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EDITORIAL

SMARTPHONE MEDICAL IMAGING: APPLICATIONS AND
FUTURE CONSIDERATIONS
Rahul Chakrabarti, Chandrashan Perera
Journal MTM 3:1:1, 2014
doi:10.7309/jmtm.3.1.1

It is with great privilege that we welcome the third
volume of the Journal with an issue that presents
original research highlighting innovation and true
practical advances in the role of smartphones in
medical imaging.

enormous potential for translation into clinical practice rests with the user-friendliness, minimal training
required for users, image resolution that offers the
ability to capture clinically important details, and the
ability to rapidly store and transfer images.

Myung et al, in their back-to-back papers in this
edition offer excellent examples of the increasing role
of smartphones to capture clinical images in ophthalmology. Their papers not only demonstrate creativity,
but offer readers involved in eye care a template to
develop their own examination equipment at limited
expense. Through their publications the authors have
highlighted and addressed practical barriers of cost,
and training of health care cadres as major barriers
that currently confront many low-resource countries.

As with any novel innovation there are practical
limitations that offer opportunity for further refinement. In many low-resource settings, there remains
a paucity of access to internet and 3G/4G cellular
networks outside of major metropolitan centres.3
Thus, image capture devices must also be accompanied with a platform for safe, ethical and legal storage
of data. Thus, in the setting where dynamic transfer
and reporting of data cannot occur image capturing
technologies would need to advise users on how to
temporarily store data (when unable to remotely
transfer immediately), and subsequently follow-up
on patients who may need urgent referral. These are
real challenges that exist in many developing countries where patients may be nomadic, without fixed
address, have poor literacy (consent issues), and live
far from the point of health care. Despite this, there
is clearly a growing body of evidence to support the
surge in demand for affordable and accessible
medical imaging. Further research into the accuracy,
reliability and feasibility of such devices will only
enhance their ability to revolutionise the manner in
which we deliver healthcare.

Ophthalmology in particular is a specialty that is
critically dependent on visual diagnosis. Whilst
cataract and refractive error remain the primary
causes of blindness globally, there is a rise of
posterior segment pathology, chiefly diabetic retinopathy, age-related macular degeneration, and glaucoma.1 Many of these latter conditions are more
indolent in progression which results in patients often
presenting only when symptoms of vision loss
manifest. This justifies the need for screening and
timely referral when subtle changes develop. In the
context of diabetic retinopathy, regular monitoring
can be facilitated in a cost-effective manner through
remote photography and using telemedicine networks.2 Whilst the attention of global blindness
prevention efforts of the past two decades have
concentrated on cataract and infectious causes of
vision loss (for example, trachoma, and oncocerchiasis) a major barrier to following up and monitoring
for other causes of vision loss is affordability of
sophisticated imaging equipment such as retinal
cameras and ophthalmic slit-lamps. In this context,
Myung et al offer a proof-of-concept model to
perform anterior segment and retinal imaging. The
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE
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SIMPLE, LOW-COST SMARTPHONE ADAPTER FOR
RAPID, HIGH QUALITY OCULAR ANTERIOR SEGMENT
IMAGING: A PHOTO DIARY
David Myung, MD PhD1, Alexandre Jais, MS1, Lingmin He, MD MS1, Robert T. Chang, MD1
1

Byers Eye Institute at Stanford, Stanford University School of Medicine, Stanford, California
Corresponding Author: viroptic@gmail.com

Background: Smartphones with high quality photographic and video capabilities are now ubiquitous.
However their utility for documenting ocular pathology has been limited by the optics,
magnification, and lighting control required to capture key anatomic details of the eye. While
various adapters have been designed to attach a smartphone to a slitlamp to obtain clinically useful
photos, we sought a way for practitioners to achieve similar photos using only their existing
smartphones with minimal additional hardware.
Methods: We report the design of a simple, point-of-care optical adapter for imaging the anterior
segment that combines a low-cost macrolens, LED external light source, and a universal attachment
system for use with all smartphones. The adapter is easily attached and detached from a phone in
seconds and is small enough to fit in a pocket when not in use.
Results: A series of anterior segment photographs were obtained with the adapter that satisfactorily
portrays a wide range of pathology of the eyelids, conjunctiva, cornea, iris, and lens without the need
for a slitlamp. The external LED adjacent to the macrolens was key in creating a single light reflex
that eliminated reflections on the cornea caused by ambient light.
Conclusions: A simple, low-cost smartphone adapter can provide useful clinical information
regarding the appearance of the lids and lashes, the clarity of the cornea, the state of the
conjunctiva, the shape of the pupil and health of the iris, and the presence or absence of a hyphema
or hypopyon. This may be useful for urgent triage and teleophthalmology in various settings.
Journal MTM 3:1:28, 2014

doi:10.7309/jmtm.3.1.2

Introduction
The widespread adoption of the modern smartphone now allows everyone, including physicians, to
easily capture photographs and videos during a
patient encounter. This trend is poised to explode
as seamless mobile data encryption and uploading
to cloud storage becomes widespread. A number of
adapters exist that enable practitioners to capture
ophthalmic anterior segment photos by attaching
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE
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an iPhone or equivalent to a slitlamp microscope
or direct ophthalmoscope via simple adapters that
mount the smartphone to one of the oculars.14 Two
commercial examples of these are the iExaminer
(Welch Allyn, Skaneateles Falls, NY) and the EyePhotoDoc system developed at the Terry Eye Institute (eyephotodoc.com). Our group sought a way
to simplify ocular image capture with a smartphone
that did not require a slit lamp or specialized training.
VOL. 3 | ISSUE 1 | FEBRUARY 2014 2
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Our group designed a ‘‘minimalist’’ optical system
for imaging the anterior segment from the ground
up that combines the following three elements (1) a
low-cost macrolens, (2) a properly positioned LED
light, and (3) a mounting system universal to all
smartphones. Here, we report the development of
our first generation, compact, user-friendly, attachment and clinical photos obtained with it. The key
feature is that it is a lightweight low-cost adapter
that reversibly couples with the iPhone 4 and higher.
With it, we were able to quickly photodocument a
variety of anterior segment pathologies without the
need for a slitlamp.

by the creation of a single corneal light reflex. On a
slitlamp system, this is provided in two ways: first,
by the slitbeam itself, and second, through a
reflected light source that creates a flash emanating
inferiorly at the time of photocapture. In our
experience, the iPhone stock camera is able to
take excellent and arguably better resolution photos
without a flash than it does with a flash. Thus, we
decided that an external LED would simultaneously
provide (a) a level of illumination that would be
comfortable for the patient, (b) the right amount of
exposure, and (3) a single light reflex that eliminates
reflections on the cornea.

Methods

After much brainstorming, prototyping, and iterations, two designs were employed. Both designs
utilize a macrolens with universal clip (CamKix,
Inc.) capable of positioning the macrolens on nearly
any smartphone on market today, including both
Apple and Samsung devices. The benefit of the
universal clip was that it could also be used in the
presence of a case, which typically adds anywhere
from 1-3 mm of additional thickness to a phone,
and is relatively inexpensive (about $12 through
various online distributors, including Amazon.
com).

Optical element
Several smartphone macrolenses for general use are
commercially available today. Many of them, such
as the Olloclip (which was one of the first such
macrolens attachments available), are custom designed for a particular iPhone model. Our initial
work was done with an Olloclip, but the model we
purchased soon became unusable once the iPhone 5
was released, which not only had a better camera
but also was substantially thinner and thus was no
longer compatible with the lens. We subsequently
found a number of ‘‘universal’’ macrolens fittings
for smartphones that not only were agnostic
to phone make and model, but also were significantly cheaper ($10-$20 versus the $70 for the
Olloclip).
Illumination
All the macrolenses on the market provided adequate optical zoom at an acceptable working
distance (about 2.5 cm) from a patient’s face. The
problem with using these to photograph the eye was
the lighting. Ambient lighting led to background
reflections on the surface of the cornea, obscuring
important details. When the iPhone native flash was
used in ‘‘torch’’ mode (with the macrolens covering
the camera lens but not the adjacent flash), patients
found the light to be too intense, and, at the same
time, photos were over-exposed. This was the case
even when the intensity was reduced with filters or
by using the FilmicPro application (available on the
iTunes app store), which is currently the only one on
the market that we are aware of that provides
control over flash intensity.
After multiple attempts, we learned that reflections
caused by ambient lighting can be best minimized
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

An LED light source was then fixed to the lens
clip with or without plastic (ABS) spacers using
commercially available adhesives. In version 1, the
light was redirected with a mirror placed just
below the macro lens (Figure 1). In version 2, the
light was redirected with a plastic endcap, thus
providing direct light rather than reflected light
(Figure 1c).
The focal length of the macro lens is approximately
2.5 cm, so the device is held adjacent to the patient’s
eye as shown in Figure 1b. We found that the
optimum way to take photos with the adapter
is as follows. The phone is held in part with two
hands; one hand is used to hold the phone on
one end between the third finger and thumb,
while the fourth, and fifth digits are used to
stabilize the phone with gentle contact with the
patient’s head. The other hand is used to further
stabilize the phone. The index finger of the hand
closest to button on the camera is used to take the
photo.
Because of the required proximity between the
phone and the patient’s face, care must be taken in
all cases to not allow contact between the phone
and adapter and the patient’s skin, especially in
VOL. 3 | ISSUE 1 | FEBRUARY 2014 3
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Figure 1: (a) Prototype lens adapter with reflected LED illumination. (b) Photo showing the lens adapter in Figure 1 being
used with an iPhone 4S to capture an image of the anterior segment of a patient’s eye. (c) Prototype lens adapter with
direct LED illumination

those who have a periorbital rash or injury (such
as a laceration). In the event contact is made,
the adapter and phone can be wiped clean with
an alcohol swab; the adapter itself can be submerged in soap and water or another cleaning
solution.
For protection of privacy, photographs taken with
these adapters are being transmitted either through
(1) the EPIC Haiku mobile application, that enables
direct upload of photos to a patient’s medical
record, (2) secure, encrypted institutional email, or
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

(3) a HIPAA-compliant messaging application
called Medigram (Los Altos, CA), which has been
approved and is being deployed by the Stanford
Hospital IT department for the capture and transmission of textpages and photos. All phones that
are used to capture images are encrypted using the
university or hospital Mobile Device Management
(MDM) application. All image acquisition and
transmittal was handled with strict attention to
the confidentiality of personal data in accordance
with the Data Protection Act of 1998 and Access to
Health Records of 1990.
VOL. 3 | ISSUE 1 | FEBRUARY 2014 4
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Results
Macro lenses for smartphones have been on the
market for sometime, such as the Olloclip, EasyMacro Lens, and other examples. Proper illumination was the main challenge in trying to obtain
maximum level of detail of the ocular surface
without unwanted background reflections that obscure detail of the actual eye. Figure 2a-b below
exemplifies this difference:
Figure 3a-b juxtaposes photos of a patient’s eye
using only the stock camera app and lens (Figure
3a) and the same stock camera app used in
conjunction with the macrolens and LED (Figure
3b) shown in Figure 1a. Both photographs were
taken without the use of the digital zoom function
available on the iPhone. We found that digital zoom
could be used in the absence of the macrolens and
light source, but that this caused a reduction in
image quality compared to the optical zoom
provided by the macrolens, and the lack of proper

illumination using digital zoom alone led to unwanted corneal reflections. The phone’s native flash,
which is adjacent to the camera lens, was also used
in ‘‘torch’’ mode to take photos in combination
with the digital zoom function; we found that these
images were of poorer quality compared to the
combination of macrolens and LED setup described
here.
The following is a photodiary of images taken with
adapters in Figures 1a and 1b. We found that the
image quality was identical between the two types
of illumination. All photographs of patients’s eyes
were taken with their permission.
We found that to image fluorescein staining, no
separate blue light was needed, and that white LED
illumination was sufficient. We are developing a
version of this adapter that incorporates the option
of blue LED illumination, which may provide
additional finer details of more punctate or subtle
fluorescein staining patterns.

Figure 2: (a) Photograph of ocular surface with macro lens alone, without LED illumination. (b) Photograph of ocular
surface of same patient using reflected LED illumination from adapter shown in Figure 1

Figure 3: (a) Photograph of patient’s eye using iPhone camera alone. (b) Photograph of same patient’s eye using iPhone
camera and adapter shown in Figure 1a
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE
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Figure 4: Green (left), brown (middle), and blue (right) irides of patients with normal, healthy anterior segments

Figure 5: (a) A nasal pingueculum. (b) A nasal pterygium

Figure 6: (a) Subconjunctival hemorrhage. (b) Pyogenic granuloma

Discussion
Our photodiary demonstrates the proof of concept
that high quality anterior segment images can be
easily and reproducibly captured by the lens adapter
described, coupled with an iPhone 4 or higher and
the stock camera application. Our design is believed
to be an improvement for ease-of use and costeffectiveness as the adapter bypasses the need for
a slitlamp for capturing high magnification and
well-illuminated images of the ocular surface, with
a total cost of goods of less than $15 for the
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

mechanical prototypes described herein. Our primary criteria for image quality was iris detail; when
iris detail was in focus, the majority of the ocular
surface would come into the appropriate focus. We
have an ongoing IRB-approved study at our institution directed toward evaluating the quality of the
photos taken with this adapter.
Important limitations of the current adapter is the
inability to create a slit of light that would be useful
in estimating depth of corneal pathology, and for
capturing cell and flare. However, we feel that
images captured with the current adapter provides
VOL. 3 | ISSUE 1 | FEBRUARY 2014 6
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Figure 7: (a) Corneal graft failure. (b) Corneal ulcer, without fluorescein. (c) Perforated cornea with corneal glue and
bandage contact lens applied and (d) higher magnification detail (cropped) view of #.

Figure 8: (a) Fetal cataract showing both upright and inverted Y sutures. (b) Iris bombe. (c) Hyphema

Figure 9: (a) Herpetic lid margin disease. (b) Staph marginal keratitis with fluorescein staining

sufficient information with regard to the (1) clarity
of the cornea, (2) quality of the epithelium, (3)
fluorescein uptake, (4) the state of the conjunctiva
(whether it is injected, chemotic, or hemorrhagic),
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

(5) the shape of the pupil, (6) the health of the iris,
(7) the presence or absence of a hyphema or
hypopyon in the anterior chamber, and (8) the
appearance of the lids and lashes.
VOL. 3 | ISSUE 1 | FEBRUARY 2014 7
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Figure 10: (a) Fluorescein staining of a corneal ulcer. (b) Fluorescein staining of a corneal abrasion. (c) Fluorescein staining
of herpetic dendrite

Another potential drawback is the close working
distance of the macrolenses (about 2.5 cm). Currently we recommend using an alcohol swab to wipe
down the adapter and case of the phone after use
(or use soap and water on the adapter alone).
However, we are also exploring the possibility of
using a lens with a slightly longer focal distance.

Conclusions
The combination of secure message transmission,
smartphones with cloud access and high quality
camera technology, and a user-friendly, low cost
adapter to easily couple lenses to a smartphone are
now making teleophthalmology increasingly accessible. We have concurrently been developing a lowcost posterior segment imaging adapter for smartphones as well. Our ultimate goal is for this system
to be usable by healthcare staff with minimal
specialized training to remotely capture and share
high quality anterior segment images in order to
enhance healthcare provider communication. An
example would be enabling a triage nurse to text a
secure, reliable image to an ophthalmologist on-call.
In future work, we plan to deploy subsequent
generations of the adapter to non-ophthalmologists
to evaluate their potential use in developing nations,
inpatient consults, and areas where access to an
ophthalmologist is limited.

Disclosure
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3D PRINTED SMARTPHONE INDIRECT LENS ADAPTER
FOR RAPID, HIGH QUALITY RETINAL IMAGING
David Myung, MD, PhD1, Alexandre Jais, MS1, Lingmin He, MD, MS1, Mark S. Blumenkranz, MD1,
Robert T. Chang, MD1
1

Byers Eye Institute at Stanford, Stanford University School of Medicine, Stanford, California
Corresponding Author: viroptic@gmail.com

Obtaining a secure, photographic record of clinical findings during patient encounters can serve
as a powerful adjunct to the otherwise text-heavy documentation that dominates modern
electronic health record systems. This is particularly true in ophthalmology, which is one of
several medical specialties that relies heavily on images for diagnosis and treatment. Conventionally, ophthalmic imaging has required expensive, tabletop units operated by a trained
technician in an outpatient clinic setting. The ubiquity and evolution of smartphones into both
high-resolution cameras and conduits for encrypted data transfer has the potential to change this;
however, their use is inherently limited by the optics and lighting required to image the eye, and in
particular, the retina. Here, we report the development of a lightweight, compact, user-friendly,
3D printed attachment enabling high quality fundus photos by coupling smartphones to indirect
ophthalmoscopy condensing lenses. The attachment is designed to hold a specific lens at a
prescribed but adjustable distance from the camera lens, can utilize either the phone’s native flash
for lighting or another coaxial light source, and has the potential to be operated with one hand.
Using both mechanical prototypes and subsequent 3D printed versions of the device, we were
able to photodocument a variety of both normal and abnormal retinal findings.
Journal MTM 3:1:915, 2014

doi:10.7309/jmtm.3.1.3

Introduction
Image-capture in ophthalmology is used extensively
for disease documentation, treatment monitoring,
and education. Traditionally, this has relied upon
expensive, tabletop units operated by a trained
technician in an outpatient clinic setting. The
pervasive adoption of smartphones by physicians
and the ever-improving built-in camera technology has spurred much interest in their use for
ophthalmic imaging. These developments, along
with improvements in cloud storage, electronic
medical records accessible by smartphone, and
encryption technology, now present the opportunity
for a wholly smartphone-based teleophthalmology
system.

#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE
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In January 2013, the FDA approved the iExaminer
(Welch Allyn, Skaneateles Falls, NY), the first
smartphone-based imaging adaptor system that
attaches an iPhone 4 (Apple Inc, Cupertino, CA)
to Welch Allyn’s Panoptic Ophthalmoscope to
capture images of the retina in combination with
the iExaminer App. Before iExaminer, several
groups had created various slit lamp adaptors
that could also capture retinal images.14 More
recently, investigators have published on results of
using smartphones in conjunction with indirect
ophthalmoscopy condensing lenses, a standard examination technique familiar to all eyecare providers.3,57
Of note, Haddock et al.5 identified an iPhone
application that allows control of the native flash as
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an adjustable light source, which reduces its light
intensity to safe levels for indirect ophthalmoscopy.5,8
Our group has also been exploring various technologies and approaches to smartphone-based fundus
photography, with a particular focus on how to do
so without adversely impacting clinical workflow.
To this end, we have sought to develop a way for
practitioners to more easily image the retina with
their smartphones without the need for a slitlamp or
a Panoptic ophthalmoscope while also minimizing
the challenge and time required to manually align
a lens, light source, and camera over a patient’s
eye. Here, we report the development of our first
generation, compact, user-friendly, attachment that
mounts a typical condensing lens for indirect
ophthalmoscopy to a smartphone. The device is a
lightweight, 3D printed adapter that directly and
reversibly couples iPhones 4 and higher to standard
indirect ophthalmoscopy condensing lenses. The
attachment is designed to hold a specific lens at
a prescribed but adjustable distance from the
camera lens, is easily assembled and disassembled
(if desired), and can utilize either the phone’s native
flash for lighting or another coaxial light source.
With both mechanical prototypes and subsequent
3D printed versions of the device, we were able
to quickly photodocument a variety of retinal
pathologies.

which is based on the optics of indirect ophthalmoscopy, is shown in Figure 1b.
This prototype was then tested clinically to see if
high quality images could be obtained and whether
the alignment and working distances were correct.
Once these were confirmed, another CAD iteration
was made on SpaceClaim (Figure 2a). The full
adapter design includes the lens mount, a smartphone adapter and a telescopic arm. This design
was printed at the Stanford Product Realization
Laboratory Room 36, using the 3D Systems (Rock
Hill, SC) ProJet 3500 HD Multi-Jet Modeling
(MJM) 3D Printer at a 32 micron resolution. VisiJet
Crystal material (acrylic-like) was used for the part
as well as wax support material, which was removed
after a post processing step (wax melting and
sonication) (Figure 2b). The mount (shown in
Figure 2c) was designed to allow the user to hold
the phone upright with one hand (Figure 2d) and
to use the other hand to stabilize (if needed) but
not actually hold the mounted lens over the
patient’s eye.

Methods
We started with a computer aided design (CAD)
model of a lens mount customized to the Panretinal
2.2 (Volk Optical, Inc. Montor, OH) condensing
lens, with a slight undersized fit to allow gripping of
the lens for easy insertion and removal. The mount
was designed with the SpaceClaim 2012 CAD
package (SpaceClaim Corporation, Concord, MA).
The initial 3D printed mount was manufactured on
a desktop Rostock Max fused deposition modeling
(FDM) 3D Printer (Open Source design by SeeMeCNC, Goshen, IN built by author AS in
Stanford, CA). A mechanical prototype was then
configured by screwing the 3D printed lens mount
to the distal end of an assembly of digital SLR
photography mounting accessories: a ball head
camera mount with extender (Videosecu, Carrollton, TX), a mini ball head camera mount (Giottos,
Pine Brook, NJ), and a universal smartphone tripod
mount (Square Jellyfish, USA) (Figure 1a). A ray
tracing of the optics of this lens adapter system,
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Figure 1a: Mechanical prototype of lens-to-smartphone
mount with 3D printed Panretinal 2.2 condensing lens
holder

Figure 1b: Ray tracing (not to scale) of the optics of the
lens adapter system
VOL. 3 | ISSUE 1 | FEBRUARY 2014 10
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Figure 2a: CAD rendering of lens-to-smartphone mount
Figure 2d: Volk Panretinal 2.2 indirect ophthalmoscopy
condensing lens mounted to iPhone 5

Figure 2b: Raw 3D printed lens mount with support
material

Figure 2c: 3D printed acrylic lens-to-smartphone mount
based on CAD design in Figure 2a

Figure 2e: Screenshot of adapter and condensing lens in
place as imaged through the FilmicPro application with
constant flash on lowest intensity indicated by the blue
arrow

The Institutional Review Board at Stanford has
approved the collection and analysis of fundus
images using our system throughout the hospital
(Protocol #25524). Smartphone fundus images were
captured with an iPhone 5 (Apple Inc., Cupertino,
CA, USA) a Panretinal 2.2 lens (Volk Optical Inc.,
Mentor, OH, USA), and our lens attachment in
dilated patients. The iPhone’s native flash was used

as a coaxial light source, and the acrylic, 3-D
printed mount was used to create indirect ophthalmoscope system and capture digital images of the
fundus with the smartphone camera [2]. Previously,
Haddock et al.5 reported on the use of the iPhone
application Filmic Pro (Cinegenix LLC, Seattle,
WA, USA; http://filmicpro.com/) for fundus photography with a manually held condensing lens with

#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE
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and without a Koeppe lens5, and this application
was used to provide constant adjusted illumination
and video capture in conjunction with our adapter.
The application’s video recording was activated,
and a video of the fundus was captured on the
iPhone screen. Once the areas of interest were
filmed, the video library of the app was accessed
and the recorded video was selected and exported
to the camera roll. Still images were extracted
from the video by screenshot. Videos were taken at
24 fps at 1080p resolution; for a typical 10 second
capture, the files were approximately 50 MB in size.
Screenshots were 1-2 MB at maximum resolution.
However, we found that these files could be
compressed upon transmission through secure
email down to approximately 100 kB and still
be adequate for clinical use.
For protection of privacy, photographs taken with
these adapters are being transmitted either through
secure, encrypted institutional email or through
a HIPAA-compliant messaging application called
Medigram (Los Altos, CA), which has been approved and is being deployed by the Stanford
Hospital IT department for the capture and transmission of textpages and photos. All phones that
are used to capture images are encrypted using the
university or hospital Mobile Device Management
(MDM) application. All image acquisition and
transmittal was handled with strict attention to
the confidentiality of personal data in accordance
with the Data Protection Act of 1998 and Access to
Health Records of 1990.

Figure 3a: Acute papillitis in a patient with ocular
syphilis using the mechanical prototype adapter with 3D
printed lens holder

Figure 3b: Superior horseshoe retinal tear after laser
retinopexy using the mechanical prototype adapter with
3D printed lens holder

Results
Initially, fundus images were successfully captured
on a model eye and subsequently in patients first
using the mechanical prototype with 3D printed
lens holder (shown in Figure 1). Subsequently, the
fully 3D printed lens-to-phone attachment (Figure
2a-d) was used to photograph the retinas of patients
with their permission. Samples of images captured
by the mechanical prototype are shown in Figure
3a-c, while images captured by the 3D printed
prototype are shown in Figure 4a-c.
The attachment as currently designed is lightweight,
and only slightly longer (5.75 inches) than the
length of an iPhone 5. There is a sliding shaft to
enable adjustment of the working distance between
the phone and the lens. Longer working distances
were also possible but created problems with weight
distribution and overall size/length issues with the
device itself. This working distance was found to
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Figure 3c: Branch retinal vein occlusion using the
mechanical prototype adapter with 3D printed lens
holder

work well across patients, in spite of a range of axial
lengths and levels of refractive error as the iPhone
camera has an autofocus capability.
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(Figure 3b), and a branch retinal vein occlusion
(Figure 3c) using the mechanical prototype with
3D printed lens holder.
Figure 4a-c are examples of photos taken in the clinic
of normal and abnormal retinas taken with the fully
3D printed lens-to-phone mount. Figure 4a shows a
normal fundus, Figure 4b shows a diabetic macular
edema, and Figure 4c shows RPE hypertrophy.

Figure 4a: Normal retina photographed using the fully
3-D printed lens-to-phone mount

Figure 4b: Diabetic macular edema photographed using
the fully 3-D printed lens-to-phone mount

Figure 4c: RPE hypertrophy photographed using the fully
3-D printed lens-to-phone mount

Figure 3a-c are examples of photos taken in the
clinic of optic nerve swelling (Figure 3a), retinal
horseshoe tear after indirect laser retinopexy
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Similar results have been achieved with mechanical
prototypes mounted with other common ophthalmic lenses (Ocular Instruments, Inc, Bellvue, WA)
28D and 40D lens, which provide the ability to take
photos of patients with smaller pupil sizes at shorter
working distances between the condensing lens and
camera lens (data not shown).
Safety:
Luxmeter measurements of the iPhone 5 flash
dimmed with the Filmic Pro application and
illuminated through the Panretinal 2.2 condensing
lens were consistent with the findings of Kim et al. 8,
who showed that the light levels were 150 times
below the thermal hazard limit and 240 times below
the photochemical hazard limit set by the International Organization for Standardization (ISO
15004-2.2) 9 and 10 times below the levels produced
by the commercially available Keeler Vantage Plus
LED indirect ophthalmoscope. The lowest intensity
level using the app was always used, which we
measured at approximately 800 lux through a Volk
Panretinal 2.2 condensing lens using a commercial
luxmeter (Mastech Professional Luxmeter Model
Number LX1010B) standardized to a model eye
(Western Surgical Specialties, Benicia, CA), so the
level of light intensity and energy was always well
below what was measured previously by Kim et al.
We found that this flash setting was comparable to
the illumination provided by a Heine Omega 500
indirect ophthalmoscope at mid-level intensity
through the same condensing lens on the same
model eye. Maximum flash intensity through the
same lens/adapter/phone configuration to view a
model eye was measured at about 2000 lux.

Discussion
Our case report demonstrates the proof of concept
that high quality fundus images can be easily and
reproducibly captured by the lens adapter described,
coupled with an iPhone 5 and the Filmic Pro
application. Haddock et. al. have published similar
results while manually holding an indirect BIO lens
VOL. 3 | ISSUE 1 | FEBRUARY 2014 13

ORIGINAL ARTICLE
with and without a Koeppe lens.5 Our design is
believed to be an improvement for ease-of use as the
adapter places the lens at an optimized position
with respect to the camera’s field of view, minimizing time spent capturing the image.
In our design, we customized the attachment to
be specific for holding a Volk Panretinal 2.2 lens
on one side and an Apple iPhone 5 on the other.
We determined that the ease of use of the device
was greatly diminished when additional degrees of
freedom were allowed between the lens and the
smartphone camera and therefore concluded that
fixed positions at all points was the optimal
configuration. The autofocus capabilities of the
iPhone were able to adjust for variations in patient
refractive error. Although this particular adapter
was customized to the dimensions of an iPhone, its
design is readily modified to hold existing lenses of
other dimensions and other models of smartphones.
In addition to the Filmic Pro application, we used
other commercially available applications such as
CameraAwesome and ProCamera for identifying
the area of interest and exposure. However, the light
intensity was found to be too high from the native
smartphone light source and so we needed to
use either polarizing filters or neutral density filters
to reduce the light intensity to tolerable levels
for patients without degrading image quality. One
incidental advantage that ‘‘video mode’’ (using
FilmicPro or other applications) does provide over
‘‘camera mode’’ is a pre-set zoom that better fills
the phone’s screen with the condensing lens held by
the adapter; in camera mode, the user needs to
apply a small amount of digital zoom to do so.
Haddock et al. also described the use of either the
app MovieToImage (DreamOnline, Inc., Tokyo,
Japan; http://www.dreamonline.co.jp/) or Video 2
Photo (Francis Bonnin, PacoLabs; http://pacolabs.
com/)5 that allowed the video clip still-image
extraction but these software apps were not used
in this study.
Of note, the Filmic Pro application only allows for
video capture in conjunction with variable LED
functionality and as a result, file size and storage
becomes a problem. The method describe herein of
taking screenshots of paused video is less than ideal,
both from a workflow and image resolution perspective. The Welch Allyn iExaminer application
does capture multiple selectable frames rather than
a straight video, but does not provide control over
the flash. As a remedy to this, we are developing a
modification to the adapter that includes a co-axial,
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

variable intensity, external LED light source that
obviates the need for the phone’s native flash. This
frees the adapter from the FilmicPro application
and allows capture of the highest resolution images
using the phone’s stock camera or with the camera
functions of other HIPAA-compliant image-transfer
applications, such as EPIC Haiku. In addition, it
would make the adapter ‘‘agnostic’’ to not only the
type of application used, but also the type of phone
used, since every phone has a slightly different
alignment of flash and camera lens, and not every
phone and platform has an application that can
control LED intensity. This is especially important
as the smartphone landscape continues to rapidly
evolve.

Conclusions
The tools of secure message transmission, smartphones with cloud access and high quality camera
technology, and a user-friendly, low cost adapter to
easily couple lenses to a smartphone are now
making teleophthalmology increasingly accessible.
Our team is currently studying the concordance
between remote clinical decisions made from viewing these retinal images compared to information
gleaned from a standard eye examination through
an IRB-approved study at Stanford Hospital. In
this same study, photo quality is being evaluated by
a panel of faculty reviewers. Our ultimate goal is for
this system to be usable by healthcare staff with
minimal specialized training to remotely capture
and share high quality retinal images in order to
enhance healthcare provider communication. An
example would be enabling a triage nurse to text a
secure, reliable image to an ophthalmologist on-call.
In future work, we plan to deploy subsequent
generations of the adapter to non-ophthalmologists
to determine the efficacy of smartphone-based
photography for remotely triaging patients when
access to an ophthalmologist is limited.
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Online Appendix
http://www.youtube.com/watch?vjwq7nDwgxa0&featureyoutu.be
Video 1: Video of manufacturing and assembly of the device with example of usage.

Link to get raw material
http://www.daisojapan.com/p-20209-eva-cushion-d315-in-4-pcs-12pks.aspx

Introduction
In the Ophthalmology setting, taking pictures of the
anterior segment is of crucial use for ophthalmologists in their daily practise. Ophthalmologists relies
heavily of anterior segment camera for recording of
progression of disease, documentation for case
presentation and discussion, referrals to colleagues
or subspecialty clinic and education for junior
doctors and patients.
A conventional slit lamp camera is usually used for
taking good quality pictures of the eye. The
problem with slit lamp camera is that it is expensive
and usually immobile.
The use of the smartphone in ophthalmology is
more common than ever before15. Although most
ophthalmology clinics are equipped with slit lamp
but not all clinics are fortunate enough to be
equipped with a high quality anterior segment slit
lamp camera. Smartphones are usually incorporated with high resolution cameras which are
commonly used by ophthalmologist capture pictures
of the anterior segment of the eye 15. There are
several commercially available smartphone adaptors to a slitlamp but they are expensive
and is specific for certain slit lamp brands only6.
We are writing to introduce an easy method
to produce and use your own smartphone as a
slitlamp anterior segment camera  Do it yourself
(DIY).
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Advantages of smartphone slit lamp camera
Cost saving and maintenance
Conventional slit lamp camera is expensive costing
at about USD 15,000.00. The commercially available smartphone slit lamp camera adaptor (eg.
EyePhotoDoc, Zarf iPhone Adaptor, Magnifi
iPhone adaptor, Steady iPix Telescope Photo adaptor for iPhone, Keeler portable slit lamp, iExaminer,
Tiger Lens and Skylight) ranges from USD 75.00 to
USD 520.00. The estimated cost for a DIY smartphone slit-lamp adaptor is USD 15.00 (Refer Table 1)
which reduces the cost significantly. A conventional
slit lamp camera needs to be serviced and maintenance needs to be done which incurs additional cost
to the ophthalmologist. By using the smartphone slit
lamp camera, there is virtually zero maintenance.

Portability
In comparison to the conventional slit lamp camera, the smartphone slit lamp camera is easily
portable. It fits into a pocket and when it is needed,
it can be easily mounted to an already existing slit
lamp during routine examination.

Ease of use
Conventional slit lamp camera is usually placed in a
special room and not easily accessible but with the
smartphone slit lamp adaptor, it can easily be used
in any slit lamp at anytime.
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Cost

Things needed
Smartphone cover

Any Smartphone cover can be used but
preferably soft material for easy removal

USD 10.00

Hard Sponge (EVAEthylene Vinyl
Acetate) or Polystyrene

1cm thick hard sponge/polystyrene in
cylindrical form (Brought from Daiso)

USD 3.00

Super glue/Resine Glue

Any commercially available superglue

USD 2.00

Total cost

USD 15.00
Table 1: Things needed to built a smartphone slit lamp camera adaptor

Figure 1: Blueprint of smartphone slitlamp camera
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE
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Figure 2: Smartphone Slit Lamp Camera

Patient will be explained of the anterior segment
photography and consent will be taken.

Ease of Referrals
By using the smartphone slit lamp camera, pictures
taken can be shared easily and securely to another
colleague for further management or opinion. It can
also be used by general practitioner who has a clinic
equipped with a slit lamp.

How to DIY (do it yourself) a smartphone slit
lamp camera
Determine the focal point of your smartphone by
placing the camera aperture directly opposite the
eye piece of the slit lamp making sure that placement is centred. The distance between your smartphone and the eye piece of slit lamp will be the focal
length of your smartphone. This determines the
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

thickness of the sponge you will be using for sponge
Section B (Refer to Figure 1). The focal length for
iPhone 4,4s,5, and 5c and 5s is 1.0cm and the focal
length Samsung Galaxy Note I, II and III is 0.75cm.
Figure 2 shows a completed DIY Smartphone Slit
Lamp Adaptor.
Prepare materials of sponges, super glue and
surgical knife (Refer Figure 3, Picture 1). To make
Section A sponge (Mounting of slit lamp), 1cm
thick hard sponge is first measured by removing the
eye piece from the slit lamp (Refer Figure 3, Picture
No. 2). Use hard sponges or polystyrene that are
20mm wider than the eye piece so that the rim of the
sponge is 10mm wide (Refer Figure 1, Sponge
Section A). The author suggest to use Ethylene
Vinyl Acetate (EVA) material as it is firm yet does
not damage the slit lamp eye piece. Using the eye
piece as a guide, a line is drawn using a pen for
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Figure 3: Steps of preparation of smartphone slitlamp adaptor

Section A  use the slit lamp eye piece (Refer Figure
3, Picture No. 2).
To make Section B sponge(the focal length of your
smartphone), another 1cm thick hard sponge is used
and measured with a small coin large enough for the
smartphone camera hole (Figure 3, Picture No. 3).

Caution needs to be taken during the measuring of
the sponge making sure that the eye piece is in the
centre.
All the sponges measured are then cut-to-fit the slit
lamp eye piece and the viewing hole of smartphone
camera (Refer Figure 3, Picture No. 4).

Figure 4: The finished products with different types of smartphones
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE
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Figure 5: An innovative way to display anterior segment pictures through LCD projector, monitor or LED/LCD TV

The sponges are then glued together using super glue
using two to three pieces of sponge to form Section
A and one piece of sponge to form Section B (Refer
Figure 3, Picture No. 57). Attach the glued sponge
to slit lamp after it is dry (Refer Figure 3, Picture
No. 8).
The combined sponges are then glued to the
smartphone cover by first marking the sponge
(Refer Figure 3, Picture No.9). The smartphone is
then inserted into the smartphone casing and then

aligned with the slit lamp eye piece. Minimal
amount of super glue is to be applied on the
sponge to avoid spillage (Refer Figure 3, Picture
No.10). Care is to be taken to ensure that the
viewing hole is centred otherwise the end product
will not be well aligned. All smartphones are
generally suitable for mounting to the slit lamp
(Refer Figure 4).
The smartphone camera adaptor is then mounted
to slit lamp and ready to be used. With the help of a

Figure 6: Different lighting and zooming of anterior segment pictures
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VGA or HDMI cable of the smartphone (available
commercially), we may also display the photo taken
through a LCD projector, monitor or even an LED/
LCD TV. Not only it can show live pictures but also
the possibility of capturing videos and replay it and
can be shown to the patient (Refer Figure 5).

How to use the smartphone slit lamp camera
After mounting the adaptor to the slit lamp camera,
one may use the built-in camera app in your
smartphone and just snap pictures or video as
desired. The camera flash should be disabled.
Zooming in/out: It is recommended to use the slit
lamp magnification for zooming in and out instead
of the camera app as the quality of picture may
reduce (Refer Figure 6).
Background lighting: It is recommended to switch
on the room lights during picture taking. The
quality of pictures improve with some additional
background lighting (Refer Figure 6).
Diffuser: Some slit lamps comes with a diffuser
which can be used to diffuse light if the ophthalmologist wishes to take pictures of the entire eye

without slitting the light source. This gives a diffuse
lighting to the eye. Refer to Figure 6 for detail.
AE/AF Lock: The picture quality may be increased
by controlling lighting of the smartphone camera
manually. AE (Auto Exposure) and AF (Auto
Focus) lock enable the ophthalmologist to lock the
exposure and focus to only on specific locations and
lighting needs.
Quality of the pictures are comparable to the
commercially available anterior segment camera
(Refer Figure 7 & 8).

Conclusion
In the era today, most doctors are equipped with a
smartphone which can help us not only in our daily
lives but also in our work. Smartphone photography
is something simple and yet very useful in the world
of ophthalmology.
Though there might be concern regarding patient’s
confidentiality when pictures taken are stored in
the doctor’s personal smartphone, these problems
may be solved by archiving the picture in a separate

Figure 7: Sample pictures showing head to head comparison between Smartphone Camera (Top pictures) and conventional
anterior segment camera (bottom) in a 20 year old patient with corneal foreign body. Picture A shows initial presentation.
Picture B shows post-removal of corneal foreign body with retained rust ring. Picture C shows post removal of rust ring
with corneal scar
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE
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Figure 8: Samples of pitures taken with DIY - Smartphone Slit Lamp Camera

system like Picture Archiving and Communication
System (PACS)7.
The use of smartphone photography in medical
practice is not an uncommon practice. With this
DIY guide, smartphone slit lamp anterior segment
camera should no longer be seen as something
unattainable to ophthalmologist. Instead it should
be viewed as an indispensable accessory to slit lamp
examination.
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Background: Neurocognitive Impairment (NCI) is one of the most common complications of HIVinfection, and has serious medical and functional consequences. However, screening for it is not
routine and NCI often goes undiagnosed. Screening for NCI in HIV disease faces numerous
challenges, such as limited screening tests, the need for specialized equipment and apparatuses, and
highly trained personnel to administer, score and interpret screening tests. To address these
challenges, we developed a novel smartphone-based screening tool, NeuroScreen, to detect HIVrelated NCI that includes an easy-to-use graphical user interface with ten highly automated
neuropsychological tests.
Aims: To examine NeuroScreen’s: 1) acceptability among patients and different potential users; 2)
test construct and criterion validity; and 3) sensitivity and specificity to detect NCI.
Methods: Fifty HIV individuals were administered a gold-standard neuropsychological test
battery, designed to detect HIV-related NCI, and NeuroScreen. HIV test participants and eight
potential provider-users of NeuroScreen were asked about its acceptability.
Results: There was a high level of acceptability of NeuroScreen by patients and potential providerusers. Moderate to high correlations between individual NeuroScreen tests and paper-and-pencil
tests assessing the same cognitive domains were observed. NeuroScreen also demonstrated high
sensitivity to detect NCI.
Conclusion: NeuroScreen, a highly automated, easy-to-use smartphone-based screening test to detect
NCI among HIV patients and usable by a range of healthcare personnel could help make routine
screening for HIV-related NCI feasible. While NeuroScreen demonstrated robust psychometric
properties and acceptability, further testing with larger and less neurocognitively impaired samples is
warranted.
Journal MTM 3:1:2336, 2014
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INTRODUCTION
Neurocognitive impairment (NCI) is one of the most
commonly seen complications of HIV-infection,
affecting between 30% to 84% of people living
with HIV (PLWH) depending on the population
studied.13 Mild NCI is much more common than
severe impairment (HIV-associated dementia)
among those on antiretroviral therapy (ART) and
with well-controlled viremia.13 The NCI associated
with HIV, also known as HIV-associated neurocognitive disorder (HAND), typically affects motor
functioning, attention/working memory, processing
speed, and executive functioning, as well as learning
and memory, which reflects cortical and subcortical
brain dysfunction.1,4,5 There are significant medical
and functional consequences associated with having
even mild NCI, such as increased risk of mortality
(even in those receiving ART), greater likelihood of
developing a more severe impairment, serious disruptions in activities of daily living, such as ART
adherence, and decreased quality of life 614 placing
many PLWH at risk for worse health outcomes. 15
Screening for NCI in HIV is essential to good
comprehensive care and treatment strategies. 16,17
Routine screening can help providers detect impairment at its very first signs, determine when to
initiate and adjust ART regimens, track and monitor neurocognitive function, and educate patients in
timely manner about the impact of NCI and
HAND and ways to minimize it. 16,17 Among those
on or initiating ART, providers can tailor adherence
strategies to minimize the impact of HAND on
adherence through behavioral planning. Furthermore, if and when adjuvant pharmacotherapies or
behavioral interventions become available for
HAND, screening for NCI will be the first essential
step to linking patients with the appropriate services. Screening for NCI among PLWH is not
common, as it faces numerous challenges. 18,19
Recognizing HIV-related NCI can be difficult.
Typically, it presents as mild impairment, with no
gross memory problems, or presents only by patient
report, making its detection easy to overlook. 20
The currently available screening tests for HIVrelated NCI were either designed to detect only the
most severe form of HAND, HIV-associated dementia, have poor psychometric properties for
detecting the milder forms of it, 2023 require
additional equipment, such as stopwatches, pens
and pencils, test forms, and other expensive specialized testing apparatuses, 2429 or consist of an
algorithm comprised of patient medical data that
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

does not actually measure neurocognitive functions.30 Furthermore, many screening tests typically
require highly trained personnel, to administer,
score and interpret  resources a busy and financially constrained health clinic may not have.
Computerized neuropsychological tests are becoming more commonplace in the detection and diagnosis of a wide range of neurocognitive disorders. 31
Newer computer technologies, like smartphones
and tablets, have not been widely utilized despite
being well suited to neuropsychological testing.
Because of their low cost, touchscreens, network
connectivity, ultra portability, various sensors, and
powerful computer processing capabilities, smartphones and tablets are becoming integral components in a variety of other healthcare practices. 32
Smartphones and tablets could bring great efficiency, accuracy and interactivity to neuropsychological testing, making it more accessible and less
resource intense. For example, touchscreen technology may be able to offer accurate digital analogues
of widely used paper-and-pencil neuropsychological
tests, like the Trail Making Test,33 that offer the
added benefits of automated timing and systematic
error recording. Hence, a smartphone-based screening test for NCI could help make routine screening
for it acceptable and feasible. 34
To address this gap in screening tests for HIVrelated NCI, in collaboration with neuropsychologists, NeuroAIDS researchers, HIV psychiatrists,
potential clinical users, and software engineers,
NeuroScreen was developed. NeuroScreen a software application (app) developed for smartphones
using the Android operating system that takes
advantage of the touchscreen technology and is
designed to assess individuals across all the major
domains of neurocognitive functioning most affected by HIV (processing speed, executive functioning, working memory, motor speed, learning,
and memory), as well as capture other fine grained
neurocognitive data, such as task errors. The
neurocognitive screening test battery is embedded
in a graphical user interface that automates test
administration and allows for easy data management and reporting. It is completely self-contained
and does not require any additional equipment
(e.g., paper forms, pencils, stopwatches or specialized equipment). All tests are automatically timed,
scored, and reported and do not require any
hand scoring, score converting, or simultaneous
and synchronized use of stopwatches. Scores are
automatically calculated and recorded (providing
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immediate results), and timed tests are automatically timed. Administrators are forced to sequence
through all of the standardized instructions, ensuring that each administration has the same set of
instructions. Because NeuroScreen can run on
smartphones and tablets, it is ultra-portable, can
be integrated into other healthcare tools using the
smartphone and tablet platform, and may allow
screenings to be administered in almost any location, such as remote or rural clinics or fast-paced
and busy clinics requiring flexible use of examination rooms, and by any healthcare professional.
The purpose of this study was to examine: 1) the
acceptability of using NeuroScreen with an HIV
patient population and among different potential
providers; 2) NeuroScreen test construct validity;
and 3) criterion validity of NeuroScreen’s ability to
detect NCI as determined by the gold-standard
HIV neuropsychological test battery via estimating
its sensitivity. Specificity for NeuroScreen was also
calculated. The sensitivity and specificity of NeuroScreen’s most optimal cut-off score was compared
to the sensitivity and specificity of two other
screening tests for NCI in HIV within this sample.

METHODS
Participants
Fifty HIV participants enrolled in the Manhattan
HIV Brain Bank study (MHBB; U24MH100931,
U01MH083501), a longitudinal study examining
the neurocognitive and neurologic effects of HIV,
were recruited. Eligibility criteria for the MHBB
include being fluent in English, willing to consent to
postmortem organ donation, and one of the following: have a condition indicative of advanced HIV
disease or another disease without effective therapy,
have a CD4 cell count of no more than 50 cells/mL
for at least 3 months, or be at risk of near-term
mortality in the judgment of the primary physician.
All MHBB participants undergo a battery of
neurologic, neuropsychological, and psychiatric examinations every 6- to 12-months while enrolled in
the study. General medical information, plasma
viral loads, CD4 cell counts, and antiretroviral
therapy (ART) histories are obtained through
patient interview, laboratory testing, and medical
record review.
Participants were not eligible for the current study if
they could not complete the full neuropsychological
test battery from their most recent MHBB study
visit or if they had peripheral neuropathy involving
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the upper extremities that made use of the hands
and fingers excessively difficult in completing neuropsychological tests, as determined by participant
self-report or annotated in the MHBB neurological
assessment. A focus group of nine potential provider-users of NeuroScreen (physicians, psychologists,
psychometrists, nurses, and labortory technicians)
was also convened to elicit feedback on the application’s acceptability. Data were collected from May
2012  February, 2013. The Institutional Review
Boards of the Mount Sinai School of Medicine and
New York State Psychiatric Institute provided
approval for the conduct of this study.

Measures
Neuropsychological evaluation. All participants
completed a comprehensive two-hour neuropsychological test battery as part of their participation in
the MHBB study. The test battery was administered
and scored by trained psychometrists using standardized procedures, and assessed the following
seven domains: processing speed, learning, memory,
executive functioning, verbal fluency, working
memory, and motor speed (Table 1). This battery
has been used in numerous studies and has
been well validated to detect NCI in the context
of HIV. 24,35
Embedded in the MHBB battery are the grooved
pegboard test, Hopkins Verbal Learning Test, and
WAIS-III Digit Symbol Coding test, which allowed
us to compute impairment scores based on the
Carey et al. (2004) mild NCI screening approach.
The Carey approach uses either: 1) the HVLT
learning total score and Grooved Pegboard, nondominant hand, or 2) the HVLT learning total score
and Digit Symbol coding). In each variant of the
Carey approach, mild impairment is indicated if
both T-scores are less than 40 or if at least one
T-score is less than 35. The published sensitivities of
the Carey et al. approaches are 75% for the first
approach and 66% for the second. In addition,
MHBB participants receive the HIV Dementia
Scale21 and a score less than 11 was used as an
indicator of impairment possibly indicative of HIV
Dementia.
To quantify performance on the gold-standard
neuropsychological battery, the Global Deficit
Score (GDS) was calculated for each participant,
a widely used and robust composite measure of
neurocognitive functioning.24,36,37 The GDS was
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Neuropsychological Domain/Test
Motor
Grooved Pegboard  DH
Grooved Pegboard  NDH
Processing Speed
Trail Making Test, Part A
WAIS-III Digit Symbol Coding
WAIS-III Symbol Search
Executive Functioning
Trail Making Test, Part B
Wisconsin Card Sorting Test  Perseverative Responses
Learning
Brief Visual Memory Test  Total Recall
Hopkins Verbal Learning Test  Total Recall
Memory
Brief Visual Memory Test  Delayed Recall
Hopkins Verbal Learning Test  Delayed Recall
Working Memory
WAIS-III Letter Number Sequencing
Verbal Fluency
Controlled Oral Word Association Test
Reading Level
Wide Range Achievement Test  Reading 3rd Edition

Normative Data Source
Heaton, Miller, Taylor & Grant39 [1,2,3,4]
Heaton, Miller, Taylor & Grant39 [1,2,3,4]
Heaton, Miller, Taylor & Grant39 [1,2,3,4]
Heaton, Taylor & Manly40 [1,2,3,4]
Heaton, Taylor & Manly40 [1,2,3,4]
Heaton, Miller, Taylor & Grant39 [1,2,3,4]
Kongs et al.41 [1,2]
Benedict42 [1]
Benedict et al.43 [1]
Benedict42 [1]
Benedict et al.

43

[1]

Wechsler44 [1,2,3,4]
Gladsjo et al. (1999) [1,2,4]
Wilkinson45 [1]

Note. Wechsler Adult Intelligence Scale (WAIS). Normative data provides adjustments for the following demographic characteristics, as indicated: [1] Age; [2]
Education; [3] Gender; [4] Ethnicity

Table 1: Gold-Standard Neuropsychological Test Battery

calculated by generating demographically-corrected
T-scores for each task, which were then converted to
deficit scores ranging from 0 to 5. Deficit scores were
generated for each cognitive domain by averaging the
T-scores for each domain specific task, such that
T-scores greater than or equal to 40 had a deficit score
of 0, between 39 and 35 had a deficit score of 1,
between 34 and 30 had a deficit score of 2, between
29 and 25 had a deficit score of 3, between 24 and
20 had a deficit score of 4, and less than 20  5. A
deficit score of 0 was considered normal performance,
whereas a score of 5 was considered severe impairment. The GDS was an average of all 7 domain deficit
scores. For the purposes of this study, the commonly
used and validated GDS score of ] 0.5 (considered
to reflect mild impairment) was used in the sensitivity
and specificity analysis.37 We also adapted the criteria
for diagnosing HAND by an NIH Working Group38.
Individuals with two neurocognitive domains less
than a T-score of 40 were considered to have NCI
without regard to functional status (as the criteria
require to make a diagnosis of HAND).
Smartphone neuropsychological tests. Immediately
after completing the MHBB test battery or within
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

7-days of completing it, participants were administered NeuroScreen by a trained research staff.
NeuroScreen briefly assesses individuals across six
neuropsychological domains. The current version of
NeuroScreen was implemented on a large format
smartphone, the Samsung Galaxy Note†. The
Galaxy Note has a large display of 5.3-inches
(diagonal). The neuropsychological tests are embedded in a graphical user interface that allows the
administrator to enter patient data, administer tests,
generate instant raw results, and save raw results to
an internal storage card. Though NeuroScreen has
the potential to store and maintain patient records
and test scores, for the purposes of this study only
the participant ID and handedness were entered in
the app. Once all data were transferred to the
principal investigator’s secure and encrypted hard
drive, all data were wiped from the device. Once
started, the administrator is required to read
standardized test instructions, is prompted at appropriate points to offer practice trials on selected
tests, and then required to sequence through all of
the tests. NeuroScreen consists of ten neuropsychological tests that assess the domains of learning,
delayed recall/memory, working memory, procesVOL. 3 | ISSUE 1 | FEBRUARY 2014 26
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sing speed, executive functioning, and motor speed
(see Appendix A for a complete description of each
test).
Standard score conversion. All raw scores were
converted to Z-scores. Z-scores for tests based on
completion time (Trails 1 and 2, and Number Input
Speed) were reverse coded (multiplied by -1) so that
higher scores indicated better (faster) performance.
A composite Z- total score was computed as
Z-score of the sum of all the individual test Z-scores
and used as the final total score for data analysis
purposes. Higher (more positive) scores indicated
better performance.
Smartphone acceptability. To assess the acceptability of the smartphone format for taking neuropsychological tests, patient participants were asked
about their experience using smartphones with
touchscreens, and whether they owned one. They
were asked to indicate which tests were the easiest
and most difficult to take and how easy and difficult
they found using the smartphone. They were also
asked a series of open-ended questions about what
it was like taking the tests on the smartphone. To
assess acceptability among potential users of NeuroScreen, a small mixed group (n  10) physicians,
psychologists, psychometrists, and research assistants were gathered together in a focus-group type
of format where NeuroScreen was introduced and
demonstrated, and potential users had the opportunity to try using the application. Potential users
were asked to offer their feedback on NeuroScreen.
Written feedback notes were recorded.

city were computed for the optimized NeuroScreen
cut-off score, as well as for the HDS and Carey et al.
screening batteries. All analyses were conducted
using IBM SPSS Statistics version 20 (IBM Corp,
2011).
A total of six cases were dropped from some of the
analyses because of incomplete data or invalid
administrations on NeuroScreen. Three participants
were not included in the correlation, ROC and
sensitivity and specificity analyses. One of these was
unable to appropriately follow the instructions on
several tasks and refused administrator attempts to
correct and ensure instructions were understood;
one reported during test administration that he was
recently diagnosed with cataracts and that his vision
was very blurry, making the stimuli on the smartphone screen difficult to discern; the third reported
very poor hearing due to an accident and complained that he could not make out some of the
recorded stimuli even with the device at full volume.
Another three participants were excluded from the
ROC and sensitivity and specificity analyses because they had incomplete NeuroScreen test data.
Of these cases, two had missing data on the finger
tapping test (one from the dominant and one from
the non-dominant sides) because of a software
application malfunction. NeuroScreen froze twice
and upon restart, these data were lost. The third
participant did not have accurate Number Span
forward data, as this participant was interrupted
during this subtest and no total score could be
calculated.

RESULTS
Statistical Analysis
Univariate analyses were conducted to examine
participant characteristics and acceptability data.
Pearson correlation coefficients were computed to
compare NeuroScreen tests with their closest paperand-pencil analogue tests, as well as overall performance on the gold standard battery and
NeuroScreen total score. To examine the sensitivity
and specificity of various cut-off scores, two receiver
operating characteristic (ROC) curves were computed  one using the GDS as the state variable
where 1 indicated a GDS score of ] 0.5 and 0
indicated a GDS score of less than 0.5, and one
using adapted NIH Working Group criteria as
the state variable where 1 indicated two neurocognitive domains with T-scores of at least 1 SD below
the mean. Positive predictive values and negative
predictive values, as well as sensitivity and specifi#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Sample Characteristics
As Table 2 shows, the sample was predominantly
male and African American. On average, participants were over the age of 50 and had less than
12 years of education.
Gold-Standard HIV Neuropsychological Battery
Performance. Results from the full neuropsychological battery (Table 3) indicated that on average,
participants had a global T-score of 42.4 (SD 
7.2). On average, the domains of working memory,
processing speed, motor function, executive function, and verbal fluency had T-scores above 40. The
domain T-scores of learning and memory were, on
average, less than 40. The mean GDS was 1.0
(SD 0.6), indicating that a majority of the sample
had NCI. Classifying participants as impaired using
the GDS score ( ]0.5 indicates impairment) indiVOL. 3 | ISSUE 1 | FEBRUARY 2014 27
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Age
Gender (% Female)
Education (years completed)
Ethnicity
Non-Hispanic White
Black or African American
Hispanic or Latino
Other
Absolute CD4 Cell Count
Percent with viral load B 100
Has Used a Touchscreen
Smartphone Before?
Currently Owns a Touchscreen
Smartphone?
Received NeuroScreen and
MHBB Evaluation on Same
Day
Days between full evaluation
and NeuroScreen

Mean or
Percent

SD or n

53.4
39%
11.8

7.0
17
2.4

18%
43%
30%
9%
455.1
68%
39%

8
19
13
4
288.5
30
17

25%

11

48%

21

2.5

3.0

Table 2: Participant Characteristics (N  44)

cated that 75% (n 33) of the sample was impaired.
Using the adapted NIH Working Group neurocognitive criteria to classify participants as impaired
indicated that 82% (n 36) of the sample was
impaired.

NeuroScreen Performance. Table 3 displays raw
scores for all NeuroScreen tests, as well as the
composite Z-score total for the sample. On average,
participants were able to learn just over 8 words
across two learning trials (5 words per trial) and
recall almost 2 words after a 5-minute delay. The
mean total number span backwards and forwards
was just about 9 (maximum possible  17). The
mean total correct responses on Visual Discrimination 1 was just about 27 (maximum possible  61),
and 12 on Visual Discrimination 2 (maximum
possible  150). The mean completion time on
Number Input Speed was 46 seconds. Mean completion times for Trails Test 1 was just under 10
seconds and just over 14 seconds for Trails Test 2.
The mean total finger taps for the dominant
hand was just about 236 across 5 trials and about
208 taps across 5 trials for the non-dominant hand.
An independent samples t-test was computed to
compare total performance (composite Z-score
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

total) between those who received NeuroScreen on
the same day as the MHBB battery and those who
completed it on a later date. No difference was
found.Acceptability
Sixty-one percent (n 27) of participants reported
never having used a smartphone with a touchscreen
before. Among the 39% (n 17) who had used a
smartphone before, 25% (n 11) reported owning a
smartphone with a touchscreen. Ninety-three percent of the sample (n 41) reported feeling ‘‘Very
comfortable’’ to ‘‘Comfortable’’ using the study
smartphone. Seventy-three percent of the sample
(n 32) reported that the study phone was ‘‘Easy’’
to ‘‘Very easy’’ to use. Only two participants
reported that the phone was ‘‘Somewhat difficult,’’
and ‘‘Very difficult’’ to use.
When asked which tests were the most difficult to
use on the smartphone, 9% (n 4) reported none;
30% (n 13) reported the Trail Making tests; 84%
(n 37) reported the Number Input test, 18% (n 
8) reported Visual Discrimination 1, 25% (n 11)
reported Visual Discrimination 2, and 32% (n 14)
reported Finger Tapping test. When asked which
tests were the easiest to use on the smartphone,
84% (n 37) reported the Trail Making tests, 36%
(n 16) reported the Number Speed input test,
96% (n 42) reported Visual Discrimination 1, 84%
(n 37) reported Visual Discrimination 2, and 84%
(n 37) reported Finger Tapping. On open-ended
questions, participants overall reported that they
did not have any problems with the tests, they
enjoyed the format of the touchscreen, found the
instructions easy to follow, and indicated that they
would not mind receiving a similar screening test
during regular HIV care medical visits.
Feedback from the focus group-type format of
potential provider users, indicated generally overall
positive feedback and interest in it. Providers
believed that it would make a useful additional to
clinical care and was a tool they thought they would
incorporate into their practices. Several providers
indicated that a tablet version might be easier to use,
more acceptable by providers and more easily
integrated into care routines.

Construct Validity
To examine convergent validity between the NeuroScreen tests and the gold-standard tests, Pearson
correlation coefficients were computed for each
NeuroScreen test and a corresponding analogue
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Gold Standard Battery T-scores by domain
Global
Learning
Memory
Working Memory
Processing Speed
Motor Function
Executive
Verbal Fluency
Global Deficit Score (GDS)
Percent with GDS ] 0.50
Percent meeting adapted NIH Working Group criteria1
NeuroScreen Raw Scores
Verbal Learning Total
Verbal Memory (Delayed Recall)
Number Span Total
Visual Discrimination 1
Visual Discrimination 2
Number Input Speed
Trails Test 1
Trails Test 2
Finger Tapping Dominant Hand
Finger Tapping Non-dominant Hand
Composite Z-Score Total

Mean or Percent

SD or n

Min

Max

42.4
31.3
29.3
48.1
47.5
44.5
45.0
54.4
1.0
75%
82%

7.2
9.9
13.4
7.3
9.7
10.9
8.6
9.0
0.6
33
36

28
16
0
36
19
21
26
35
0



62
56
60
64
69
69
63
79
2.7



8.5
1.6
8.8
27.0
12.0
46.0
9.7
14.2
236.6
208.1
0

1.5
1.3
1.6
8.9
4.3
14.0
8.6
10.4
39.0
51.3
1.0

4
0
6
3
6
26.5
2.9
3.6
109
104
2.2

10
5
13
45
23
75
35
40
342
338
1.6

Note. 1NIH Working Group (Antinori et al., 2007) criteria of at least 2 neurocognitive domains 1 standard deviation below the mean without taking into
consideration functional impairment

Table 3: Neuropsychological Test Performance

test or tests from the larger battery measuring the
same neurocognitive domain. Table 4 displays the
correlation matrix between NeuroScreen and goldstandard tests. Moderate to strong and statistically
significant correlations between the NeuroScreen and
gold-standard tests were observed for verbal learning, delayed recall of word items, processing speed,
motor functioning, attention/working memory, and
executive functions. The NeuroScreen tests of processing speed were moderately to strongly correlated
with all of the gold-standard tests.

Global functioning. The total NeuroScreen composite Z-score was significantly, positively correlated
with the global T-score (r(44) .61, p B.01) and
significantly, negatively correlated with the GDS
score (r(44).59, p B.01) from the gold-standard test battery, such that better performance on
NeuroScreen was significantly related to better
overall performance on the full neuropsychological
test battery.
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Criterion Validity
To determine how well NeuroScreen can detect
NCI, useful cut-off scores for were identified via a
ROC analyses. ROC curves were computed for the
NeuroScreen mean composite Z-score total when
using either the GDS or the adapted NIH Working
Group neurocognitive criteria to determine impairment. The area under the curve when using the
GDS criteria was 82%, and 76% using the NIH
Working Group criteria. We computed the Youden
index (Sensitivity minus 1-Specificity) for each cutoff score to establish the best combination
of sensitivity and specificity for all possible composite Z-scores using the GDS and NIH Working
Group diagnostic criteria. The highest Youden
index score using the GDS criteria was .6, which
corresponded to a cut-off score of .9 or less. Using
this as the cut-off score yielded 94% sensitivity,
64% specificity, 89% positive predictive value and
78% negative predictive value (Table 5). There
were 4 false positives and 2 false negatives. The
highest Youden index score using the adapted NIH
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NeuroScreen Tests (Raw Scores)
Number Finger Finger Number
Gold Standard
Learning Delayed Visual
Visual
Input Tapping Tapping Span
Tests (Raw Scores)
Total
Recall Discrim 1 Discrim 2 Speed
(D)
(N)
Total Trials 1 Trails 2
HVLT Total
HVLT Delayed
BVMT Total
BVMT Delayed
Digit Symbol
Coding
Symbol Search
Grooved
Pegboard (D)
Grooved
Pegboard (N)
Letter Number
Sequencing
Trails A
Trails B
WCST Categories
WCST Perseverative
Errors
WCST Total Errors
WRAT Reading Raw

.4**
.2
.3
.2
.2

.1
.3*
0
.1
.1

.4**
.4*
.4**
.5**
.8**

.4*
.3*
.4*
.4*
.7**

.4*
.3*
.4**
.5**
.5**
.6**
.4*

.1
.1
.2
.3
.3*

0
0
.2
.2
.5**

.0
.1
.2
.3
.4

.5
.1
.1
.1
.5**
.3*
.2

.2
.3
.4** .4*

.3
.1

.3
.3

.4*

.2

.2

.1

.4*

.4**

.4*
.2

0
.3

.7**
.4**

.8**
.4**

.2

.2

.6**

5**

.5**

.2

.5**

.3*

.5**

.2
.1
.3
.1

.2
.3
.2
.3

.6**
.4**
.5**
.4*

.6**
.5**
.5*
.3

.5**
.4*
.4**
.3

.6** .6**
.3
.2
.3
.4*
.4** .5**

.2
.2

.3
0

.5**
.3

.5**
.3

.4*
.4*

.3*
.1

.4**

.2
.1
.2
.2
.3*

.4**

.4**
.3*

.4**
.1

.4*
.2
.4*
.2
.1

.4**
.5**
.4**
.4**
.4* .4*
.5**
.6**

0
.1

.4**
.3*
.2
.3

Note: *pB.05; **pB.01; none of the values are noted with sig at this level in Table 1; (D)  Dominant Hand; (N)  Non-dominant Hand

Table 4: Correlations Between NeuroScreen and the Gold Standard Tests (N  44)

Working Group criteria was .5, which also corresponded to a Z-score cut-off of .9 or less. Using
this as the cut-off score yielded 89% sensitivity,
63% specificity, 91% positive predictive value and
56% negative predictive value (Table 5). There were
3 false positives and 4 false negatives.
Table 5 indicates the sensitivities and specificities
for NeuroScreen, the HIV Dementia Scale (HDS;
using the cut score of 510 and 514 indicating
impairment), and the Carey et al. (2004; where a
T-score of 1 SD below the mean on both Digit
Symbol and Grooved Pegboard Non-dominant
hand or 2 SDs below the mean on one of those
tests indicated at least mild impairment) against
the GDS and adapted NIH working group criteria
determination of NCI based on the gold-standard
neuropsychological test battery. Both NeuroScreen
scores had better sensitivity than either the HDS
or the Carey et al. approach. NeuroScreen also
had better specificity than the HDS, though compared to the Carey et al. approach, it was slightly
worse.
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

DISCUSSION
In a sample of HIV-infected individuals, a computerized neuropsychological screening test battery
designed for a smartphone running the Android
operating system (NeuroScreen) was found to be
acceptable by its users and administrators. Moderate to strong correlations were found between all
of NeuroScreen’s tests and gold-standard paperand-pencil neuropsychological tests measuring the
same neurocognitive domains. Overall performance
on NeuroScreen significantly correlated with global
performance on the gold-standard neuropsychological test battery.
Sensitivity and specificity analyses indicated that
optimized cut-off scores on NeuroScreen based on
both the GDS and NIH working group criteria had
robust sensitivity (93.9% and 88.9%, respectively)
and moderate specificity (63.6% and 62.5%, respectively) in detecting NCI among a sample of HIV
patients. Neuroscreen shows promise as an easy-touse screening test for the neurocognitive impairment
associated with HIV, including mild impairment.
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Global Deficit Score (GDS)

Sensitivity

Specificity

PPV

NPV

93.9%

63.6%

88.6%

77.8%

43.8%
87.5%

80%
50%

87.5%
84.5%

30.8%
55.6%

84.9%
84.9%

72.7%
81.8%

90.3%
93.3%

61.5%
64.3%

Sensitivity

Specificity

PPV

NPV

88.9%

62.5%

91.4%

55.6%

44.1%
87.9%

87.5%
59%

93.8%
87.9%

26.9%
50%

80.6%
80.6%

75%
87.5%

93.6%
96.7%

46.2%
50%

NeuroScreen Z 5 .9
HIV Dementia Scale
HDS 5 10
HDS 5 14
Carey et al. Batteries
HVLT-R & Pegboard
HVLT-R & Digit Symbol
Adapted NIH Working Group Criteria
NeuroScreen Z 5 .9
HIV Dementia Scale
HDS 5 10
HDS 5 14
Carey et al. Batteries
HVLT-R & Pegboard
HVLT-R & Digit Symbol

Table 5: Sensitivity and Specicity for Screening Tests Calculated from Study Sample (N  44)

While NeuroScreen’s specificity was not as high as
it’s sensitivity, it is interesting to note that among
the three false positives, all self-reported as ‘‘definitely’’ having at least one neurocognitive complaint
(e.g., more trouble remembering things than usual,
feeling slower when thinking and planning, and
difficulties paying attention and concentrating) with
one participant reporting three complaints. It could
be that the gold-standard battery or GDS algorithm
was not sensitive to these participants’ impairment,
and that NeuroScreen was able to detect impairment.
In the context of screening for NCI the medical and
financial consequences must be weighed for both
screening and full neuropsychological evaluations.
Because HIV-related NCI is so prevalent, conducting a gold-standard neuropsychological evaluation
on every infected person would be ideal. However, it
would be prohibitive and unfeasible for many
clinical settings. Overburdened and under resourced
health clinics most likely do not have time, staff and
financial resources to conduct full evaluations on all
of their HIV patients. Furthermore, most clinics do
not have staff neuropsychologists. Hence, a screening tool that is easy-to-use that can help clinics
determine which patients are most likely to have
HIV-related NCI can help clinics make better
referrals and use their limited resources more wisely
by only fully evaluating those patients at highest
risk for having NCI. Thus, while NeuroScreen had
lower specificity than sensitivity, the lower specificity may be acceptable in such circumstances.
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Moreover, we note that the positive predictive value
(PPV) and negative predictive value (NPV) are both
fairly robust, 88.6% and 77.8%, respectively, which
are also equally important properties of screening
tests.47,48 Finally, we would like to stress that
NeuroScreen is a screening tool and we do not
believe it should replace gold-standard neuropsychological evaluations, nor should it undermine the
value of the clinician-patient interaction.
While we have provided some preliminary evidence
for NeuroScreen’s construct validity (the computerized tests in NeuroScreen measure the same cognitive abilities those from the gold-standard battery),
and the app’s criterion validity (i.e., NeuroScreen is
capable of detecting NCI in HIV patients), it is
important to note that this study has limitations.
First, we did not collect any normative data and
hence do not know how the NeuroScreen tests will
perform among individuals without HIV. Second,
we had a small sample with most individuals having
NCI. When we calculated the 90% confidence
interval (CI) of proportions for NeuroScreen’s
sensitivity with this sample size, we obtain CI .71
to .93. Though fairly wide, even with this small
sample size, we can estimate that the true sensitivity
lies within this CI and is, one the low end, almost as
sensitive as the Carey et al. (2004) screening
batteries. Hence, these findings need to be replicated
in a larger sample with less neurocognitive impairment. Third, without normative data and/or a more
neurocognitively heterogeneous group it is hard to
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establish how HIV-infected individuals without any
neurocognitive impairment would perform. Finally,
the MHBB battery has several tests that assess
cognitive domains NeuroScreen does not have and/
or assess (reading, verbal fluency and perseveration), which are important domains to assess when
evaluating an individual’s neuropsychological functioning. Nonetheless, the tests in NeuroScreen were
chosen because they assess the cognitive domains
most likely to be affected by HIV. Furthermore,
NeuroScreen is not meant to be a substitute for a
thorough neuropsychological evaluation.
Despite these limitations, we believe NeuroScreen
and other mobile operating system-based testing
tools will offer busy health clinics with an affordable, easy-to-use solution to screening for HIVrelated NCI, as well as NCI related to other disease
processes. This could help make better referrals,
better tracking, integration with electronic medical
records. NeuroScreen shows promise as an easyto-use and accurate screening tool for mild NCI
among PLWH. More research needs to be conducted to replicate these findings with a larger, nonconvenience sample before NeuroScreen can be
widely used. Nonetheless, with the possibility of
making NeuroScreen widely available, routine
screening for NCI may become more viable
and hopefully help the lives of those with NCI
and HIV.

CONCLUSION
Mobile technology is transforming clinical practice
for healthcare providers of all types. Mobile technologies offer powerful tools that are ultra-portable
and easy-to-use. This study demonstrated that a
smartphone based screening test for HIV-related
NCI was easy-to-use and acceptable to use by
patients and providers. Furthermore, evidence for
construct validity of the tests embedded in the
application was found, as was criterion validity or
the test’s ability to detect NCI. Taking advantage
of mobile platforms and automating many components of the neuropsychological testing processes may help to make testing more accurate,
efficient, affordable, and accessible to those who
need testing
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Appendix
NeuroScreen tests
Learning and memory. Verbal learning and delayed memory are
assessed via a 5-item word list with two learning trials and a
5-minute delayed recall. Words are prerecorded and played
via the smartphone speaker. Every administration of the
NeuroScreen word list is exactly the same  each word is
spoken at a 2-second interval in a clear, enunciated male voice.
After the words are played, the patient is asked to say the words
back in any order. The test administrator, viewing the screen,
sees buttons with the five words from the list, as well as an
‘‘other’’ button. The administrator taps the buttons that
correspond to the words the patient says. In the case of an
intrusion, the administrator taps the ‘‘other’’ button. Learning
is scored by totaling the number of correctly recalled words
across both learning trials. The minimum score is 0 and the
maximum score is 10.
The delay recall test automatically gets queued to be administered approximately 5-minutes after the last learning trial is
completed. The time limit is approximate because if it is
reached during another test, NeuroScreen will not interrupt
the currently administered test. Rather, the program waits for
the current test to be completed and then forces the administrator to complete the delayed recall trial. The administrator
reads the instructions to the patient to say as many words that
can be remembered from the list. The administrator taps the
buttons that correspond to the words the patient says. In the
case of an intrusion, the administrator taps the ‘‘other’’ button.
Delayed recall is scored by totaling the number of correctly
recalled words. The minimum score is 0 and the maximum score
is 5.
Working memory. Working memory is assessed via a number
span test (forwards and backwards). Participants hear prerecorded digit strings starting with a string of 3 digits with a
max of 9 digits. Each number of each string is spoken at a
1-second interval in a clear, enunciated male voice. If participants do not get the number span correct, they are given
another trial of the same span. After two incorrect responses,
the task moves on to the number span backwards portion. The
backwards span begins with a sequence of 3 digits and has a
maximum of 8. Like the forwards test, participants get two trials
per sequence, but if they get both incorrect, the test ends. The
test records the longest forwards and backwards span repeated
and is scored by summing the number of digits in each of those
spans. For example, if the longest forward span correctly
repeated had 6 digits and the longest backwards span correctly
repeated had 4 digits, the score for this test would be 10.
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Processing speed. Processing speed is assessed by two timed
visual discrimination tasks, as well as a number input test. The
first visual discrimination task requires patients to match a
target shape to its correct number by tapping the number on the
screen. This task is similar to Digit Symbol Coding of the
WAIS-III (Wechsler, 1997) and Symbol Digit Modalities
(Smith, 1982). The second task requires patients to determine
if one of two symbols matches an array of symbols and is
similar to the Symbol Search subtest of the WAIS-III (Wechsler,
1997). Both tests lasts 45-seconds and participants receive a
practice trial with feedback. The first discrimination task has a
total of 61 items. The second discrimination task has a total of
150 items. Each test is scored by summing the total number of
correctly answered items.
On the number input test, participants see a keypad on the
screen and a target number. They are asked to enter the target
number as quickly as possible. Participants see the target
numbers turn green as they enter the correct numbers. If an
incorrect number is pressed, the corresponding number in the
target number turns red and the participant must correct it by
using a back button. After a target number is entered correctly,
they move on to a longer number. The test starts with a five
digit number and proceeds in one digit increments up to a ten
digit number. Participants must complete all six trials. The
smartphone records the completion time for each trial, as well
as the number of errors made while inputting the number.
Participants receive a practice trial to become familiar with the
keypad. This test is scored by summing the completion times (in
seconds) for each of the five trials. The maximum completion
time allowed is 75-seconds.
Motor speed. Motor speed is assessed via a finger tapping test.
Patients have to tap a virtual button on the screen as fast as they
can. Each trial lasts 10-seconds. Participants have three trials
with their dominant hands, three trials with their nondominant
hands, then two more trials with the dominant, then nondominant hands. Handedness is entered into the patient
information section of NeuroScreen and the patient is automatically presented with trials based on their handedness. This
test is scored by summing the total number of taps completed
by each hand across the 5 trials.
Executive functioning. Executive functioning is assessed via a
trail making type test similar to the Trail Making Test Parts A
and B (Partington & Leiter, 1949; Reitan, 1958). Trail 1 has
users use their finger to draw a line between numbered circles
(1  8). The smartphone automatically times how long it takes to
complete the trial, as well as systematically records any errors.
If an error is made, users see a pop-up screen telling them to
go back to the last correct circle. The test is discontinued at
35-seconds with all discontinued tests recorded as the maximum
completion time. Trail 2 requires users to draw a line between
numbered and lettered circles in an ascending order (letter,
number, letter, number, etc.) The smartphone automatically
times how long it takes to complete, as well as records any
errors. Preceding each trial, users are given an abbreviated
practice test. Scores for this test are completion times (in
seconds). The test is discontinued at 40-seconds with all
discontinued tests recorded as the maximum completion time.
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FITNESS APPS, A VALID ALTERNATIVE TO THE GYM:
A PILOT STUDY
Dr Gayan Padmasekara1
1

Monash Medical Centre, Melbourne, Australia

Background: Physical activity is an integral part of a healthy lifestyle. There are multiple barriers to
exercise in the modern world. This combined with poor dietary behavior is a principle driver of
obesity. Given the prevalence of mobile technology, especially among young adults, public health
initiatives utilising fitness applications on smartphones offer an exciting new frontier in tackling this
problem. However, there is a lack of evidence regarding the effectiveness of this mobile technology
as a substitute to other exercise modalities.
Methods: In this pilot study, a search was performed using the Apple 4S smartphone’s ‘‘App Store’’
for relevant fitness applications (‘apps’). Three apps were found to fulfill the inclusion and exclusion
criteria of the study: Nike Training Club, Instant Fitness and Gorilla Workout Free. Exercise was
then performed as per each app’s guidance, and caloric expenditure was measured using a validated
device. This caloric expenditure was then compared with the control exercises, which included slowspeed jogging, WiiFit Plus exercises, and RPM, an indoor gym cycling program. One subject
performed three trials of each exercise modality.
Results: Jogging was the best form of exercise in regards to caloric expenditure (mean 7.9 calories/
min), and was superior to all other groups. Nike Training Club was superior to Gorilla Workout
Free app, however, there were no other significant differences between the apps. Nike Training Club
and Instant Fitness apps were as effective as RPM and WiiFit Plus groups.
Conclusion: This pilot study showed that fitness apps are as effective as a gym cycling group class
with regards to caloric expenditure per unit of time. They offer a new paradigm for exercise for
individuals with barriers to participating in organised fitness activity. Smartphone technology has
the potential to be utilised as a new tool for public health initiatives to tackle the growing obesity
epidemic.
Journal MTM 3:1:3745, 2014

doi:10.7309/jmtm.3.1.6

Introduction
Being physically active improves mental and musculoskeletal heath and reduces other risk factors such
as obesity, hypertension and hyperlipidemia. Thirty
minutes of moderate intensity activity daily, preferably all days of the week has been recommended for
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limiting health risks for a number of chronic
diseases including cardiovascular disease, colon
and breast cancers, type 2 diabetes and osteoporosis1. However in 2011, 48% of adults aged 18 and
over in America did not meet the physical activity
guidelines2.
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Sixty five per cent of the world’s population live in
a country where being overweight or obese causes
more deaths than being underweight. Worldwide,
more than 1 billion people are estimated to be
overweight (body mass index [BMI] 25kg/m2),
and more than 300 million of these are considered
obese (BMI 30kg/m2), making obesity one of the
greatest threats to public health today3. In Western
Australia, high BMI has over-taken tobacco as the
leading independent risk factor contributing to
disease4. Although the causes of obesity are multifactorial, a number of important lifestyle risk
factors have been associated with weight gain
during young adulthood; namely, a decline in
physical activity, an increase in sedentary behavior,
frequent consumption of fast-food and sugar-sweetened beverages, as well as higher total energy and
fat intakes5. In Australia, one in four people aged 12
to 24 years is currently overweight or obese6. Given
obesity is a risk factor for various chronic conditions including diabetes, hypertension, hyperlipidemia, stroke, heart disease and certain cancers it
should be an imperative focus of public health
interventions7.
The burgeoning fitness industry is one such avenue
for tackling obesity and to promote healthy lifestyle including physical activity. Over 4 million
Australians participate in fitness industry activities. Users typically include young adults, in the
age range of 25 to 34 years, with higher rates of
female to male participation. In 2012, the fitness
industry had revenues of over $1.2 billion, and
contributed $1.4 billion to Australia’s GDP8.
Aerobics, fitness and gym activities are now the
second most popular forms of exercise. Furthermore, growth in the fitness industry in comparison
to the broader industry of sport and recreation
has been growing at a faster rate in employment,
revenue and value adding. Moreover, programs
in the popular media, such as the television
series ‘the Biggest Loser’ have promoted fitness
activities.
Although the fitness industry is expanding, there
are barriers for overweight or obese individuals to
participate in fitness activities. The main barriers to
exercise in overweight individuals were primarily
due to negative attitudes regarding exercising
around younger or fitter individuals. Both normal
weight and overweight individuals had the exact
same intent to exercise and held similar attitudes
regarding gym equipment, however their perceptions limit participation9. Other reasons that
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

people do not join a gym include cost, lack of time,
inconvenience or feeling out of place10,11. Perceived
neighborhood safety and neighborhood walkability
have been identified as barriers to physical activity
outside of a gym setting; furthermore, these factors
have a positive association with sedentary behaviors, such as television viewing12.
Mobile technology offers a possible alternative to
tackle this problem. Across the developed world, the
average person own 1.1813 mobile phone subscriptions with this number continuing to rise. The
growth in the use of mobile phones with sophisticated processing capabilities and functionality
(i.e. smartphones) has been concentrated in young
adults, especially those at risk of becoming overweight or obese. In the United States, 62% of mobile
phone users aged 25 to 34 owned a smartphone in
2011, which is an increase from 41% in 201013.
Similar patterns are evident in Australia, where 92%
of Australians over the age of 18 years using a
mobile phone, of which 49% use smartphones14.
Mobile phones are a particularly attractive avenue
for delivering health interventions because of: (1)
the widespread adoption of phones with increasingly powerful technical capabilities, (2) people’s
tendency to carry their phones with them everywhere and (3) context awareness features enabled
through sensing and phone-based personal information15. Mobile technology provides an opportunity to develop interventions with lower costs,
less burden, and a greater reach, particularly
as mobile usage continue to rise. Smartphones
have the ability to extend key components of
intensive weight loss treatment into real-world
settings16.
Mobile phone applications (‘apps’) aimed at encouraging and enhancing physical activity are entering the smartphone marketplace. The aim of this
pilot study is to assess these ‘fitness apps’, especially
in regards to their efficacy as a tool for physical
exercise. If they are a suitable alternative, mobile
technology could provide another tool in the
armamentarium of healthcare professionals in tackling the barriers to physical activity and promoting
healthier lifestyles.

Methods
A search for all free fitness applications was
conducted on an iPhone 4S mobile phone device
(Apple Corporation, Cupertino, CA) using the
standard ‘App Store’ application included on the
VOL. 3 | ISSUE 1 | FEBRUARY 2014 38
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phone. Inclusion criteria for fitness applications
were:
(1) The program should be free of charge
indefinitely after download. Applications
with a free trial period of finite length were
not included.
(2) The program should have full and efficient
functionality after downloading, without
additional software download being necessary.
(3) The fitness activity should not require any
additional equipment (e.g. weights).
Exclusion criteria included applications that focused only on one muscle group (i.e. apps focused
on abdominal workout only etc.)
296 results were returned when conducting a search
using the search terms ‘fitness’ and ‘free’ on the
iPhone 4S ‘App Store’ application. Only three applications met all the inclusion and exclusion criteria.
Most programs involved other fitness activities such
as tracking running, fitness timers, food consumption
log apps and apps using weights at gyms. When using
the apps which met the inclusion/exclusion criteria,
only whole body workouts were used for the trial.
The final three fitness applications included were:
Nike Training Club (Nike Inc) offers more than 85
custom-built workouts with instructional videos
and audio support, and functionalities such as the
ability to set music, share progress and earn rewards
(Figure 3). For this study, the ‘sweat  shape’
workout was used.
Instant Fitness (Azumio Inc) offers 120 tailored
workouts based on more than 600 exercises,

specifically designed to be performed at home
(Figure 4). The ‘lean and mean (medium)’ workout
was utilised for this study.
Gorilla Workout Free (Heckr LLC) offers daily
body-weight only workouts based on a grouping
of 19 exercises that combine cardio and strength
training. The app includes instructional videos and
text, 4 fitness levels and day-by-day fitness regimens. Further functionalities include sharing progress via social media (Figure 5). Day 1 and 2
workouts for level 1 were utilised for this study.
Three 30 minute trials were performed on the apps
selected. 30 minutes was chosen as it is the minimum recommended1, and is likely what time poor
individuals may be able to commit. The control
exercises included other common exercise modalities: a slow-speed jog, exercise session using WiiFit
Plus (Nintendo Corporation, Kyoto, Japan), and an
indoor cycling program at the gym (RPM, Les Mills
International). Three 30 minute trials were performed on with slow-speed jogging and WiiFit Plus.
RPM was only available as a 4550 minute session,
hence the caloric expenditure per minute was
calculated for all the exercise groups to enable
comparison. A single subject (the principle author)
performed all the trials: the subject was a 28-year
old, 171cm, 75kg male with average fitness. There
was no blinding or randomisation.
In regards to the control exercises, the slow-speed
jog involved a 4km, approximately 30 minute jog at
a comfortable speed (about 89km/h) with short
interspersed walking periods as tolerated by the
study subject. WiiFit Plus (Figure 1) utilises Wii
Balance Board, which measures motion, balance and
weight with internal scales and pressure-sensitive

Figure 1: Wii Fit Balance Board and Software
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points, with the popular Nintendo Wii console to
enable workout exercises with mini-games designed
to keep the player interested in working out. The 30
minute trials in the study included aerobics exercises
(free run, hula hoop and basic step), and strength
exercises (push-ups, planks, lunges and leg extensions). RPMTM is an indoor moderate to high
intensity 45 to 50-minute cycling workout where
you ride to the rhythm of music in a group gym class.
The primary outcome measure of this pilot study
was calories consumed per minute with each
exercise modality. The secondary outcome was
metabolic equivalent of task (METS) score for
each activity. To measure these, the study utilised
the Bodymedia FIT LINK Armband (Bodymedia
Inc, Pittsburgh, PA- Figure 2). The Bodymedia FIT
LINK Armband is worn on the upper left arm over
the triceps muscle at around the midpoint between
the acromion and olecranon. It collects a variety of
physiologic data through multiple sensors (a twoaxis accelerometer, heat flux sensor, skin temperature sensor, near-body ambient temperature sensor,
and galvanic skin response sensor) that can be
uploaded and analysed using smartphone or computer software. These physiologic data enable the
armband to detect and measure physical activity of
the lower and upper body to detect the change in
energy expenditure associated with load carrying,
change of grade and non-ambulatory physical
activity. It is designed as an encompassing tool for
weight-loss that enables the consumer to detect
calories burned during day-to-day activities and
exercise, as well as the ability to input data for

calorie consumption, sleep etc. In the clinical
setting, multiple studies have shown that the armband provides valid and reliable estimates of energy
expenditure1722, although one study showed that it
overestimates energy expenditure during flat walking and underestimates energy expenditure during
inclined walking23.
Statistical analysis was performed using the computer software GraphPad Prism 6 (GraphPad Software Inc, La Jolla, CA). Mean and standard
deviations were calculated for each modality with
the three trials. A one-way ANOVA with post hoc
multiple comparisons was performed to assess for
differences between the different modalities. Paired
t-test was performed to assess differences between
each app and each trial. A significance value of
B0.05 was considered statistically significant.

Results
Figure 6 and 7 illustrates the mean and standard
deviations of the calories burned and average
METS respectively, of each of the study groups.
Jogging resulted in the highest caloric expenditure
between the exercise modalities, with a mean (M) of
7.9 calories per minute. The three fitness apps were
somewhat even, with Nike Training Club being the
most effective at mean 5.32 calories per minute.
Nike Training Club (M  5.32; standard deviation
(SD)  0.28) was superior to Gorilla Workout Free
(M  4.06; SD  0.18) (t(3)  1.257; p  0.002;
95% CI 1.00  1.52), however, there were no
significant differences between Instant Fitness and
Gorilla Workout Free, or between Nike Training
Club and Instant Fitness.
Jogging was superior to all of the other groups in
regards to calories burned per minute, as shown by
one-way ANOVA with post hoc multiple comparisons (Table 2). RPM was superior to Gorilla
Workout Free, but not the other two apps. The
findings were unchanged when compared with
average METS data.

Figure 2: Bodymedia FITT LINK Armband with iPhone
app and Computer interface
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

An incidental finding was noted that on each group,
calories burned per minute increased as the trials
progressed: i.e. with repetition the calories consumed for each modality improved (Figure 8).
There was a significant difference between trials 1
(M  5.12; SD  0.94) and 3 (M  6.02; SD 
1.53) (t(7)  0.90; p  0.01; 95% CI 0.261.55),
and trials 2 (M  5.44; SD  1.35) and 3 (t(7) 
0.58; p  0.01; 95% CI 0.180.98). No statistically
significant difference was noted between trials 1
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Figure 3: Nike Training Club App Screenshots

and 2. Figure 8 highlights this trend noted in the
study.

sumer there is a significant cost benefit, when
compared to a visit to the gym which costs about
$15 per session in Australia.

Discussion
The author believes that this is the first study of its
kind comparing fitness apps effectiveness versus
other exercise modalities. Apart from being efficacious, apps have the added benefit of being convenient, being able to perform physical activity ‘on
the go’ or with limited time. We studied only free
apps to ensure generalisability, and for the con-

This study highlights for 30 minutes of exercise, that
fitness apps result in a reasonable caloric expenditure when compared to a gym program. This could
potentially provide an avenue for using mobile
technology as part of a broader context, of a
weight-loss and healthy lifestyle program: fitness
apps could be used as part of public health

Figure 4: Instant Fitness App Screenshots
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE
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Figure 5: Gorilla Workout Free App Screenshots

programs that involve healthy dietary habits, exercise and sustainable weight loss. In itself, fitness
apps may provide an alternative to combat the
barriers for physical activity highlighted in the
introduction, such as lack of time, inconvenience,
and feeling out of place in a gym environment.
Products, such as the Bodymedia armband also
have a role in this setting to give the user control of
their treatment and progress. Instant feedback, such

as the caloric expenditure provides a good impetus
to improve physical activity.
One of the most difficult aspects of promoting
physical activity as part of a public health campaign
is developing lasting behavioral change. There are
complex factors at play to establish behavioral
change, and enjoyment of the activity is a part of
this24. All forms of the electronic exercise modalities
8

8
Average METS

6
4
2
0

6

4

2

Figure 6: Mean and Standard Deviation of calories
burned per minute of each exercise modality
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Figure 7: Mean and Standard Deviation of average METS
of each exercise modality
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Number of workouts
Video Instructions
Set Music
Sharing on Social Media
Specific Goals and Rewards
Automatically Track Progress
Average Rating on App Store#

Nike Training Club

Instant Fitness

Gorilla Workout Free

85
ª
ª
ª
ª
ª
4.5 (8)

120
h
h
h
h
ª
5 (10)

19
ª
h
h
ª
ª
3.5 (7)

#Average rating score (number of ratings)

Table 1: Comparison of the functionalities of the fitness apps

have different methods to enhance enjoyment in
exercise. Nike Training Club app offers different
medals when the user reaches certain milestones and
has voice encouragements. Subjectively the author
feels that the Nike Training Club app was superior,
in regards to engaging the user in physical activity.
WiiFit Plus also promotes enjoyment and positive
feedback with giving voice encouragement during
exercise, and exercise in the form of simple games
promotes engagement in the activity. In this sense,
the author felt more engaged with activity using the
mobile phone apps or the Wii Fit. However, this
may be a reflection of generational change, whereby
young adults are more likely to adopt technology:
94% of 18 to 29 year olds use the internet in
America, compared to 47% of all adults25.
Automated tracking, ability to track progress towards goals, integrated music features, flexibility,
Tukey’s multiple comparisons test
Nike vs. Gorilla
Nike vs. Instant Fitness
Nike vs. Jog
Nike vs. Wii
Nike vs. RPM
Gorilla vs. Instant Fitness
Gorilla vs. Jog
Gorilla vs. Wii
Gorilla vs. RPM
Instant Fitness vs. Jog
Instant Fitness vs. Wii
Instant Fitness vs. RPM
Jog vs. Wii
Jog vs. RPM
Wii vs. RPM

user-friendly interfaces, goal-setting and problem
solving features have been shown to be important
features of apps in promoting physical activity26.
A qualitative study of four focus groups with 19
young adults, Dennison et al27 noted that, accuracy
and legitimacy, security, effort required and immediate effects on mood to be important factors
that influenced app usage. The ability to record and
track behavior and goals, and the ability to acquire
advice and information ‘on the go’ were also
important. However, context-sensing capabilities
and social media features were thought to be unnecessary and off-putting. Scientifically rigorous and
theoretically grounded behavior change interventions can benefit from the potential of smartphone
technology (e.g. integrated accelerometers, internet
connectivity, ubiquitous presence, computing power
to run various applications) to provide efficient
and effective tools for behavior modification with

Mean Diff.

95% CI of diff.

Summary

1.257
0.6903
2.611
0.3213
0.878
0.5671
3.868
0.9361
2.135
3.301
0.369
1.568
2.932
1.733
1.199

0.4033 to 2.918
0.9704 to 2.351
4.272 to 0.9502
1.339 to 1.982
2.539 to 0.7828
2.228 to 1.094
5.529 to 2.208
2.597 to 0.7246
3.796 to 0.4747
4.962 to 1.641
2.030 to 1.292
3.229 to 0.09246
1.272 to 4.593
0.07225 to 3.394
2.860 to 0.4614

ns
ns
p B0.05
ns
ns
ns
p B0.001
ns
p B0.01
p B0.001
ns
ns
p B0.001
p B0.05
ns

ns  Not Significant

Table 2: One-way ANOVA with post hoc multiple comparisons between modalities
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10

calories per minute

8

6
Nike
Gorilla
Instant Fitness
Jog
Wii
RPM
Average

4

2

able to ascertain any other studies that came to
similar conclusions. It could be that due to the
familiarity of the exercises with repetition, the
overall efficiency improved. Or perhaps, the overall
fitness improved with time as the study progressed
leading to better outcomes with later trials. However, this could be focus of future research, to
maybe suggest that doing an activity that a participant is familiar with maybe more efficient than
learning something new, at least in regards to
caloric expenditure.

0
Trial 1

Trial 2

Trial 3

Figure 8: Calories burned per minute for each trial. Note
the trend of increasing calorie expenditure as the trials
progress

immersive and exciting experiences28. The apps used
in this study did highlight some of these features,
but future app development can mirror these
research findings to generate fitness apps that
promote its use to develop long-term sustainable
behavioral change.
Given its design as a pilot study, the sample sizes are
small: both in the sense that only one subject
performed the trials, and the number of trials per
modality (n  3). Hence the generalisability of the
study findings is limited. Future studies could
evaluate the findings of this pilot study, by using
larger study group sizes with a focus on weight loss
and behavior modification as part of a public health
campaign.
Further limitations include that only calories
burned and METS data were used as outcomes.
The groups are inherently different in regards to the
aerobic versus anaerobic components of each workout. It is postulated that anaerobic exercise can
increase the basal metabolic rate (BMR) for almost
24 hours post exercise, and can include other
benefits such as improvements in muscle strength
and muscle hypertrophy29. These effects would not
have been detected in this study. Other benefits from
certain workouts, such as possible improvements in
balance with WiiFit exercises have not been analysed30. This could be a focus of future research to
ascertain improvements in other domains with
certain exercise regimens.
The incidental finding of improving efficiency as the
trials progressed is interesting. The author was not
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Conclusion
Fitness apps are effective tools that can be utilised
for physical activity: this pilot-study of one participant illustrates that they are as effective at
raising caloric expenditure as other forms of
traditional exercise. However, further research is
required to expand on this early finding, as well as
monitoring compliance and adherence of such
technology. Mobile technology presents an exciting frontier for public health in tackling the
obesity epidemic in the developed world, and
with better scientific rigor, apps can be developed
that will hopefully enable lasting behavioral
change.
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Background: Medical apps on smart devices are popular among medical students. However, the
impact of medical apps on clinical practice is relatively less known.
Aims: To study the prevalence of medical app usage among medical students and assess its impact on
clinical practice.
Method: One hundred fifty-five first year medical students of the International Medical University,
Malaysia completed an anonymous questionnaire designed to explore demographic parameters,
types of smart devices owned and the medical apps installed on the smart devices; and the frequency
and purpose of usage of the apps. The students’ perception regarding medical apps, the impact of
medical apps on clinical practice and the characteristics of an ideal medical app were explored.
Results: About 88% of medical students reported owning a smart device and 87.5% had medical
apps installed on their smart devices. Most students reported positive perceptions towards medical
apps and agreed they have positive impact on their studies and clinical practice. However, the
medical students reported little awareness about the potential breach of patient confidentiality with
the use of these apps.
Conclusion: There is high prevalence of smart devices and medical apps usage among first year
clinical medical students with positive perception regarding its usage and impact on their clinical
practice. Medical schools should encourage the use of medical apps among medical students with
strategies put in place to safeguard patient confidentiality.
Journal MTM 3:1:4653, 2014

doi:10.7309/jmtm.3.1.7

Introduction
The world’s first smart phone was introduced in
1994 and since then the number of people using
smart phones have been increasing. Medical applications (apps) that are downloadable onto smart
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

www.journalmtm.com

devices’ operating systems such as iOS or Android
are increasingly becoming popular among clinicians.1 There are currently more than 13,000
medical apps available for downloading online.2 A
recent survey conducted in the United Kingdom
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showed 84% of medical students believed that smart
devices were a useful addition to their medical
education. 3
According to an Epocrates survey, more than 40%
of medical students indicated they turn to smartphone medical apps as their first choice of reference.4 Factors which contributed to the increased
use of medical apps include convenience, cost, ease
of use, comprehensive coverage, variety and utility.
The types of medical apps favoured by medical
students fall mainly into the category of clinical
reference, drug reference, diagnosis help and medical calculators.5 It is estimated that 80% of
physicians own and use smartphones6, as such the
incorporation of these tools into medical schools to
help guide their appropriate use is vital.
Many medical universities have embraced this new
technology as part of training of their medical
students by promoting medical apps resources on
their websites and maintaining licenses for these
apps. 710 At the International Medical University
(IMU) in Malaysia, the license for only one mobile
medical app, Dynamed; is maintained by the
University for use by its staff and medical students.
However, the prevalence of smart device and
medical apps usage among medical students is
unknown. We conducted this study to explore the
uptake and usage of smart devices and medical apps
among medical students and their perceptions on
the impact of medical apps on their clinical practice.

Method
Student population
We conducted the survey at the clinical school of the
International Medical University (IMU) in the city
of Seremban, State of Negeri Sembilan, Malaysia.
The participants in the study were medical students
in their first year of clinical training totalling 169
students. In the first clinical year, these students
were rotated within several postings which included
the department of internal medicine, surgery, family
medicine, dermatology, geriatric medicine, rehabilitation medicine, orthopaedic, psychiatry, radiology,
emergency medicine, ophthalmology and ear-noseand-throat. Apart from clinical sessions such as
ward work, clinics, bedside teachings and surgical
procedures in the operating theatre, their postings
also included lectures; clinical task based learning
(TBL) sessions and medical seminars. Medical
information for these students was mainly accessed
from three sources, namely medical textbooks, on#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

line websites and medical apps on smart devices.
Access to Wi-Fi was freely available within the
grounds of the university and hospital while smart
devices with paid-for-3G service can also access the
internet via 3G within these institutions.
Questionnaire
We collected data using a self-administered questionnaire. The questionnaire was divided into four
parts. Part one consisted of questions designed to
gather demographic parameters of the study sample
such as gender, ethnic group, ownership and types
of smart devices, means of internet access on the
smart devices (Wi-Fi, 3G or both), installation of
medical apps on smart devices (free or paid),
frequency and purpose of medical apps usage. The
students were also asked to identify the medical
apps installed on their smart devices using a
predetermined check-list containing a list of popular and reputable medical apps.11 Part two of the
questionnaire contained 12 questions designed to
evaluate medical students’ belief regarding medical
apps, chiefly in comparing medical apps to traditional sources of medical knowledge such as medical textbooks.
Part three of the questionnaire contained 11 questions designed to assess the impact of medical apps
on the medical students’ clinical practice based on
the perception of the students while the final part of
the questionnaire contained 10 questions which
were designed to assess the perception of medical
students on the qualities or characteristics of an
ideal medical app. The questions were formulated
from a list of desired qualities in medical apps which
has been published earlier.11
A 5-point-Likert scale was used for scoring purpose
for each question in part two to part four of the
questionnaire. A numerical value was assigned to
each of the 5-points where ‘‘1’’ was for ‘‘strongly
disagree’’, ‘‘2’’ for ‘‘disagree’’, ‘‘3’’ for ‘‘unsure’’,
‘‘4’’ for ‘‘agree’’ while ‘‘5’’ was the score for
‘‘strongly agree’’.
Piloting and sample size calculation
We piloted the survey tool with 19 randomly
selected medical students at the clinical school.
Based on the post-piloting analysis, we found that
80% of the students owned smart devices giving a
proportion of 0.8. We then refined the questionnaire
before using it for survey with 169 first year clinical
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medical students. The refinement process involved
removal of the question ‘‘brand of smart device
owned’’, and updated the list of mobile apps in the
questionnaire after discovering new apps from the
pilot process. The objectives of the study were
explained verbally to these students and written
consent was obtained before the survey. Participation in the survey was entirely voluntary and each
student was allowed 15 minutes to complete the
questionnaire anonymously. We determined the
sample size needed for statistical significance with
95% confidence interval was 118 students. We
conducted the survey on all 169 first year clinical
medical students in the university from which
155 students responded, giving a response rate of
91.7%.

Statistical analysis
From the initial sample size of 155 students, we
excluded the responses from 19 students from
statistical analysis as these students did not own a
smart device. In addition, we also excluded the
responses from another 17 students from statistical
analysis as these students did not have medical apps
installed on their smart devices. Consequently, the
responses from 119 students who owned and had
medical apps installed on their smart devices were
used for statistical analysis.
We analysed the data using the Statistical Package
for the Social Sciences (SPSS) software version 20
for Windows 7. Descriptive analysis was performed
to delineate the demographic data. To determine
statistical significance, comparison of mean using
the one sample student-t test was done. For the
purpose of analysis, a test value of 3 (unsure) was
assigned as the test value. Mean values above the
test value was considered as agreeing to the question statement while mean values below the test
value was considered as disagreeing to the question
statement. All p values were ‘two tailed’ with 95%
confidence interval with p B 0.05 was considered to
be statistically significant.
This study was approved by the Research and
Ethics Committee of the International Medical
University and was registered with the National
Medical Research Register of Malaysia.

Results
Demographics
In total, 155 students participated in the study. The
male to female ratio was almost equal. The
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

majority of the students were of Chinese ethnicity
(71.6%), followed by Indians (17.4%), Malays
(6.5%) and other ethnicity (4.5%). Of the respondents, 136 (87.7%) of them owned at least one
smart device, with a majority of their devices
equipped with both Wi-Fi and 3G (62.3%) capabilities. Only 35.3% of them had just Wi-Fi
function while 2.2% had just 3G access on their
smart devices. One hundred and nineteen of the
136 students (87.5%) had medical apps installed on
their smart devices. About 50% of them used them
at least once a day, and 40% used them at least
once a week. Most of the respondents used the
medical apps to look up medical information
(93.3%), during ward rounds (68.9%) and during
revision (44.5%). The details of student population, frequency and purpose of medical apps usage
are shown in Table 1.
Medical apps
We found that the students downloaded their
medical apps mainly from the AppStore (for iOS
users) and Playstore (for Android users). The
ratings of these apps ranged from 3.5 to 5, with a
maximum of 5. The top 3 most popular medical
apps downloaded were Medscape (89.1%), Skyscape
(44.5%) and DynaMed (37.8%). Free apps were
preferred over paid apps. The details of the medical
apps downloaded by the respondents are shown in
Table 2.
Medical students’ perception regarding medical apps
We found most medical students perceived medical
apps as essential tools for medical undergraduate
studies and felt that all medical students should
own a smart device and use medical apps installed
on their devices (p B0.001). They perceived that
medical apps can supplement medical books (p B
0.001) and provide useful medical information at
‘point-of-care’ (p B 0.001) although they disagreed that medical apps are superior to, or can
replace medical books (both p B 0.001). They
appeared to be ambivalent whether medical apps
are as good as or inferior to medical textbooks
(p  0.179 and 0.939, respectively). The students
perceived that free medical apps are inferior in
quality compared to paid apps although this was
not statistically significant (p  0.417). The
students disagreed that there is potential for
compromise of patient confidentiality when using
medical apps for patient care (p B 0.001) although
they recognized that there may be potential danger
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No. Parameters
1.

Frequency Percentage

Gender (N$ 155)
Male
77
49.7
Female
78
50.3
Ethnic Groups (N$ 155)
Malay
10
6.5
Chinese
111
71.6
Indian
27
17.4
Others
7
4.5
Using smart devices (N$ 155)
Yes
136
87.7
No
19
12.3
Access to Internet (N$ 136)
Wi-Fi
48
35.3
3G
3
2.2
Wi-Fi and 3G
85
62.5
Have medical apps installed on smart devices
used (N$ 136)
Yes
119
87.5
No
17
12.5
Frequency of use of installed medical apps
(N$ 119)
At least once a day
59
49.6
At least once a week
48
40.3
At least once a month
8
6.7
Less than once a
4
3.4
month
Purpose of use of installed medical apps
(N$ 119)
Revision
53
44.5
Preparation of
40
33.6
presentations
Look up medical
111
93.3
information
During ward rounds
82
68.9
Other purposes
2
1.7



2.



lated calculations, allowed faster access to reliable
sources of medical knowledge, allowed faster access
to reliable sources of clinical skills, allowed accurate
medicine dosages calculation, allowed easier medicine dosages calculation and allowed faster access to
evidence-based medical practice (p B 0.001). The
details are shown in Table 4.





3.




4.





5.




6.




Medical students’ perception about the
characteristics of an ideal medical app
The respondents generally agreed on almost all of
the characteristics listed in the questionnaire that an
ideal medical app should possess except for one
(Table 5). They agreed that an ideal medical app
should be produced by a medical publisher, regularly updated, properly referenced, authors are
listed, feedbacks are possible, contents are peerreviewed, recommended by mentor, university or
hospital, is meant for health professionals, and has
no potential conflict of interest (p B 0.001). The
one criteria which the students did not consider to
be an important criteria in an ideal medical app is
the potential compromise of patient privacy (p 
0.098).




7.









$

N: Number of students who responded to question

Table 1: Demographic data of medical students

in using medical apps (p  0.010). The details are
shown in Table 3.

Medical students’ perception on the impact of
medical apps on clinical practice
Medical apps were perceived by medical students to
helped improve their clinical decision making, saved
time, allowed faster access to national clinical
practice guidelines, allowed faster access to common laboratory reference values, helped in making
differential diagnoses, enabled useful medical re#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Discussion
The majority of first year clinical medical students
from IMU owned a smart device but not all had
medical apps installed in their smart devices. In this
study, we found that the prevalence of medical
students who owned a smart device was 87.7%,
which was higher than the finding of other similar
surveys which showed 79% and 77% in the United
Kingdom and Australia, respectively.12,13 Our study
also showed the prevalence of medical students who
owned smart devices with installed medical apps on
their devices was 87.5%. These findings may suggest
that it is a global trend and practice for medical
students to own a smart device and use medical
apps to support their study and clinical sessions.
Most well known medical schools in United States
and United Kingdom use this new technology in
their medical curriculum, with the ultimate goal
that once medical students graduate, they will be
ready to join the rank of nearly 80% of physicians
who use smart phones in their medical practice.6,14,15
We found that 93.3% of medical students used
medical apps to look up medical information and
68.9% of them used these medical apps during ward
rounds. The majority of them had positive perceptions on medical apps usage believing that medical
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Medical apps downloaded by
students

Medical Apps provided by
AppStore/Playstore$
AppStore

Name of Medical Apps

Free

Paid

Total

%

Free

Medscape
Skyscape
DynaMed
Oxford Clinical Handbooks
Micromedex
Gray’s Anatomy 2011
Epocrates
ECG Guide
Eponyms
Lexi-Comp
Merck Manual
Oxford Medical Dictionary
Qx Calculate
Student BMJ
Diffferential Diagnosis BMJ
Diagnosaurus DDx
PubMed Mobile
iSthethoscope
MedCalc
MIMS Consult
iPharmacy
NEJM
Prognosis
Pocket Lab Values
Uptodate
Instant ECG
MedPage Today
Mediquation-Medical Calculator
Taber’s Medical Dictionary
HIV i-chart
Pill Identifier
Pocket Pharmacist
Unbound Medicine

106
52
40
31
29
27
20
18
16
16
14
13
14
14
11
11
11
9
10
9
9
7
7
6
7
5
6
4
3
2
2
2
2

0
1
5
3
0
0
0
1
0
0
0
1
0
0
2
0
0
1
0
1
0
0
0
1
0
1
0
0
0
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Data obtained from the AppStore and the Playstore on 24 April 2013
NA  Not available

Table 2: Details and types of medical applications downloaded by medical students in order of frequency

apps were essential tools for undergraduate studies,
allowing for faster, easier and reliable access to
clinical guidelines, knowledge and skill as well as
helping in decision making and formulating differential diagnoses. They also found medical apps to
be useful for performing accurate medical related
calculations and drug dosages. Several studies
performed in the United Kingdom and Australia
among medical faculty staff and medical students
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

showed similar positive attitude towards medical
apps usage in clinical practice.15,16
In comparison to medical books, medical students
appeared uncertain if medical apps were as good as
or inferior to medical books. The reason for this
uncertainty may be due to the different geo-locations of these students during different times of the
day. When these medical students are on the move
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No. Question

N$

Mean

SD%

p-value*

1. Medical apps are essential tools for medical undergraduate studies.
2. Medical apps are superior to medical books.
3. Medical apps are as good as medical books.
4. Medical apps are inferior to medical books.
5. Medical apps can replace medical books.
6. Medical apps supplement medical books.
7. Medical apps provide useful medical information at ‘point-of-care’.
8. All medical students should own a smart device.
9. All medical students should use medical apps on their smart devices.
10. Free medical apps are inferior in quality compared to paid apps.
11. There are no dangers in using medical apps for patient care.
12. There are potential breaches of patient’ confidentiality when
using medical apps for patient care.

118
111
114
108
117
117
112
109
111
99
96
103

4.29
2.42
3.15
2.99
2.06
4.08
4.21
3.86
4.07
3.12
3.32
2.47

0.935
1.041
1.177
1.242
1.011
0.975
0.740
1.058
0.912
1.480
1.201
1.092

B0.001
B0.001
0.179
0.938
B0.001
B0.001
B0.001
B0.001
B0.001
0.417
0.010
B0.001

$

N: number of students who responded to question
SD: standard deviation
*p-value with 95% confidence interval

%

Table 3: Students’ perceptions related to medical apps

or are in attendance at clinical sessions in the
hospital, most of them would prefer medical apps,
given that smart devices especially smart phones or
tablets are very convenient and handy compared to
relatively bulky textbooks. On the other hand, most
of these medical students would probably prefer the
traditional way of study using textbooks when they
are at home or are in the library.
Interestingly, we found that the medical students in
this study appeared unconcerned that the use of
medical apps may potentially compromise patient

confidentiality nor did they consider the issue of
potential leak of patient’s data to be an important
criteria of an ‘ideal medical app’ although several
studies have highlighted the potential dangers with
regards to the use of smart devices and potential
breach of patient privacy and confidentiality.11,17
The apparent lack of concern may be because the
apps used by these students largely contained
medical information or references rather than apps
which are used directly in the management of
patients with capability of transmitting sensitive
data over the internet. Nevertheless, efforts should

No. Question

N$

Mean

SD%

p-value*

1. Improve clinical decision making.
2. Save time.
3. Allow faster access to national clinical practice guidelines.
4. Allow faster access to common laboratory reference values.
5. Help in making differential diagnoses.
6. Perform useful medical related calculations. (e.g. estimate creatinine
clearance)
7. Allow faster access to reliable sources of medical knowledge.
8. Allow faster access to reliable sources of clinical skills.
9. Allow accurate medicine dosages calculation.
10. Allow easier medicine dosages calculation.
11. Allow faster access to evidence-based medical practice.

112
118
115
115
116
115

3.75
4.19
4.30
4.37
4.14
4.31

0.905
0.716
0.725
0.582
0.697
0.654

B0.001
B0.001
B0.001
B0.001
B0.001
B0.001

116
116
104
107
111

4.16
4.15
4.15
4.23
4.26

0.780
0.737
0.773
0.681
0.684

B0.001
B0.001
B0.001
B0.001
B0.001

$

N: number of students who responded to question
SD: standard deviation
*p-value with 95% confidence interval

%

Table 4: Students’ perception on the impact of medical apps on clinical practice
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No. Question

N$

Mean

SD%

p-value*

1. Produced by a medical publisher.
2. Regularly updated.
3. Properly referenced.
4. Authors are listed.
5. Feedbacks are possible.
6. Contents are peer-reviewed.
7. Recommended by mentor, university or hospital.
8. Meant for health professionals.
9. May compromise patients’ privacy.
10. No potential conflict of interest (e.g. produced by pharmaceutical
company).

108
115
110
103
103
101
111
108
94
97

4.15
4.39
4.28
3.81
3.54
3.93
4.34
4.37
3.20
3.46

0.895
0.631
0.768
1.058
1.127
0.941
0.780
0.718
1.258
1.217

B0.001
B0.001
B0.001
B0.001
B0.001
B0.001
B0.001
B0.001
0.123
B0.001

$

N: number of students who responded to question
SD: standard deviation
*p-value with 95% confidence interval

%

Table 5: Students’ perception on the characteristics of an ideal medical app.

be made to address this apparent apathy among
medical students to raise their awareness of the
potential perils of using medical apps as well as to
train them to use medical apps judiciously and
wisely.

should encourage the use of and medical apps
among medical students whilst having strategies in
place to safeguard patient confidentiality.
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Conclusion
There is a high uptake and usage of smart devices
and medical apps amongst first year clinical medical
students with positive perceptions towards their use
and impact on clinical practice. Medical schools
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There has been a global rise in skin cancer over the
last few years with the rising diagnosis of 23 million
non-melanoma and 132,000 melanoma skin cancer
cases each year1. This growing prevalence is not only
attributed to the increasing ultraviolet radiation by
ozone depletion but also by other major predisposing
factors centred to an individual’s own responsibility
controls like recreational sun exposure and sunburn1.
However despite the escalating figures, low skin
screening rates and awareness levels among the
general population are highly disconcerting2.
An estimated five billion worldwide mobile phone
subscribers have permitted the creation of custom
built skin health applications on personal mobile
phones for self-diagnosis and screening of different
skin health conditions3,4. The easily accessible selfdiagnostic/screening skin health applications such
as Skin Scan, SpotCheck and Skin of Mine has
allowed self-care dermatology to remote regions5.
In an eHealth review by Tyagi et al, skin 46 skin
health applications were identified. These applications deploy one or all of the five basic principles,
namely mobile teledermoscopy, algorithm analysis,
video demonstration, teaching and education6. Telemedicine based skin health applications sanction
utilization of a dermoscope attached to a smartphone camera to capture high resolution images of
skin lesions to be sent to a team of dermatologists
analysing and diagnosing the sent images within
24 hours6. However unlike telemedicine applications,
algorithm based applications involves complete selfevaluation without a clinician7. While algorithms
vary from program to program, the majority of
algorithms use a list of low, medium, and high-risk
skin lesions being diagnosed to date, along with a
world map of where each case happened to help
these applications define any advancement of the
lesion to an uncharacteristic growth8.
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Other skin health applications focus on providing
informational material to the user to perform selfskin exams (SSE) in distinguishing the asymmetry,
border irregularity, colour, diameter, and evolution
of the skin lesions (ABCDE criteria)6. Providing
diagrams and instructional text, teaching modules
with quizzes to progress through tutorials or inclusion of videos about skin safety advice and interventions for regular performance of SSE are the
techniques of these applications9. An archive log of
each lesion’s growth along with a complete list of
doctors tailored to personal locations for future
appointments are some additional features of majority skin health applications8.
The first major study to highlight the efficacy of
these applications by Wolf et al, analysed four skin
health applications which are being utilized for
melanoma tracking and risk assessment10. Three of
the aforementioned applications which employed
automated algorithms to assess melanoma were
exposed as inaccurate in misdiagnosing more than
30% of melanomas as benign. The fourth and most
sensitive application, was based on the principle of
store and forward teledermatology wherein images of
the lesion were sent to a board certified dermatologist for evaluation within a time frame of 24 hours10.
While the physician based method proved to be
superior in sensitivity, it was also the most expensive,
costing $5 per use. The algorithm based applications
had a price ranging from free to $4.99 for unlimited
use10. Due to financial reasons, some people may use
the cheaper applications, though the use of these
potentially inaccurate applications may delay appropriate healthcare6.
While these skin health applications are accessible
to the general public, further research and improvement is required to address inaccuracies. Physicians
should also be educated on the different applications that are available to their patients, allowing
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them to counsel their patients on appropriate usage
of these technologies. Whilst there are significant
issues with the current generation of skin health
applications, through further research and development, these applications may play a valuable role in
the screening of suspicious skin lesions in the future.
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