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EDITORIAL

‘SETTING THE FRAMEWORK FOR INTELLIGENT APPS’
Rahul Chakrabarti, Chandrashan Mahendra Perera
Co-Editors in Chief
Journal MTM 3:2:1, 2014
doi:10.7309/jmtm.3.2.1

It is with great privilege that we present this second
issue of the Journal for the year with a poignant
publication on the framework of app development
by Marvel et al. Many of our readership audience,
who themselves are app developers are overtly
aware of the need for closer examination of app
quality over quantity. Recent reviews of apps in
medical subspecialties have highlighted deficiencies
in what is largely an unsolicited market. Issues that
have emerged on review of medical apps include
scientific accuracy of content, achieving the intended objectives, paucity of peer review/ expert
involvement, and consideration of the needs the
end-user.1,2 Regulation of medical apps in particular is tantamount given they are readily accessible to
a public audience. Thus misleading information or
inaccuracies of the app may have ramifications
upon individual health directly.

approval and freely enter an otherwise unregulated
market.

In their timely article Marvel et al summarise the
important principles of creating mobile applications. Their ‘ten-step’ framework for app development is conceptualised into four phases: App vision,
Creation, Dissemination, and Determining Utility.
The authors highlight, using the case study of their
own app, the issues and challenges considered at
each step of app development. Importantly, this
article provides a guideline of aspects for clinicians
aspiring to develop clinically useful apps. Critically,
the authors remind the audience that whilst development of an app is relatively straightforward, it is
the planning and review process that is needs
greatest attention. The latter is particularly important for apps that are not required to undergo FDA

With the surge in simplicity of app development and
accessibility to end-users there is a growing emphasis on regulation. We encourage our audience to
consider these logical principles to improve the
quality of medical apps rather than mislead the
public with increasing mediocrity.
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The FDA has narrowed its focus primarily to apps
which function as medical devices, and as such
other apps may be subject to less scrutiny. Nevertheless it is important to understand that many of
these apps are still being used by medical professionals to aid in daily practice, and the accuracy and
reliability of such apps is still of vital importance.
With any new development in the medical field,
rigorous testing through scientific processes documented in the literature is necessary, and the use of
apps should be no different. Whilst many apps
claim to achieve certain goals, it is not without
objective testing that a clinician should rely upon
these apps, and at the Journal of Mobile Technology in Medicine we encourage developers to show
evidence of their app’s claimed benefit.

References
1. Cheng NM, Chakrabarti R, Kam JK. iPhone applications for eye care professionals: a review of current
capabilities and concerns. Telemed J E Health. Apr
2014;20(4):3857.
2. Franko OI. Smartphone apps for orthopaedic surgeons.
Clinical orthopaedics and related research. Jul 2011;
469(7):20428.
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SMARTPHONE AND MEDICAL APPLICATIONS USE BY
CONTEMPORARY SURGICAL TRAINEES: A NATIONAL
QUESTIONNAIRE STUDY
TH Carter, (BSc Hons, MBChB)1, MA Rodrigues, (BSc Hons, MBChB)1, AGN Robertson, (MRCS (Ed), PhD)1,
RRW Brady, (MBChB, MRCS (Ed))1, on behalf of Scottish Surgical Research Group (SSRG)
1

Department of Clinical Surgery, Royal Infirmary of Edinburgh, Little France, Edinburgh UK
Corresponding Author: carter.tom@doctors.org.uk

Background: Smartphones provide a diverse range of functions, including the ability to communicate
rapidly, store information and consult online medical applications (apps). Whilst their use by
doctors is popular, there is little data on their clinical use and application by surgical trainees.
Aims: Here we assess smartphone ownership, usage in clinical environments, medical app download
patterns, and knowledge of current app regulation by surgical trainees.
Methods: An online questionnaire was distributed to all core and specialty NHS general surgical
trainees working in Scotland.
Results: Thirty three percent (76/233) of trainees responded. Ninety two percent owned a
smartphone. Trainees used smartphones at work for email (96%), calls (85%), SMS/MMS (81%),
Internet browsing (76%) and medical app access (55%). Eighty two percent of respondents had
downloaded at least one app, including clinical guidelines (70%), medical calculators (59%),
anatomy guides (50%) and study aids (32%). There was no statistical difference between
demographics and smartphone use or app downloads. Thirty five percent had used apps to help
make clinical decisions. Thirteen percent felt they had encountered erroneous outputs, according to
their own judgement and/or calculation. Fifty eight percent felt apps should be compulsorily
regulated however only one trainee could name a regulatory body.
Conclusion: Smartphone possession amongst NHS surgical trainees is high. Knowledge of app
regulation is poor, with potential safety concerns regarding inaccurate outputs. Integration of apps,
developed and approved by an appropriate authority, may improve confidence when integrating
them into training and healthcare delivery.
Journal MTM 3:2:210, 2014

doi:10.7309/jmtm.3.2.2

Introduction
Recent studies show that smartphones are frequently used by healthcare staff in the clinical
environment. Common uses include communication,
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Internet searches, clinical unit conversion, language
translation and image collection/photography14.
Approximately eighty three percent of colorectal
surgeons in the UK and continental Europe own a
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smartphone2. Other studies report smartphone ownership amongst US surgical trainees is 85%3, whilst
79% of medical students at a UK University and 75%
of foundation doctors possessed a smartphone4.
Medical apps are easily downloaded from a number
of online ‘‘app-store’’ providers and offer products
designed to augment healthcare delivery, including
prognostic scoring, medical glossaries and drug
dosage calculators. There are currently more than
7000 medical apps available across a range of online
stores5. However, the use of smartphones and
medical apps present a number of potential problems, such as data confidentiality6 and infection
control/cross-contamination issues79. Additionally,
concerns over the accuracy of medical smartphone
apps have been raised. Studies in various clinical
specialities have shown a low level of medical
professional involvement in app development1013.
Such limitations can significantly impact on patient
care. For example drug dose calculators have been
shown to produce highly variable dosage outputs
across different apps10.
Smartphone technology and mobile service provision has considerable potential to become a feature
of surgical training, as the use of online assessment
and maintenance of an ‘electronic portfolio’ with
regular online reviews by a training supervisor is
now routine14. Smartphone Internet capability gives
surgical trainees the technology to engage in this
online activity in the clinical environment, potentially aiding learning opportunities and documentation of clinical competencies whilst at work.
The purpose of this study was therefore to characterise smartphone possession by NHS surgical
trainees; explore the pattern of medical app downloads and their use in care delivery; and assess
knowledge of current medical app regulation.
Finally we aimed to explore mobile technology
opportunities to enhance the future delivery of
surgical training.

Methods
An online questionnaire survey (Appendix A) was
developed using the survey production website
www.surveymonkey.com (SurveyMonkey Inc. Palo
Alto, California, USA). The questionnaire was
initially developed from the results of a literature
search and reviewing results from similar studies.
The questionnaire was subsequently modified with
feedback from fifteen trial trainee responses. This
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

enabled us to focus the questionnaire. The questions
were then adapted to help categorise the data
succinctly, enabling more direct analysis. None of
these individuals were included in our study population following the pilot questionnaire.
It was then distributed via an email link to all 233
general surgical trainees in Scotland, including 31
core trainees (CT) and 202 general surgical speciality trainees (ST). Distribution was in association
with the Scottish Surgical Research Group (SSRG),
a research collaborative recently formed to facilitate
trainee-led clinical research across Scotland. Permission to access the contact details of trainees was
granted through the four individual Scottish deanery programme directors. Survey participation was
voluntary and data was analysed anonymously. A
reminder email was sent two weeks after the initial
distribution date. Trainees were encouraged to enter
any additional information they felt was relevant
in the final section. The survey was open over a
three-week period in November 2012 after which,
the data was exported to a Microsoft Excel 2007
(Redmond, Washington, USA) worksheet for further
analysis.
Statistical analysis was performed using GraphPad
Prism 4.0TM software (San Diego, CA, USA) to
analyse variables within the data using nonparametric unpaired Mann-Whitney U tests. A
p value of p B0.05 was used to indicate statistical
significance.

Results
Demographics
Responses were received from 76/233 individuals
(33% of target sample). 38/76 trainees (50%) were in
the ST3-ST5 training grade, 16/76 (21%) were ST6
or more senior, 14/76 (18%) were currently undertaking research or fellowship and 7/76 (9%) were in
core surgical training. 61/76 individuals (80%) were
in general surgical training posts, however, other
posts held at the time were vascular surgery (n 9),
urology (n 1), plastic surgery (n 2), ENT surgery (n 1) and cardiothoracic surgery (n 1).
51/76 respondents (67%) were male and 71% of
respondents were older than 30 years of age (53/76).
30/76 respondents were from the West deanery
(40%). The North and South-East deaneries each
had an equal number of respondents of 19/76 (25%)
and the East deanery had 7/76 (9%). A breakdown
of demographics is recorded in Table 1.
VOL. 3 | ISSUE 2 | JULY 2014 3
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10%

Number of
% of
Respondents Respondents
CT1-CT2
ST3-ST5
ST6
Research
Gender
Male
Female
Age
2530
years
30 years
Deanery
North
East
South-East
West
Application Never
Download 12
Frequency 34
5

7/76
38/76
16/76
14/76
51/76
25/76
23/76

11%
50%
21%
18%
67%
33%
29%

53/76
19/76
7/76
19/76
30/76
12/67
19/67
19/67
17/67

71%
25%
10%
25%
40%
18%
28%
28%
25%

Table 1: Demographics and application download
frequency

Smartphone possession and usage
All seventy-six respondents owned a mobile phone.
69/76 trainees (91%) owned a single mobile phone;
with 7/76 (9%) owning two or more. 67/76 (88%)
used their mobile phone in the workplace environment regularly. All of these individuals owned a
smartphone. 29/67 trainees (43%) stated that they
used their smartphone 510 times daily in the
workplace.
70/76 (92%) owned a smartphone. Three of these
trainees (4%) did not use their smartphones in the
workplace. The iPhoneTM was the most popular
smartphone brand (56/70) (80%). This was followed by HTCTM (4/70) (6%) and BlackberryTM
(3/70) (4%). Smartphone ownership is presented in
Figure 1.
Of those using their smartphone in the workplace
(67 trainees), Email was the most utilised smartphone function (64/67) (96%). This function was
followed by calls (57/67) (85%), SMS/MMS (54/67)
(81%) and Internet browsing (51/67) (76%). Regular
access of medical apps was utilised by 37/67 of
respondents (55%). Smartphone function utilisation
is presented in Figure 2.

6%
iPhone
HTC
Blackberry
Other

80%

Figure 1: Brand of smartphone ownership

canteen/café (47/67) (70%), study areas (43/67)
(64%) and operating theatre (41/67) (61%).

Medical app download patterns
Of those trainees using their smartphones in the
workplace, 55/67 respondents (82%) had downloaded at least one medical app for their smartphone to date. App download frequency is
summarised in Table 1.
At this stage, one respondent did not provide any
further information on app downloads. Clinical
guidelines were the most commonly downloaded
medical apps (38/54) (70%). Other downloaded
apps included medical calculators (32/54) (59%),
anatomy guides/textbooks (27/54) (50%), other
medical textbooks (27/54) (50%), Multiple choice
question (MCQ) revision/study aids (17/54) (32%),
drug references (16/54) (30%), diaries and surgical
logbooks (16/54) (30%), and guides for procedural
instruction (11/54) (20%). Common download categories are presented in Figure 3.
33/54 respondents (61%) had paid for at least one
medical app download. 5/54 downloads (9%) were
priced at £1 or less. Of those trainees paying for an
app, the majority were priced £1 - £10 (17/54)
(32%). Only 10/54 downloads (19%) cost more than
£10.
100
Percentage

Grade

4%

80
60
40
20
0

The doctors’ room/office was the most common
environment to use a smartphone in the workplace
(63/67) (94%). Other frequent settings included the
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Emails

Calls

SMS/MMS

Internet Medical apps
browsing

Figure 2: Smartphone function utilisation
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medical devices regulatory body. At this stage, one
respondent did not provide any further information
on app downloads. The majority of trainees stated
that they would be more inclined to download an
app (49/53) (93%) and indeed pay for an app (38/53)
(72%) if it was approved by a regulatory body.

Figure 3: Common download categories

Trainees were asked to rank factors that influenced
their choice of app download, where 1  most
important and 10  least important. Friend/peer
recommendation was ranked as the most important
factor with a mean rating of 2.72. This was followed
by senior recommendation (4.04), online reviews (4.11)
and journal recommendation (4.69). Proven medical
author input was rated by trainees as the third least
important factor (5.87). An associated website and
associated advertising were ranked last with respective
mean scores of 6.57 and 7.07.
There was no statistically significant association
between sex (p  0.006, U  1666), seniority (p 
0.34, U  491), and mobile phone usage in the
clinical environment, number of medical app downloads (p  0.17, U  401) or payment for medical
app downloads (p  0.69, U  290).

Safety and application regulation
19/54 trainees (35%) had used information contained within a medical app to make a clinical
decision regarding patient management. Nine of
these individuals elaborated on the survey. Individual examples included checking drug dosages preprescription, comparing current clinical practice
with up-to-date National Institute for Health and
Clinical Excellent (NICE) and Scottish Institute
Guidelines Network (SIGN) guidelines, visualisation of surgical anatomy and references for electrolyte/blood gas investigations. 7/54 respondents
(13%) had encountered incorrect outputs when
using medical apps, including inaccurate drug
dosage calculation and incorrect clinical unit conversion (see discussion).
35/54 respondents (65%) did not know of any
recognised regulatory bodies responsible for the
approval of apps they had downloaded and/or
used. 39/67 respondents (58%) felt that app review
by a regulatory body should be compulsory but
only one trainee was able to name an official
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Future application to surgical training
51/53 respondents (96%) believed that medical apps
are a useful tool, and 43/53 respondents (81%)
believed that medical apps are a safe tool for
surgical trainees. Trainees were in favor of the
following functions being available in a downloadable app form; clinical guidelines (49/53) (93%),
drug dosage calculators (41/53) (77%), medical
textbooks (41/53) (77%), diaries/logbooks (38/53)
(72%) and dictionaries/glossaries (19/53) (36%).

Discussion
Smartphone ownership is high amongst UK surgical trainees. In our population, 92% respondents
owned a smartphone, of which the iPhoneTM was by
far the most popular device of choice (80%). The
rates of ownership in our study are slightly higher
than those of other centres, which document ownership rates of 7585%. Similarly, the iPhoneTM was
the most popular brand of device in these studies.
From our results the majority of surgical trainees
(43%) utilise smartphones in the workplace on
average 510 times daily primarily for email access,
phone calls and Internet browsing. With the vast
range of medical apps available for download today,
especially with many free of charge, it is maybe
surprising to find that only 55% of respondents use
their smartphone regularly for this purpose. However, 82% of respondents had downloaded at least
one medical app to date.
Concerns arise regarding the use of smartphones
and indeed mobile phones in the clinical environment. The majority of trainees used their smartphones in both clinical and non-clinical settings (i.e.
canteen/café environment (70%)). Current research
suggests that mobile phone handsets are a significant source of both pathogenic and non-pathogenic
bacteria7,8,15. The potential for cross-contamination
and infection is evident.
Nineteen trainees (35%) had used output from a
medical app to make a decision regarding the
management of a patient. Seven trainees (13%) felt
that they had encountered erroneous outputs when
VOL. 3 | ISSUE 2 | JULY 2014 5
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consulting apps, which differed from their own
calculations and/or clinical judgment. They did
not state whether they had used this information
to direct management. These outputs consisted of
inaccurate drug dosage calculations, incorrect disease prognostic scores and unreliable conversion of
clinical units, but respondents provided no further
clinical details. There was no mention of whether
these erroneous outputs had led to patient harm.
This issue raises concerns as implementation of
incorrect outputs from apps in clinical care delivery
could put patients at risk. Errors in drug calculation, fluid prescriptions and prognostic indicators,
to name only a few of many, could present
disastrously in both the short and long term.
Trainees may choose to double check outputs
from medical apps with other sources or colleagues,
especially if they are being used to direct patient
care. In practice this would be time consuming and
defeats the purpose of using apps to provide reliable
and fast information at the touch of a button. Data
provided by a recognised body may provide some
trainees with more confidence when utilising outputs.
The majority of trainees (58%) felt official regulation of apps should be compulsory, but despite this,
only one respondent was able to name a recognised
regulatory body. The only correct regulatory body
named was the Medicines and Healthcare products
Regulatory Authority (MHRA). Fourteen respondents stated apps they had used had been reviewed
by a regulatory body. Responses included NICE,
SIGN, Resus council/iResus, eLogbook and British
National Formulary (BNF). These are not currently
engaged in regulation but rather endorsement
of apps, with the information published a sole
responsibility of the app developer. This difference
should be highlighted, as this does not represent
regulatory approval. These results suggest general
surgical trainees’ knowledge on current regulation is
lacking.
The regulation of medical apps in the UK is
currently contentious. Pharmaceutical agents and
other treatment modalities must undergo strict
testing and regulation. Current regulation in the
UK is provided through the Medicine and Healthcare products Regulatory Agency (MHRA), a
division of the UK Department of Health. The
current classification of smartphone applications
under the medical devices remit is somewhat
unclear. The MHRA defines a medical device as
‘‘any instrument, apparatus, appliance, software,
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

material or other article, whether used alone or in
combination, including the software intended by its
manufacturer to be used specifically for diagnostic
and/or therapeutic purposes and necessary for its
proper application, intended by the manufacturer to
be used for human beings’’ With the inclusion of the
word ‘software’, most medical apps would come
under this classification16. Indeed, the first smartphone app was registered as a class I medical device
in January 2012. However an app that simply keeps
a record of values, for example a patient’s blood
glucose readings over a week would probably fall
short of inclusion. If these values were used to
calculate a prognostic score or advised on alterations to medical management such as insulin
dosing, then under this therapeutic remit it would
be classified as a medical device.
A similar regulatory framework exists in the USA
under the Food and Drug Administration (FDA),
which has released draft guidelines on the definition
of medical apps in 201117. These guidelines provide
a comprehensive account of which apps would
conform to their regulatory standards. More recently it has stated that regulatory review for ‘selfmanagement’ apps will not be required. These apps
are not considered to be ‘mobile medical apps’,
which are akin to traditional medical device products. The main contention with the FDA approval
process is that it can be slow and expensive, and app
producers often do not have financial viability to
facilitate this. In addition, guidelines released by the
FDA are currently only in draft form, with full
publication expected later this year.
Our study suggests that most of NHS surgical
trainees would be more likely to download and
pay for apps that had been approved by an
appropriate authority. App manufacturers should
therefore aim to assist the development of robust
regulatory processes that allow innovation whilst
maintaining consumer trust.
In the interim, independent medical app review
organisations including ‘iMedicalApps’ and ‘Happtique’ are appearing, which aim to provide the
consumer with up-to-date reviews, research and
commentary on mobile medical technology; in
essence a ‘blue ribbon scheme’. Although not
powered with the same authority as the MHRA
or FDA, these organisations aim to provide consumers with increased confidence when selecting
app downloads, through the integration of peerreview18.
VOL. 3 | ISSUE 2 | JULY 2014 6
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Smartphone technology has both theoretical and
practical potential to enhance training. Many
trainees commented that smartphone access to
up-to-date results, radiology images and patient
clinical information would be of great advantage.
However, whilst the obvious benefits are instant
access and reduced hours spent on the often-slow
hospital servers, there are serious patient confidentiality and data security concerns. Strict precautions
and data storage protection would need to be
established before this technology could be incorporated safely. The pattern for doctors to BYOD
(bring your own device) to work does not assist in
the policing of this area. This employee capability,
which is becoming popular in other industries,
allows workers to use their own smartphone, tablet
or mobile storage device at work to access company
data19. However, it may be a number of years until
a similar practice is safely adopted in the NHS
clinical environment due to concerns regarding
patient confidentiality and data protection.
A recent smartphone integration programme ‘iDoc’
was established in the Welsh foundation programme
for junior doctors. Smartphone devices were distributed to 220 foundation doctors between October
2009 and March 2011, with a range of applications
including medical textbooks, drug prescribing
guides, a human anatomy atlas and clinical handbooks. A pilot study and preliminary results have
been positive with the deanery awaiting long-term
data to support this integration into medical training20. A similar scheme could be established for
surgical trainees. We have demonstrated that the
majority of trainees already own a smartphone
handset, are capable of processing the appropriate
software downloads and are supportive of such
measures.
The Intercollegiate Surgical Curriculum Project
(ISCP) forms collaborations between the Surgical
Royal Colleges of Great Britain and Ireland and
other professional bodies responsible for leading
surgical training including postgraduate training
deaneries. Its primary function is to deliver high
quality surgical training in the UK through a
standardised curriculum and well-defined assessments21. There are plans to develop an app through
this collaboration, which could be accessed by all
surgical trainees under secure password protection.
It would provide a platform to record a surgical
electronic logbook as well as the ability to document
evidence of assessments including Clinical Evaluation Exercises (mini-CEX), Case Based Discussions
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

(CBD) and Practical Based Assessments (PBA), as
outlined in the ISCP curriculum. In addition to this
function, access to guidelines updated by the
relevant surgical colleges and recently published
research articles would promote evidence-based
practice.
With the growing use of smartphone technology,
high-speed Internet download speeds and ease of
access, social media activity is on the rise. Those
working in healthcare are not exempt from this
activity. A study conducted in the US reported use
of online social networks by 94% of medical
students, 79% of residents and 42% of fully registered practitioners22. In our study 21/67 respondents (31%) used their smartphone for accessing
social media. However, this does not account for
access from a personal computer or laptop. With
increased access come a number of ethical issues.
These include protection of physician and patient
privacy, setting appropriate online boundaries; and
delineating personal and professional identities23.
To educate doctors on the risks of social media and
offer guidance in situations of uncertainty the
General Medical Council (GMC) has published
practical and ethical guidelines designed to be used
by both medical students and doctors24. With
technological advances, social media is an efficient
way of keeping in touch and expressing interests,
but strict boundaries must be enforced to ensure
this does not impact on a doctor’s fitness to
practice.
Another exciting area of app development and
integration lies with radiology and medical photography. The merits of this include rapid radiological
assessment and reporting of scans, sharing of
clinical images between specialties to formulate
multidisciplinary management plans and improved
patient integration enabling them to play an active
role in their health. Patients from rural settings can
send images of skin lesions such as rashes and
report ongoing wound healing status through upto-date photographs. The major drawbacks of this
include patient confidentiality of scans and images
in addition to the considerable impact of a misdiagnosis. Image interpretation is limited by the size
and quality of some smartphone displays.
One of the weaknesses of this study is the low
response rate (33%) despite multiple electronic
reminders. However, our response rate is in line
with voluntary questionnaire studies and is indeed
greater than recently published results in the UK4.
VOL. 3 | ISSUE 2 | JULY 2014 7
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Advantages of this mode of questionnaire distribution include reduced cost, large population dissemination, simultaneous data analysis and the ability
to send regular prompts to enhance response rates25.
However, a disadvantage of this method is the
lack of control over the reliability of responses.
Trainees were at liberty to confer and/or research
answers prior to submitting. Our results however,
do not suggest this, as only one respondent was able
to correctly name an official medical application
regulatory body.

Conclusion
The results from our study indicate that the
majority of NHS surgical trainees are using smartphones on a daily basis. Knowledge of app regulation and quality assurance amongst surgical
trainees is poor, making download selection and
clinical application potentially hazardous. A smartphone app development or approval scheme endorsed and regulated by a regulatory body would
assist UK surgical trainees, providing greater confidence when using outputs to make management
decisions through use of peer-reviewed, evidence
based clinical content and guidance. There is much
potential to enhance surgical training and assessment through the development and integration of
smartphone technology.
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3. In which Scottish deanery are you currently working?
a. North

b. East

c. South-East

d. West

4. Gender
a. Male

b. Female

5. How old are you?
a. B25

b. 2530

c. 30

Smartphone possession
6. How many mobile phones do you own?
a. None

b. 1

c. 2 or more

7. Do you use your mobile phone in the workplace environment?
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Appendix A: Electronically distributed
questionnaire
Thank you for taking a few moments to fill out our questionnaire.
We are aiming to assess the use of smartphone medical apps by
surgical trainees working in Scotland. With a better understanding of this usage pattern we are hoping to improve standards
of patient care through appropriate application of smartphones in
the clinical environment.

a. Yes

b. No

8. Which mobile phone operator do you use?
a. Orange/T-mobile
d. 3-mobile
g. Other

b. Vodafone
e. Virgin

c. O2
f. Prefer not to say

9. Do you own a smartphone? (A smartphone is a communication handset, which enables Internet access and the
download/use of applications)
a. Yes

b. No

10. Which brand of manufacturer?
a. AppleTM
d. Samsung
g. Palm

b. Nokia
e. HTCTM
h. Prefer not to say

c. BlackberryTM
f. Sony
i. Other

11. How often do you use your smartphone at work?
a. Monthly
d. 24 times per day
f. 10 times per day

b. Weekly
e. 510 times per day

c. Daily

12. What do you use your smartphone for? (select all that
apply)
a. Calls
d. Social media
g. Other

b. SMS/MMS
e. Applications

c. Emails
f. Internet browsing

13. Where in the hospital environment do you use your
smartphone? (select all that apply)

Demographics
1. What year of surgical training are you currently in?
a. CT1-CT2/ST1-ST2
c. ST6

b. ST3-ST5
d. Research/fellowship

2. In which specialty are you currently working?
a. General
d. Orthopaedics
g. ENT
j. Neurosurgery

b. Vascular
e. Plastics
h. OMFS

c. Urology
f. Paediatrics
i. Cardiothoracics

#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

a. On the ward
c. Doctors room
e. Procedure/treatment room
g. Canteen/café

b. Patient’s bedside
d. Theatre
f. Library/study area

Medical application use
14. Have you ever downloaded a medical-themed or related
application (app) for your smartphone?
a. Never

b. 12

c. 34

d. 5
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15. Which app store(s) did you use? (select all that apply)
a. iPhone app store
c. Android store
e. Windows store
g. Prefer not to say

b. Blackberry store
d. Nokia store
f. Samsung store

b. Clinical guidelines
d. MCQs & quizzes
f. Diaries/logbooks
h. Drug reference
j. Anatomy

17. Have you ever paid for an app?
a. Yes

a. Yes

25. Would you be more inclined to use an app if it was approved
by a medical governing body? (NICE, GMC, SIGN,
University)
a. Yes

a. I have never paid for a medical app
c. £110

b. B£1
d. £10

19. What is most important to support you choice of medical
app or download? (1  most important, 9  least
important)

20. Have you ever used information contained within an app
to make clinical decisions regarding the management of a
patient?
b. No

a. Yes

28. Do you believe medical apps are a safe tool for surgical
trainees?

c. Monthly

d. Less frequently

Specific medical application regulation & safety
22. Have you ever found erroneous information or outputs
within the content of a medical app?
a. Yes

b. No

29. Which of the following would you be in favour of being
available on an NHS app? (select all that apply)
a. Drug dosage calculators
c. Clinical guidelines
e. Dictionaries/glossaries

b. Medical textbooks
d. Diaries/logbooks
f. Others (please specify)

General medical application regulation

a. Yes

21. How often do you use the information contained within
medical apps to assist in the delivery of patient care?
b. Weekly

b. No

30. Are you aware of any medical app regulatory bodies?

If Yes, please elaborate.

a. Daily
e. Never

b. No

27. Do you believe medical apps are a useful tool for surgical
trainees?

a. Yes
a. Online reviews
b. Popularity in App store
c. Friend/peer recommendation
d. Senior recommendation
e. Journal recommendation
f. Associated advertisement
g. Price
h. Associated website
j. Proven medical author input

b. No

26. Would you be more inclined to pay for an app if it was
approved by a medical governing body? (NICE, GMC,
SIGN, University)
a. Yes

b. No

18. What is the most expensive medical app you have acquired?

a. Yes

b. No

If yes, which ones?

16. What kind of medical apps have you downloaded? (select all
that apply)
a. Medical textbook
c. Calculators
e. Tutorials
g. Dictionaries/glossaries
i. Procedural instruction

24. Do you know whether any of the medical apps you have
used have been approved by a regulatory body?

b. No

If yes, which ones?
31. Do you think review by a regulatory body should be
compulsory for all medical apps?
a. Yes

b. No

32. Do you have any further thoughts on how surgical training
in Scotland could be improved through smartphone technology? (Free text)

b. No
Thank you for your time in completing this survey

If yes, please elaborate.
23. Have you ever regretted using a medical app in the
management of a patient?
a. Yes

b. No

If yes, please elaborate.
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Background: The Ketogenic Diet (KD) is an effective, alternative treatment for refractory epilepsy.
This high fat, low protein and carbohydrate diet mimics the metabolic and hormonal changes that
are associated with fasting.
Aims: To maximize the effectiveness of the KD, each meal is precisely planned, calculated, and
weighed to within 0.1 gram for the average three-year duration of treatment. Managing the KD is
time-consuming and may deter caretakers and patients from pursuing or continuing this treatment.
Thus, we investigated methods of planning KD faster and making the process more portable
through mobile applications.
Methods: Nutritional data was gathered from the United States Department of Agriculture (USDA)
Nutrient Database. User selected foods are converted into linear equations with n variables and
three constraints: prescribed fat content, prescribed protein content, and prescribed carbohydrate
content. Techniques are applied to derive the solutions to the underdetermined system depending on
the number of foods chosen.
Results: The method was implemented on an iOS device and tested with varieties of foods and
different number of foods selected. With each case, the application’s constructed meal plan was
within 95% precision of the KD requirements.
Conclusion: In this study, we attempt to reduce the time needed to calculate a meal by automating
the computation of the KD via a linear algebra model. We improve upon previous KD calculators
by offering optimal suggestions and incorporating the USDA database. We believe this mobile
application will help make the KD and other dietary treatment preparations less time consuming
and more convenient.
Journal MTM 3:2:1115, 2014
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Introduction
Treatment-resistant epilepsy is a national health
problem that affects up to 40% of patients with
epilepsy and results in significant morbidity, reduced
quality of life, and cost to society13. For these
patients, the Ketogenic Diet (KD), a high fat, low
protein and carbohydrate diet, remains an effective
therapy4. More than half achieve significant seizure
reduction and up to 20% become seizure-free58. Use
of the KD also allows for reduction in medications
and antiepileptic drug-related side effects9. As a result,
the use of the KD is increasing across the world10.
Management of KD in children is time-consuming
for both the families that have to prepare the meals
and the registered dietician (RD) who supervises the
diet. In order to maximize success of the KD,
caretakers of the patient must follow the prescribed
fat, protein, carbohydrate, and caloric intake-per-day
guidelines set by their KD team7. During the average
three-year duration of treatment, these requirements
adjust as the child grows. Each meal is precisely
weighed to within 0.1 of a gram11. To maintain the 4:1
(in grams, fat: carbohydrates plus protein) ratio, exact
proportions are either computed by hand or with the
assistance of one of the currently available Internet
KD calculator or homemade parent calculators12,13.
This requires an organized caretaker, the ability to
perform some algebra, and/or large time commitment
by the RD in creating menus or in checking the
accuracy of menus created on these Internet KD
calculators. This can be a direct deterrent for a family
to try the KD, physicians from referring patients to a
KD program, or result in discontinuation of the
treatment despite positive results14.
We created an automatic KD planning application
that is based on a linear algebra model. The mobile
application has the ability to not only perform the
calculations, but also to offer the exact, optimal
amount of each food in order to maintain the
prescribed recommendations set by the dietician. By
incorporating the United States Department of
Agriculture (USDA) nutrient database, the application offers the caretakers a large selection of food
choices instead of relying on a small set of approved
recipes. This mobile application eliminates the
burden of hand computation, offers the flexibility
of food choices, and guarantees the maintenance of
the exact recommendation by the dietician. The
application is currently offered to our patients in
order to receive further feedback in terms of user
interface, design, and other improvements. The
application will be offered openly to the general
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

public on the Apple App Store in the subsequent
months when the refinements are incorporated.

Methods
In this study, we investigate an algorithm to
compute the quantities of food to be prepared for
any ratio KD meal. We assume the user has selected
n foods, and our goal is to compute the amount
each of food, in grams, needed to fulfill the KD
plan. These weights (in grams) are denoted by
the unknown variables x1, x2, ..., xn. For each i 1,
2, ..., n, we consult the USDA Nutrient Database to
ascertain numbers ai, bi, and ci, which denote the fat
per gram, protein per gram, and carbohydrate per
gram, respectively, of the ith food. Finally, we let d1,
d2, and d3 denote the prescribed fat, protein, and
carbohydrate content required, which are determined by the size of the meal and the parameters
of the diet. Equating the total amounts of fat,
protein, and carbohydrates determined by the food
choices to equal those prescribed by the diet, we
arrive at the following system of linear equations:
a1 x1 þ a2 x2 þ    þ an xn ¼ d1
b1 x1 þ b2 x2 þ    þ bn xn ¼ d2

(1)

c1 x1 þ c2 x2 þ    þ cn xn ¼ d3
which can alternatively be written in matrix form as:
2 3
2
3 x1
2 3
d1
a1 a2    an 6 x 7
27
4 b1 b2    bn 56
6 .. 7 ¼ 4 d2 5
4 . 5
d3
c1 c2    cn
xn
We denote by A the coefficient matrix, x the vector of
unknowns, and b the vector consisting of d1, d2, and
d3; thus, the system can be written simply as Axb.
We apply the following methodology (Figure 1),
based on the number of distinct food choices, to
Number of different
foods chosen

Less than three

Equal to three

Least Squares
Approximation

Greater than three

Exact Solution Using
Inverse Matrix

OSEM Method

Figure 1: Algorithm For Solving Equations Depending on
the Number of Foods Chosen
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determine a solution or approximate solution x to
the above system. To reiterate, the entries of the
vector x are the respective amounts of the n foods to
be given to the patient.

We halt the iteration when the difference between
(k1)
is sufficiently small, and use xj(k1) as
x(k)
j and xj
our solution. By construction, all of its entries are
nonnegative and correspond to the suggested
amount of each food.

Less than three distinct food choices
If the number of foods selected is less than three, the
system of equations is overdetermined (i.e., there
are more constraints than variables). Thus, a
solution will generally not exist, so we use the
least-squares method to determine an approximate
solution x by the formula:
x ¼ ðAT AÞ1 AT b
where AT is the matrix transpose of A. In practice,
ATA has full rank and so its inverse exists. If an
entry of x is negative, the user is warned that no
feasible solution was found, so more food choices
must be selected.

Three distinct food choices
If three foods are selected, the matrix A is 3-by-3.
Moreover, since the food choices are distinct, A
has full rank in practice and is therefore invertible.
In particular, there exists a unique solution x, given
by the equation:

Results
The methods were implemented in an iOS application and the results are depicted in Figure 2. The
diet plan used consisted of a 4:1 ratio KD with
70mg of heavy cream. Because the heavy cream
amount is static, the nutritional values are simply
subtracted from the total. Figure 2 A demonstrates
the application processing two food choices: tofu
and sesame oil. Figure 2 B demonstrates the
application processing three food choices: chicken
tenders, hard-boiled egg, and olive oil. Figure 2 C
demonstrates the application processing four food
choices: mozzarella cheese, tomatoes, basil, and
olive oil. From each of the figures, the total
nutrition of the meal matches closely with the
recommended KD values. The green progress bar
indicates that the application’s constructed meal
plan is within 95% precision of the KD requirements. These results demonstrate the robustness of
the methods in generating an appropriate, precise
meal plan given a variety of input food choices.

x ¼ A1 b
Again, if an entry of x is negative, the user is warned
and prompted to select more food choices.

More than three distinct food choices
If the number of foods selected exceeds three, the
system of equations is underdetermined. Generally,
this means there are infinitely many combinations
of the selected foods that would yield a KD
appropriate meal. To determine a well-defined,
positive solution, we use the Ordered Subsets
Expectation Maximization (OSEM) method15.
We briefly explain the details of our OSEM implementation. We begin with a vector x(0)
j , where
will
j1, 2, ..., n consists of all 1’s. The vector x(k)
j
denote the vector at the kth iteration. At each
iteration step, we compute
Xn
ðkÞ
ðkÞ
li ¼
A x
j¼1 ij j
where i1,2,3, followed by the iteration step
P3 Aij bi
ðkþ1Þ

xj

ðkÞ

i¼1 lðkÞ
i

¼ xj  P3

i¼1

Aij
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Discussion
The KD is rewarding but managing it is very timeconsuming. Most KD RDs have therefore moved
from hand computation and pre-calculated meal
plans to using homemade excel spreadsheets or the
programs available on the Internet such as the
KetoCalculator or the Stanford Keto Calculator12,13.
Many RDs also allow direct caretaker access to these
programs but require meal plan reviews. Other KD
programs adopted an exchange system that simplifies
calculations at the expense of nutritional precision16.
Current applications such as the KetoCalculator
and other KD Excel spreadsheets prompt the user
to attempt to match the KD requirements. With
these programs the user increments the amount of
each food until the total nutrition matches the
prescribed amounts. This takes time and might not
achieve the accuracy demanded by the KD. In
comparison, our mobile application can algorithmically calculate suggested values for each food
item. It instantaneously suggests the exact amounts.
Additionally, currently available calculators only
control for the ratio, and not for the macronutrients.
VOL. 3 | ISSUE 2 | JULY 2014 13
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Figure 2: Example Calculations Using the Mobile Application

For example, they allow the user to maintain a 4:1
KD meal by replacing the protein with carbohydrates by adjusting accordingly to the expression
(fat) / (protein  carbohydrate). This potentially
can result in insufficient protein intake, which over
time can cause protein deficiency and poor growth
as we have seen with referred patients from other
centers seeking second opinions. Our application’s
algorithm does not allow for any deviation from
the prescribed amounts of the macronutrients,
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

and will function for any ratio higher or lower
than the standard 4:1. Finally, this application
utilizes the USDA database as the source for
nutritional information and therefore guarantees
accuracy and a large selection of food choices.
With this program, the meal planning process
only takes a few food selections and the click of
a button. The flexibility and convenience of
a mobile application truly makes the KD much
more manageable.
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Conclusions
The Ketogenic Diet has great potential in treating
refractory epilepsy but requires a heavy demand on
the KD staff and caretakers of the patients. To
make the KD more manageable, we developed and
implemented a mobile application to simplify the
KD. We also demonstrated that the methodology
generates a medically acceptable meal plan as long
as there exists a solution given the food choices. By
utilizing mobile technology, we are able to provide
effective medical guidance at the users’ convenience.
We intend to gather further data from patients
regarding how they determine preferences between
the foods they choose. Then, we would create
additional optimizing constraints to improve the
algorithm. Finally, we hope this study will make the
KD and other dietary treatments a practical possibility for more caretakers.
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Background: Mobile Health (mHealth) based interventions have been increasingly used to improve a
broad range of health outcomes. However, few researchers have reported on the process or the
application of theory to guide the development of mHealth based interventions, or specifically for
tuberculosis (TB) treatment management.
Aims: To describe the steps, process, and considerations in developing a text messaging-based
intervention to promote treatment adherence and provide support to patients with active TB.
Methods: Traditional qualitative techniques, including semi-structured interviews, field notes,
content analysis, iterative coding, and thematic analysis, were used to design and document the
intervention development with a multidisciplinary team of researchers, clinicians, administrators,
and patients who were in active TB treatment. The Information-Motivation-Behavioral Skills (IMB)
model was used to guide the coding scheme for content analysis of patient-directed TB educational
material and intervention development.
Results: The development steps included: a) establishing intervention components, including
justifications, considerations, timing and frequency of components; b) developing educational
messages, including cultural adaption, text or short message service (SMS) formatting, and prioritizing
message delivery order; and c) determining implementation protocol. A set of 16 IMB-based messages
were developed for the educational component. Final intervention development was achieved in
3 months.
Conclusion: A collaborative approach and application of a theory to guide the intervention design
and development is supported. Although a collaborative approach was more time consuming, it
resulted in a more responsive, culturally appropriate, and comprehensive intervention. Considerations for developing a text messaging based intervention are provided and may serve as a guide
for similar interventions. Further empirical evidence is needed for applying the IMB model for
adherence-promotion in TB efforts.
Journal MTM 3:2:1627, 2014
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Introduction
Text messaging or short message service (SMS) has
been applied to an array of mobile health (mHealth)
based interventions.1,2 However, few researchers
have reported on the process or the application of
theory to guide SMS-based intervention development.3 Furthermore, although a promising tool to
improve tuberculosis (TB) treatment adherence,4
there has been little research applying it to TB
management.5
The SMS mobile phone feature is commonly used,
more economical than a phone call, can be sent,
stored, answered, and retrieved at the user’s convenience, and is accessible with nearly the global
population reported as having a mobile phone.6
Although communicating or providing information
through SMS may improve efficiency, it does
present unique challenges compared to face-toface or paper-based exchange of complex information.7 When developing messages the style, language, and length of text must be considered.8 In
addition, many researchers have used SMS to send
reminders for adherence,915 but fewer have described using its interactive feature.5,16 End users
and clinicians should participate in intervention
development.3 The purpose of this paper is to
describe the early stages of a collaborative process
to develop an SMS-based intervention in Argentina
where TB treatment success rates have remained
consistently low17 and about half of the patients
receive treatment by self-administration.18 Rationale for decisions and considerations for the intervention development and specific steps for SMS
adaption are described along with a novel approach
to applying the Information-Motivation-Behavioral
Skills (IMB) model.19,20
The IMB model, initially developed to promote HIV
prevention interventions in inner-city minority
settings,21,22 also provides a model to promote
adherence to treatment.19,20 The model supports
the hypothesis that to initiate and maintain a
desired behavior, such as medication adherence,
adherence-related information and motivation
must be provided, along with appropriate tools
and strategies to maintain the behavior.19 Adherence-related information should target information
gaps and focus on delivering accurate information
regarding disease, its treatment and transmission,
and medication side effects or drug interactions.19,20
Motivation can be strengthened by focusing on
beliefs and attitudes towards adherence and by providing social support or social norms for engaging
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

in behavior change. The IMB model has been
suggested as a promising theoretical model to
promote active TB medication adherence,20 but has
yet to be applied and tested as such. In TB literature
the model has been applied to guide researchers
to assess healthcare workers TB infection control
information, motivation and behavior skills23 and to
suggest examples of ways to manage latent TB.24
The process described in this paper was part of a
larger study that examined the feasibility and
acceptability of the developed intervention and
further assessed patient input.25 Information provided can help guide future development of similar
SMS-based interventions and provides key steps
and recommendations.

Methods
Traditional qualitative techniques,2628 including
semi-structured interviews, field notes, content analysis, iterative coding, and thematic analysis, were
used to design and document the intervention
development with a multidisciplinary team of
researchers, clinicians, administrators, and patients
who were in active TB treatment. The multidisciplinary team (hereafter called the team) consisted
of: a regional TB director/pulmonologist, the lead
regional TB social worker, a regional TB technician,
two TB-specialized clinical nurses, and the hospital
TB program director/pulmonologist. The regional
TB director was involved from the beginning of the
initial drafting of the research proposal. Five
patients in active TB treatment participated in the
educational message component development. The
patients were individually interviewed by the primary investigator (PI) and a clinical nurse regarding
the type of information/education they would have
liked to have known or received during the first
phase of treatment, what concerns or doubts they
had regarding diagnosis or treatment, and what
they would recommend to include in educational
messages that could help others complete treatment.
The team reviewed the overall study objectives and
participated in development of the intervention
through virtual and in-person meetings. Educational content was adapted based on use for SMS
through an iterative process to meet character count
limit, provide clear and concise educational messages, and incorporate the IMB model components.
A daily study log and field notes were maintained to
document the process of intervention development.
We then piloted the intervention with patients initiating active TB treatment by self-administration.25
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and patient education. Primary/major websites accessed included the World Health Organization
(WHO), Centers for Disease Control and Prevention (CDC), and secondary searches into specific
institutes or university centers (e.g., UCSF), state
public health departments (e.g., Minnesota and
Virginia Department of Health). Searches were
also conducted for HIV/AIDS patient education
to identify IMB-based language that could be
adapted to TB patient education. Relevant material
was considered: written for patients as the target
audience, accessible on-line and including information on active TB. Excluded were materials not
pertinent for patients diagnosed with active TB
(e.g., how it is diagnosed, treatment for latent TB
infection), and graphics and photos because they
may be more challenging to use in text messages or
may not be received by all phones. Searches were
conducted until no new material was found. To
facilitate the translation process, Spanish versions
of the educational material were collected when
available. The educational material was compiled
and coded based on the coding scheme. The unit of
analysis was a complete education message summarized in one to two sentences. Similar or duplicate messages were deleted. ATLAS.ti version 6
(GmbH, Berlin, 2009) was used for data analysis
support and organization. A TB specialist manual,30 WHO recommendations,31 and local patient
TB educational material were also used to identify
material and crosscheck messages.

Setting
This study was completed in the outpatient clinic at
a public pulmonary-specialized regional reference
hospital in the province of Buenos Aires, Argentina.
The regional hospital served a large geographic
region with a population of 3.5 million and
accounted for one quarter of the TB cases within
the province.29

Educational Content Selection
The PI conducted a content analysis of patientdirected TB educational material prior to patient
and expert input. The goal of the content analysis
was to produce a list of educational message options
based on the IMB model to help guide content
development. The PI adapted the IMB model19,21
for TB treatment adherence (see Fig. 1) and developed a coding scheme27,28 based on the model
(see Table 1) to code patient-directed educational
material.
To identify patient-directed TB educational material
the PI conducted online searches without a date limit
in December, 2011, using search terms tuberculosis

MODERATING FACTORS AFFECTING ADHERENCE

• Psychological health (e.g., depression, issues of discrimination, fear)
• Living situation (e.g., frequently moving, poor access to proper
nutrition, daily labor work to support family)
• Access to medical services
• Substance use or addiction

ADHERENCE INFORMATION about:

• TB regimen, adequate adherence
• Side effects and drug interactions
‘I know what taking TB medication involves’

ADHERENCE BEHAVIORAL SKILLS
Self-efficacy: objective and perceived abilities for

•
•
•
•
•
•

Acquiring and self-administering TB medication
Incorporating into daily life
Minimizing side effects
Reporting adherence information
Acquiring support (social)
Self-reinforcing adherence over whole treatment
‘I know how to take my medication’
‘I know how to seek help if needed’

ADHERENCE BEHAVIOR

•
•
•
•

Proper dosing
Maintain adherence over time
Report self-administration daily
Complete follow-up evaluations
and tests

HEALTH OUTCOMES

• Understand importance of
adherence to TB medication
• Sputum smear conversion
• Symptom improvement
• Objective and subjective
health status

ADHERENCE MOTIVATION

• Personal Motivation: Attitudes/Beliefs about
benefits of adherences and risks of non-adherence
• Social Motivation: Perceptions of others support
and motivations to comply with other’s wishes
‘Taking TB medication will cure the disease and ensure
that I get better’

Figure 1: Information-Motivation-Behavior Skills model of TB adherence. Adapted from Fisher et al. 2006 and
Munro et al. 2007
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Codes/Subcategories

Definitions/examples

Adherence-Related Information
Disease
Transmission
Symptoms
Adequate Treatment Adherence
Medication Side Effects / Interactions

Accurate information regarding disease
Ways disease transmitted
Disease symptoms
Treatment process, regimen, and strategies
Drug effects and interactions to monitor

Adherence-Related Motivation
Personal motivation

Beliefs, attitudes towards, and potential outcomes of
suboptimal adherence
Support from others to follow treatment

Social motivation

Adherence-Related Behavioral Skills (Objective and Perceived Abilities / Efficacy)
Skills or tools to support self-efficacy
Skills, tools and self-reinforced strategies to perform and
maintain adherence behavior, objective ability and perceived
efficacy for performing critical adherence-related skills
Contextual factors
Moderating factors
Living conditions, access to healthcare
Adapted from Fisher et al. (1992, 2006)

Table 1: Coding Scheme Based on IMB Model: Codes and Definitions

Results
The following describes decision making steps for:
a) establishing intervention components, including
justifications, considerations, timing and frequency
of components; b) developing educational messages,

including cultural adaption, SMS formatting, prioritizing message delivery order; and c) determining
implementation protocol. Table 2 provides English
translated examples of the educational messages.
Table 3 outlines the key recommendations and

Week

Message type*/Subcategory

1

Information / Transmission

TB is contagious by cough or sneeze. Cough in well-ventilated places,
cover your mouth and use a mask to not be contagious

Information / Side effect

Rifampicine (red pill) can tint your urine, saliva or tears a color orange, this
is normal. Be careful with contact lenses, they can become tinted too.

Information, Motivation
(Personal) / Transmission

TB is not contagious by shaking hands, sharing glasses or plates. It is
contagious by coughing or spitting. Remember TB can be cured!

Motivation (Social)

Up to +/- 20 days of treatment you can still be contagious. Frequent
contact and in close places increases the risk. Those who live with you
should be tested.

Skills

Taking medication every day is a challenge! To remember: keep meds in
one space, use an alarm, hang a note in the bathroom or on the fridge.

Information, Motivation
(Personal) / Treatment

Feeling better does not mean that you are cured. To be cured you need to
continue treatment at least 6 months and take the meds regularly to not
become sick again. You can do it!

2

7

Message examples

Note. English translation of example messages. *Message type based on Information-Motivation-Behavior model19,21

Table 2: Examples of SMS Educational Messages: Week Delivered, Type and Message Examples
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Key Recommendations

Examples

Establishing Intervention Components
Form Team

Include multidisciplinary experts and patients in treatment

Identify Priorities

Not too automated
Interactive to strengthen patient-provider relationship
Automated reminders verses inquiries if no notification

Consider Timing

Align with recommended medication regimen (e.g., while fasting)
Determine staff schedule and availability

Consider Frequency

Number of times per week to deliver messages, consider holidays

Identify Software

Access software features flexibility (e.g., open source platform)

Developing Educational Messages
Identify Important Topics

Obtain patient and expert input

Use Model for Guidance and Coding
Scheme Development

IMB model helped guide development of educational content
Content analysis based on model helped identify content options

Translate and Adapt

Adapt messages to local language and cultural nuances
Decide on type of language (e.g., formal/informal conjugations)

Format to SMS

Messages must be clear, concise and use basic educational level
Identify common word abbreviations used in local SMS lingo
Remove pronouns where possible to accommodate more content
Extra time and multiple iterations are needed for formatting step

Prioritize Delivery Order

Messages must coincide with potential side effect of medication (e.g.,
urine quickly changes color, this is normal must be an initial messages)
Messages must coincide with routine follow-up times (e.g., one month
follow-up, testing after two months of treatment)

Develop Message Options

Message options (e.g., auto confirmation or query messages when
patient does not notify) to rotate to not be too automated

Determining Intervention Protocol
Identify Algorithm

Determine steps for when participant does not complete requested
action (e.g., does not notify)

Identify Key Collaborators

Provide/discuss study and protocol to key collaborators (e.g., social
workers to assist with patient tracking)

Table 3: Key Recommendations and Examples Specific to Designing SMS-based Interventions

examples specific to developing a text messaging
based intervention.
Establishing Intervention Components
The basis for having the patient text-in was to
increase patient involvement in their care. The team
wanted patients to be responsible for reporting with
follow-up reminders being sent only to those who
did not text-in. An option for patients to text-in
questions and a process for verifying receipt of textin notification by sending a confirmation message
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

were added. In addition, the team decided on
sending two educational text messages per week.
TextTB was coined by a team member and agreed
upon to give the program a name. Final intervention components are outlined in Figure 2.
Dosing for TB medication is daily. However,
because the clinic was closed on weekends the
decision was made that texting-in on weekends or
holidays was optional. Participants were notified
that the service was only available during office
hours. Educational text messages were delivered on
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Patient

Staff member

Text-in:
notification or
question

Text to participants:

Confirmation of receipt or reminder
if did not text-in
Twice weekly educational message
Response to questions
Mobile phone or
GSM modem

Figure 2: Intervention components

Tuesdays and Thursdays because most holidays fell
on Mondays and Fridays.
It is recommended that TB medication is taken while
fasting, or in the morning, before eating, for best
effectiveness.30 Therefore, the team decided that
messages would be reviewed and responded to
starting around 9:00 am and throughout the clinic
hours of operation to identify those who had not
texted in and send out query texts. With the texting
platform used, this process could not be automated.
A set of possible inquiry message options was
written that could be modified or personalized. It
was recognized that phone signal coverage, power
outages, and other problems may be a potential
barrier to send or receive messages. The first step
was to send messages of inquiry. These messages
were written to not be accusatory, but to recognize
that other possible challenges may have occurred.
For example, ‘‘We know that you normally take
your medication and notify daily but today we
have not yet received notification, any problems?’’
(English translation).
The process to send a confirmation message of
receipt of texting-in could be automated by setting
keywords. A concern of the team was that the
intervention should not be what was labeled too
automated. That is, messages could not be too
repetitive, and needed to be creative and motivating
based on the IMB model to engage participants. A
list of confirmation messages incorporating motivational elements were produced to rotate automatic
messages (e.g., ‘‘Thank you for your collaboration;
you are doing great keep it up’’! (English translation)).

Developing Educational Text Messages
Education regarding TB treatment was identified by
the patients and team as often lacking during
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

diagnosis and treatment delivery and therefore was
considered a critical component of the intervention.
For the educational message content selection we
prioritized the information provided by the patients
and that which was considered important by the
team members. Patients recommended including
content on: (a) nutrition during treatment, (b) what
to do when feeling bad (e.g., side effectsseek help
from provider), (c) effects of medication over time
(e.g., often side effects pass and it gets easier), and (d)
acknowledgement that the treatment is challenging
(e.g., that there are a lot of pills to take every day and
for a long period). Specific English translated
messages patients recommended to include in educational content included: ‘‘Continue, it is worth the
effort to continue treatment,’’ ‘‘If you feel bad go
to the doctor so you can continue treatment,’’ and
‘‘you are going to have a stomach ache but this will
pass.’’ Some of the necessary content topics identified by the team included: medication and food
interactions (e.g., interaction of TB medication with
oral contraceptives for women), important time
periods (e.g., when to return for follow-up), contact
testing (e.g., having family and close contacts tested),
and continue to take the medication even after
feeling better.
The analysis of the patient-directed TB education
material resulted in 145 verbatim educational content options organized into each of the IMB model
categories. The compiled list of educational content
options was given to the team to review during
content development. We reviewed the recommendations/priorities from the patients and the team,
the list of educational content options, and other
resources until 16 messages (two per week for 2
months) were identified. Messages were not taken
verbatim from any of the sources. Having content
options organized according to the IMB model
allowed selection from each category or a combination. Content on food and medication interactions,
recommended to be included by patients and team,
was not found in the patient education material and
was drawn from a TB provider manual.30
The HIV/AIDS patient education material was
compiled, coded, and analyzed based on the coding
scheme as well to explore IMB-based language that
could be adapted to TB education. For example,
statement of ‘‘You are not alone’’ in HIV material,
was not identified in TB education material.
In addition, pronoun use of ‘we’ rather than ‘you’
was significantly higher in HIV/AIDS patient
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education (p 0.001) than in TB patient directed
education.
Once we decided on a list of messages, which
included patient and team topic recommendations
and incorporated aspects of the IMB model using
the list of message options, we then culturally
adapted and formatted the messages. During the
Spanish translation/cultural adaptation process the
team decided on using the informal conjugation of
you rather than the formal conjugation, so that the
messages were more personal. In general an SMS is
limited to 160 characters. Common word abbreviations were identified to accommodate more text,
and to be clear and concise to meet the character
limit. Examples of abbreviations included: please
(por favor) abbreviated as X; and that, what (que)
abbreviated as q or k. In addition, the team decided
to omit object pronouns (e.g., el, la, los, las) where
possible. The process to reduce and distill the
messages was time consuming and required many
iterations. Table 2 provides examples of English
translated messages, the IMB component they were
classified under, and the week of treatment they
were delivered.
Another cultural adaptation included team members identifying that the baseline demographic and
TB knowledge questionnaire (pre-intervention survey) required local Spanish language adaptation.
Although the questionnaire was correctly translated
by a native Spanish speaker from Mexico, it needed
to be adapted to Argentinian Spanish. Team members also requested removal of the question on race/
ethnicity because it is a question not understood or
requested standardly from Argentineans.
Prioritizing message delivery order was an important consideration. For example, shortly after starting one of the TB medications, rifampin, the color
of urine can change to reddish orange, which can be
frightening for those who are not forewarned that
this is a normal, harmless side effect of the medication. Another prioritized initial message was regarding encouraging the patient to have family members
or close contacts be tested for TB in order to detect
infection early and help prevent further spread of the
disease. Important time points identified by the team
were at 1 and 2 months of treatment when follow-up
with their provider was needed to evaluate treatment
progress and are times recognized as susceptible to
treatment abandonment because patients often start
feeling better. Messages to reinforce follow-up visits
and to continue medication even after a period of
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seeming recovery were scheduled to be delivered at
these time points.

Determining Implementation Protocol
The need for materials for participants, daily
operating procedures and anticipatory guidance
were identified. Written information to accompany
verbal instructions for participants in the intervention was developed into an instructional pamphlet
which included key goals, expectations of the
patient, the study phone number, and examples
for how to text-in to report daily medication
administration. The team developed daily operating
procedures and the PI integrated the procedures
into a formal document. Operating procedures
included steps to initiate SMS software and modem
set-up, established times to review and respond to
messages, documentation of patient tracking, and
intervals to review patient and modem phone credit.
Discussion regarding decision points for such
instances as a participant not texting-in to report
medication administration initiated an algorithm
design. If there was no response the patient would
receive inquiry messages for 3 days and the team
member would attempt to call. If contact could
not be made the staff would notify the nurse and
social worker. The social worker would attempt to
contact the healthcare center close to the patient to
see if the patient could be tracked down locally. The
RNs would notify the staff if the patient came in to
the clinic in order for staff to speak with the patient
directly to identify challenges with notifying by
SMS.

Discussion
Although a number of researchers report applying
SMS-based interventions to promote behavior
change,2,14,15,32 few have described the process of
development. This research adds to existent knowledge about collaborative research emphasizing text
messaging intervention development for patients
with active TB. Decision making justifications,
considerations, and integration of a theoretical
model to guide message content selection is outlined. This paper parallels similar information
from Gold et al.8 and Owens et al.3 collaborative
work to include service users, participants, and
clinicians, but extends these contributions to
present process detail for message development
and planned implementation of an SMS-based
intervention.
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Person and colleagues found that patients attending
TB and HIV clinics were generally receptive to text
messaging for healthcare-related communication.33
However, identified mobile phone-related TB studies have used the video feature3436 and no studies
were identified to use SMS to deliver TB educational messages. To date, published literature of
larger studies using SMS has focused on antiretroviral therapy adherence for patients with HIV/
AIDS, including sending a text message asking
‘‘how are you?’’37 and sending automatic text
medication reminders.12,14 A study protocol outlined how researchers proposed to use reminders
with a motivational message,38 but do not describe
how the motivational messages were designed.

Contextual Appropriateness and Potential to Provide
Patient Support
Mobile phones are increasingly relevant in resourcelimited settings and incorporating their use has been
identified as a priority by the WHO.39 In the current
research, the team recognized that text-messaging
was a contextually appropriate medium for a
healthcare intervention in their setting. Supporting
this assumption are national statistics that reveal
that in Argentina from 2010 to 2013, the number of
mobile phones in service had increased from 50.4 to
59.6 million and the number of SMS text messages
increased from 5.8 to 11.3 billion per month.40
With an estimated population of 40.9 million,41
Argentina has more mobile phones in service than
inhabitants.
Developing a strong patient-healthcare professional relationship through supervision and support has been identified as highly important in TB
control efforts39,42,43 with the suggestion that
improving relationships could potentially be
achieved through telecommunication tools, such
as texting.4 In the current study, in order to elicit
the potential relationship benefit the team agreed
that the intervention must include the interactive
function of SMS, not be too automated, and not
simply send reminders or information like reported in other studies.10,14,15,44 The intent for
the intervention to not be ‘too automated’ was to
establish a more personal relationship with the
patients and be able to identify problems that
could be dealt with. However, the tradeoff is
increased workload and time needed to implement
the intervention.
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Directly observed therapy (DOT), where a trained
healthcare worker or treatment supporter observes
medication ingestion daily, has been the WHO
recommended intervention to assure drug adherence.31 However, it continues to be challenging to
apply for patients and healthcare services in many
communities globally.4547 In settings where selfadministration is the standard treatment delivery,
other options to supervise, provide support and
promote patient-provider relationships are needed
and TextTB is such an intervention.
Challenges and Benefits to Collaborative
Intervention Development
The basic study premise was provided by the PI, but
final drafting and decision making was left open for
discussion and team agreement. Although the aim
of this intervention development was to apply a
collaborative approach, this resulted in an extended
development period. First, participation in this
process takes time away from team members’ other
daily duties. Second, as an international collaboration it required correspondence by email and then
an extended time on site by the PI to work directly
with team members. The development phase did
take longer than expected and delayed the initiation
of patient recruitment, extending the onsite stay for
the PI. Similarly, Owens et al.3 reported an extended
development phase by involving service users in the
design and development which resulted in an
intervention distinct from and not considered during initial planning. Although this initial developmental phase was written into the proposal in our
case, participatory intervention development can be
problematic when funding agencies typically expect
well-formulated and established proposals. On the
other hand, engaging clinicians and patients in the
design phase can minimize problems and delays
during implementation.
Educational Content and Theoretical Considerations
In this study decision making for educational
message content could have been more quickly
made based on expert knowledge by the team alone.
However, gaining insight from patients was essential
and the added steps of applying a theory, and
conducting a content analysis of patient-directed
educational material provided the team with an
extensive list of message options. In addition, the
theory helped organize messages into categories,
facilitate combining message types, and guide
decisions. This process made message content
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development more systematic and comprehensive.
The model was also applied in drafting the
confirmation of receipt of medication administration text messages by including motivational
messages.
The IMB model makes the assumption that individuals who are well-informed and motivated will
develop behavior skills needed for effective adherence, but also takes into consideration contextual
factors, such as living conditions and access to
healthcare.19 Factors such as access to healthcare
and stigma have been identified as a barrier to TB
treatment adherence.48,49 An underlying premise for
using text-messaging as the mode of intervention
delivery was to mitigate the barrier that limited
access to healthcare presented. The team recognized
that many of their patients who attend this clinic
come from throughout the region and could travel a
few hours to arrive. We included a message
acknowledging the stigma of TB in the general
public. A number of patients responded and agreed
with this message. Acknowledging challenges was
a category coded under the contextual factor
category and applied in a message combined with
a behavior skill suggestion. The timing and ordering
of message delivery was also considered. TextTB
was designed to be applied at treatment initiation.
When assessing SMS as a potential tool for
patients living with HIV, Mbuagbaw and colleagues,50 identified initial treatment as a period when
patients tended to be most forgetful.

Conclusion
This study supports the use of a collaborative
approach and applying the IMB model to support
message development. Interventions for TB care
should be standardized, but also flexible and based
on the needs of the local community. A collaborative approach involving local TB experts and
patients during the design stage may have taken
more time, but resulted in an intervention that was
responsive to patient needs, culturally appropriate
and comprehensive. The process required flexibility,
an open mind and willingness to adapt to the needs
and schedules of others. Applying the IMB model
to systematically identify educational messages
with adherence-related information, motivations and
skill development and contextual language, along
with expert knowledge and patient input, was useful
in selecting the educational text content. Although
health behavior theories can help guide the process
of understanding underlying behavior change, more
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

research is needed to test theory driven interventions
to improve outcome for patients with TB. Additionally, text messaging as a mode to foster patientprovider relationship and provide a supportive mode
of treatment delivery warrants further exploration.

Practice Implications
Regardless of the mode of delivery, collaboration
among multidisciplinary research team members
who would implement the intervention and patients
who would potentially receive the intervention is
important in development. Although potentially
challenging during grant writing, planning for an
extended time to collaborate with end users during
design phase is necessary for successful implementation. Specific to SMS mode of delivery, issues that
must be taken into consideration during development include timing of delivery, adapting to SMS
format by using accepted and recognized abbreviations while considering cultural language nuances,
and ordering of messages for optimum effect.
Adaptation to SMS format will vary by country
and language; therefore using local staff to develop
messages is essential for content validity. Applying a
theory to develop a coding scheme for content
analysis of a body of educational literature can aid
in systematic selection of content and provide
structure and organization. SMS is a basic feature
common in most phones and its use in TB management and other health interventions warrants consideration and systematic investigation.

Acknowledgements
We thank the patients and the hospital staff for their
participation, special thanks to staff members
Daniel Cardinale, Neli Peliza, Gabriela Laborde.

Authors Contributions
SI, SB, PP, and FR conceived and designed the
study. SI, SB, CC, and ME were involved in
intervention design. SI, SB, PP drafted the article.
All authors contributed to review and revision, and
approved the submitted version.

Funding
The study was funded through a Ruth L. Kirschstein National Research Service Award (NRSA)
(grant no. F31NR012614), NINR and a research
grant from Sigma Theta Tau International, Gamma
Rho Chapter.
VOL. 3 | ISSUE 2 | JULY 2014 24

ORIGINAL ARTICLE
Disclosure
The corresponding author is the recipient of an
NRSA and was a Fogarty International Clinical
Research Scholar (20082009) during which time
initial collaboration was established with members
of the research team.

A randomized controlled trial. J Zhejiang Univ Sci
B. 2008;9:348.
11. Coomes CM, Lewis MA, Uhrig JD, Furberg RD,
Harris JL, Bann CM. Beyond reminders: a conceptual framework for using short message service to
promote prevention and improve healthcare quality
and clinical outcomes for people living with HIV.
AIDS Care. 2011;24:34857.

Declaration of Conflicting Interests
The authors declare that there is no conflict of
interest.

References
1. Cole-Lewis H, Kershaw T. Text messaging as a tool
for behavior change in disease prevention and management. Epidemiol Rev. 2010;32:5669.
2. Fjeldsoe BS, Marshall AL, Miller YD. Behavior
change interventions delivered by mobile telephone
short-message service. Am J Prev Med. 2009;36:
16573.
3. Owens C, Farrand P, Darvill R, Emmens T, Hewis E,
Aitken P. Involving service users in intervention
design: a participatory approach to developing a
text-messaging intervention to reduce repetition of
self-harm. Health Expect. 2010;14:28595.
4. Barclay E. Text messages could hasten tuberculosis
drug compliance. Lancet. 2009;373:156.
5. Mohammed S, Siddiqi O, Ali O, et al. User engagement with and attitudes towards an interactive
SMS reminder system for patients with tuberculosis.
J Telemed Telecare. 2012;18:4048.
6. International Telecommunication Union. The World
in 2013: ICT Facts and Figures. In: database WTII,
(ed.). 2013.
7. Wu R, Appel L, Morra D, Lo V, Kitto S, Quan S.
Short message service or disService: issues with text
messaging in a complex medical environment. Int J
Med Inform. 2014;83:27884.
8. Gold J, Lim MS, Hellard ME, Hocking JS, Keogh L.
What’s in a message? Delivering sexual health promotion to young people in Australia via text messaging.
BMC Public Health. 2010;10:792.
9. Bridges.org. Executive summary: Testing the use of
SMS reminders in the treatment of Tuberculosis in
Cape Town, South Africa. 2005.
10. Chen ZW, Fang LZ, Chen LY, Dai HL. Comparison
of an SMS text messaging and phone reminder to
improve attendance at a health promotion center:

#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

12. De Costa A, Shet A, Kumarasamy N, et al. Design
of a randomized trial to evaluate the influence of
mobile phone reminders on adherence to first line
antiretroviral treatment in South India - the HIVIND study protocol. BMC Med Res Methodol.
2010;10:25.
13. Kunawararak P, Pongpanich S, Chantawong S,
et al. Tuberculosis treatment with mobile-phone
medication reminders in northern Thailand.
Southeast Asian J Trop Med Public Health. 2011;42:
144451.
14. Pop-Eleches C, Thirumurthy H, Habyarimana JP,
et al. Mobile phone technologies improve adherence
to antiretroviral treatment in a resource-limited
setting: a randomized controlled trial of text message
reminders. AIDS. 2011;25:82534.
15. Vervloet M, van Dijk L, Santen-Reestman J, et al.
SMS reminders improve adherence to oral medication in type 2 diabetes patients who are real time
electronically monitored. Int J Med Inform. 2012;81:
594604.
16. Furberg RD, Uhrig JD, Bann CM, et al. Technical
Implementation of a Multi-Component, Text Message-Based Intervention for Persons Living with
HIV. JMIR Res Protoc. 2012;1:e17.
17. World Health Organization. TB country profile
Argentina, 2012. 2014.
18. Instituto Nacional de Enfermidades Respiratorias E.
Coni. [RESULTADO DEL TRATAMIENTO DE
LOS CASOS DE TUBERCULOSIS. Situación
nacional y por jurisdicción, República Argentina,
19802008]. 2010.
19. Fisher JD, Fisher WA, Amico KR, Harman JJ. An
information-motivation-behavioral skills model of
adherence to antiretroviral therapy. Health Psychol.
2006;25:46273.
20. Munro S, Lewin S, Swart T, Volmink J. A review of
health behaviour theories: how useful are these for
developing interventions to promote long-term medication adherence for TB and HIV/AIDS? BMC
Public Health. 2007;7:104.

VOL. 3 | ISSUE 2 | JULY 2014 25

ORIGINAL ARTICLE
21. Fisher JD, Fisher WA. Changing AIDS-risk behavior. Psychol Bull. 1992;111:45574.

toward cellular phones and healthcare. Telemed J E
Health. 2011;17:18995.

22. Fisher JD, Fisher WA, Bryan AD, Misovich SJ.
Information-motivation-behavioral skills model-based
HIV risk behavior change intervention for innercity high school youth. Health Psychol. 2002;21:177
86.

34. DeMaio J, Schwartz L, Cooley P, Tice A. The
application of telemedicine technology to a directly
observed therapy program for tuberculosis: A pilot
project. Clin Infect Dis. 2001;33:20824.

23. Kanjee Z, Amico KR, Li F, Mbolekwa K, Moll AP,
Friedland GH. Tuberculosis infection control in a
high drug-resistance setting in rural South Africa:
information, motivation, and behavioral skills. J
Infect Public Health. 2012;5:6781.
24. Franks J CP, Hirsch-Moverman Y & Charles P.
Adherence to Treatment for Latent Tuberculosis
Infection: A Manual for Health Care Providers.
New York, NY 2005, p.159.
25. Iribarren S, Beck S, Pearce PF, et al. TextTB: A
mixed method pilot study evaluating acceptance,
feasibility and exploring initial efficacy of a text
messaging intervention to support TB treatment
adherence. Tuberculosis Research and Treatment
2013; Volume 2013, Article ID 349394: 12 pages.
26. Denzin NK and Lincoln YS. Handbook of qualitative
research. Thousand Oaks: Sage, 2000.
27. Krippendorff K. Content Analysis: An Introduction
to its Methodology. Thousand Oaks, CA: Sage, 2004.
28. Neuendorf KA. The content analysis guidebook.
Thousand Oaks, CA: Sage, 2002.
29. Chirico C, Kuriger A, Etchevarria M, Casamajor L,
Morcillo N. [Anti- tuberculosis treatment evaluation
in northern districts of Buenos Aires suburbs].
Medicina (B Aires). 2007;67:1315.

35. Hoffman JA, Cunningham JR, Suleh AJ, et al.
Mobile direct observation treatment for tuberculosis
patients: A technical feasibility pilot using mobile
phones in Nairobi, Kenya. Am J Prev Med. 2010;39:
7880.
36. Wade VA, Karnon J, Eliott JA, Hiller JE. Home
videophones improve direct observation in tuberculosis treatment: A mixed methods evaluation. PLoS
One. 2012;7:e50155.
37. Lester RT, Ritvo P, Mills EJ, et al. Effects of a mobile
phone short message service on antiretroviral treatment adherence in Kenya (WelTel Kenya1): A
randomised trial. Lancet. 2010;376:183845.
38. Mbuagbaw L, Thabane L, Ongolo-Zogo P, et al. The
Cameroon mobile phone SMS (CAMPS) trial: a
protocol for a randomized controlled trial of mobile
phone text messaging versus usual care for improving
adherence to highly active anti-retroviral therapy.
Trials. 2011;12:5.
39. World Health Organization. The Global Plan to
Stop TB 20112015. Transforming the fight towards
elimination of tuberculosis. 2009.
40. Instituto Nacional de Estadistica y censos (INDEC).
Servicios Publicos. Argentina 2013.
41. Instituto Nacional de Estadistica y censos (INDEC).
Censo Nacional de Población Hogares y Viviendas
[National household censis]. Argentina 2001.

30. Caminero JA. Guı́a de la tuberculosis para médicos
especialistas. Saint Michel, Paris  Francia: Union
Internacional Contra la Tuberculosis y Enfermedades Respiratorias (UICTER) 2003.

42. Iribarren S, Rubinstein F, Discacciati V and Pearce
PF. Barriers and facilitators to successful treatment
of tuberculosis in a high TB burden region in
Argentina [in progress]. 2011.

31. World Health Organization. Treatment for Tuberculosis: Guidelines (4rd Edition) WHO/HTM/TB/
2009.420. 3rd ed. 2009.

43. World Health Organization. The Stop TB Strategy.
Building on and enhancing the DOTS to meet
the TB-related millennium development goals.
2006.

32. Lim MS, Hocking JS, Hellard ME, Aitken CK. SMS
STI: a review of the uses of mobile phone text
messaging in sexual health. Int J STD AIDS.
2008;19:28790.
33. Person AK, Blain ML, Jiang H, Rasmussen PW,
Stout JE. Text messaging for enhancement of testing
and treatment for tuberculosis, human immunodeficiency virus, and syphilis: A survey of attitudes

#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

44. Hanauer DA, Wentzell K, Laffel N, Laffel LM.
Computerized Automated Reminder Diabetes System (CARDS): e-mail and SMS cell phone text
messaging reminders to support diabetes management. Diabetes Technol Ther. 2009;11:99106.
45. Hill PC, Stevens W, Hill S, et al. Risk factors for
defaulting from tuberculosis treatment: A prospective

VOL. 3 | ISSUE 2 | JULY 2014 26

ORIGINAL ARTICLE
cohort study of 301 cases in the Gambia. Int J Tuberc
Lung Dis. 2005;9:134954.
46. Khan MA, Walley JD, Witter SN, Imran A, Safdar
N. Costs and cost-effectiveness of different DOT
strategies for the treatment of tuberculosis in Pakistan. Directly Observed Treatment. Health Policy
Plan. 2002;17:17886.
47. Sanchez AI, Bertolozzi MR. Beyond DOTS (Directly Observed Treatment Short-Course) in tuberculosis’ control: Interfacing and sharing needs. Rev
Lat Am Enfermagem. 2009;17:68994.
48. Cramm JM, Finkenflugel HJ, Moller V, Nieboer AP.
TB treatment initiation and adherence in a South
African community influenced more by perceptions
than by knowledge of tuberculosis. BMC Public
Health. 2010;10:72.

#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

49. Enarson DA and Billo NE. Critical evaluation of the
Global DOTS Expansion Plan. Bull World Health
Organ. 2007;85:3958; discussion 9-403.
50. Mbuagbaw L, Bonono-Momnougui RC, Thabane L.
Considerations in using text messages to improve
adherence to highly active antiretroviral therapy:
A qualitative study among clients in Yaounde,
Cameroon. HIV AIDS (Auckl). 2012;4:4550.
51. Bediang G, Stoll B, Elia N, et al. SMS reminders to
improve the tuberculosis cure rate in developing
countries (TB-SMS Cameroon): a protocol of a
randomised control study. Trials. 2014;15:35.
52. Nglazi MD, Bekker LG, Wood R, Hussey GD,
Wiysonge CS. Mobile phone text messaging for
promoting adherence to anti-tuberculosis treatment:
a systematic review. BMC Infect Dis. 2013;13:566.

VOL. 3 | ISSUE 2 | JULY 2014 27

ORIGINAL ARTICLE

USE OF SMARTPHONES AMONG MEDICAL STUDENTS IN
THE CLINICAL YEARS AT A MEDICAL SCHOOL IN SUBSAHARA AFRICA: A PILOT STUDY
Nasiru A Ibrahim, MBBS, FWACS1, Mohammad Salisu, MBBS, FWACPaed2, Abiodun A Popoola,
MBBS, FWACS3, Taofeeq I Ibrahim, MBBS4
1

Department of Surgery, Lagos State University College of Medicine, Ikeja, Lagos State, Nigeria; 2Department of Paediatrics, Lagos
State University College of Medicine, Ikeja, Lagos State, Nigeria; 3Department of Radiology, Lagos State University College of
Medicine, Ikeja, Lagos State, Nigeria; 4Federal Medical Centre, Ebute Metta, Lagos State, Nigeria
Corresponding author: Nasiru A Ibrahim, Department of Surgery, Lagos State University College of Medicine, 14 Oba Akinjobi
Street, Ikeja, Lagos State, Nigeria. Tel: 2348023044971, E-mail: ibrahimakanmu@yahoo.com

Background: Smartphones help in quick access to medical information, enhance student learning in
clinical environment and increase their knowledge score. We conducted a pilot study of medical
students in the clinical years to assess their current utilization of mobile phones, the perceived
advantages and barriers.
Methods: A cross-sectional survey of 5th and 6th year medical students using a pre-tested
questionnaire was conducted. Information gathered were bio-data, type of mobile phone owned,
usage pattern in terms of frequency and applications, perceived advantages and barriers. Data was
analysed employing SPSS version 15.
Results: All the 123 participants owned smartphones and the greatest use among majority (63%)
was for routine functions such as receiving or making calls, sending or receiving SMS and e-mails, as
schedule/calendar/planner and as dictionary. Less frequent usage (41% to 59%) was to access and
take lecture notes, access medical videos, electronic textbook and for medical research. They were
rarely used (B32%) as clinical tools in patient management, for course evaluation and as log book.
Battery life, small size screen, slow speed, limited memory and cost were the major barriers to
mobile learning while the greatest advantages were mobility of the device, ease of use, access to
current information and ease of access to resources.
Conclusions: Our medical students appeared comfortable with the use of smartphones for routine
personal applications, searching academic resources as well as accessing and taking lecture notes
without institutional assistance. With minimal support, they could be encouraged to use their
mobile phones for greater education activities and accessing clinical materials.
Journal MTM 3:2:2834, 2014

doi:10.7309/jmtm.3.2.5

Background
Use of smartphones has become an important and
useful component of medical education. With
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increasing amount of information available in
medicine today, use of these portable devices
help in quick access to medical information and
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improves clinical management of patients1. These
devices, also referred to as personal digital assistants (PDAs), have various applications in medical
learning and care of patients. They include the
iPhone, Blackberry and iPad. Common learning
activities are formal instruction, conducting realtime surveys via wireless units, feedback to students,
course administration, students gathering data to
post to the course or to other students, question and
answer sessions, and assessment2,3. Bedside use
include calculation of clinical prediction rules,
checking for drug interactions, expanding differential diagnoses by consulting references, electronic
order entry and patient tracking4,5. These functions
are found to enhance student learning in the clinical
environment and increase their knowledge scores6.
Studies have shown that 60% to 70% of medical
students in the clinical years and residents use PDAs
for educational purposes or patient care. In addition, high level of satisfaction was observed and this
correlated with the level of handheld computer
experience7.
Several factors influence adoption of mobile learning in medical education. These include building
specialized network for smartphones, provision or
subsidizing cost of the device to students, adapting
materials specifically for the phones, providing
training and technical support to students and
staff7,8. On the other hand, insufficient security,
requirement for change, costs, poorly designed
packages, inadequate technology, lack of skills,
need for a component of face to face teaching,
time intensive nature of e-learning, computer anxiety and lack of institutional support are some of the
identified barriers911.
Functions of smartphones have been increasing in
scope since the release of the Apple Newton and
Palm Pilot smartphones in 1993 and 1996 respectively. Apple’s iPhone released in June 2007 blended
the features of the PDA with those of the mobile
phone. Current devices are smaller, lighter in weight
and have sufficient memory to store large amounts
of data and reference material. They also have
larger number of applications including those
designed for specific medical fields.12,13. Access to
mobile phones is rapidly growing in Africa while
internet facilities are also increasing with installation of multiple undersea fibre-optic cables14.
Mobile telephony employing the Global System
for Mobile Communication (GSM) was introduced
into Nigeria in the year 2001. Presently, vast
majority among the population own mobile phones
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

with many having the latest versions of smartphones.
Mobile learning has not been fully incorporated
into the medical education methods in majority of
sub-sahara African medical schools. This is largely
due to poor communication infrastructure and
limited financial resources. A survey among health
care students and tutors in Uganda revealed that
98% owned mobile phones but access to the internet
was poor15. Nigeria has 25 medical schools; 21 were
established by Government and students pay subsidized fees while the remaining 4 were privately
owned. Lagos State University College of Medicine
(LASUCOM) established less than two decades ago
by the Lagos State Government is reputed to be one
of the fastest growing medical schools in Nigeria in
terms of infrastructure and manpower. Improving
quality of teaching and learning in the school by
wider and institutionalized use of modern information and communication technology in the educational process is desirable. We, therefore, conducted
a single institution survey of medical students in the
clinical years to assess their current utilization of
smartphones, the perceived advantages as well as
barriers to the use of the device. Results from this
pilot study may assist in identifying areas of needed
support to the students and inform the need for a
wider study that may help in producing well trained
Doctors that would contribute meaningfully to
health care delivery especially in resource-poor
settings.

Methods
Participants
One hundred and twenty five medical students in
the 5th and 6th (final) clinical years at the Lagos
State University College of Medicine were the target
study population. They had completed the basic
medical sciences and the laboratory medicine
classes and had commenced direct interaction with
patients in the course of their learning in the
medical school. They are expected to be in greater
need for the various clinical applications developed
for smartphones that aid learning and patient care.
The final year students have, at least, one year extra
clinical exposure over their 5th year colleagues. The
survey was conducted in November 2012. The
National Health Research Ethics Committee
deemed this survey exempt from health research
ethics committee oversight as the study is to
evaluate education instructional strategy and
improve student learning experience. In addition, it
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poses no added risk to participants. Statement of
consent to participate was incorporated into the
survey form. Participants were informed about the
objectives of the study and were assured that their
responses shall be anonymous and confidential. It
was also stated that participation in the study shall
be voluntary.
Measures
The survey questionnaire used in the study was
adapted from the one used in a previous study11.
The questionnaire was in four parts. The first
section described the gender, level of study and
information regarding the type of mobile device
owned by the students. In the second part, various
activities that mobile phones could be used for were
listed and participants were asked to tick the ones
they use their device for. They were also required to
state the frequency of such usage in the past one
year. Participants were asked to tick five greatest
barriers to using mobile phones for clinical and
learning activities among nineteen identified
options in the third part while the fourth section
required respondents to tick five greatest advantages to the use of the device among fourteen listed
options. They were also allowed to make other
comments if they so desired in this section.
Procedure
Pre-test of the questionnaire was conducted among
ten fourth year medical students who have had some
exposure to clinical medicine. Areas of ambiguities
that were identified were modified to achieve clarity.
Printed survey forms were then distributed to the
eligible students through their respective heads of
class who were also mandated to collect the filled
forms and submit to the first author.
Data analysis
Variables were coded and data entered electronically
into SPSS version 15 spread sheet. Frequency
distribution and percentages were produced for
categorical variables while statistical comparison
was conducted using chi-square test. Level of
statistical significance was set at p B 0.05.

Results
Completed survey questionnaires were returned by
123 out of 125 eligible students giving a response
rate of 98.4%. Among 110 respondents who
indicated their sex, 64 (58%) were males while
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

46 (42%) were females. Sixty three (51.2%) were
5th year medical students while the remaining
60 (48.8%) were in the 6th year. All the participants
owned smartphones with majority (58.5%) having
the Blackberry brand. Other brands owned by
respondents are as shown in Table 1. The phones
were less than 2 years old in 101(82%) respondents.
Gender and year of study did not significantly
influence the brand of phone owned by the respondents (p 0.05).
Activities smartphones were used for are as shown
in Table 2. Greatest use among majority ( 63%)
was for routine functions such as receiving or
making calls, sending or receiving SMS and e-mails,
as schedule/calendar/planner and as dictionary.
Other frequent usage (41% to 59%) were to access
and take lecture notes, access medical videos,
electronic textbook and for medical research. Usage
as clinical tools in patient management, course
evaluation and as log book were the least frequent
( B32%). Activities were not influenced by gender of
participants (p 0.05). Activities influenced significantly by year of study were making and receiving
calls which was more frequent among 5th year
students (p 0.043) while 6th year students were
using their phones more frequently in taking notes
(p 0.014), accessing journal articles (p 0.022)
and as planner/scheduling/calendar (p 0.021).
Table 3 shows barriers and advantages of smartphones in mobile learning as perceived by the
students. Battery life, small size screen, slow speed,
limited memory and cost were the major barriers to
mobile learning while the greatest advantages were
mobility of the device, ease of use, access to current
information anywhere anytime and ease of access to
resources. There is no significant difference among
the respondents regarding perception of barriers
and advantages to use of smartphones in mobile
learning in terms of their gender or year of study
S/N

Brand of phone

1
2
3
5
6
7

Blackberry
Nokia
Apple i phone
htc
Samsung
Others
Total

Number

percentage

72
26
8
5
4
8
123

58.5
21.1
6.5
4.1
3.3
6.5
100

Table 1: Brand of phones owned by the students
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Daily
Activities

No

Make/Receive calls
Send/Receive sms
Planner/Scheduling/
Calender
Send/Receive e-mail
Dictionary
Medical websites
Access lecture notes
Electronic textbook
Access medical videos
Taking notes
Medical research
Journal articles
Course survey/evaluation
Clinical algorithms /Guidelines
Clinical calculators
Medical reference tool
Course exams/quizzes
Recording patients information
Medical records
Laboratory reports
Patient tracking
Log books

122 99.2
109 88.6
81
77
77
77
73
62
54
53
50
45
39
37
37
35
32
14
13
7
6
6

%

65.9
62.6
62.6
62.6
59.3
50.4
44
43.1
40.7
36.6
31.7
30.1
30.1
28.4
26
11.4
10.6
5.6
4.9
4.9

210
times

Weekly

Monthly

Once

No

%

No

%

No

%

No

%

0
9

0.0
7.3

0
0

0.0
0.0

0
0

0.0
0.0

0
0

0.0
0.0

2
5
6
4
5
1
1
0
2
1
1
1
1
0
0
0
0
0
0
0

1.6
4.1
4.8
3.3
4.1
0.8
0.8
0.0
1.6
0.8
0.8
0.8
0.8
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2
13
3
0
5
1
2
0
0
1
0
1
0
0
1
0
0
0
0
0

1.6
10.6
2.4
0.0
4.1
0.8
1.6
0.0
0.0
0.8
0.0
0.8
0.0
0.0
0.8
0.0
0.0
0.0
0.0
0.0

3
6
4
2
7
0
1
0
0
1
0
2
2
0
0
0
0
0
0
0

2.4
4.9
3.6
1.6
5.6
0.0
0.8
0.0
0.0
0.8
0.0
1.6
1.6
0.0
0.0
0.0
0.0
0.0
0.0
0.0

9
3
7
11
6
9
15
10
20
14
7
8
6
12
16
6
6
8
0
4

Never
No

No
response

%

No

%

0.0
0.0

1
5

0.8
4.1

7.3
17 13.8
2.4
16 13.0
5.6
18 14.6
8.9
19 15.4
4.9
22 17.9
7.3
42 34.1
12.2
33 26.5
8.1
48 39.0
16.3
40 32.5
11.4
51 41.5
5.7
54 43.9
6.5 62 50.4
4.9 67 54.5
9.8 61 49.6
13.0 55 44.7
4.8 98 79.7
4.9 94 76.4
6.5 100 81.3
0.0 107 87.0
3.3 105 85.3

9
3
8
10
5
8
17
12
11
10
22
12
10
15
19
5
10
8
10
8

7.3
2.4
6.5
8.1
4.1
6.5
13.8
9.8
8.9
8.1
17.9
9.8
8.1
12.2
15.5
4.1
8.1
6.5
8.1
6.5

0
0

No  Number of respondents
%  Percentage

Table 2: Activities smartphones were used for by the respondents

(p 0.05). Extra comments were not made by the
respondents.

Discussion
Although, smartphones could be used for different
activities such as routine personal applications,
searching academic resources, clinical references
and electronic medical records, pattern of usage
vary among medical students. Most frequent usage
of mobile phones in this study were for personal
applications, accessing lecture notes and searching
academic resources. This pattern of usage is similar
to what was found among final year medical
students in Oman11. In contrast, clinical students
in two medical schools in the United States of
America (USA) used handheld devices more frequently as drug references and clinical calculator.
However, pre-clinical students in the two schools
used their mobile phones mainly for personal
scheduling and task lists16, similar to usage pattern
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

in this study. Other studies conducted in developed
countries also reported greater use of mobile devices
by students for medical care purposes17,18. Poor
usage of smartphones by our students for activities
relating to patient care could be because support
medical services in the hospital are not fully
computerized and are not accessible electronically.
In addition, our students have only limited responsibility in patient care and this may also be factor.
Masters et al11 suggested similar reason for poor
point of care usage of mobile phones by final year
students in his institution.
Participants usage of smartphones for educational
purposes was mainly in self-directed learning in
form of electronic textbook and to access lecture
notes, academic resources and medical videos.
Similar trend was observed among health care
students in Uganda15. Formal teaching and evaluation of students using mobile technology have not
been incorporated into our medical education
VOL. 3 | ISSUE 2 | JULY 2014 31
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Barrier

No

%

Battery life
Small size screen
Slow speed
Limited memory
Cost
Technical difficulty
Bandwidth
Poor quality of softwares
Lack of training
Small size of keyboard
Prefer pen and paper
Slow data entry
Loss of data
Poor data entry interface
Privacy concern
Device too delicate
Lack of support
Poor vision
Interference of other devices

78
65
48
46
45
26
23
22
21
19
16
16
14
11
8
6
5
2
2

63.5
52.8
39
37.4
36.6
21.1
18.7
17.9
17.1
15.4
13
13.0
11.4
8.9
6.5
4.9
4.1
1.6
1.6

Advantages

No

%

Mobility
Ease of use
Access current information
Anywhere/anytime access
Ease of access to resources
Saves time
Accuracy
Evidence based practice
Cheap/free software
Small size advantage
Enhance health care delivery

98
75
74
64
54
52
28
23
18
15
13

79.7
61
60.2
52.0
43.9
42.3
22.8
18.7
14.6
12.2
10.6

Improved patient care
Easy to complete documentation
Reduced risk of error

11
10
8

8.9
8.1
6.5

No  Number of respondents
%  Percentage

Table 3: Barriers and advantages of smartphones in mobile learning as perceived by students

system. Many schools especially in developed
nations have adopted this valuable tool in the
classroom setting for the students and their teachers. Advantages include downloading lecture
materials before-hand thereby allowing students
concentrate during lectures, real-time assessment
of students knowledge, documentation of clinical
and procedural experiences instead of using traditional logbooks and teaching evaluation13,7,19.

medical students in Oman, a similar developing
nation. Provision of smartphones uploaded with
clinical decision support software (CDSS) to medical students was associated with increased use in
clinical settings and improved knowledge of evidence-based medicine20. Resident Doctors who
shoulder greater responsibility in patient care consider smartphones an important tool in enhancing
productivity, quality of patient care and services21.

Majority among the students found mobility, ease
of use, quick access to current information and
resources as the main advantages in the use of
smartphones in medical learning. These factors
were cited by medical students in other studies as
facilitating use of these devices11,18. Although,
improvement in the quality of care, efficiency and
clinical knowledge were considered by medical
students as the main advantages of mobile devices
in a study conducted by Stephens et al17 in an
institution that supports medical computing, these
were less important to students in this study. Since
majority among the students rarely use their phones
for clinical purposes, it could explain why these
important point of care attributes of smartphones
were not appreciated by our students. Similar
observations were made by Masters et al11 among

More than half among participants cited battery life
and small size screen as the greatest barriers to
using smartphones. These physical features of the
phones were also reported to be major barriers in
other studies11,21,22. Increasing the screen size may
negates the pocket size feature of mobile phones
which is considered an advantage23. Cost of smartphones was a limitation among 40% in this study.
Concerns regarding cost were also reported in other
studies11,18,24. Type, level of sophistication of device
and the number of medical application software
incorporated into the phones owned by students
determine the cost and may influence the way they
perceive this as a barrier. Other important limitations reported were lack of technical support as well
as training on the use of the device16,17. These were
mentioned mainly by students in institutions that
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support and encouraged mobile learning either by
providing PDAs to their students or having computer-based hospital information system. Less than
a third among our students considered these as
barriers. Possible reason could be because they use
their smartphones mainly for routine functions and
to search academic resources and not for sophisticated medical applications.
Use of smartphones in medical learning, teaching
and patient care is rapidly expanding and may
eventually become universal. With the potential of
improving learning, patient safety and care, medical
institutions have commenced incorporating use of
these devices in the curriculum as an educational
tool17,19,25. Institutional support to encourage
adoption of the new technology included training
for students and staff and creation of specific and
customized teaching applications for the device7,19.
However, concerns were equally raised regarding
some perceived drawbacks of the new technology.
Encouraging superficial learning as against internalization of knowledge which is a traditional part
of medical education18, over-reliance on the device21
and security of patients information18 were some
of the challenges. Our medical students are being
trained to become Doctors, well-equipped to meet
the ever increasing challenges of modern medical
practice. They should keep pace with ever increasing
body of knowledge, evidence based practice and
changing protocols and guidelines in the management of diseases that are specific and relevant to our
environment e.g. HIV, Tuberculosis and Malaria.
Therefore, they should not be left behind in current
trends in medical learning. Achieving this poses a
greater challenge in our setting with inadequate
resources to fund education.

Conclusions
Our medical students were able to own smartphones
and appeared comfortable with the use of the device
for routine personal applications, searching academic resources like medical videos and electronic
textbook as well as accessing and taking lecture
notes without institutional support. They could be
encouraged to use their smartphones for more
educational activities with minimal support. Such
activities include allowing students download lecture notes before time. This allows the students
listen and concentrate during lecture time. Also,
assessment of students can be conducted by posting
questions on-line while they respond at the same
time allowing real-time assessment and interactivity.
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

In addition, they could be assisted and guided in
assessing clinical materials such as clinical decision
software, practice guidelines, medication reference
tools and electronic textbooks available on the
web. Our hospitals should be encouraged to move
towards electronic data base and information
system which will allow students greater use of
their mobile devices for point of care activities.
Furthermore, there is need for a multi-centre study
involving public and private medical schools to give
the findings a nationally representative perspective.
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Background: The use of tablet devices and smartphones in medicine as assessment tools is becoming
more widespread. These devices now run mobile applications or ‘‘apps’’ that have traditionally been
the domain of desktop computers or more dedicated hardware. It is important that health
professionals have confidence in the accuracy of measurements obtained from these new tools. The
‘‘EyeSnellen’’ app for the iPhone/iPad (running Apple Inc’s iOS operating system) allows users to
measure visual acuity using a portable Snellen chart installed on a tablet device.
Aims: To compare the visual acuity measurements obtained from EyeSnellen iPad app with a
standard illuminated Snellen Chart.
Methods: Participants were recruited from a tertiary level eye clinic in Western Australia. Visual
acuity was measured using the Snellen light box chart and a visual acuity measurement was obtained
using EyeSnellen app installed on an Apple iPad mini with the use of an Apple Iphone as a remote
that was connected via Bluetooth.
Results: 122 eyes were tested. Bland-Altman analysis revealed a mean difference of 0.001 logMAR
units between the visual acuity measurements obtained from EyeSnellen app and those taken on the
light box chart with 95% limits of agreement of 0.169 to 0.171.
Conclusion: The Snellen Chart function on EyeSnellen app is equivalent to the traditional Snellen
chart at measuring visual acuity at a test distance of 6 metres.
Journal MTM 3:2:3539, 2014

doi:10.7309/jmtm.3.2.6

Introduction
Measurement of visual acuity provides a screening
tool for the diagnosis of underlying disease and can
be used as a predictor of the functional consequences of visual loss1. It is the first of the ‘‘vital
signs’’ of ophthalmology. The original Snellen chart
was developed in 1862 by Dr Herman Snellen and
since that time many variations have been proposed
and considered.
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE
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Since the advent of Smartphones and tablet devices,
‘apps’ have been used to simplify many existing
daily tasks. In medicine there are an increasing
number of uses for these devices and apps are now
used widely as resources for learning and tools for
improving clinical assessment and treatment. Currently there are multiple apps available worldwide
for testing visual acuity however few have been
standardised and validated for use.
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The EyeSnellen app was developed by Dr Stephen
Colley (www.eyeapps.com.au), a Western Australian Ophthalmologist, and released on the iTunes
App store in December 20122. It uses an iPad to
display the Snellen chart and an iPhone or iPod as a
remote device via Bluetooth. There have been
regular updates with new features and the app is
currently version 1.6 (as of December 2013). There
have been over 9500 downloads as of March 2014.
To date, there have been two published studies
comparing visual acuity estimates using a standard
eye chart and an eye chart on an iPad/tablet device.
The first, a study conducted in a Chinese ophthalmic centre, compared an iOS app (Eye Chart Pro)
against a tumbling E light box chart3. Their study
collected measurements from 240 eyes and concluded that the Eye Chart Pro app was reliable for
visual acuity testing when the Snellen visual acuity
was better than a decimal visual acuity of 0.1. The
second study, conducted in New Zealand, collected
visual acuity measurements on patients without
ocular pathology4. The study concluded that tablet
computer devices were only suitable for use in
situations where sources of glare could be eliminated. There has not been a study validating the use
of a Snellen chart on a tablet device.
The portability of tablet devices also makes them
ideal for remote and rural health care settings and
for mobile screening units.
We hypothesized that the EyeSnellen iPad tool
was comparable to the traditional Snellen chart
at measuring visual acuity at a test distance of
6 metres.

Snellen Chart function was chosen as it is the most
commonly used chart for testing acuity of vision in
Western Australian ophthalmology clinics.
EyeSnellen was installed on a first generation iPad
mini (163 pixels pwer inch, 160 mm  120 mm
screen seize) and an Apple iPhone 5S was used as a
wireless remote control for the use of the chart on
the Apple iPad mini. The brightness was set to 75%
using an in app control which gave an illumination
of 200 lux when measured with a light meter. Visual
acuity intervals provided by EyeSnellen app were 6/
60, 6/36, 6/24, 6/18, 6/12, 6/9, 6/7.5, 6/6 and 6/4.5.
The iPad mini was mounted with Velcro onto a light
box chart using a Belkin Shield Sheer Matte Case.
(Figure 1, Figure 2)
The retro illuminated Snellen box chart provided
an illumination of 600 lux. The measureable visual
acuity intervals provided by the box chart were
6/60, 6/36, 6/24, 6/18, 6/12, 6/9, 6/6, 6/5 and 6/4.
(Figure 3)
Visual acuity measurements were assessed and
recorded by two resident medical officers.
Patients were instructed to stand 6 metres from both
charts. A spectacle vision occluder was used to first
test the right then left eye of patients. Patients were
instructed to read each line until they were no
longer able to resolve the optotype. A visual acuity
measurement was recorded if the patient was able to
read more than half the optotypes of a given line.
Visual acuity was first assessed using EyeSnellen
app and followed by a measurement using the

Methods
The study was approved by the South Metropolitan
Health Service Human Research Ethics Committee.
All participants provided informed consent before
participating in the study.
Participants were recruited from presentations to
the Fremantle Hospital Eye Clinic over a period of
two weeks. Patients were excluded from participating if they were below the age of 16, English was
their second language or if their visual acuity was
worse than measureable on the Snellen Chart.
Visual acuity was assessed using the Snellen Chart
function on the EyeSnellen iOS app (ver 1.6)
installed on a second generation Apple iPad mini
and using a traditional Snellen light box chart. The
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Figure 1: EyeSnellen iOS application displayed on an iPad
mini that was mounted to a traditional lightbox with the
use of Velcro and a case
VOL. 3 | ISSUE 2 | JULY 2014 36

ORIGINAL ARTICLE

Figure 2: Screenshot from Apple iPhone 5S with EyeSnellen remote installed

traditional Snellen Chart. Neither the assessors nor
the patients were masked for the outcome of the
vision test. The same refractive correction was
maintained for measurements with both charts
(either unaided, habitual correction or pinholes).
Visual acuity measurements were recorded as decimals. Results were then converted to logMAR
visual acuity for statistical analysis. R (Ver 3.0.2),
a freely available statistical computer package5, was
used to calculate the results.

Results
A total of 67 participants (average age 57, range 19
89) were recruited for the trial. From these 67
participants, 122 eyes were tested. Main diagnoses
were 19 eyes with corneal pathology (16%), glaucoma in 13 eyes (11%), 7 postoperative eyes (6%),
cataract in 6 eyes (5%), and 4 eyes with dry eye
syndrome (3%). There were 29 eyes (24%) without
documented pathology.
The median logMAR visual acuity measured using
the Snellen Chart function on EyeSnellen app was
0.097. The range measured 0.125 to 1.000, which
is equivalent to a decimal range of 0.100 to 1.333.
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Figure 3: Snellen Light Box Chart

The median logMAR visual acuity measured using
the Snellen light box chart was 0.176. The range
measured was 0.176 to 1.000, which is equivalent
to a decimal range of 0.100 to 1.500.
Bland-Altman analysis revealed a mean difference
of 0.001 logMAR units between the visual acuity
results from the iOS app and the light box chart
with 95% limits of agreement of 0.169 to 0.171.
(Figure 4)

Discussion
Bland-Altman analysis demonstrated agreement
between visual acuity measured by Snellen chart
on EyeSnellen and visual acuity measured by the
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0.2

0.3

was better than 0.16. Our results suggest the EyeSnellen iOS app is reliable for all visual acuities
measureable on the Snellen Chart. Although we
minimised glare by mounting the tablet device
vertically, our results suggest an antiglare screen is
not necessary which had been suggested by Black et
al to obtain accurate visual acuity measurements7.

-0.1

0.0

Mean

-1.96 Sd

-0.4

-0.3

-0.2

Difference (logMAR)

0.1

+1.96 Sd

0.0

0.2

0.4

0.6

0.8

1.0

Mean (logMAR)

Figure 4: Bland Altman plot of the difference versus
mean logMAR visual acuity recorded using a traditional
Snellen light box chart and the Snellen chart function on
EyeSnellen app (n  122 eyes)

Snellen light box chart. This result demonstrates
that EyeSnellen can be used as an alternative to the
traditional Snellen light box chart when vision is
tested at 6 metres.
The large difference in median visual acuity measured between the EyeSnellen app and the Snellen
light box chart may be explained by a limitation of
the study. The 6/7.5 and the 6/4.5 visual acuity
intervals were absent on the Snellen light box chart
and the 6/5 and 6/4 intervals were absent on the
EyeSnellen app. The calculated median result for
EyeSnellen equated to the 6/7.5 interval (which was
not a provided interval on the light box chart)
whereas the median result calculated for the light
box chart was 6/9. Given that 6/7.5 and 6/9 are
neighbouring intervals it may be highly likely that
eyes assessed to be 6/9 on the light box chart may in
fact have tested to be 6/7.5 had the interval been
available.
A possible source of bias is present due to the lack
of masking of the patient or tester, a situation
arising from clinic workflow constraints.
Our findings differ slightly from recent studies
investigating the reliability of visual acuity measurements on a tablet device. Zhang et al concluded that
the Eye Chart Pro iOS app is reliable for testing
visual acuity when the decimal Snellen visual acuity
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Interestingly, although the illumination of the iPad
mini screen was measured at 200 lux (below many
recommended national standards8,9) its visual acuity measurements were still comparable to the light
chart which had a measured illumination of 600 lux.
The difference in illumination between both charts
may have influenced visual acuity measurements. A
study comparing different chart luminance levels
suggests that doubling of the luminance level within
a range of 40 to 600 lux improves measurements of
visual acuity by approximately one letter on a five
letter row10.
Some advantages of the EyeSnellen app were
noticed during testing. The remote function allowed
randomisation of optotypes, which removed the
chance of patients recalling optotypes from memory. Another advantage of the app allowed assessors
to observe the letters and visual acuity interval on
the remote, which made the recording of visual
acuity easier.

Conclusion
The Snellen chart function on EyeSnellen app can
be reliably used to measure visual acuity in clinical
settings. Furthermore, the application may be more
advantageous than traditional light box charts due
to its portability and the ability to randomise
optotypes.
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Background: Smartphones have evolved rapidly in the medical profession, and can now produce high
quality medical images, providing a quick and simple method of image distribution. This has the
potential to improve clinical care of patients, but comes with specific ethical and medico-legal
considerations that include issues of confidentiality, privacy and policy control.
Aim: To quantify the use, distribution and storage of medical images taken using smartphones by
clinicians, along with their perceptions regarding policies, practices and patient care.
Methods: All clinicians and medical students employed or undergoing rotation at Peninsula Health
during March 2012 were asked to participate in a de-identified, 36 item, online survey administered
by SurveyMonkey. The survey questioned respondent’s demographics, and issues surrounding the
recording and dissemination of medical images using smartphones.
Results: 134 responses were received. Most respondents were from the surgical discipline, followed
by medicine, then emergency. Sixty five per cent admitted to taking medical images on their
smartphones, yet no consent was obtained in almost a quarter (24%). When consent was taken, it
was predominantly verbal, but only documented 23% of the time. Of those who took medical
images, 64% stored them personally and 82% shared them with someone else, mostly for input from
another clinician. Forty three per cent were aware that an institutional policy existed, but only 28%
had read the policy.
Conclusion: Whilst the use of smartphones in a hospital setting is inevitable, the results obtained
highlight issues related to privacy, confidentiality and patient care. This study will enable discussion
and formulation of an evidence-based hospital policy
Journal MTM 3:2:4045, 2014
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Introduction
Clinicians’ smartphone photography practices are
an important issue, and research in this nascent
area is emerging in the literature15. Technological
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advances have resulted in the ubiquitous presence of
digital cameras in hospitals worldwide, as part of a
mobile phone or in the form of a personal digital
camera. Such readily available devices may lead to
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casual capture and accumulation of patient images,
and may detract from the concept of images as
elements of a patient’s medical record.
Photography assists clinicians to objectively evaluate and document medical conditions for analytical
purposes, while at the same time facilitating important ‘‘before and after’’ comparisons. The ultimate aim of capturing, storing and sharing clinical
photographs should be to improve the outcome for
the individual patient. Photography is a useful
adjunctive means of accomplishing this goal.
As well as being integral to medical practice, clinical
photography is also essential to our role as mentors
and teachers. Whether teaching young colleagues at
the bedside or via peer reviewed journal publications and clinical presentations, photography plays
an important role in illustrating particularly interesting and rare cases to the wider medical community.
Technology advances at an ever-increasing rate
within the health sector, bringing with it a range
of ethical and legal dilemmas6. The ownership of
medical images taken in this environment is one
such dilemma and is different to those of other
documents because of the sensitive nature and duty
of confidentiality assumed by the patient when the
image is taken. Taking an image does not necessarily mean ownership of the image, for instance in the
public sector these photographs may become both
the property and responsibility of the hospital8.
When clinical photographs are taken, patients are
often vulnerable and undignified; our performance
as clinicians must be transparent, honest, legal and
auditable at all times6, 7. Doctors have always had
an obligation to maintain confidentiality in relation
to patient information. A breach of privacy or
confidentiality can lead to a complaint of professional misconduct, and potential disciplinary proceedings before medical boards and authorities8. In
addition, clinical decision-making is influenced by
the information contained within the image, making
the image an important part of the patient clinical
record. The image should be stored in the medical
record, be archived and available to the patient
through ‘freedom of information’ legislation.
A medical practitioner can only use or disclose
health information for the purpose for which it was
collected, unless the individual’s consent has been
obtained  and not doing so may have serious
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

consequences9. Patients also have the right to withdraw their consent at anytime in the future.
The loss or misplacement of a portable device
containing unsecured medical images present privacy risks to individuals and organisations. Recent
healthcare legislative changes to the Australian
privacy act took effect in March 2014. Under these
changes to federal law, health professionals with
unsecured patient images on their smart devices will
face fines up to $340,000 and institutions up to
$1,700,000 for a breach of patient privacy9. Australian regulations stipulate that sensitive data, such
as information that constitutes part of the medical
record, cannot be transferred across Australian
borders. This issue of trans-border security and
data flow has not, until recent times, been addressed
by suitable large-scale data storage facilities within
Australia (for example, Amazon web services10 offer
storage that can only be accessible within particular
countries). Whether commercial operations will
satisfy Australian privacy standards is yet to be
tested.
The core policies and principles of using smartphones are no different to using a film camera or
stand-alone digital camera. Most health care organisations (including ours) have policies that address
the safe collection of such images. However these
policies now need to address electronic issues such
as evidence of signed informed consent, delineation
of specific intended use(s), strong encryption of
transmitted data with authenticated access, and
secure storage thereof11.
Smartphones have evolved to the point that they
now routinely integrate a digital camera of an
acceptable clinical quality capable of capturing
medical images. Multimedia messaging (MMS),
email services, and social networking provides a
quick and simple method of media distribution.
This rapid evolution of technology creates the
potential to enhance the clinical care of patients
within a hospital environment, but also brings with
it issues of confidentiality, privacy and policy
control2, 46, 12. Their uptake by physicians in a
clinical setting has evolved at a rapid rate over the
past decade13 to the point that most clinicians now
carry a camera embedded device in their pocket
when undertaking clinical work. However, the
prevalence of one of the simplest operations available on these devices, namely the photographic
function, has been poorly described or quantified.
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The aim of this study is to quantify the use, storage
and dissemination of medical images taken on
smartphones in a clinical environment, and to assess
perceptions regarding policies, practice and patient
care.

Methods
All clinicians and medical students employed or
undergoing rotation at an outer metropolitan
hospital in Melbourne, Australia during March
2012 (n  409) were sent an email inviting them
to participate in a de-identified 34 item online
survey administered by SurveyMonkey(TM)14. The
survey (Figure 2) was piloted on a number of
medical staff whose results were not included in
the final analysis. The survey questioned respondent’s demographics and medical speciality as well
as issues surrounding the recording and dissemination of medical images using smartphones. Two
email reminders were sent over a one-month period.
The HREC committee of Peninsula Health reviewed the research methodology. Because of the
sensitivity of the nature of this study, full committee
ethical approval was required and approval granted
for this study (Peninsula Health HREC/12/PH/26).

Results
Demographics (Table 1)
134 responses (32%) were received. The majority of
the respondents were from the surgical discipline
(45%), followed by medicine (22%), emergency
medicine (20%), critical care (7%) and paediatrics
(6%). Consultants were the highest respondents
(35%), followed by registrars (27%). No responses
were received from women’s health, mental health
or radiology.
Smartphone ownership (Figure 1)
All but one respondent (99%) owned a mobile
phone equipped with a camera, with 89% of
smartphone owners having Internet connectivity.
Less than half of smartphones were password
protected with PIN control.
Image-capture, distribution & consent (Figure 1)
Almost two-thirds (65%) of respondents acknowledged taking medically sensitive images on a
personal device, yet in nearly a quarter of cases
(24%) no consent at all was gathered. For those that
did obtain consent, only 7% gained written consent,
whilst 78% failed to document the procedure in the
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Characteristic

n (%)

Age
B25 years
25  34 years
35  44 years
45  54 years
55  64 years
 65 years
Gender
Male
Female
Position
Medical student
Junior doctor
Registrar
Consultant
Department
Emergency
Surgery
Medicine
Critical care
Paediatrics
Radiology
Women’s health
Mental health

20
48
38
17

(15.0%)
(36.1%)
(28.6%)
(12.8%)
8 (6.0%)
2 (1.5%)

92 (69.2%)
39 (29.3%)
12 (9.0%)
39 (29.3%)
36 (27.1%)
46 (34.6%)
27 (20.3%)
60 (45.1%)
30 (22.6%)
8 (6.0%)
8 (6.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)

Where n  number of participants who responded, (%)  percentage of
responses

Table 1: Participant characteristics

Key findings of the studied hospital cohort:
•

Everyone owns a mobile phone

•

99% of mobile phones are equipped with a camera

•

89% of smartphone owners have internet connectivity

•

Less than half of smartphones were password protected with PIN control

•

Consent is obtained 76% of the time however it is usually only verbal

•

Documentation that an image was taken occured in less than 23% of cases

•

Most images were stored on mobile devices and not deleted

•

Most images were considered non-identifiable

•

Photographs were often shared with another clinician, however these transfers
were documented in less than one third of cases

•

Most respondents believe that image capture has a positive effect on patient
care

•

Most respondents are unsure of who “owns” the image

Figure 1: Key points: Smartphone ownership and
characteristics
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Participant Demographics:
1.
2.
3.
4.

Are you male or female?
What is your age range?
What is your current position within Peninsula Health?
In which department/unit are you currently working within Peninsula Health?

Mobile phone characteristics:
5.
6.
7.
8.
9.

Do you own a mobile phone?
Does your mobile phone have a camera?
Is your mobile phone connected to the Internet?
Is your mobile phone password protected (PIN)?
Has Peninsula Health ever provided you with a camera in which to take
medical images?

Medical smartphone photographic imaging:
10. Have you ever taken medical images in a clinical setting on a mobile device at
Peninsula Health?
11. What consent did you gather from the patient?
12. Did you document that you took images in the patient medical record?
13. Do you delete medical images that have been TAKEN by you within
Peninsula Health?
14. Of those images that have been TAKEN and kept by you, how are they
stored?
Identifiable smartphone images:
15. Were these images identifiable? (i.e. including a name, hospital UR number,
identifying features such as facial features or tattoos)
16. Have you ever shared IDENTIFIABLE images with another clinician?
17. What method did you use?
18. Did you record these transactions in the patient medical record?
19. How do you think these transactions affected the care of the patients involved?
Unidentifiable smartphone images:
20. Have you ever shared the NON-IDENTIFIABLE images with another
clinician?
21. What method did you use?
22. Did you record these transactions in the patient medical record?
23. How do you think these transactions affected the care of the patients involved?
Smartphone images shared with you:
24. Has ANOTHER clinician from Peninsula Health ever shared medical images
with you?
25. What method did they use?
26. Were you within the hospital campus or elsewhere at the time you received
these images?
27. Was this transaction recorded in the medical record?
28. Do you delete medical images that have been shared with you from Peninsula
Health staff?
29. Of those shared images that have been kept by you, how are they stored?
30. How do you think these transactions affected the care of the patients involved?
31. The reason I take medical images on my smartphone is; (Tick as many as
applicable)
a. For input from another clinician,
b. For education/training,
c. For presentation,
d. Because it is interesting or unusual,
e. To show someone outside the hospital,
f. I do not take medical images on my smart phone,
g. Comments.
32. Have you ever uploaded medical images to any web or social networking site?
(e.g.: Twitter, Facebook, Flickr, Instagram, Google+)
Smartphone use and governance
33. Do you know if Peninsula Health has a policy regarding medical image
photography?
34. Have you ever read a policy regarding the use of smartphones in healthcare?
35. Who do you believe owns any medical images taken within Peninsula Health?
36. Do you believe the use of clinical photographs and particularly smartphone
images aids in the provision of patient care?

Figure 2: SMARTPHONE QUESTIONNAIRE
Questions asked of participants (all response options not
shown):

patient record. Images were kept by 63% of
clinicians, either on the device itself (64%), on
another storage device (12%) or on both the device
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

and another storage device (21%). Four per cent of
clinicians stored their images both locally and on
Internet ‘‘cloud’’ based storage.
The most common method used to share an image
was physically on the device itself, with non-secure
delivery techniques including multimedia-messaging
service (MMS), email, and instant messaging prevalent. One respondent admitted to uploading these
medical images to a social networking site (Facebook or Twitter).

Perceptions, policies & protocols
Only 43% of respondents were aware that an
institutional policy existed regarding medical image
photography, and of those respondents, only 28%
recalled reading such a policy. Perceptions regarding
ownership of captured medical images varied,
however less than half of the respondents accurately
understood that the employer owned the image i.e.
the hospital. Most thought (incorrectly) that the
patient was the owner of the image.
Respondents often stated multiple reasons for
image capture which included ‘input from another
clinician’, ‘education or training purposes’, ‘usage in
presentations’, to ‘show someone outside the hospital’ or simply due to the fact they found something interesting or unusual about the case. The vast
majority (90%) of clinicians felt the use of clinical
photography using smartphone technology had a
positive effect on patient care.

Discussion
Medical photography is widely accepted as an
important part of contemporary medical practice
with benefits that are well recognised15. Technology
now has evolved to a point where personal devices
have the ability to not only capture these images, but
also easily store and distribute them. Ultimately
their primary function in a professional environment is to deliver quality clinical care to patients in
a timely and resource friendly manner. Our collective aim should be to bridge the divide between
legislation, local policy and best practice.
This report highlights the growing use of personal
devices within the clinical environment to assist with
the delivery of quality patient care in an increasingly
globalised healthcare system. This study supports
the notion that although clinical photography is
commonly used in clinical practice1618, there is
a general lack of understanding regarding policy,
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image ownership, professional obligation and risks
associated with the use of smartphone technology.
The results of this study seem compelling (Figure 1),
however, because of the small sample size and single
institutional basis it is important not to generalize
these findings to the wider health care community.
Further multicentre studies will help to establish
whether these obvious and important findings are
consistent across a larger sample size.
There has been much debate regarding the ethics
and legality of taking clinical photographs using
personal cameras, whether these be part of a mobile
telephone or the user’s own digital camera46, 1821.
In practice, it appears that these considerations
impact little on clinicians, who most commonly use
a personal digital camera5.
A clinical photograph may be, and is likely to be
considered part of a patient’s medical record, even
when stored electronically. Doctors should be aware
of the applicable health records legislation within
the state in which they practice, as they may be
obligated to hold patient records * in most cases,
for seven years6. In addition, patients may be able to
access their own clinical photographs in the context
of freedom of information legislation.
This paper highlights privacy issues, poor recognition of hospital policy, lack of consent or documentation, and an overall ignorance to legislative
and hospital guidelines. Although this study did not
explore patient perceptions, there is evidence to
confirm most patients are happy for images to be
taken by treating clinicians but unhappy for clinicians involved directly in their care to store their
clinical images stored on personal devices22.

Conclusion
We now find ourselves on the brink of new
Australian legislative requirements23 that will force
healthcare professionals to change what are already
entrenched practices. Medical practitioners and
their employers should appreciate that this area of
law is a dynamic one and aim to stay abreast of
changes in legislation when drafting their own
policies and practices6.
Users of smartphone cameras for clinical purposes
require education into their responsibility regarding
patient privacy and photography. The core policies
and principles are no different to using a film
camera or stand-alone digital camera and in many
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

organisations almost certainly already exist. The
major difference using a smartphone camera is the
ease of making a clinical photograph publicly
available, which presents more of an education issue
than a policy issue.
The issues that need to be addressed include;





The poor understanding of hospital policy,
The apparent lack of knowledge about legislative requirements (consent, medical record
statutes, freedom of information laws, transborder data flow and image ownership), and
Creation of hospital workflows that allow the
use of new technology such as smartphones in
a safe and compliant manner.

Our organisation has begun processes to develop new
procedural policy and education that will ensure the
safe capturing of medical images a standard practice.
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Background: Lumbopelvic stability exercises are commonly prescribed for athletes to prevent sports
injury; however, there is limited evidence that exercises are effective. Exercise trials are time
consuming and costly to implement when teaching exercises or providing feedback directly to
participants. Delivery of exercise programs using mobile technology potentially overcomes these
difficulties.
Aims: To evaluate the qualitative clinical changes and quantitative movement pattern changes on
lumbopelvic stability and injury in recreational athletes following exercise. It is hypothesised that
athletes who complete the stability training program will improve their clinical rating of lumbopelvic
stability, quantitatively improve their movement patterns and have fewer injuries compared to those
who complete the stretching program.
Methods: One hundred and fifty recreational athletes will be recruited for the trial. Direct contact
with researchers will be limited to three movement test sessions at baseline, 12 weeks and 12 months
after baseline. Videoed performance of the tests will be accessed from an internet data storage site by
researchers for clinical evaluation of lumbopelvic stability. Those without good stability at baseline
will be randomly allocated to one of two exercise groups. The exercise programs will be delivered via
the internet. Feedback on correct performance of the exercises will be provided using a smartphone
software application. Injury will be monitored weekly for 12 months using text messages.
Conclusion: The trial protocol will establish if an exercise training program improves lumbopelvic
stability and reduces injury. Improvement in lumbopelvic stability following an exercise program
delivered with mobile technology will enable the provision of exercise programs to other athletes
who may be geographically remote from their exercise provider and establish a method for
researchers and health professions to use for exercise programs for individuals with other health
conditions.
Trial Registration: ACTRN12614000095662
Journal MTM 3:2:4654, 2014

doi:10.7309/jmtm.3.2.8
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Background

Methods

Lumbopelvic stability (LPS) has been defined as the
ability of an individual to maintain optimal alignment of the spine, pelvis, and the thigh in both a
static position and during dynamic activity1. Clinically, there is a perception that LPS is an essential
component of injury prevention, and training LPS
is thought to aid recovery from injury and improve
performance2. Deficits in LPS have been associated
with injury or pain in the back, groin and knee310
and exercise for the lumbopelvic region can reduce
the risk of muscle strain injury11 and improve the
gold standard quantitative measure of movement:
three dimensional kinematics12,13.

A single-blinded parallel randomised controlled
trial (Figure 1) will compare the effect of two
exercise programs in participants who have deficient
LPS. The trial protocol has been approved by the
La Trobe University Faculty Human Ethics Committee and all participants will give informed
consent before taking part (Reference: FHC13/121)
and registered with Australian New Zealand Clinical
Trials Registry (ACTRN12614000095662).

Although evidence demonstrates that the performance of single leg squat (SLS), a key measure of
LPS, can be changed by exercise12, it is uncertain if
a training program focused solely on LPS can
improve an athlete’s qualitative clinical rating of
LPS when assessed by physiotherapists or will be
validated by improved kinematic measures. It is also
uncertain if isolated LPS training reduces the risk of
injury. This trial aims to establish whether an LPS
exercise program improves an athlete’s qualitative
and quantitative performance of specific LPS tests
and whether injury is reduced by improvement
in LPS.
A barrier to implementing randomised controlled
clinical exercise trials is the time consuming and
costly nature of teaching exercises directly to
research participants14. The use of mobile technology has the potential to overcome these barriers and
to standardise the exercises that are taught15. This
trial will use mobile technology, both internet and
smartphone, in delivery of exercise programs, for
providing feedback on exercise technique and for
injury monitoring.
Clinical Rang &
Movement Tesng
Baseline
Recruitment
150
recreaonal
athletes

balance
pelvic leveling
single leg squat
dip test
hurdle step
in-line lunge
turning
hopping

Rating of Lumbopelvic Stability
One hundred and fifty healthy male and female
recreational athletes will be recruited for a randomised controlled clinical trial. They will complete
baseline movement testing of eight movement tests.
Performance of two tests: SLS and dip test will be
videoed by the lead researcher (MP) and uploaded
to a DropboxTM shared with two other researchers
(T.P., J.C.). To protect the security of data, Dropbox
uses Secure Sockets Layer (SSL) and AES-256 bit
encryption to transfer and store data16, making this
an ethically acceptable way for the researchers to
view the video performance.
The researchers will rate the individual’s LPS as
good, poor or neither good nor poor. The rating
classification system has been previously validated17. Rating LPS using video eliminates the
need for the raters to be present at each movement
test or for the participants to perform the tests
multiple times for individual raters. This method
has been used previously by these researchers17,18
Individuals classified as having good lumbopelvic
stability will continue their usual training. All other
participants will be randomly allocated to one of
two exercise groups focused on the lumbopelvic
region: stability training or stretching program. The
exercise programs run for 12 weeks and are

Assessment of
Lumbopelvic
Stability

Good

Randomisaon
Neither good nor
poor
Poor

Injury Monitoring

Usual training

Stability
training

Clinical
Rang &
Movement
Tesng

Clinical
Rang &
Movement
Tesng

12 weeks

12 months

Stretching

Figure 1: Participant flow chart
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performed 3 times per week at home. The exercises
take less than 15 minutes to perform. Allocation to
exercise groups will be performed immediately after
the clinical rating of LPS. Group allocation will be
concealed by using an off-site trial administrator
who holds the randomisation schedule. This administrator will not have any other role in the trial.

Randomisation
Stratified-block randomisation in groups of 20 will
be performed using a random sequence generator at
http://www.random.org/sequences.
Stratification
will be based on clinical rating of LPS: poor or
neither good nor poor. This randomisation will
ensure that similar numbers of participants with
poor LPS or neither good nor poor LPS will be
randomised to each exercise group. Differences in
baseline LPS may influence the outcome of the trial
rather than the intervention alone19.

Blinding
The researchers rating the LPS of participants at the
12 week and 12 month post intervention testing will
be blinded to group allocation. The researchers
assessing the outcomes and analysing the results
data will also be blinded to group allocation.

Movement testing
Participants will attend three testing sessions, baseline, at the completion of the intervention at 12
weeks, and 12 months after baseline testing, to
evaluate movement patterns in eight movement
tests. This testing will be performed using the
Organic Motion system (Organic Motion, New
York, USA). This system records movement with
gray scale cameras (120 Hz), develops a morphological and kinematic model of the participant,
generates a body shape and matches it with a joint
centre model from which angular changes in body
segments can be extracted20. The system can report
details of movement characteristics known to discriminate between good and poor LPS17.

Movement Tests
Eight movement tests have been chosen for the trial
as they challenge control of the lumbopelvic region
and their performance may be influenced by
improvement in LPS. Six have previously been
described: balance on one leg with eyes closed21,22,
SLS23, dip test24, hurdle step and in-line lunge25
and side-to-side hopping26. Two additional tests will
be performed: a turning manoeuvre and a pelvic
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

leveling test. The turning manoeuvre will replicate
typical sporting activity27 with the participants
performing a running v-shaped turn. The pelvic
leveling test is based on tests of postural control 28
where the participant stands on one leg, raises and
lowers one side of their pelvis and attempts to
return their pelvis to a level position. Participants
will warm-up with 5 minutes walking at a comfortable speed on a treadmill while watching a video on
correct performance of the tests, and then practice
each test. The tests will be performed on each leg in
random order.
Baseline Testing
1. Clinical assessment
The performance of SLS and dip test will be rated
for LPS. Three other tests: balance, hurdle step and
in-line lunge will be videoed and a clinical score
recorded using validated rating systems. The balance test is scored with a point for each of 6 possible
error types using the Balance Error Scoring System
(BESS), with zero being the best possible score21.
Hurdle step and in-line lunge are both scored from
zero to three, with three being the best possible
score25.
2. Kinematic assessment
Kinematic measures of three planes of movement of
the back, pelvis and thigh will be recorded during
the eight movement tests using the Organic Motion
markerless motion capture system.
Follow-Up Testing
The same assessment of clinical rating of LPS,
clinical scores from 5 movement tests and kinematic measures from all movement tests will be
performed for all participants at 12 weeks and
12 months after their inclusion in the trial, including those with good LPS who are continuing their
usual training.
Adherence and Injury Monitoring with Mobile
Technology
Mobile telephone technology (text messaging) will
be used to collect data on exercise adherence and to
monitor sporting injuries during the 12 months of
the trial. Weekly text messages will be sent to all
participants. During the exercise programs the
participants will be asked via text message how
many times they have performed the exercises that
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week, with the options of replying ‘‘0’’, ‘‘1’’, ‘‘2’’, or
‘‘3’’. Also throughout the trial they will be asked if
they have sustained a sports injury during the week,
with the option to reply ‘‘injury’’ or ‘‘no injury’’.
Therefore, for example, they may reply ‘‘3 no
injury’’. This simple text message response mechanism will assist in keeping participants engaged in the
trial with encouragement for prompt reply being
rewarded by entry into a weekly prize draw.
External observation by text message communication is expected to increase the commitment of
participants to perform the exercises29. If participants reply that they have been injured the lead
researcher will contact them via phone to identify
the nature of the injury and refer them to an
appropriate health practitioner for treatment.

Mobile Delivery of Exercise Programs and
Feedback
After LPS rating, participants will be randomised to
an exercise group. The exercise programs will be
delivered to the participants with a link to one of
two Dropbox internet sites: one for stability exercise
and one for stretching exercise. At the site participants
will access two types of video file: first, preliminary
instructions and second, video of each exercise
routine. The preliminary instructions include examples of correct technique and the number of repetitions to be performed. The stability exercise video
also includes instructions on how to progress the
exercises through four levels of difficulty. The exercise
routine videos show exact timing and technique and
allow the participant to exercise in conjunction with
the video, providing a model to match. Participants
will also be given written instructions and a poster
showing either the stability exercises or the stretching
exercises and the numbers of exercises and sets to be
performed.
Feedback on correct exercise technique will be
provided using an app, Coach’s Eye (TechSmith
Corporation, Michigan, USA), that can be downloaded to smartphones, iPad and tablets. This app
provides visual and verbal feedback on exercise
technique that is provided directly to the participant’s smart phone. The system is operational on
iOS, android and windows operating systems. The
app provider has established a list of recommended
devices on which the app is fully operational. If a
participant has a smart phone that does not
function correctly with the app, the participant
will be able to video their performance on their
phone, send to the lead researcher and receive visual
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

feedback via email image that is indistinguishable
from the Coach’s eye app. Written feedback will
also be given in the email. Consistency of feedback
across participants is regarded as important so that
participants are able to access the same level of
involvement in the project29. Feedback on exercise
technique will be available at any time during the
12 week exercise program and will give participants
the opportunity to report difficulty with performance
of the exercises.

Stability Training Program
The participants allocated to this group will be
asked to perform a 12 week LPS training program
3 times per week at home (Table 1). They will perform
12 sets of 512 repetitions of the exercises.
The stability training program comprises four
exercises, each of which has four levels. The
exercises are SLS, arabesque, side plank and prone
plank (Figures 2ad).The exercises commence in
well-supported positions, performing only small
movements and progress to increasingly challenging exercises with larger ranges of movement in
positions that challenge LPS. Each exercise has
criteria describing competent performance. The
participants will progress at their own rate to the
next level when competent at that level. Participants
may not reach the highest level of each exercise
during the 12 weeks.

Stretching Training Program
The participants allocated to this group will be
asked to perform a 12 week stretching training
program 3 times per week at home. The stretching
training program comprises stretches for six muscle
groups attached to the lumbopelvic region: hamstrings, quadriceps, adductors, gluteals, trunk rotators and hip flexors (Figures 3af) and have been
described previously30. The participants should feel
a strong but comfortable stretch and hold each
stretch for 30 seconds. The stretches will be
performed on each side.

Power calculation: sample size
One hundred and fifty recreational athletes will be
recruited. The sample size is based on the clinically
relevant ability to detect change in lumbopelvic
stability after stability training in those with poor
stability. Previous research shows a range of sample
sizes from 2142 where stability training changed
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Exercise Levels

Method

Single leg squat
1 Supported
2 Unsupported
3 Running man
4 Rotation

Fingertip balance on wall
No external support
Squat with alternating arm movements
Arms held forward, rotate trunk to side

2
2
2
2

sets
sets
sets
sets

10
10
10
10

Fingertip balance on wall
No external support
Weight (0.51kg) in hand
As above & eyes closed

2
2
2
2

sets
sets
sets
sets

x
x
x
x

Arabesque
1 Supported
2 Unsupported
3 Weight
4 Weight & eyes
closed

Repetitions

Side Plank
1 Side plank
Lift into the side plank position
2 Arm lift
As above, lift arm at same time
3 Side to side rotation Start in plank, roll to side plank,
to plank, to opposite side plank
4 Arm & leg lift
Side plank and lift arm & leg
Prone Plank
1 Prone plank
2 Hands-elbows
3 Side to side
4 Arm & leg lift

each
each
each
each

10
10
10
10

Tempo

leg
leg
leg
leg

each
each
each
each

leg
leg
leg
leg

Self-selected
Self-selected
2 s down:2 s up
2 s down:2 s up
Self-selected
Self-selected
Self-selected
Self-selected

2 sets x 10 each side 2 s up:2 s down
2 sets x 10 each side 2 s up:2 s hold:2 s down
10 reps
1 s in each position

Lift into prone plank position
Lift up on to each hand & lower to
elbows
Lift hand & foot, move to side, back to
centre, to other side, back to centre
Lift alternate arm and leg

5 reps each side

5 s hold

12 reps
12 reps

2 s up:2 s hold:2 s down
Self-selected

6 reps

1 s move to side

6 reps

2 s up:2 s hold:2 s down

s  seconds; reps  repetitions

Table 1: Stability training program

isolated aspects of LPS7, 31, 32, or reduced pain and
disability33.
This sample size range is supported by a power
calculation based on research investigating the
effect of a stability and agility program compared
to a stretching program on recurrent hamstring
strain34. To detect differences between the two
interventions in the current study and achieve a
power of 0.8 at an alpha level of 0.05, df  1, using
chi square, a sample size of 19 with poor LPS would
be required35. This sample size is likely to be
insufficient for the current study since the hamstring
study was limited to a specific population with a
high risk of re-injury who were closely supervised in
their performance of their exercise program. Therefore a larger sample size will be chosen for the
current trial.
A sample size of 150 participants should yield 34
participants with poor LPS. This is based on a study
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

by the current researchers that yielded 14 individuals with poor LPS, 9 with good LPS and 39 with
neither good nor poor stability from a population of
62 recreational athletes17. This should ensure a large
enough sample size to detect change in LPS in those
with poor LPS. The power of the trial is increased
by basing the sample size only on detecting change
in those with poor LPS, as change in LPS in those
with neither good nor poor stability will also be
examined in this trial.

Data analysis: clinical rating
Clinical rating of LPS (good, poor or neither good
nor poor) will be compared before and after
intervention using Chi square. Performance scores
for balance, hurdle step and in-line lunge will be
compared before and after intervention using Friedman two-way analysis of variance by ranks.
The correlation between clinical LPS rating and
performance scores will be analysed using Spearman
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Figure 2: Stability exercises a. Single leg squat, b. Arabesque, c. Side plank, d. Prone plank

rho at baseline, 12 weeks and 12 months to establish
if there is an association between clinical rating and
performance scores on other tests. The alpha level
will be set at p 5 0.05 for all statistical tests.

sessions. Exercise adherence will be used as a
covariate in analysis of change in clinical rating
and injury rate.

Conclusion
Data analysis: kinematic measures
Kinematic measures related to lumbopelvic stability
will be compared before and after intervention
using mixed two-way ANOVA (group by time).
This comparison will be made at baseline, 12 weeks
and 12 months to determine if an exercise program
changes the amount that athletes move. Movement
patterns will be analysed on each leg with skill and
stance legs36 analysed separately.

Data analysis: injury rate and adherence
The association between baseline rating of LPS and
subsequent sports injury will be analysed using Chi
square. Adherence to the exercise programs will be
reported as a percentage of the 36 expected exercise

#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

This randomised controlled trial will examine the
effectiveness of an exercise program designed to
improve LPS compared to a control exercise
program in recreational athletes. It is expected
that the stability program will be more effective in
improving LPS, changing movement patterns and
reducing injury than the stretching program.
The trial is dependent on the use of mobile
technology, both internet and smartphone, to
deliver the exercise program instructions and technique, to provide feedback on exercise technique
and to monitor exercise adherence and injury.
Exercise trials that rely on teaching exercise programs face to face or that require participants to
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Figure 3: Stretching exercises a. Hamstrings, b. Quadriceps, c. Adductors, d. Gluteals, e. Trunk rotators, f. Hip flexors

attend exercise groups are expensive and time
consuming to conduct for both researchers and
participants. The use of text messages simplifies the
process of monitoring adherence and injury rather
than the use of exercise/injury diaries. The ability to
deliver the randomised controlled trial in a time and
cost effective manner has implications for first, the
specific outcome of this trial on lumbopelvic
stability and second, for exercise trials for other
health conditions. If the LPS exercise program is
successful in changing LPS and also in reducing
injury this provides an effective method to make the
exercise program available for the general sporting
community. It would also be possible for individuals
to perform the important movement tests that
enable them to be classified as having good, poor
or neither good nor poor LPS at home and send
them via the Coach’s Eye app to be assessed. If
they do not have good LPS they could be provided
with the stability exercise program via the internet
and receive feedback with the app. This enables
athletes who are geographically remote from skilled
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

physiotherapists to access proven exercise techniques
for their LPS. In addition to the direct outcome of
this trial, other researchers or health professionals can
use the methods in this protocol to establish exercise
programs for other health conditions by videoing
correct performance of exercise technique to deliver
the exercise programs and provide feedback using
mobile technology.
The trial will be reported in accordance with the
CONSORT group statement.

Trial status
At the time of manuscript submission recruitment
of participants had not commenced.

General Disclosure Statement
Ms Perrott and Dr. Pizzari have nothing to disclose.
Prof. Cook reports a relevant financial activity
outside the submitted work as a director of company that has interests in tendon imaging and
management.
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Video Links
http://youtu.be/d_6xRbu83r8
http://youtu.be/LcMyL4tkPgc
http://youtu.be/i6Slpw67vK0
http://youtu.be/LQnDWRmtjek
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Smartphones have the potential to impact clinical decision-making because of their portability
and prevalence of mobile medical applications (‘‘apps’’). In this case report, we present a 10-step
approach for physicians to develop apps. The process is organized into four phases: (1) App Vision
includes conceptualization, defining objectives, and establishing its innovativeness; (2) Creation
defines the project’s feature scope and encompasses app development followed by beta testing;
(3) Dissemination provides pre-release clearance of patient safety issues followed by distribution to
virtual marketplaces and social media outlets; (4) Determining Utility involves the research and
development process. This article serves as a roadmap for future physician app developers based on
current guidelines and the experience of physicians and developers in creating Madruga and Marvel’s
Medical Black Book App.
Journal MTM 3:2:5561, 2014

doi:10.7309/jmtm.3.2.9

Introduction
In the era of technology, there continues to be a
sharp increase in the number of healthcare professionals integrating mobile medical applications
(‘‘apps’’) into patient care1.
Industry research predicts approximately 500 million smartphone owners will be using a healthcare
app by 2015 and 3.4 billion by 20182. Current
mobile health (mHealth) research suggests that the
use of smartphone apps can improve physician’s
ability to achieve an accurate diagnosis, improve
patient safety, increase patient adherence, and
increase system efficiency3,4. Additionally, apps
can be individualized for healthcare providers or
designed for patients5. The potential impact on
healthcare delivery and economics has encouraged
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE
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physician use6 and development7,8 of apps.
Although physician’s involvement with medical
apps is increasing, there is an absence of literature
describing the development process. This article
provides a framework for physicians to develop
their own apps based on current guidelines and a
case example of Madruga and Marvel’s Medical
Black Book App (M3BlackBook App)9.
The Black Book concept was first developed by a
Program Director (PD) who advised residents to
purchase a black address book to record the ‘‘black
book worthy’’ clinical points made during ‘‘morning reports.’’ This medical teaching forum covered
thousands of cases, 4000 continuing education
hours, and contributed to a handwritten compendium of medical data and knowledge that spanned
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17 years. The essence of the ‘‘black book’’ was rapid
retrieval of critical clinical information that can be
used at the point-of-care. It served as a coach to
assist the resident in daily clinical decision-making
(e.g. mnemonics as assist devices for easily remembering abundant and complex medical data).
In 2010, a tech-enthusiast medical student recognized the potential of the ‘‘Black Book’’ when first
introduced to it in ‘‘morning report.’’ She collaborated with the PD and mobile app developers (Mini
Monster Media, LLC10) to convert the handwritten
‘‘black book’’ system to a medical app. The
M3BlackBook App was comprised of pearls, differentials, mnemonics, and cases in addition to summarized content from standard internal medicine
textbooks, peer-reviewed journals, grand rounds,
and board reviews. The project timeline was one
year from ‘‘idea to iPhone’’ requiring 375 hours of
physician time and 175 hours of design/development time at a total project cost of $15,000.

Phase One: App Vision
1. Conceptualization and defining objectives
Step one is defining the app’s purpose through key
questions: (1) What need or problem is driving the
creation of this app? (2) How can the app be applied
as the solution? (3) Who is the audience? (4) How
will this app influence patient safety directly/indirectly? In the case of M3BlackBook App the ‘‘problem’’ was the slow, unorganized, and error-prone
system of a handwritten notebook. The ‘‘solution’’
was converting to app technology for accurate and
time-efficient information retrieval and providing
enhanced content.

2. Innovation factor
Step two is performing market research to determine if the app concept has sufficient novelty. For
M3BlackBook App research was performed at
Apple iTunes Store, Google, Skyscape, and Unbound Medicine September 2010 using the terms:
‘‘internal medicine,’’ ‘‘black book medical guides,’’
‘‘internal medicine mnemonics,’’ and ‘‘clinical
pearls.’’ This search generated approximately 125
apps. There were no apps that combined clinical
pearls, mnemonics, clinical cases, and differential
diagnosis. If similar apps were found, the next step
would have been to review advantages and disadvantages of these apps (i.e., content, layout, and
design). This information can be located in the
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

marketplace where the app is sold, end user forums,
and app review articles.

Phase Two: Creation
3. Feature Scope
The next step is defining the app’s functionality.
Medical apps need to take into account the
environment in which the targeted consumer will
be using it. The M3BlackBook App was designed for
medical students and internal medicine residents
not the general app consumer. Once the medical
team finalized the source content, a UX (user
experience) designer was involved to design an
intuitive user flow that fulfilled the needs of medical
professionals. The audience requested clinical
pearls, differentials, mnemonics, and cases. Their
functionality preferences included quick auto-fill
search, browse, and user-defined bookmarks. With
this focus on accessibility, these features catered to
users in time sensitive situations. Figures 15
demonstrate the overall design of the M3BlackBook
App.

Figure 1: Main Menu [Madruga and Marvel’s Medical
Black Book App]
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Figure 2: Quick Search [Madruga and Marvel’s Medical
Black Book App]

Figure 4: Sample Content: Mnemonic [Madruga and
Marvel’s Medical Black Book App]

4. Development
Once the purpose of the app was conceptualized,
the novelty was established, and the content and
feature set were defined, the next step was recruiting
a developer. Budget is the most significant factor
along with shared vision, reputation, and experience. The structure of the app itself was defined
with the developer based upon the budget. The
development process was guided by questions
relating to app performance: Will it need to work
on a full range of devices and operating systems?
How often will the content be updated? Is localization desired either now or in the future? How is
the app going to be marketed, supported, and
monetized?

Figure 3: Chapter List View [Madruga and Marvel’s
Medical Black Book App]
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Beyond the feature set, the answers to these
questions were determined by the budget available
as each element adds complexity, which directly
correlates to programmer time (ranges $80300 per
hour). Budget and code preference can determine
the technology used to create the app. There are
many ‘‘do it yourself’’ app creation platforms, like
PhoneGapper, Appery.io and AppMakr.com that
utilize HTML5 framework and interface builders.
Though we avoided third-party app creation tools
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by the developer. Beta testing also allows for the
medical team to determine if the app meets their
expectations. Apple App Store provides 50 promotional codes, which are time sensitive and must be
redeemed by ‘‘tester’’ within 4 weeks of receipt.

Figure 5: iPad Format [Madruga and Marvel’s Medical
Black Book App]

due to our feature set, desire to control our
codebase and avoidance of yearly subscription
fees, third-party tools are worth investigating if
the feature set is limited and codebase control is not
a priority. M3BlackBook App selected Mini Monster Media, LLC10 based upon their experience in a
wide variety of interactive media, their small team
size that made them affordable, accessible, and
personal, and their client list. After discussions
with the developer, M3BlackBook App was specified
as a universal app for Apple iOS devices given the
prevalence of Apple users in the target group and
budget. Mini Monster Media’s final proposal included wireframes of the future M3BlackBook App,
timetable, and project cost of $15,000 (for comparison, Angry Birds development costs were approximately $140,00011).

5. Beta testing
Once the app was developed, tested, and reviewed
by the medical team, it was important to field test
the app with a small representative group of the
target market. The app prototype is tested across a
variety of devices and software versions supported
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Phase Three: Dissemination
6. Patient and Consumer Safety Considerations
In the premarket period, the key issue is patient and
consumer risk. On September 25, 2013 the U.S.
Food and Drug Administration issued Mobile
Medical Applications Guidance for Industry and
Food and Drug Administration Staff, which explains
the agency’s oversight of mobile medical apps as
devices12. Table 1 summarizes the subset of mobile
apps that pose greater patient risk and require FDA
premarket approval. The FDA may be contacted
directly via mobilemedicalapps@fda.hhs.gov if
there are any questions about a medical mobile
app. End users may also be given specific safety
precautions via the agreement to terms of use
message that appears on-screen before an app may
be operated (e.g. In the event of an emergency dial
911 and seek help from a medical provider. This app
is not intended to serve as a guide in acute medical
emergencies.).

7. Virtual Marketplace
The iTunes App store, Google Play store, and
Android Market, are examples of virtual marketplaces. The M3BlackBook App was sold on iTunes
App Store after passing the review process, a one
week to one month verification process to determine if the app conforms to Apple’s guidelines and
performs as expected. When the app is purchased
from iTunes App Store, Apple receives a 30%
commission per unit.

8. Social media
The latest revolution in the field of medical communication is social media. These technologies,
such as Facebook, Twitter, YouTube, weblogs
(blogs), and Google can promote an app among
the medical community. Of note, these are dynamic
media sources that require responses to feedback,
‘‘tweeting,’’ and other reciprocal communication on
behalf of the development and medical team to be
successful.
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Patient Safety
Major Risk

Function of Mobile Medical App



Minor Risk












Premarket Approval

Are intended to be used as an accessory to a regulated medical device.
Transform a mobile platform into a regulated medical device.
Help patients/users self-manage their disease or condition without
providing specific treatment suggestions.
Provide patients with simple tools to organize and track their health
information.
Provides easy access to information related to health conditions or
treatments.
Help patients document, show or communicate potential medical
conditions.
Automate simple tasks.
Enable patients or providers to interact with Personal Health Records
(PHR) or Electronic Health Record (EHR) systems.

Required
Not Required

Table 1: FDA pre-market mobile medical app approval: When is it required?

Phase Three: Determining Utility
9. Updates
Following the initial app release, it’s important to
review the app in a timely manner to verify the
content remains up to date, evidence-based, and
reliable for use in patient care. Updates can be
provided to the development team who will perform
revisions to the app and ‘‘push’’ the updates out to
the end users. The updates may be as simple as
revision of existing content, adding new content, or
as complex as incorporating interactive features.
M3BlackBook App is currently undergoing an
update (i.e. additional cases, pearls, mnemonics,
and differential diagnosis) to version 2.0.

App Vision

Creation

Dissemination

Determining
Utility

PHASE ONE
1. Conceptualization
2. Innovation factor
PHASE TWO
h 3. Feature scope
h 4. Development
h 5. Beta testing
PHASE THREE
h 6. Patient and consumer safety
considerations
h 7. Virtual marketplace
h 8. Social media
PHASE FOUR
h 9. Updates
h 10. Research and development
h
h

Table 2: Mobile medical app 10-step framework:
A Checklist
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

10. Research and Development
The final step in the 10-step framework [see Table 2]
emphasizes investigating the utility of mobile medical apps in medical education and patient care. This
is a pivotal step in the framework because the
majority of medical apps have not undergone
research evaluation13. Several methodologies may
be used to investigate medical apps such as random
assignment to use a particular app and comparing
outcomes, pre and/or post user surveys, tracking
usage, and analyzing outcome data among a
population of specific medical app users. M3BlackBook App 1.0 is being evaluated in a end-user survey
research trial among residents and students at
Orlando Health Internal Medicine Residency Training Program (Orlando, Florida USA) with specific
aims described in Table 3.

Discussion
Future physician app developers would benefit from
these lessons learned. (1) Develop a 5-year plan.
Prior to embarking on an app project, it is
important to plan ahead for ‘‘2.0’’ version which
includes new content, development costs for update,
user-feedback, and research. Medicine is constantly
evolving, as are devices and software requirements
for apps, therefore an app should be produced with
intent to update within 6 months. (2) Make app
available on multiple platforms (Apple iOS, Android,
Fire OS, Windows Phone). Investing more in
development costs in order to reach more smartphone users is a better strategy for dissemination.
(3) Set a competitive price point. The app should be
competitively priced upon its inception into the
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Specific Aims
Diagnostic
thinking

Therapeutic
decision
making
Tool for
improving
education
System
Change

Description









Users consider different diagnosis
and/or change in subsequent
diagnostic approach from initial
impression?
Users change treatment plan?
Users have decreased time from
patient admission to intervention?
Users have improved exam scores
with use of app supplemental
learning materials?
Users prefer application technology
(faster information retrieval, access
to more comprehensive
information, improved organization
of content) compared to
handwritten note system?

Table 3: Research aims of M3 Medical Black Book App
research

market to allow for more users to download and
generate feedback. M3BlackBook App started at a
higher initial price, but we found more success
with a price point at $4.99. (4) Increased Review
Process. A peer review process (i.e. for apps not
required to undergo FDA premarket approval) as
well as utilizing more editors for all stages of
development is advised. The M3BlackBook App
1.0 was not peer-reviewed formally, but did have
input and editing from physicians and physiciansin-training exclusively. M3BlackBook App 2.0 will
be submitted to iMedicalApps for peer review.
Of note, in a largely unregulated market, medical
apps are being developed by non-physicians who
would benefit from medical experts’ professional
advice.

Conclusion
Medical apps have the potential to revolutionize the
practice of medicine from clinical decision-making
to healthcare delivery14. The authors’ objective was
to provide a framework for mobile app creation that
empowers physicians to become involved in the
conception, development, and research process. The
expansion of medical apps presents regulation
challenges13 and patient safety concerns12, but
also offers medical providers and developers opportunities to improve efficiency, patient outcomes,
and healthcare systems-change.
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