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C
ervical cancer prevention remains a top
medical priority for much of the
developing world [1]. Research in the
developed world has shown that

combining a screening method (cytology – the Pap
Smear), with an appropriate follow-up program can
reduce cervical cancer deaths by up to 80% [2].
Cervical screening is most effective when
combined with colposcopy and cervical biopsy as
follow-up. Although cytology has been an effective
screening method in developed countries, it
requires a laboratory infrastructure seldom found
in developing countries; moreover, in the
developing world it is not uncommon for a patient
to travel several miles by foot to get to a clinic,
making follow-up appointments difficult. A highly
preventable disease, cervical cancer has been
fought in developed countries, yet it is a leading
cause of cancer death for women in developing
countries [3], with nearly 85% of the prevalence
rate occurring in the latter [4].  

In order to minimise the gap in screening,
availability between the developed and the,
developing worlds, visual inspection with acetic
acid (or VIA) was proposed as a cheap, relatively
efficient and easy to implement screening method
for low-income settings. VIA requires little
infrastructure and training of health care
practitioners and allows for immediate treatment
following a positive diagnosis [5]. As a result, in
many developing countries, VIA is the primary step,
and the standard, for cervical cancer screening;
however, it is rarely corroborated by colposcopy
and biopsy. 

Recently it was shown that VIA has successfully
reduced cervical cancer mortality by 31% when
coupled with cryotherapy [6], in which compressed
CO2 or N2O refrigerant are used to ablate pre-
cancerous or cancerous tissue. Cryotherapy is
minimally invasive, fast and effective at mitigating
the risks from the cancer returning in 89-91% of
cases [7]. Though rare, some serious side effects
may occur following cryotherapy, these include
infection, bleeding, and excessive treatments which
can lead to infertility [8]. Given its cost
effectiveness, easy and quick application, minimally
invasive status, cryotherapy has become the

treatment of choice for clinics operating in low-
resource settings. Together, VIA and cryotherapy
form the “screen-and-treat” approach, which
combines screening and treatment into one visit –
a design critical in low-resource settings, which has
been adopted as the standard for cervical cancer
interventions in low-resource settings. 

Despite its success, VIA presents a major
challenge: with a positive predictive value (PPV) of
17% [9], five out of six patients receive cryotherapy
unnecessarily, as a result of a false positive VIA
result. In order to reduce the number of false
positives, MobileOCT has developed a mobile
colposcope that serves as an adjunct to VIA, while
also providing a technological platform that
enables high-end multi-modal imaging. At its core,
the device consists of a cell phone, an illumination
system, and an optical attachment (Figure 1). With a
3D printed phone case and handle, containing the
batteries and light system, all the core elements
come together into one compact device.
Additionally the phone contains an application
designed to view, record, document and share
images of the cervix. The device will enable
clinicians to observe, diagnose, and document
cervical abnormalities on-site in a single visit.  
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Figure 1: The Mobile Colposcope, disassembled into each of
its component parts. From left to right: illumination unit,
optical lens assembly, cell phone case, and Motorola Moto G
Smartphone.
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Low-cost cervical imaging with
the Mobile Colposcope
The mobile colposcope is an adjunct to
existing detection procedures. The device
is designed to improve the detection of
cervical cancer precursor lesions in 3
ways:
1. It provides a magnified image of the

cervix that is similar to that of many
developed world colposcopes.

2. It allows for documentation of clinical
images and diagnoses, as well as the
possibility of sharing that
documentation with colleagues for
remote quality and offline quality
control.

3. It provides a platform for integrating
biophotonics technologies that are
currently being developed.

While the biophotonics technologies
require developing additional hardware,
providing image sharing and analysis
capabilities can be done with software
alone. Proprietary software that enable
for image sharing and analysis has already
been integrated into the prototypes being
tested in the field. With these features,
the device application allows a doctor to
access an image taken by the device
instantly from anywhere in the world with
an internet connection.

The current Mobile Colposcope
prototype (Figure 2) allows for high-

resolution bright-field imaging of the
cervix – the visualisation method that
clinicians are used to working with on
conventional colposcopes. The device has
been positively received by clinical
workers using it in the field in: Kenya, Haiti,
Botswana, Mexico, and the US. One Image
from the Haiti clinic is shown in Figure 3.

Future iterations of the Mobile
Colposcope will integrate high-resolution
bright-field imaging with two
biophotonics modalities, polarisation
difference imaging (PDI) and multi-spectral
imaging.  In polarisation difference
imaging, the two polarisation components
of light are imaged separately; this
modality can provide information on
micro-structural patterns within the
superficial tissue layer.  Multi-spectral
imaging collects information on the
composition of the tissue, the size and
distribution of scattering particles, and
other related information.  

Multi-Modal Imaging on the
Mobile Colposcope
While the addition of colposcopic
imaging and telemedicine capabilities will
likely improve detection of cervical
cancer precursor lesions in low-resource
settings, higher accuracy is required for
screening devices [10]. Advanced
analytical methods, such as those offered

by biophotonics, are therefore necessary.
Here, the different components of the
light used to image the cervix (i.e.,
wavelength, polarisation) are detected
independently. Together, these data
cumulate into a dataset from which tissue
parameters can be measured. 

Multi spectral imaging
The transport of light through the tissue
is a function of the (wavelength-sensitive)
optical properties. The transport varies
greatly by tissue type and optical setup,
and it is critical to use the right
expression if one wants to make accurate
measurements. In tissues, scattering, as
described by the reduced scattering
coefficient 𝜇s’, is the dominant event. Its
wavelength dependence is given by [11]

𝜇𝑠′ (𝜆) ≈ 𝑎 (𝜆⁄𝜆0)−𝑏 + 𝑐 (𝜆⁄𝜆0)−4

The first term represents anisotropic
scattering from larger structures (nuclei,
mitochondria), while the second term
represents isotropic scattering from
smaller structures (collagen fibrils and
cross links).  Scalars a and c represent the
relative concentrations of larger and
smaller structures, respectively. The decay
coefficient b (≈1) depends on the size
distribution of the structures.  Practically,
isotropic scattering dominates at lower
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Figure 2: The assembled Mobile Colposcope. Figure 3: Image of a cervix taken during cervical exam of patient at a clinic in Haiti with the Mobile
Colposcope (courtesy of Dr Jonas Eddy).
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wavelengths (<500 nm), while the
anisotropic scattering dominates at higher
visible and near infrared wavelengths.

The wavelength dependence of the
absorption coefficient depends on the
absorption spectra of the tissue. Total
absorption can be approximated as a
simple sum of its individual
chromophores. For most tissues there are
3 dominant chromophores: water, and
oxy- and deoxy- hemoglobin. 

𝜇𝑎(𝜆) = 𝐶𝑤𝑎𝑡𝑒𝑟𝜇𝑎 𝑤𝑎ter(𝜆) + 𝐶𝑏𝑙𝑜𝑜𝑑

(𝑆𝑂2 ∙ 𝜇𝑎 𝑜𝑥𝑦(𝜆) + (1 − 𝑆𝑂2) ∙ 𝜇𝑎 𝑑𝑒𝑜𝑥𝑦(𝜆)).  

Here, the 3 chromophore concentrations
are re-represented in terms of parameters
of interest to clinicians, namely as the
water content Cwater, blood content Cblood,
and oxygen saturation SO2.  

Collectively, it is possible analyse
images and solve for these 6 parameters
(a, b, c, Cwater, Cblood, and SO2) by
illuminating the tissue with 6 (or more)
wavelengths. This can be done by
illuminating with inexpensive sources such
as LEDs.

Polarisation difference imaging
Just as the optical properties of tissues
depend on wavelength, they also depend
on polarisation. The polarisation of the
light changes with each scattering event,
and thus most of the light that escapes
the tissue is depolarised [12]. However,
there is one region in which light
transport between the two orthogonal
polarisation states differ – the superficial
region of the tissue less than one
scattering event [13]. The depth of this
region is a few hundred microns,
depending on the optical properties of
the tissue. For many tissues (including the
cervix), this single scattering layer roughly
corresponds to the epithelial layer where
dysplasia (cervical intraepithelial
neoplasia, or CIN) forms.  However, most
of the light that returns comes from the

underlying stroma. Consequently, it is
difficult to analyse epithelial structures as
this small signals sits atop a strong
background from the stroma.  

One way to isolate this superficial
epithelial layer is to implement
polarisation difference imaging [13]. With
linearly polarised illumination, the
difference between the parallel and
orthogonal components cancels out the
strong background caused by the stroma,
revealing structures within the epithelium.
Differences in epithelial structures can
inform of structural abnormalities
associated with low-grade or high-grade
CIN.  

The hardware changes required to
implement both PDI with multi-spectral
imaging are minimal – all that is required
are some LEDs and polarising filters.
Together, these biophotonics methods
can be adapted to a mobile device such
as the mobile colposcope, offer a
powerful way to augment standard bright-
field imaging techniques like colposcopy
in order to extract additional information
about the tissue. Currently, several
prototype units have been developed,
and these devices have started
undergoing extensive clinical testing at
four sites in three countries.

Concluding Remarks
Across much of the developing world, the
standard of care for cervical cancer
screening is VIA, in which the cervix is
examined with a naked eye. A
smartphone-based mobile colposcope
can augment this procedure by adding
imaging and magnification capabilities, as
well as remote image analysis, while
providing a platform for biophotonics
methods such as PDI and multi-spectral
imaging. With the right implementation
and engineering design, these methods
have the potential to integrate into the
standard of care for cervical cancer
screening in low-resource settings. ●
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“At its core, the device consists of a cell phone, an illumination system, and an opti-
cal attachment. With a 3D printed phone case and handle, containing the batteries
and light system, all the core elements come together into one compact device”


