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Abstract
Background: Pain-related mobile apps targeting pain assessment commonly limit pain assessment to pain behaviors and
physiological aspects. However, current guidelines state that pain assessment should follow the biopsychosocial model, clearly
addressing biological, psychological, and social aspects of the pain experience. Existing reviews also highlight that pain specialists
and end users are not commonly involved in the development process of mobile apps for pain assessment, negatively affecting
the quality of the available apps.
Objective: This study aimed to develop a mobile app for pain assessment (AvaliaDor) and assess its usability, validity, reliability,
and measurement error in a sample of real patients with chronic pain recruited from a physiotherapy clinic.
Methods: This study was divided into 2 phases: phase 1—development of the AvaliaDor app; and phase 2—assessment of the
apps’ usability, reliability, measurement error, and validity. AvaliaDor was developed (phase 1) based on the literature and the
recommendations of physiotherapists and patients with pain in cycles of evaluation, inclusion of recommendations, and reevaluation
until no further changes were required. The final version of the app was then tested in patients with musculoskeletal pain attending
a private physiotherapy practice (phase 2) who were asked to use the app twice on 2 consecutive days for reliability purposes. In
addition, participants had to complete a set of paper-based scales (Brief Pain Inventory, painDETECT, Pain Catastrophizing
Scale, and Tampa Scale for Kinesiophobia), which were used to assess the validity (criterion validity and hypothesis testing) of
the app, and the Post-Study System Usability Questionnaire was used to assess its usability.
Results: The development process (phase 1) included 5 physiotherapists external to the research team and 5 patients with
musculoskeletal pain, and it resulted in the creation of an app named AvaliaDor, which includes an assessment of pain intensity,
location, and phenotype; associated disability; and the issues of pain catastrophizing and fear of movement. A total of 52 patients
with pain (mean age 50.12 years, SD 11.71 years; 39 females) participated in phase 2 and used the app twice. The Pearson
correlation coefficient between the scores on the paper-based scales and the app ranged between 0.81 and 0.93 for criterion
validity and between 0.41 and 0.59 for hypothesis testing. Test-retest reliability was moderate to good (intraclass correlation
coefficient between 0.67 and 0.90) and the score for usability was 1.16 (SD 0.27), indicating good usability.
Conclusions: A mobile app named AvaliaDor was developed to assess the intensity, location, and phenotype of pain; associated
disability; and the issues of pain catastrophizing and fear of movement in a user-centered design process. The app was shown to
be usable, valid, and reliable for assessing pain from a biopsychosocial perspective in a heterogeneous group of patients with
pain. Future work can explore the long-term use of AvaliaDor in clinical contexts and its advantages for the assessment and
management of patients with pain.
(JMIR Mhealth Uhealth 2021;9(5):e25316) doi: 10.2196/25316
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Introduction
Currently, there is a rocketing expansion in the development of
mobile apps all over the world, largely due to the increased
accessibility and global availability of smartphones [1]. The
technology of mobile devices has greatly improved in recent
years, with higher screen resolution and better processor
performance, among other improvements in hardware.
Furthermore, using smartphones to access the internet is part
of everyday life [2], establishing a technological revolution.
This advancement in digital technology is also changing health
care [3] and making it more accessible [1].
The use of information and communication technologies in
health is called eHealth [4]. According to the World Health
Organization, mobile health (mHealth)—which covers medical
and public health practices supported by mobile devices, such
as mobile phones, user monitoring devices, personal digital
assistants, and other wireless devices [5]—is a component of
eHealth. Among the advantages of mHealth is its use of
smartphones instead of traditional personal computers, which
provides self-monitoring support to the user in most everyday
situations [6,7]. mHealth facilitates access to information related
to the user’s health conditions or treatments, allows the
organization and recording of health information, allows for
self-monitoring and self-management, and facilitates
communication between patients and health care providers and
interaction between health care users or providers and health
services registration systems [8]. Also, eHealth has been shown
to overcome current health care problems and limitations, such
as difficulties accessing timely and continuous health care, the
associated costs, mobility limitations, or long wait times [9,10].
This is particularly relevant for chronic conditions, such as
chronic pain, in which self-management is a key component of
the intervention.
Pain-related mobile apps targeting pain assessment commonly
include electronic diaries to monitor pain characteristics such
as intensity, location, factors that aggravate or alleviate pain,
and/or intake of medication [8,11,12], largely limiting pain
assessment to pain behaviors and physiological aspects and not
including a biopsychosocial assessment of pain [8]. A systematic
search found 142 pain-related apps, of which 28 were primarily
intended for pain assessment [8]. However, when comparing
the existing mobile apps against the existing data on their
development, it was also found that data on reliability, validity,
and usability were scarce for pain assessment apps [8]. Another
study corroborated these findings by concluding that despite
the large and growing number of existing mobile apps related
to pain, their quality is seldom guaranteed [13]. This may be
due, in part, to the lack of involvement of health professionals
and users in the process of developing the app [14]. This
involvement is a way of ensuring the validity of the content of
the mobile app [15] and that it meets the users’ needs and
requirements [16], increasing its likelihood of being usable.
Usability is an essential criterion in the evaluation of mHealth
apps [17,18] and has been defined as the extent to which a
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product can be used by users to achieve specific goals with
effectiveness, efficiency, and satisfaction and in a specific
context of use [19]. Nevertheless, a systematic review that
synthesized and evaluated existing studies on the assessment
of the usability of pain-related apps found 31 manuscripts on
the usability of 32 pain apps [20]. The results of this systematic
review suggested that several important methodological aspects
regarding the assessment of usability are not being considered
when developing pain-related apps, such as not using reliable
and valid instruments to assess usability [20].
As measurement instruments, mobile apps that intend to be used
for pain assessment need to provide evidence of their reliability,
measurement error, and validity. Reliability refers to the
consistency of results in repeated measurements performed in
similar circumstances [21]. Measurement error informs on the
amount of change needed between successive measurements
that could be considered a real change in the person’s condition
[16]. Validity refers to whether an instrument measures what it
intends to measure [21]. The main aim of this study was to
develop a mobile app for the biopsychosocial assessment of
pain and to assess it for usability, validity, reliability, and
measurement error in a sample of real patients with chronic pain
recruited from a physiotherapy clinic. The app was developed
in a user-centered design paradigm, involving the users from
the very beginning.

Methods
This study describes the development of a mobile app for pain
assessment and its usability, validity, reliability, and
measurement error assessment. It received ethical approval from
the Council of Ethics and Deontology of the University of
Aveiro. All participants provided written informed consent
before entering the study.

Procedures
This study was divided into 2 phases: phase 1—development
of the app; and phase 2—assessment of the app in terms of its
usability, reliability, measurement error, and validity. The
development of the app (phase 1) included the (1) validity of
the app’s content, (2) content analysis and user interface design,
(3) prototype development, (4) prototype testing, and (5)
prototype modification and construction of the final app. These
phases and subphases are described below.

Phase 1: Development of the App
Validity of the App’s Content
The first step in the development of the app was to define the
fundamental aspects that should be considered for a
biopsychosocial pain assessment. This was based on the
literature on pain assessment, existing mobile apps for pain
assessment, and input from physiotherapists and patients with
chronic pain. First, we considered the recommendations from
the Initiative on Methods, Measurement, and Pain Assessment
in Clinical Trials (IMMPACT) on the pain-related domains that
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should be assessed for patients with chronic pain [22] and
analyzed existing apps, such as Keele Pain Recorder [23] and
Pain Monitor [24]. Based on this analysis, and previous
experience and knowledge, the 2 physiotherapists on the
research team (FL and AGS) defined the preliminary contents
that the app should cover: pain intensity, pain location, impact
of pain, influence of pain on sleep, pain catastrophizing, fear
of movement, and main mechanism of pain (eg, nociceptive or
neuropathic). Then, validated instruments that covered most of
the defined domains were identified and adapted to be included
in the app: the Brief Pain Inventory-Short Form [25,26],
covering pain intensity, disability, and sleep; and the
painDETECT questionnaire [27], covering the phenotype of
pain. Both scales have a body map for pain location. Also,
catastrophizing and fear of movement were assessed in the
mobile app with a single question on each of the constructs,
retrieved from the Pain Catastrophizing Scale and the Tampa
Scale for Kinesiophobia, respectively. The questions were
identified based on their predictive ability [28,29].

Content Analysis and User Interface Design
Once the information to be included in the app was determined,
paper-based mock-ups were produced using Adobe XD (Adobe
Inc) to visualize the information displayed in a format similar
to that of the proposed mobile app. These mock-ups were shown
to
5
physiotherapists—experts
in
musculoskeletal
physiotherapy—and 5 patients with musculoskeletal pain.
Physiotherapists had to have a master’s degree or be enrolled
in their second year of a master’s degree program in the area of
musculoskeletal physiotherapy and have a minimum of 2 years
of professional experience in musculoskeletal physiotherapy.
Patients were included if they were aged ≥18 years, reported
musculoskeletal pain, were able to speak and read Portuguese,
and understood the main objectives of the study. Both
physiotherapists and patients were asked the following
questions: (1) Do you think the app covers all relevant content
for pain assessment?; (2) Are the questions clear and concise?;
(3) Are the response options adequate?; (4) Is the order of the
questions the most appropriate?; and (5) Do you have any
suggestions for improvement? All interviews were recorded,
and notes were taken regarding suggested changes. We found
that both patients and physiotherapists provided similar
recommendations, and no new information was added after the
fifth participant of each group (we reached theoretical
saturation); thus, no further participants were recruited at this
stage. The sample size for the development phase of the app
was informed by data saturation. This is a principle widely
accepted in qualitative research and indicates that, based on the
data that have been collected, further data collection is
unnecessary [30].

Prototype Development
The prototype was developed for the Android operating system
using Android Developer Studio (Google, Inc). First, we
implemented the screen layouts according to the mock-ups and
tested them with distinct screen sizes, ratios, and pixel densities
for mobile phones. Adjustments were made for better fits, and
all adjustments were validated by the mock-up’s designer. After
layout validation, the elements were made functional and the
https://mhealth.jmir.org/2021/5/e25316
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dynamic look and feel were also validated by the mock-up’s
designer.
At the end of each registration, the data were sent via the internet
to a server featuring a back office for data visualization and
download. Each record was a tuple containing all collected
answers plus images of the marked body maps in PNG format.
If a network connection was not available, the data were stored
locally—the tuple in an SQLite database and the images in the
app-specific folder. Whenever locally stored records existed,
the user was informed on the first screen of the app and he/she
could choose to send them. The records sent were then erased
from the local database and file system.

Prototype Testing: Preliminary Usability Evaluation
The information gathered in previous steps was used to inform
the first version of the app—AvaliaDor, version 1. This version
of the app was tested by the same 5 physiotherapists and 5
patients that had analyzed the mock-ups. They were interviewed
once more after having used the app in a preliminary usability
evaluation. The physiotherapists were given the app 1 week
before the interview. Both physiotherapists and patients were
asked the following questions: (1) Do you think the app is
functional?; (2) Do you think it is simple to use?; (3) Do you
notice any aspect that should be improved ?; (4) On what model
of mobile phone did you use the app?; and (5) Was the app
well-adjusted to the screen? In addition, the time taken to
complete a full pain assessment using the app and any errors
were registered (performance indicators for usability evaluation).

Prototype Modification and Construction of the Final
App
The physiotherapists in the team and the programmer discussed
the suggestions made in the previous step of app development,
and another version of the app—AvaliaDor, version 2—was
developed and tested again by the same 5 patients.
Physiotherapists were not included at this stage because they
made only minor recommendations for improvement in the
prototype testing subphase. Once no further changes were
recommended by patients, the AvaliaDor, version 2, became
the final version of the app.

Phase 2: Assessment of the App in Terms of its
Usability, Reliability, Measurement Error, and Validity
Participants and Instruments
Participants were patients with musculoskeletal pain attending
a private physiotherapy practice. To enter the study, they were
required to report pain in the limbs or back, be aged ≥18 years,
be able to read and speak Portuguese, and understand the aims
of the study (assessed by asking participants to explain in their
own words what the study was about). The sample size was
based on indicators for reliability studies. To attain a maximum
intraclass correlation coefficient (ICC) of 0.8—with 2
measurements, an alpha of 5%, and a power at 80%—at least
46 participants were needed [31].
Participants were asked to use the AvaliaDor app to assess their
pain on 2 consecutive days for reliability assessment purposes.
On the second day, before using the app, patients were asked
if there were changes in their pain since the previous day. Those
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answering yes to this question were excluded from the reliability
analysis. Also, in the first session, patients were asked to
complete the following questionnaires, which were used to
assess hypothesis testing and criterion validity:
•

•

•

•

•

User characterization questionnaire—this questionnaire
collected data on gender, age, educational qualifications,
marital status, current clinical diagnoses, and duration of
pain.
Pain Catastrophizing Scale—consists of 13 items that depict
thoughts, perceptions, or feelings associated with pain
[32,33]. Participants are asked to indicate to what extent
they present with the thoughts and feelings described using
a 4-point Likert scale (0=never to 4=always). The final
score represents the sum of all items and varies between 0
and 52, with higher scores reflecting higher levels of
catastrophic thoughts [34,35]. The ICC for the reliability
of the Portuguese version of this scale varies between 0.78
and 0.82 [32].
Tampa Scale for Kinesiophobia—consists of 13 items that
measure kinesiophobia under generic conditions. Each item
is scored on a 4-point Likert scale, from 1 (strongly
disagree) to 4 (strongly agree). The total score corresponds
to the sum of the scores obtained for each of the items and
varies from 13 to 52 points, where 13 represents the lowest
and 52 the highest degree of kinesiophobia [36]. It showed
good levels of test-retest reliability (ICCs between 0.94 and
0.98) and internal consistency with a Cronbach α of 0.82
[36].
Brief Pain Inventory—consists of 2 subscales: the pain
severity and pain interference subscales [25,32]. The score
for pain severity ranges from 0 to 40 and the score for pain
interference ranges from 0 to 70 [37]. This instrument has
excellent internal consistency levels with Cronbach α values
for the pain severity and interference subscales of 0.99 and
0.84, respectively. Its test-retest reliability also has very
satisfactory values: ICCs of 0.88 for pain severity and 0.84
for pain interference [32].
painDETECT questionnaire—aims to identify the
nociceptive, neuropathic, or mixed component of the pain
phenotype [27]. Its score ranges from 0 to 38, where 0 to
12 corresponds to nociceptive pain, 13 to 18 indicates a
mixed pain, and 19 to 38 corresponds to neuropathic pain.
This questionnaire has been shown to be reliable [38].

Also, further assessment of the app’s usability was conducted
through the Post-Study System Usability Questionnaire. This
questionnaire was developed to assess users’ satisfaction with
the usability of a digital solution. It consists of 19 items that
can either be scored using an 8-point Likert scale, anchored at
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the lower end with “totally agree” and at the higher end with
“totally disagree,” or be scored as not applicable. The total score
is the mean of all items and lower scores are indicative of better
usability. The Portuguese version has good internal consistency
with a Cronbach α of 0.80 and acceptable interrater reliability
(ICC 0.67) [39].

Statistical Analysis
SPSS software (version 26; IBM Corp) was used to perform
data analysis. For sample characterization, the mean and
standard deviation were used for continuous variables, while
frequency distribution and percentage were used for ordinal and
nominal variables. The criterion validity of the app questions
on pain location, pain intensity, pain interference, and pain
phenotype was assessed by correlating the app scores with the
paper-based scores of the respective paper-based questionnaire
using the Pearson correlation coefficient. Criterion validity was
considered to exist when the correlation between the results of
the app and the respective gold standard (paper-based
questionnaire) was ≥0.7 [40]. For the questions on fear of
movement and catastrophizing, construct validity was assessed
by correlating the scores obtained using the app with the scores
obtained on the paper-based Tampa Scale for Kinesiophobia
and Pain Catastrophizing Scale, respectively, also using the
Pearson correlation coefficient. For construct validity, the
correlation coefficient was interpreted as indicating
correlation—low (<0.3), moderate (0.3-0.5), and strong (>0.5)
[41]—and we hypothesized that there would be a moderate
correlation between the app scores and the paper-based scores.
Test-retest reliability was assessed using the ICC (bidirectional
randomness, absolute agreement) and the respective 95%
confidence interval. The results were interpreted as weak (ICC
<0.50), moderate (ICC 0.50-0.75), good (ICC 0.75-0.90), and
excellent (ICC ≥0.90) [42]. In addition, measurement error was
assessed using the standard error of measurement (SEM) and
the minimal detectable difference (MDD) with a confidence
level of 95% (MDD95), calculated as SEM = SD√ (1-ICC) and
MDD95 = SEM × 1.96 × √2 [43]. We also calculated the limits
of agreement and constructed Bland-Altman plots [44] both for
the criterion validity and for the test-retest reliability.

Results
Phase 1: Development of the AvaliaDor App
The most relevant characteristics of the patients with pain and
the physiotherapists who contributed to the process of
development and analysis of the app are presented in Tables 1
and 2, respectively.
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Table 1. Characteristics of patients involved in the development phase (phase 1) of the mobile app (n=5).
Variable

Number of patients

Gender
Female

4

Male

1

Age (years)
18-30

1

31-50

2

51-60

1

61-70

1

Education level (school years)
6

1

9

1

12

1

University

2

Location of main pain complaint
Neck

1

Knee

1

Hip

1

Face

1

Low back

1

Table 2. Characteristics of the physiotherapists involved in the development phase (phase 1) of the mobile app (n=5).
Variable

Number of physiotherapists

Gender
Female

3

Male

2

Age (years)
25-30

2

31-40

3

Experience as a physiotherapist (years)
5-9

3

10-12

2

The main suggestions of the physiotherapists regarding the
mock-ups included creating a final summary report of the
assessment, changing the caption of the body map, and adding
an option regarding the location of the pain instead of featuring
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a body map. Only 1 patient suggested changes to the app,
namely to change the order of the questions. Table 3 lists the
patients’ and physiotherapists’ suggestions and comments, as
well as the resulting decisions made by the research team.
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Table 3. Summary of physiotherapists’ and patients’ comments on the mock-ups of the AvaliaDor app.
Question

Physiotherapists’ comments

Patients’ comments

Do you think the app
covers all the relevant
content for pain assessment?

All physiotherapists found that the app covered All patients stated that
all relevant content, apart from 1 physiotherapist everything relevant was
who suggested including injury mechanism, pain included.
duration, relief, and/or worsening factors.

Are the questions
clear and concise?

All physiotherapists stated that the questions
All patients reported that A response option was added following the
were clear and concise. One physiotherapist
the questions were clear question, “Does your pain spread to other renoted that in the question, “Does your pain
and concise.
gions of the body?”
spread to other regions of the body?”, an affirmative answer required the user to go back, and
this should be amended.

Are the response options adequate?

Two physiotherapists, despite claiming that the
response options were adequate, suggested that
it should be possible for users to mark the exact
area of pain on the body map and that response
options should be wider apart so that the different options are clearer.

All users reported that
Both of the physiotherapists’ suggestions were
the answers were adeincluded in the app.
quate. One user even
mentioned that the examples were very enlightening and illuminating.

Is the order of questions the most appropriate?

All physiotherapists agreed that the order was
the most appropriate.

All but 1 patient agreed
on the order of the questions. One patient suggested that the questions on
pain interference should
be listed before the questions on pain intensity
and pain location.

Do you have any sug- A number of suggestions were made: include a No suggestions for imgestions for improve- final report with a summary score; calculate the provement were made.
ment?
average pain from the worst and least pain intensities; precede the question on the effect of the
treatment with a question on whether patients
were receiving treatment; include “injury
mechanisms,” pain duration, and “relieving/aggravating factors”; change the body map caption
to include both chief pain complaint and other
pain complaints; and check the verb tenses so
that all questions use the same tense.

The first version of the app was then developed and again shown
to users for assessment. Physiotherapists’ and patients’ general
opinion of the app was quite favorable, reporting that it was
functional and easy to use. Criticisms and suggestions from
physiotherapists and users are presented in Table 4. Table 4
also shows the models of the mobile phones used to run the app
because the characteristics of the screen have an impact on the
readability and activation of the response options, and the type
of processor influences the fluidity of the rendering of the body
map. Participants took between 5 and 8 minutes to complete all
of the steps for pain assessment in the app, and no app-related
errors were identified.
Next, a second version of the app was developed, and patients
reported that no further changes were required.
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Decisions made by the research team
As most physiotherapists and all users reported
that the app covered the most relevant content,
no further contents were included.

As all physiotherapists and most patients agreed
with the order of the questions, which is also
aligned with what is more common in existing
apps and scales, no change was made.

A summary report was included; the question
on the average pain intensity was maintained in
line with the original version of the questionnaire; and, for a similar reason, a question on
whether patients were receiving treatment was
not included. The team decided not to include
questions on the mechanism of injury, duration
of pain, and relieving/aggravating factors because it would make the app questionnaire too
extensive. The legend of the body map was
modified in line with physiotherapists’ comments, and the verb tenses were corrected.

The final version of the AvaliaDor app includes the following:
•
•

•
•
•
•
•
•

a login page;
a body map (front, back, right side, and left side) for the
patient to draw pain, pins and needles, numbness, or another
symptoms;
questions on pain phenotype based on the painDETECT
questionnaire;
questions on pain intensity (at present, at its worst, and over
the last week);
questions on pain interference based on the Brief Pain
Inventory;
1 question on fear of movement;
1 question on pain catastrophizing; and
a report generated with the patient’s data in the form of a
Microsoft Excel file.
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Table 4. Summary of physiotherapists’ and patients’ comments on the first version of the AvaliaDor app.
Commenter (models of mobile phone) and suggestions

Decisions made by the research team

Physiotherapists (Samsung Galaxy S7; Samsung Galaxy S6; Huawei P10 Lite; Huawei P20)
The app was considered easy to use except for the body map, which might be too
small for patients to mark different symptoms on (n=2).

The size of the body map was increased.

It was suggested that a question asking whether the patient felt some relief from their No question was added, as it was believed that the patient
symptoms should be included before asking the patient to indicate the extent of that could indicate 0% improvement if no relief from symptoms
relief (n=2).
was experienced.
The body map’s legend should state “main pain” instead of “pain” to minimize
confusion if the patient had more than one painful body site (n=2).

The body map’s legend was changed accordingly.

There should be a “go back” sign (n=1).

An arrow was added to make it clearer how to go back.

The font size might be small for older adults (n=1).

No change to the font size was made, as it was not identified by the older patients in the sample as being a limitation.

Patients (Samsung Galaxy S7)
It was difficult to draw the pain area (n=2).

The size of the body map was increased.

The researcher was asked how someone should answer the question about pain relief No question was added, as it was considered that the patient
in the case that no treatment was being received (n=2).
could indicate 0% improvement if no pain relief was experienced.

Figure 1 shows the following screen excerpts from the app: the
body map (Figure 1A); filled body maps (Figure 1B and 1C);
and a page of questions (Figure 1D).
Figure 1. Print screens from the app. (A) Front body map. Front (B) and back (C) body maps after being filled in by the patient. (D) List of questions.

Phase 2: Usability, Reliability, Measurement Error,
and Validity
The study sample consisted of 52 participants aged between 22
and 72 years (mean 50.12 years, SD 11.71 years). Table 5
presents a more detailed description of the sample.
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Table 5. Characteristics of patients who participated in the assessment of the final version of the app (n=52).
Characteristics

Values, n (%)

Gender
Female

39 (75)

Male

13 (25)

Age (years)
<50

23 (44)

≥50

29 (56)

Education level (school years)
4

5 (10)

6

19 (37)

9

12 (23)

12

4 (8)

University

12 (23)

Location of main pain complaint
Neck

6 (12)

Low back

8 (15)

Shoulders

17 (33)

Elbows

4 (8)

Hands

3 (6)

Hips

1 (2)

Knees

4 (8)

Legs

1 (2)

Feet

8 (15)

Pain duration
<3 months

7 (13)

≥3 to <6 months

8 (15)

≥6 months to <1 year

2 (4)

≥1 to <2 years

12 (23)

≥2 to <5 years

8 (15)

≥5 years

15 (29)

Usability Evaluation
Usability was tested using the Post-Study System Usability
Questionnaire, and the average score obtained was 1.16 (SD
0.27), indicating that the app was considered usable.
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Reliability and Measurement Error
The ICCs obtained between the 2 assessments and the mobile
app indicates moderate to excellent reliability, with ICCs
between 0.67 and 0.90, as presented in Table 6. Table 6 also
presents the SEM and MDD. Visual inspection of the limits of
Bland-Altman plots (Figures 2-7) shows a symmetrical
distribution around the mean, close to 0, with no systematic or
proportional bias.
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Figure 2. Bland-Altman limits for the Brief Pain Inventory severity subscale between the 2 assessments using the app.

Figure 3. Bland-Altman limits for the Brief Pain Inventory pain interference subscale between the 2 assessments using the app.
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Figure 4. Bland-Altman limits for the painDETECT questionnaire between the 2 assessments using the app.

Figure 5. Bland-Altman limits for the issue of pain catastrophizing between the 2 assessments using the app.
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Figure 6. Bland-Altman limits for the issue of fear of movement between the 2 assessments using the app.

Figure 7. Bland-Altman limits for the number of painful body sites between the 2 assessments using the app.
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Table 6. Test-retest reliability and standard error of measurement of the AvaliaDor app.
Variable

Intraclass correlation coefficient
(95% CI)

Standard error of measurement

Minimal detectable difference

Pain severity

0.86 (0.76-0.92)

1.96

5.43

Pain interference

0.84 (0.71-0.91)

6.40

17.73

Pain phenotype

0.90 (0.82-0.95)

2.35

6.52

Pain catastrophizing

0.76 (0.57-0.88)

1.30

3.60

Fear of movement

0.67 (0.42-0.81)

1.79

4.97

Number of painful body sites

0.98 (0.97-0.99)

0.24

0.66

Criterion Validity Assessment
The correlation between the paper version of the questionnaire
and the app version was 0.84 for pain severity, 0.80 for pain
interference, 0.84 for pain phenotype, and 0.93 for the number

of painful body sites. Besides, visual inspection of the
Bland-Altman limits (Figures 8-11) shows a symmetrical
distribution around the mean, close to 0, with no systematic or
proportional bias.

Figure 8. Bland-Altman limits for the Brief Pain Inventory pain interference subscale using the paper questionnaire and the mobile app.
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Figure 9. Bland-Altman limits for the Brief Pain Inventory pain severity subscale using the paper questionnaire and the mobile app.

Figure 10. Bland-Altman limits for painDETECT using the paper questionnaire and the mobile app.
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Figure 11. Bland-Altman limits for the number of painful body sites using the paper questionnaire and the mobile app.

Hypothesis Testing Assessment
The correlation between the Pain Catastrophizing Scale
administered on paper and the single question on catastrophizing
included in the app was r=0.59 (P<.001), indicating a strong
correlation. The correlation between the Tampa Scale for
Kinesiophobia and the single question on fear of movement
included in the app was r=0.41 (P=.003), indicating a moderate
correlation.

Discussion
Principal Findings
This paper presents the process of development of an app that
aims to assess pain from a biopsychosocial perspective. The
app assesses the intensity, location, and phenotype of pain; the
associated disability; and the issues of pain catastrophizing and
fear of movement. It was developed in close collaboration with
patients and physiotherapists from a user-centered perspective.
The results of 2 assessments in 2 different sessions were
promising and suggest that the developed app (AvaliaDor) is
valid, reliable, and usable.
A previous review reported that of 283 pain-related apps that
were available in the main shops (eg, App Store and Google
Play), none has undergone a scientific process of validation
[13]. This finding undermines the trust that both patients and
health professionals have in these solutions, compromising the
potential and added value that these solutions can bring to the
care of patients with pain. For example, mobile apps can capture
real-time data (reducing the impact of memory bias on the
outcomes), help clinicians reach a larger number of patients
[13], and help detect a deterioration in the pain condition that
may alert the clinician to schedule an appointment. However,
the development of mobile apps through a user-centered and
https://mhealth.jmir.org/2021/5/e25316

XSL• FO
RenderX

scientifically sound process is of utmost importance for the
clinician to trust its results.
The development process of our app was based on guidelines
of which aspects of pain should be assessed [22] but also on
previous apps that were considered good examples and on the
feedback of physiotherapists who were experts on pain
assessment and treatment. This guaranteed that the app covered
the relevant aspects of pain that need to be assessed to inform
the treatment of patients with pain and to assess the evolution
of these patients with treatment (ie, guarantees content validity).
Also, the high correlation values between the paper versions of
the questions for pain severity, pain impact, pain location, and
pain phenotype and the same measurements using the AvaliaDor
app shows that the app has criterion validity (ie, that the
measures taken with the app are an adequate reflection of the
“gold standard” paper-based questionnaires). The Bland-Altman
plots supported these findings with small mean differences
between the 2 methods of measurement (app versus paper-based
questionnaires). The correlations between 1 question on pain
catastrophizing and 1 question on fear of movement with the
full paper-based Pain Catastrophizing Scale and the Tampa
Scale for Kinesiophobia, respectively, were in line with the
predefined hypothesis and suggest that the questions used in
the app were measuring the respective constructs. The
correlation values found for validity compare well with those
reported in previous studies. For example, the developers of the
Keele Pain Recorder app reported correlations of 0.79 for pain
intensity and 0.60 for disability measured by the app through
the question, “What is the interference of pain in the activities
of the home, leisure or work,” and on paper with the 36-item
Short-Form Health Survey [23]. Another app, Pain Monitor,
was developed to assess pain intensity, disability, and
catastrophizing and used the same instruments in its validation
process as were used in this study. The authors reported a strong
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correlation for both pain intensity (r=0.71) and pain interference
(r=0.67) when comparing the results obtained with the app and
those obtained with the paper version of the Brief Pain Inventory
[24].

recommendations [47]. The lack of inclusion of users and health
professionals in the development process of digital solutions
targeting the health care field is one of the limitations cited by
several systematic reviews [14,48,49].

In terms of test-retest reliability, the AvaliaDor mobile app
presented excellent reliability for pain location (ICC 0.98); good
reliability for pain phenotype (ICC 0.90), pain intensity (ICC
0.86), disability (ICC 0.84), and pain catastrophizing (ICC 0.76);
and moderate reliability for fear of movement (ICC 0.65). These
reliability values were identical to those of the paper
questionnaires that served as the basis for the app questions
[32,36]. However, the values of the SEM and MDD were
relatively high, except those corresponding to the number of
painful body sites. A difference between 2 measurements can
only be considered to represent a true change in the patient’s
condition if it is larger than the MDD [16]. These findings
suggest that the ability to detect small changes in the patient’s
condition over time may be affected. This may reflect the
characteristic oscillatory behavior of chronic pain over time
[45].

Study Limitations and Strengths

The mobile app AvaliaDor was considered to have good
usability, which we believe is related to having taken a
user-centered approach during its development [46]. The process
of development included both physiotherapists and patients
with pain from the very beginning—taking into account the
users’ needs and expectations regarding what the app should
assess and how it should look and work (ie, user
requirements)—in an interactive process that ended only when
users were satisfied with the app. In addition, the development
of the app was carried out by a multidisciplinary team comprised
of 1 individual with expertise in information technologies and
2 musculoskeletal physiotherapists, thereby involving pain
specialists from the conception phase of the app until its final
version was produced. Usability assessment employed a mixed
methods approach using indicators of performance (eg, time
used to complete a full pain assessment using the app),
interviews, and validated questionnaires, in line with

This study has limitations that must be considered. The data
reported in this study were from 2 consecutive assessments only
and further research is needed to assess the mobile app during
prolonged use in a real-world context. Another limitation is that
the mobile app is only available for the Android operating
system. The strengths of the study are related to the use of the
biopsychosocial model of pain assessment during the design of
the app, the involvement of potential users from the beginning
of the app development process, and the robust assessment of
the app’s usability, reliability, and validity.

Future Work
Future work can explore the long-term use of the AvaliaDor
app in routine clinical pain management contexts and for
different clinical pain conditions (eg, low back pain, neck pain,
fibromyalgia), as well as the sensitivity of the app to detect
changes due to interventions. Also, this mobile app can be used
to facilitate high volumes of data collection, which can be
analyzed with data analytics to explore potential data patterns
that can inform the assessment and management of patients
with pain.

Conclusions
A mobile app—AvaliaDor—was developed to assess the
intensity, location, and phenotype of pain; the associated
disability; and the issues of pain catastrophizing and fear of
movement. It was developed in close collaboration with patients
and physiotherapists from a user-centered perspective and was
shown to be usable, valid, and reliable to assess pain from a
biopsychosocial perspective in a heterogeneous group of patients
with pain. Future work can explore the long-term use of
AvaliaDor in clinical contexts and its advantages for the
assessment and management of patients with pain.

Acknowledgments
This article was supported by National Funds through Fundação para a Ciência e a Tecnologia (FCT) within CINTESIS, R&D
Unit (reference UIDB/4255/2020) and within IEETA/UA R&D Unit (UIDB/00127/2020).

Conflicts of Interest
None declared.

References
1.
2.
3.

4.

Schwab T, Langell J. Human Factors-Based Mobile Application Design for Global Health. Surg Innov 2018 Nov
22:1553350618814643. [doi: 10.1177/1553350618814643] [Medline: 30465467]
Thurnheer SE, Gravestock I, Pichierri G, Steurer J, Burgstaller JM. Benefits of Mobile Apps in Pain Management: Systematic
Review. JMIR Mhealth Uhealth 2018 Oct 22;6(10):e11231 [FREE Full text] [doi: 10.2196/11231] [Medline: 30348633]
de Jong JM, Ogink PA, van Bunningen CG, Driessen RJ, Engelen LJ, Heeren B, et al. A Cloud-Based Virtual Outpatient
Clinic for Patient-Centered Care: Proof-of-Concept Study. J Med Internet Res 2018 Sep 24;20(9):e10135 [FREE Full text]
[doi: 10.2196/10135] [Medline: 30249584]
Global Observatory for eHealth. Global Diffusion of EHealth: Making Universal Health Coverage Achievable. In: Report
of the third global survey on eHealth. Geneva: World Health Organization; 2016.

https://mhealth.jmir.org/2021/5/e25316

XSL• FO
RenderX

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 5 | e25316 | p. 15
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
5.
6.

7.
8.

9.
10.

11.

12.

13.
14.
15.

16.

17.
18.

19.
20.

21.
22.

23.

24.

25.
26.

Global Observatory for eHealth. mHealth: New horizons for health through mobile technologie. In: Based on the findings
of the second global survey on eHealth. Geneva: World Health Organization; 2011.
Kristjánsdóttir Ó, Fors EA, Eide E, Finset A, Stensrud TL, van Dulmen S, et al. A smartphone-based intervention with
diaries and therapist feedback to reduce catastrophizing and increase functioning in women with chronic widespread pain.
part 2: 11-month follow-up results of a randomized trial. J Med Internet Res 2013 Mar 28;15(3):e72 [FREE Full text] [doi:
10.2196/jmir.2442] [Medline: 23538392]
Vardeh D, Edwards R, Jamison R. There's an App for That: Mobile Technology Is a New Advantage in Managing Chronic
Pain. Pain Clin Updates 2013;XXI(6):1-7.
Silva A, Queirós A, Caravau H, Ferreira A, Rocha N. Systematic Review and Evaluation of Pain-Related Mobile Applications.
In: Cruz-Cunha MM, Miranda IM, Martinho R, Rijo R, editors. Encyclopedia of E-Health and Telemedicine. Pennsylvania:
IGI Global; 2016:383-400.
Liaw S, Humphreys JS. Rural eHealth paradox: it's not just geography!. Aust J Rural Health 2006 Jun;14(3):95-98. [doi:
10.1111/j.1440-1584.2006.00786.x] [Medline: 16706876]
Talboom-Kamp EP, Verdijk NA, Harmans LM, Numans ME, Chavannes NH. An eHealth Platform to Manage Chronic
Disease in Primary Care: An Innovative Approach. Interact J Med Res 2016 Feb 09;5(1):e5 [FREE Full text] [doi:
10.2196/ijmr.4217] [Medline: 26860333]
Jamison RN, Mei A, Ross EL. Longitudinal trial of a smartphone pain application for chronic pain patients: Predictors of
compliance and satisfaction. J Telemed Telecare 2018 Feb;24(2):93-100. [doi: 10.1177/1357633X16679049] [Medline:
27831496]
Sundararaman LV, Edwards RR, Ross EL, Jamison RN. Integration of Mobile Health Technology in the Treatment of
Chronic Pain: A Critical Review. Reg Anesth Pain Med 2017;42(4):488-498. [doi: 10.1097/AAP.0000000000000621]
[Medline: 28570436]
de la Vega R, Miró J. mHealth: a strategic field without a solid scientific soul. a systematic review of pain-related apps.
PLoS One 2014;9(7):e101312 [FREE Full text] [doi: 10.1371/journal.pone.0101312] [Medline: 24999983]
Rosser BA, Eccleston C. Smartphone applications for pain management. J Telemed Telecare 2011;17(6):308-312. [doi:
10.1258/jtt.2011.101102] [Medline: 21844177]
Machado GC, Pinheiro MB, Lee H, Ahmed OH, Hendrick P, Williams C, et al. Smartphone apps for the self-management
of low back pain: A systematic review. Best Pract Res Clin Rheumatol 2016 Dec;30(6):1098-1109. [doi:
10.1016/j.berh.2017.04.002] [Medline: 29103552]
van Kampen DA, Willems WJ, van Beers LWAH, Castelein RM, Scholtes VAB, Terwee CB. Determination and comparison
of the smallest detectable change (SDC) and the minimal important change (MIC) of four-shoulder patient-reported outcome
measures (PROMs). J Orthop Surg Res 2013 Nov 14;8:40 [FREE Full text] [doi: 10.1186/1749-799X-8-40] [Medline:
24225254]
Maramba I, Chatterjee A, Newman C. Methods of usability testing in the development of eHealth applications: A scoping
review. Int J Med Inform 2019 Jun;126:95-104. [doi: 10.1016/j.ijmedinf.2019.03.018] [Medline: 31029270]
Sandhu H, Wilson K, Reed N, Mihailidis A. A Mobile Phone App for the Self-Management of Pediatric Concussion:
Development and Usability Testing. JMIR Hum Factors 2019 May 31;6(2):e12135 [FREE Full text] [doi: 10.2196/12135]
[Medline: 31152527]
ISO 9241-210:2019: Ergonomics of human-system interaction — Part 210: Human-centred design for interactive systems.
ISO. 2019. URL: https://www.iso.org/standard/77520.html [accessed 2019-12-10]
Almeida AF, Rocha NP, Silva AG. Methodological Quality of Manuscripts Reporting on the Usability of Mobile Applications
for Pain Assessment and Management: A Systematic Review. Int J Environ Res Public Health 2020 Jan 27;17(3):785
[FREE Full text] [doi: 10.3390/ijerph17030785] [Medline: 32012674]
Streiner D, Norman GR. Health Measurement Scales: A Practical Guide to Their Development and Use. 4th edition. Oxford:
Oxford University Press; 2008.
Edwards RR, Dworkin RH, Turk DC, Angst MS, Dionne R, Freeman R, et al. Patient phenotyping in clinical trials of
chronic pain treatments: IMMPACT recommendations. Pain 2016 Sep;157(9):1851-1871 [FREE Full text] [doi:
10.1097/j.pain.0000000000000602] [Medline: 27152687]
Bedson J, Hill J, White D, Chen Y, Wathall S, Dent S, et al. Development and validation of a pain monitoring app for
patients with musculoskeletal conditions (The Keele pain recorder feasibility study). BMC Med Inform Decis Mak 2019
Jan 25;19(1):24 [FREE Full text] [doi: 10.1186/s12911-019-0741-z] [Medline: 30683106]
Suso-Ribera C, Castilla D, Zaragozá I, Ribera-Canudas MV, Botella C, García-Palacios A. Validity, Reliability, Feasibility,
and Usefulness of Pain Monitor: A Multidimensional Smartphone App for Daily Monitoring of Adults With Heterogenous
Chronic Pain. Clin J Pain 2018 Oct;34(10):900-908. [doi: 10.1097/AJP.0000000000000618] [Medline: 29659375]
Cleeland CS, Ryan KM. Pain assessment: global use of the Brief Pain Inventory. Ann Acad Med Singap 1994
Mar;23(2):129-138. [Medline: 8080219]
Ferreira-Valente MA, Pais-Ribeiro JL, Jensen MP. Further Validation of a Portuguese Version of the Brief Pain Inventory
Interference Scale. Clín Salud 2012;23(1):89-96. [doi: 10.5093/cl2012a6]

https://mhealth.jmir.org/2021/5/e25316

XSL• FO
RenderX

Lopes et al

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 5 | e25316 | p. 16
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
27.

28.

29.

30.

31.
32.
33.
34.

35.
36.
37.
38.

39.

40.

41.
42.
43.

44.
45.
46.
47.

48.

49.

Freynhagen R, Baron R, Gockel U, Tölle TR. painDETECT: a new screening questionnaire to identify neuropathic
components in patients with back pain. Curr Med Res Opin 2006 Oct;22(10):1911-1920. [doi: 10.1185/030079906X132488]
[Medline: 17022849]
Lutz J, Gross R, Long D, Cox S. Predicting Risk for Opioid Misuse in Chronic Pain with a Single-Item Measure of
Catastrophic Thinking. J Am Board Fam Med 2017;30(6):828-831 [FREE Full text] [doi: 10.3122/jabfm.2017.06.170124]
[Medline: 29180559]
Verwoerd AJH, Luijsterburg PAJ, Timman R, Koes BW, Verhagen AP. A single question was as predictive of outcome
as the Tampa Scale for Kinesiophobia in people with sciatica: an observational study. J Physiother 2012;58(4):249-254
[FREE Full text] [doi: 10.1016/S1836-9553(12)70126-1] [Medline: 23177227]
Saunders B, Sim J, Kingstone T, Baker S, Waterfield J, Bartlam B, et al. Saturation in qualitative research: exploring its
conceptualization and operationalization. Qual Quant 2018;52(4):1893-1907 [FREE Full text] [doi:
10.1007/s11135-017-0574-8] [Medline: 29937585]
Walter SD, Eliasziw M, Donner A. Sample size and optimal designs for reliability studies. Stat Med 1998 Jan
15;17(1):101-110. [doi: 10.1002/(sici)1097-0258(19980115)17:1<101::aid-sim727>3.0.co;2-e] [Medline: 9463853]
Lopes J, Patto T, Serra S. Questionários sobre Dor Crónica. Dor 2007;15(4):38-39.
Sullivan MJL, Bishop SR, Pivik J. The Pain Catastrophizing Scale: Development and validation. Psychol Assess
1995;7(4):524-532. [doi: 10.1037/1040-3590.7.4.524]
Parkerson HA, Noel M, Pagé MG, Fuss S, Katz J, Asmundson GJG. Factorial validity of the English-language version of
the Pain Catastrophizing Scale--child version. J Pain 2013 Nov;14(11):1383-1389. [doi: 10.1016/j.jpain.2013.06.004]
[Medline: 24012382]
Sullivan MJL, Adams H, Sullivan ME. Communicative dimensions of pain catastrophizing: social cueing effects on pain
behaviour and coping. Pain 2004 Feb;107(3):220-226. [doi: 10.1016/j.pain.2003.11.003] [Medline: 14736584]
Cordeiro N, Pezarat-Correia P, Gil J, Cabri J. Portuguese Language Version of the Tampa Scale for Kinesiophobia [13
Items]. J Musculoskelet Pain 2013 Apr 29;21(1):58-63. [doi: 10.3109/10582452.2012.762966]
Poquet N, Lin C. The Brief Pain Inventory (BPI). J Physiother 2016 Jan;62(1):52 [FREE Full text] [doi:
10.1016/j.jphys.2015.07.001] [Medline: 26303366]
Tampin B, Bohne T, Callan M, Kvia M, Melsom Myhre A, Neoh EC, et al. Reliability of the English version of the
painDETECT questionnaire. Curr Med Res Opin 2017 Apr;33(4):741-748. [doi: 10.1080/03007995.2017.1278682] [Medline:
28161985]
Rosa A, Martins A, Costa V, Queirós A, Silva A, Rocha N. European Portuguese validation of the Post-Study System
Usability Questionnaire (PSSUQ). 2015 Presented at: 10th Iberian Conference on Information Systems and Technologies,
CISTI. Institute of Electrical and Electronics Engineers Inc; 2015; Aveiro p. 1-5. [doi: 10.1109/cisti.2015.7170431]
Mokkink LB, de Vet HCW, Prinsen CAC, Patrick DL, Alonso J, Bouter LM, et al. COSMIN Risk of Bias checklist for
systematic reviews of Patient-Reported Outcome Measures. Qual Life Res 2018 May;27(5):1171-1179 [FREE Full text]
[doi: 10.1007/s11136-017-1765-4] [Medline: 29260445]
Cohen J. Statistical Power Analysis for the Behavioral Sciences. New York: Lawrence Erlbaum Associates; 1998.
Book Review. Foundations of Clinical Research: Applications to Practice. Surv Ophthalmol 2002 Nov;47(6):598. [doi:
10.1016/s0039-6257(02)00362-4]
Donoghue D, Physiotherapy ResearchOlder People (PROP) group, Stokes EK. How much change is true change? The
minimum detectable change of the Berg Balance Scale in elderly people. J Rehabil Med 2009 Apr;41(5):343-346 [FREE
Full text] [doi: 10.2340/16501977-0337] [Medline: 19363567]
Altman D, Bland J. Measurement in Medicine: The Analysis of Method Comparison Studies. Journal of the Royal Statistical
Society. Series D (The Statistician) 1983;32:307-317.
Fillingim RB, Loeser JD, Baron R, Edwards RR. Assessment of Chronic Pain: Domains, Methods, and Mechanisms. J Pain
2016 Sep;17(9 Suppl):T10-T20 [FREE Full text] [doi: 10.1016/j.jpain.2015.08.010] [Medline: 27586827]
User-Centered Design Basics. usability.gov. URL: https://www.usability.gov/what-and-why/user-centered-design.html
[accessed 2020-01-10]
Silva AG, Simões P, Santos R, Queirós A, Rocha NP, Rodrigues M. A Scale to Assess the Methodological Quality of
Studies Assessing Usability of Electronic Health Products and Services: Delphi Study Followed by Validity and Reliability
Testing. J Med Internet Res 2019 Nov 15;21(11):e14829 [FREE Full text] [doi: 10.2196/14829] [Medline: 31730036]
Devan H, Farmery D, Peebles L, Grainger R. Evaluation of Self-Management Support Functions in Apps for People With
Persistent Pain: Systematic Review. JMIR Mhealth Uhealth 2019 Feb 12;7(2):e13080 [FREE Full text] [doi: 10.2196/13080]
[Medline: 30747715]
Lalloo C, Jibb LA, Rivera J, Agarwal A, Stinson JN. "There's a Pain App for That": Review of Patient-targeted Smartphone
Applications for Pain Management. Clin J Pain 2015 Jun;31(6):557-563. [doi: 10.1097/AJP.0000000000000171] [Medline:
25370138]

https://mhealth.jmir.org/2021/5/e25316

XSL• FO
RenderX

Lopes et al

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 5 | e25316 | p. 17
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH

Lopes et al

Abbreviations
ICC: intraclass correlation coefficient
IMMPACT: Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials
MDD: minimal detectable difference
MDD95: minimal detectable difference with a confidence level of 95%
mHealth: mobile health
SEM: standard error of measurement

Edited by L Buis; submitted 27.10.20; peer-reviewed by T Alessa, I Schiering; comments to author 02.12.20; revised version received
21.12.20; accepted 08.03.21; published 14.05.21
Please cite as:
Lopes F, Rodrigues M, Silva AG
User-Centered Development of a Mobile App for Biopsychosocial Pain Assessment in Adults: Usability, Reliability, and Validity Study
JMIR Mhealth Uhealth 2021;9(5):e25316
URL: https://mhealth.jmir.org/2021/5/e25316
doi: 10.2196/25316
PMID:

©Filipa Lopes, Mário Rodrigues, Anabela G Silva. Originally published in JMIR mHealth and uHealth (https://mhealth.jmir.org),
14.05.2021. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR mHealth and uHealth, is properly cited. The complete bibliographic information,
a link to the original publication on https://mhealth.jmir.org/, as well as this copyright and license information must be included.

https://mhealth.jmir.org/2021/5/e25316

XSL• FO
RenderX

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 5 | e25316 | p. 18
(page number not for citation purposes)

