. It can include any type
of device capable of presenting electronic text to a user. For
example, the electronic device may be a mobile device such
as, for example, but not limited to, a smart phone, a cell
phone, a pager, a personal digital assistant (PDA, e.g., with
GPRS NIC), a mobile computer with a smart phone client,
or the like. An electronic device can also include any type of
conventional computer, for example, a desktop computer or
a laptop computer. A typical mobile device is a wireless data
access-enabled device (e.g., an iPHONE® smart phone, a
BLACKBERRY® smart phone, a NEXUS ONE™ smart
phone, an iPAD® device, or the like) that is capable of
sending and receiving data in a wireless manner using
protocols like the Internet Protocol, or IP, and the wireless
application protocol, or WAP. This allows users to access
information via wireless devices, such as smart phones,
mobile phones, pagers, two-way radios, communicators, and
the like. Wireless data access is supported by many wireless
networks, including, but not limited to, CDPD, CDMA,
GSM, PDC, PHS, TDMA, FLEX, ReFLEX, iDEN, TETRA,
DECT, DataTAC, Mobitex, EDGE and other 2G, 3G, 4G
and LTE technologies, and it operates with many handheld
device operating systems, such as PalmOS, EPOC, Win-
dows CE, FLEXOS, 0S/9, JavaOS, i0S and Android. Typi-
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cally, these devices use graphical displays and can access the
Internet (or other communications network) on so-called
mini- or micro-browsers, which are web browsers with
small file sizes that can accommodate the reduced memory
constraints of wireless networks. In a representative embodi-
ment, the mobile device is a cellular telephone or smart
phone that operates over GPRS (General Packet Radio
Services), which is a data technology for GSM networks. In
addition to a conventional voice communication, a given
mobile device can communicate with another such device
via many different types of message transfer techniques,
including SMS (short message service), enhanced SMS
(EMS), multi-media message (MMS), email WAP, paging,
or other known or later-developed wireless data formats.
Example functions described herein may be implemented on
any suitable electronic device, such as a computer or smart-
phone.

[0091] The electronic device 502 may include a touch-
screen display 120 and/or other user interface for interacting
with a user and for present information and images. As
referred to herein, a “user interface” (UI) is generally a
system by which users interact with an electronic device. An
interface can include an input for allowing users to manipu-
late an electronic device, and can include an output for
allowing the system to present information (e.g., e-book
content) and/or data, indicate the effects of the user’s
manipulation, etc. An example of an interface on an elec-
tronic device includes a graphical user interface (GUI) that
allows users to interact with programs in more ways than
typing. A GUI typically can offer display objects, and visual
indicators, as opposed to text-based interfaces, typed com-
mand labels or text navigation to represent information and
actions available to a user. For example, an interface can be
a display window or display object, which is selectable by
a user of a mobile device for interaction. The display object
can be displayed on a display screen of an electronic device
and can be selected by and interacted with by a user using
the interface. In an example, the display of the electronic
device can be a touch screen, which can display the display
icon. The user can depress the area of the display screen at
which the display icon is displayed for selecting the display
icon. In another example, the user can use any other suitable
interface of a mobile device, such as a keypad, to select the
display icon or display object. For example, the user can use
a track ball or arrow keys for moving a cursor to highlight
and select the display object.

[0092] Operating environments in which embodiments of
the present disclosure may be implemented are also well-
known. The electronic device 502 may be communicatively
connected to a remote server for communication of data and
captured images for processing in accordance with embodi-
ments of the present disclosure. Further, the electronic
device 502 may suitably power the light emitters 516 and the
image capture device 518 via the cable 504. In a represen-
tative embodiment, an electronic device, such as an e-book
reader, is connectable (for example, via WAP) to a trans-
mission functionality that varies depending on implementa-
tion. Thus, for example, where the operating environment is
a wide area wireless network (e.g., a 2.5G network, a 3G
network, or a 4G network), the transmission functionality
comprises one or more components such as a mobile switch-
ing center (MSC) (an enhanced ISDN switch that is respon-
sible for call handling of mobile subscribers), a visitor
location register (VLR) (an intelligent database that stores
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on a temporary basis data required to handle calls set up or
received by mobile devices registered with the VLR), a
home location register (HLR) (an intelligent database
responsible for management of each subscriber’s records),
one or more base stations (which provide radio coverage
with a cell), a base station controller (BSC) (a switch that
acts as a local concentrator of traffic and provides local
switching to effect handover between base stations), and a
packet control unit (PCU) (a device that separates data traffic
coming from a mobile device). The HLR also controls
certain services associated with incoming calls. Of course,
embodiments in accordance with the present disclosure may
be implemented in other and next-generation mobile net-
works and devices as well. The mobile device is the physical
equipment used by the end user, typically a subscriber to the
wireless network. Typically, a mobile device is a 2.5G-
compliant device, 3G-compliant device, or 4G-compliant
device that includes a subscriber identity module (SIM),
which is a smart card that carries subscriber-specific infor-
mation, mobile equipment (e.g., radio and associated signal
processing devices), a user interface (or a man-machine
interface (MMI)), and one or more interfaces to external
devices (e.g., computers, PDAs, and the like). The electronic
device may also include a memory or data store.

[0093] Any patents or publications mentioned in this
specification are indicative of the levels of those skilled in
the art to which the present subject matter pertains. These
patents and publications are herein incorporated by refer-
ence to the same extent as if each individual publication was
specifically and individually indicated to be incorporated by
reference.

[0094] One skilled in the art will readily appreciate that
the present subject matter is well adapted to carry out the
objects and obtain the ends and advantages mentioned, as
well as those inherent therein. The present examples along
with the methods described herein are presently represen-
tative of various embodiments, are exemplary, and are not
intended as limitations on the scope of the present subject
matter. Changes therein and other uses will occur to those
skilled in the art which are encompassed within the spirit of
the present subject matter as defined by the scope of the
claims.

1. An inserter comprising:

an elongate body defining an interior space and having a
distal end, a proximate end, and an axis extending
between the distal end and the proximate end, the distal
end being substantially funnel shaped and defining a
wide portion and a narrow portion, wherein the narrow
portion is closer to the proximate end than the wide
portion, wherein an edge of a first portion of the wide
portion extends further from the proximate end than an
edge of a second portion of the wide portion; and

an image capture device positioned within the interior
space of the elongate body.

2. The inserter of claim 1, wherein the elongate body has
a predetermined diameter and length for fitting to the image
capture device.

3. The inserter of claim 1, wherein the distal end is
configured of a size and shape to fit to different cervix sizes.

4. The inserter of claim 1, wherein the elongate body is
tubular shaped.
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5. The inserter of claim 1, further comprising:

an electronic device; and

at least one cable configured to operatively connect the

electronic device and the image capture device.

6. The inserter of claim 5, wherein the electronic device
is configured to power and communicate with the image
capture device.

7. The inserter of claim 1, wherein the edges of the first
and second portions define a curved edge.

8. The inserter of claim 1, further comprising a channel
that extends substantially along a length of the elongate
body for fluid communication.

9. The inserter of claim 8, wherein the channel is config-
ured to fluidly communicate contrast agent from the proxi-
mate end to the distal end.

10. The inserter of claim 1, wherein the inserter is
configured for performing Pap smear and HPV sampling.

11. The inserter of claim 1, further comprising a reflective
component positioned within the elongate body at the distal
end.

12. The inserter of claim 1, wherein the inserter is
configured for dual speculum free imaging and uniform
illumination.

13. A colposcope comprising:

an elongate body defining an interior space and having a

distal end, a proximate end, and an axis extending
between the distal end and the proximate end, the distal
end being configured to ergonomically transition from
an ellipsoid cross-sectional profile to a circular cross-
sectional profile and defining a wide portion and a
narrow portion;

an image capture device positioned within the interior

space of the elongate body; and

an anti-reflection coated, hydrophobic window positioned

at the distal end and positioned within a field of view
of the image capture device.

14. The colposcope of claim 13, further comprising a
control panel and associated electronics configured to select
from among a plurality of modes of illumination for an
object in a field of view of the image capture device.

15. The colposcope of claim 14, further comprising at
least one light emitter attached to the distal end of the
elongate body and positioned to generate and direct light
towards the area outside of the elongate body, and

wherein the control panel and associated electronics are

configured to select from among the modes of illumi-
nation to control the at least one light emitter.

16. The colposcope of claim 15, wherein the at least one
light emitter comprises a plurality of different types of light
emitting diodes (LEDs), and

wherein the modes of illumination correspond to activa-

tion and deactivation of the different types of LED:s.

17. The colposcope of claim 13, wherein the at least one
light emitter comprises a plurality of light emitting diodes
(LEDs).

18. The colposcope of claim 17, wherein the LEDs are
configured for one of white light imaging for VIA and
VILLI, green light imaging for enhanced contrast for vas-
culature, and blue light imaging for excitation illumination
of potential target fluorophores.

19. The colposcope of claim 17, further being configured
for implementation of a long-pass emission filter to provide
for epi-fluorescence imaging capabilities by restricting only
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emitted light from target fluorophores and excluding exci-
tation light to detection and discrimination of signal.

20. The colposcope of claim 13, further comprising a
control panel and associated electronics configured to select
from among a plurality of different magnifications or colors
for viewing an object in a field of view of the image capture
device.

21. The colposcope of claim 13, further comprising a
protective outer optical window with hydrophobic coating to
reduce glare, provide impact and abrasion protection, and
form the outermost liquid and particle barrier to the sensitive
camera lens.

22. The colposcope of claim 13, further configured to
provide a liquid and particle tight seal by use of one of
ultrasonic welding of the elongate body, and a silicone
gasket and compression spring technique to allow for
manipulation while retaining liquid and particle infiltration
protection.

23. The colposcope of claim 13, further comprising a light
guide diffuser and silicone O-ring implementation for reduc-
ing vignetting, improving imaging contrast, and reducing
stray light leakage.

24. The colposcope of claim 13, further comprising a
modular reflector to provide uniform illumination by redi-
recting light at outer fringes back towards target tissue
surface through the use of angled sidewalls of the distal end.
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