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Figure 2. Flow chart of pain-related apps selection process.
doi:10.1371/journal.pone.0101312.g002

an app-related vade-mecum, so that both health experts and
patients can make informed decisions about whether to use certain
apps. A promising avenue that would prove fruitful in the near
future is the work done by Public Agencies in the field of quality
distinctions, for example, the “AppSaludable Distinctive”, reported
in the last European Journal of e-practice [80] To date, and to the
best of our knowledge, no pain-related app has been awarded this
quality stamp and just one (Painometer v2) has applied for it [81].
Perhaps the most important limitation of this review is that we
did not look at all stores in all countries. We selected three of the
possibilities, not only because it was convenient, but also because it
was what could be feasibly done. Our hypothesis is that if we had
conducted specific reviews for the 97,000 health-related apps
available worldwide, results would not have been much different,
particularly considering that we explored the most important app
stores and that other researchers [76-78] found similar results.
All the articles reviewed were related to pain assessment, with
some dealing with educational issues. Future studies are needed in
the area of pain management. We are aware that some research Figure 3. Type of support that the pain-related apps have.
groups are working on this subject, so we can expect developments doi:10.1371/journal.pone.0101312.g003
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in the future. Most apps are designed for adults or adolescents, but
there are very few for children. However, children are using these
technologies at a very early age: 72% of children younger than
eight years old use mobile devices and 50% of those use apps [82].
Therefore, additional research is greatly needed in this area if
health-related apps are to be developed that are efficacious and
developmentally appropriate.

Supporting Information

Table S1 Pain apps available in the main five shops.
(DOCX)

Table 82 Characteristics of the commercial apps that have some
sort of support.
(DOCX)
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Development and Testing of Painometer: A Smartphone App
to Assess Pain Intensity

Rocio de la Vega, Roman Roset, Elena Castarlenas, Elisabet Sanchez-Rodriguez, Ester Solé,
and Jordi Miré

Unit for the Study and Treatment of Pain—-ALGOS, Research Center for Behavior Assessment (CRAMC), Department of
Psychology and Institut d’Investigacié Sanitaria Pere Virgili, Universitat Rovira i Virgili, Tarragona, Spain.

Abstract: Electronic and information technologies are increasingly being used to assess pain. This
study aims to 1) introduce Painometer, a smartphone app that helps users to assess pain intensity,
and 2) report on its usability (ie, user performance and satisfaction) and acceptability (ie, the will-
ingness to use it) when it is made available to health care professionals and nonprofessionals. Pain-
ometer includes 4 well-known pain intensity scales: the Faces Pain Scale-Revised, the numerical
rating scale-11, the Coloured Analogue Scale, and the visual analog scale. Scores reported with these
scales, when used in their traditional format, have shown to be valid and reliable. The app was tested
in a sample of 24 health care professionals and 30 nonprofessionals. Two iterative usability cycles
were conducted with a qualitative usability testing approach and a semistructured interview. The
participants had an average of 10 years’ experience in using computers. The domains measured
were ease of use, errors in usage, most popular characteristics, suggested changes, and acceptability.
Adding instructions and changing format and layout details solved the usability problems reported in
cycle 1. No further problems were reported in cycle 2. Painometer has been found to be a useful, user-
friendly app that may help to improve the accuracy of pain intensity assessment.

Perspective: Painometer, a smartphone app to assess pain intensity, shows good usability and
acceptability properties when used by health care professionals and nonprofessionals.

© 2014 by the American Pain Society
Key words: Pain intensity, assessment, mobile app, smartphone, usability testing.

ver the last 2 decades, significant advances have recall bias because data are collected in real time.??
been made in the assessment of pediatric pain.

Children report greater satisfaction with?'?* and

One important development has been the
integration of electronic and information technologies
(EITs), particularly web-based systems and mobile hand-
held devices. EITs have a number of advantages when
assessing pain in young people, such as greater accessi-
bility,>° improved compliance,”” and minimization of
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preference for these ElT-based devices than the tradi-
tional paper-and-pencil format.>*2® Generally speaking,
available studies show that children learn easily*
and have no difficulties using these ElT-based devices.'”

Nowadays, an increasing number of smartphone apps
claim to be of value in assessing different pain domains.
Nevertheless, most of their properties have not under-
gone any validation or empirical analysis.”* For example,
although electronic pain diaries using real-time data cap-
ture might be able to improve compliance and ensure reli-
ability and validity, their usability, feasibility, acceptability,
and psychometric properties must be tested in patients
and health care professionals before recommending
widespread use. Of particular importance is the influence
of age and developmental stage issues.

The aims of this study are to 1) describe the purpose
and functionality of Painometer, a smartphone app that
helps users assess self-reported momentary pain intensity,
and 2) report its usability and acceptability properties
when made available to health care professionals and non-
professionals (children, adolescents, and young adults).
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Methods

A Brief Description of the App and Its
Development

Painometer is a smartphone app that contains 4 pain
intensity scales: the Faces Pain Scale-Revised (FPS-R),”
the numerical rating scale-11 (NRS-11), the Coloured
Analogue Scale (CAS),"® and visual analog scale (VAS).
Settings and instructions are available in Catalan, En-
glish, French, Portuguese, and Spanish. These scales
have satisfactorily been used with children and adoles-
cents,' adults,”'? and the elderly,"" and thus it could
also be implemented with these populations when
appropriate.

Written permission for using 2 of the scales (CAS and
FPS-R) was requested and obtained from the authors
and copyright holders. The other 2 scales (NRS-11 and
VAS) are not copyrighted or authored, so no permission
was required. The resulting app is free for academic
and research purposes.

There are 2 approaches to developing mobile apps:
native technology and web technology. Painometer
is powered by the latest web technology: html5, css3,
and JavaScript. It uses a JavaScript framework called
Sencha.?’ It should be pointed out that a desktop app
written with web technology is not necessarily a web
app. Painometer is not executed in a web server but in
the device itself. The visual interface of the app is shown
via a web browser, and the app can also be used with-
out an Internet connection once it has been installed.

Any device with a web browser can use Painometer. It
is compatible with iPhone, iPad, and Android-based
devices. It can also be used in a web page as an embedded
"gadget” (eg, YouTube videos). Painometer can be used
in 3 different ways: 1) face-to-face: a health professional,
such as a nurse, shows the scales to patients, provides
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explanations, and records their self-reported pain inten-
sity; 2) self-administered: people with pain can keep a
record by downloading the app to their device; and
3) programmatically: as an extension of another app,
Painometer can be used as a web gadget and extended
to third apps. For example, it can be used as a gadget
in an electronic pain diary.

The identification of Painometer users is not possible
through collected data; the data are only used to show
atemporal chart of pain intensity records. Users may share
the data by sending the information to an e-mail address
of their choice. Painometer does not use the data in other
terms (ie, neither accessing nor collecting data from other
appsinthe device is allowed; uploading or collecting data
to an external server is not possible either).

The first version of the app is shown in Fig 1.

Usability and Acceptability Testing

As defined by Schoeffel,'® “usability is the effective-
ness, efficiency and satisfaction with which specific users
can achieve a specific set of tasks in a particular environ-
ment” (pp. 6-7). The usability objectives for Painometer
are that the app is 1) easy to learn, 2) error-free, and
3) liked by the user. Because it is fundamental that the
testing be conducted with end users, health profes-
sionals and children, adolescents, and young adults, as
potential patients, were recruited for the usability tests.
The design was based on the concept of a “hermeneuti-
cal circle” as described by Snodgrass and Coyne,'” which
is an iterative process of implementing a design, learning
and understanding from discussion and feedback, and
making subsequent design refinements.

Professionals were also requested to report on their
acceptability, that is to say, the extent to which they
preferred the Painometer rather than the traditional
paper-and-pencil way of assessing patients’ pain intensity.
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Figure 1. Screenshots of the different parts of the original Painometer.





