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Abstract
Objectives:Objectives: The use of animated cartoons for pain management is an emerging area, however, in no study has it been explored 
as a digital platform for the rehabilitation of low-back pain (LBP). This study was aimed to develop and evaluate the feasibil-
ity of an animated cartoon-based self-care (ACBSC) app for LBP, and to examine the correlation between the app rating pa-
rameters and patients’ pain.
Methods:Methods: This 2-phase study comprised development and feasibility testing components. Development of the ACBSC app was 
based on Mckenzie’s Mechanical Diagnosis and Therapy (MDT) extension protocol plus back hygiene following standard it-
eration and prototyping process. Twenty-eight consecutive patients with chronic non-specific LBP with ‘direction Preference’ 
for extension based on the MDT screening algorithm participated in the feasibility phase. The participants utilised the car-
toon-based app thrice weekly for 2 weeks. Outcomes were assessed in terms of usability, satisfaction and user experience ap-
plying the system usability and mobile application rating scales. The Quadruple Visual Analogue Scale (QVAS) was used to as-
sess the participants’ pain intensity.
Results:Results: On a unified scale up to 20, functionality (15.4 ± 2.41) and aesthetics 14 ± 2.00 had highest and least objective qual-
ity rating on the app parameters. Total objective and subjective quality rating of the app was 16.9 ± 1.97 and 15.6 ± 2.42, 
respectively. The total impact and usability scores were 24.1 ± 3.39 (out of 30) and 27.8 ± 3.09 (out of 50). Participants re-
ported that the cartoon app for back care mostly affected mindfulness/meditation/relaxation (42.9%), increasing happiness/
well-being (46.4%), leading to behavioural changes (60.7%), while targeting physical health (100%). There was no significant 
correlation between participants’ pain characteristics and app rating parameters (p>0.05).
Conclusion:Conclusion: The animated cartoon-based self-care LBP app has moderate to high usability, functionality, aesthetics and quali-
ty rating, and may serve as an effective mobile-app for self-management of long-term LBP.
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Streszczenie
Cele:Cele: Wykorzystanie animowanych kreskówek to rozwijający się obszar w leczeniu bólu, jednak żadne badanie nie analizowa-
ło go jako cyfrowej platformy do rehabilitacji bólu w dolnym odcinku kręgosłupa (ang. low-back pain – LBP). Badanie to mia-
ło na celu opracowanie i ocenę wykonalności aplikacji do samoopieki opartej na animowanych kreskówkach (ang. Animated 
Cartoon-Based Self-Care – ACBSC) dla LBP oraz zbadanie korelacji pomiędzy poszczególnymi parametrami aplikacji a bólem 
odczuwanym przez pacjentów.
Metody:Metody: To dwufazowe badanie obejmowało komponenty opracowania i testowania. Rozwój aplikacji ACBSC oparto na pro-
tokole Rozciągania Metodą Mechanicznej Diagnozy i Terapii Mckenzie’a (ang. Mechanical Diagnosis and Therapy – MDT), 
oraz higienie pleców po standardowym procesie iteracji i prototypowania. Do fazy wykonalności włączono 28 kolejnych pa-
cjentów z przewlekłym, niespecyficznym LBP z „preferencją kierunku” do rozciągania w oparciu o algorytm przesiewowy 
MDT. Uczestnicy korzystali z aplikacji opartej na kreskówkach 3 razy w tygodniu przez dwa tygodnie. Wyniki zostały oce-
nione pod kątem użyteczności, satysfakcji i doświadczenia użytkownika za pomocą skali użyteczności systemu oraz skali ocen 
aplikacji mobilnych. Do oceny natężenia bólu uczestników zastosowano poczwórną wizualną skalę analogową (ang. Quadru-
ple Visual Analogue Scale - QVAS).
Wyniki:Wyniki: Na ujednoliconej skali do 20, funkcjonalność (15,4 ± 2,41) i estetyka (14 ± 2,00) miały najwyższą i najmniej obiek-
tywną ocenę jakości parametrów aplikacji. Całkowita obiektywna i subiektywna ocena jakości aplikacji wyniosła odpowied-
nio 16,9 ± 1,97 i 15,6 ± 2,42. Całkowity wynik oceny wpływu i użyteczności wyniósł 24,1 ± 3,39 (na 30) i 27,8 ± 3,09 (na 
50). Uczestnicy zgłaszali, że aplikacja do pielęgnacji pleców wpływa głównie na uważność/medytację/relaks (42,9%), zwiększa 
uczucie szczęścia/dobrego samopoczucia (46,4%), prowadzi do zmian zachowania (60,7%) i jest ukierunkowana na zdrowie fi-
zyczne (100%). Nie było istotnej korelacji między charakterystyką bólu uczestników a parametrami oceny aplikacji (p>0,05).
Wnioski:Wnioski: Animowana, oparta na kreskówce aplikacja do samoopieki LBP ma umiarkowaną lub wysoką użyteczność, funkcjo-
nalność, estetykę i ocenę jakości oraz może służyć jako skuteczna aplikacja mobilna do samodzielnego radzenia sobie z długo-
terminowym LBP.

BACKGROUND

Mobile technology plays an effective 
role in improving patients’ involve-
ment in areas outside the hospital 
or clinic environment, and in facili-
tation of self-care in chronic pain1,2. 
The advent of these technologies has 
led to a positive revolution in health 
information sharing on self-manage-
ment and how patients can improve 
their quality of life3,4. Consequent-
ly, there is a proliferation of apps for 
pain management and they come in 
different modes depending on the 
technology5-7. However, there is still 
an apparent mismatch between the 
numbers of pain apps and studies re-
porting on their usefulness2. 

Among the plenitude of apps for 
pain relief, only a minority of them 
are useful to patients because most 
apps were designed mainly to ob-
tain information and less for behav-
ioural health interventions8. The self-
care health apps with pain manage-
ment guidance are more useful to the 
patients with chronic pain than those 
focused on information sharing8. In 
emerging reports, it has been indicat-
ed that cartoon or animation-based 
apps may serve as a viable motivator 
and/or guidance for function recov-
ery in patient rehabilitation9, as well 
as a pain distracter, thus, reducing the 

behavioral responses to pain10-12. To 
date, there is an apparent dearth of 
animated cartoon apps for the man-
agment of low-back pain (LBP). 

Low-back pain is a significant glob-
al public health challenge13, and 
it has maintained a defiant stance 
against most known interventions14. 
Nonetheless, in several studies, exer-
cise has been recommended as a key 
physical therapy approach for chron-
ic (i.e. long-term) LBP15-18. While 
there is no agreement on the most 
efficacious type of exercise, the Mc-
Kenzie exercises are among the most 
commonly used type of physical ther-
apy for long-term LBP in some claims 
with substantial data on its effective-
ness19,20. Characteristically, the Mc-
Kenzie approach has the potential 
advantage of encouraging self-help21, 
however, appropriate implementa-
tion and positive outcomes from this 
approach are strongly dependent on 
having specialised training in Mcken-
zie’s Mechanical Diagnosis and Ther-
apy (MDT)19,22. 

There is an inherent problem of ac-
cess to MDT owing to a lack of skills 
in techniques, geographical inaccessi-
bility and shortage of services in rural 
and remote areas23, therefore, imple-
menting the MDT through a mobile-
phone-based digital platform applica-
tion with an animated cartoon back-

ground may help solve this problem. 
The digital platform, which ensures 
better continous therapy and coping 
strategies in chronic pain24, may help 
bridge the gap in the non-availability 
of faculties, especially for MDT. Al-
though it has been stated in reports 
that digital interventions hold poten-
tial in supporting the self-manage-
ment of LBP, little is known about 
their content, delivery and bene-
fits25, thus, inviting the need to ex-
plore different digital platforms that 
will enhance the self-management of 
LBP. Currently, the use of animated 
cartoons for pain management is an 
emerging area. To the knowledge of 
the researchers, there is no known 
study in which animated cartoons 
for LBP rehabilitation have been ex-
plored. The over-arching objective of 
this study was to develop and evalu-
ate the feasibility of an animated car-
toon-based self-care (ACBSC) app for 
LBP, and to examine the correlation 
between the app rating parameters 
and patients’ pain. 

MATERIALS AND METHODS

This 2-phase study comprised devel-
opment and feasibility testing com-
ponents. Development of the ACBSC 
app was based on Mckenzie’s MDT 



Medical Rehabilitation / Rehabilitacja Medyczna (Med Rehabil) 2021, 25 (2): 15-22  DOI: 10.5604/01.3001.0015.2527  eISSN 1896–3250  © AWF Krakow

17

extension protocol plus back hygiene. 
The development of the ACBSC fol-
lowed a 12-step iteration and proto-
typing process described by Naji26. 
• Step 1: Defining the goal of the 

app – To develop an animated car-
toon-based mobile app that in-
corporates visual guidance in the 
management of chronic LBP.

• Step 2: Wire framing with IT ex-
perts and clinicians – The key 
functionalities of the proposed an-
imated cartoon-based mobile app 
was drafted on paper, followed by 
digitalising the functionalities and 
wire framing it in a prototyping 
tool.

• Step 3: Learning from a number 
of already existing apps – A num-
ber of related apps for chronic 
pain management on app stores 
and the Google play store were re-
viewed to evaluate their strengths 
and weaknesses.

• Step 4: Story-mapping and gath-
ering requirements – This step re-
quires visualisation of the solution 
to the problem identified in ‘Step 1’.

• Step 5: Defining user scenarios – 
This step involves finding out if 
the app is working as envisioned 
by the developer or meeting the 
client’s/patient’s needs.

• Step 6: Update requirements – 
This step concerns testing the app 
to identify problems or to make 
new inclusions or fields.

• Step 7: Building a high fidelity 
prototype by incorporating stake-
holders’ comments – At this stage, 
realistic animations and transi-
tions were added to the existing 
wireframe to show potential inter-
actions and test the previously hy-
pothesised scenarios.

• Step 8: User testing of prototype 
on various mobile systems – User 
testing of the prototype is de-
scribed as the foundation of mak-
ing a good mobile app. This test-
ing uncovers bugs and allows to 
highlight redundant design ele-
ments that may have been hidden 
during the design process.

• Step 9: Validation requirements – 
At this stage, iterative prototype 
of the app is checked with service 
providers and users before moving 
on to code.

• Step 10: Laying the foundations 
for the app – At this stage, the 
groundwork for the developed 
app is laid by the developer.

• Step 11: Building the user inter-
face skins and cycle feedback – 
Based on feedback from stake-
holders during testing, the proto-
type screens are transferred into 
high-fidelity skins.

• Step 12: User testing – At this 
stage, the app development is fi-
nalised and it is transitioned from 
a dummy to a fully functional app 
with polished user interface ele-
ments. 

Components of the Smartphone ap-
plication include information and 
guides on extension exercise proto-
cols in the McKenzie method: (1) Ex-
tension lying prone (Fig 1), (2) Exten-
sion in prone on elbow (Fig 2), Exten-

sion in prone lying on hand (Figure 3), 
and Extension in standing (Figure 4).

Twenty-eight consecutive patients 
with chronic non-specific LBP indi-
cating 'direction preference’ for ex-
tension, based on the MDT screen-
ing algorithm, participated in the 
feasibility phase. The participants 
were patients attending the Physio-
therapy Department of the Obafemi 
Awolowo University Teaching Hospi-
tal Complex (OAUTHC), Ile Ife, Ni-
geria. Eligibility for inclusion includ-
ed being diagnosed with non-specif-
ic LBP at least 3 months prior to re-
search, having direction preference 
for extension, and having the abil-
ity to comprehend and use the mo-
bile software app. The excluded pa-
tients were those with serious spi-
nal pathologies or any obvious spi-
nal deformities or neurological dis-

Figure 1
Open user interface

Figure 2
Exercise 1 – Relaxation position
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trition, 20% of N was added, yield-
ing a total sample of 22. However, 28 
patients with non-specific long-term 
LBP participated in this study. 

Instruments

1. Animated cartoon-based self-care 
app that was developed on the ba-
sis of McKenzie’s MDT extension 
exercises.

2. Smart phone or android phone with 
4.0 Operating System was required 
for the installation of the app.

3. System Usability Scale (SUS) – This 
was used to assess user experience 
in terms of engagement, satisfac-
tion, level of motivation and com-
plexity of the ACBSC app for LBP. 
ISO 9241-210 defines user’s expe-
rience as “a person’s perceptions 
and responses that result from the 
use or anticipated use of a prod-
uct, system or service. The SUS pre-
sented 10 statements about the per-
ceived usability of the application28. 
On a scale from 0-4, patients could 
indicate to what extent the present-
ed statements were true for them. 

4. Mobile App Rating Scale (MARS) 
– This is a reliable multidimension-
al scale for classifying and rating the 
information quality of a mobile app. 
This scale was employed to rate the 
ACBSC. The 23-item MARS con-
tains 4 objective quality subscales – 
engagement, functionality, aesthet-
ics and information quality, as well 
as a subjective quality rating.

5. The Quadruple Visual Analogue 
Scale (QVAS) – This scale was used 
to evaluate pain intensity expe-
rienced by the participants at the 
time of assessment, typical or aver-
age pain, pain at its best and worst, 
respectively. The scale has been re-
ported to have good validity and 
reliability29. The scores from the 
subscales are averaged and then 
multiplied by 10 to yield a score 
from 0 to 100.

Procedures

Ethical approval for the study was 
obtained from the Health Research 
Ethics Committee of the Institute of 

Figure 3
Extension in prone lying elbow 900 flexion

Figure 4
Extension in prone lying elbow fully extended

Figure 5
Extension in standing

ease, who were pregnant or have had 
previous back surgery, and those who 
were not literate in the English lan-
guage (as the app was only available 
in English).

Using the Cohen27 table (effect size 
0.05 and power of 0.05), a minimum 
of 18 participants was deemed suffi-
cient. In order to accommodate for 
possible refusal to participate or at-
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Public Health, Obafemi Awolowo 
University, Ile-Ife, Nigeria. Consent 
was obtained from each participant. 
The subjects performed the therapeu-
tic activities in the ACBSC app. The 
protocol involved a course of specif-
ic lumbosacral repeated movements 
in extension that cause the symptoms 
to centralise, decrease or abolish30. 
The extension activities include: “Ex-
tension lying prone”, “Extension in 
prone”, and “Extension in standing”: 
repeated up to 10 times30,31. The de-
tails of the protocol have been de-
scribed elsewhere32. 

Using the single-group repeated 
measures approach, the outcomes of 
the app’s feasibility testing were as-
sessed in terms of usability, satisfac-
tion and user experience on the sys-
tem usability and mobile application 
rating scales after using the app thrice 
weekly for 2 weeks. This was in tan-
dem with previous studies on feasi-
bility testing of apps, where 7 to 14 
days were used as a test window33. 
The QVAS was also implemented to 
assess the participants’ pain intensity 
pre- and post- CBSC app usage.

Data Analysis

Descriptive statistics of frequency 
mean and standard deviation were 
used to summarise the data. Inferen-
tial statistics of the paired t-test were 
used to compare pre- and post-ACB-
SC app usage outcomes. Pearson’s 
product-moment correlation coeffi-
cient analysis was applied to test the 
correlation between app rating pa-
rameters and patients’ pain. The al-
pha level was set at p<0.05. The data 
analyses were carried out using the 
SPSS 160 software (SPSS Inc., Chica-
go, Illinois, USA).

RESULTS

The mean age, height, weight and BMI 
of the participants were 44.6±17.3 
years, 1.68 ±0.09 m, 70.9 ± 13.7 Kg, 
and 25.1 ± 4.59 Kg/m2, respectively. 
The pain characteristics of the partic-
ipants are presented on the basis of 
the QVAS. The total pain score of 
the participants yielded a mean score 
of 5.48 ± 1.59 (Table 1). App quali-

ty rating score for the animated car-
toon-based self-care app is present-
ed in Table 2. The total app quality 
mean score and app subjective quali-
ty mean score were 16.9 ± 1.97 out 
of 22.5 and 15.6 ± 2.42 out of 20. 

The mean scores and frequency 
distribution with regard to perceived 
impact of the ACBSC app on user 
knowledge, attitudes, intentions and 
behavioural changes on the signifi-
cance of extension movements are 
presented in Tables 3 and 4 respec-
tively. The total mean score was24.1 
± 3.39 out of 30. The results allow 
to indicate that the app mostly led to 
increased rates of help-seeking and 
behavioural changes (78.6%), inten-
tion to change (78.5%), on the im-
portance of extension movement of 
the back in LBP. Responses on per-
ception in the area of focus of the 
app are presented in Table 5. From 
the result, the participants stated that 
the app influenced mindfulness/med-
itation/relaxation (42.9%), increased 
happiness/well-being (46.4%), led to 
behavioural changes (60.7%) and tar-
geted physical health (100%). 

Table 1

General physical and pain characteristics of all the participants (n=28)
Variable Physical characteristics Pain characteristics (x

_
   ± SD)

Minimum Maximum x
_
   ± SD

Age [y] 20.0 68.0 44.6 ± 17.3 Current pain 5.07 ± 2.05

Height [m] 1.48 1.88 1.68 ± 0.09 Average pain 4.68 ± 1.42

Weight [Kg] 54.0 120 70.9 ± 13.7 Best pain 3.39 ± 1.89

BMI [Kg/m2] 17.4 39.2 25.1 ± 4.59 Worst pain 6.86 ± 1.80

Total QVAS 5.48 ± 1.59

BMI – Body Mass Index; x
_
  – Mean; SD – Standard deviation; QVAS – Quadruple Visual Analogue Scale

Table 2
App quality rating score for animated cartoon-based self-care app

Sectio n Participants’ mean scores

(x
_
   ± SD) Total scale score

App quality scores

Engagement 19.0±2.86 25

Functionality 15.4±2.41 20

Aesthetics 10.5±2.00 15

Information 22.8±2.79 30

Total App Quality Mean Score 16.9±1.97 22.5

Subjective quality rating

App subjective quality mean score 15.6±2.42 20

x
_
  – Mean; SD – Standard deviation
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 Table 3
Perceived impact of the app regarding user knowledge, attitudes, intentions and behavioural changes on signifi-
cance of extension movement (n=28)

Section Minimum Minimum Participants’ mean scores
(x
_
   ± SD)

Awareness 3 5 3.75 ± 0.75

Knowledge 3 5 3.86 ± 0.76

Attitudes 3 5 3.89 ± 0.88

Intention to change 3 5 4.11 ± 0.74

Help-seeking 3 5 4.21 ± 0.79

Behavioural changes 3 5 4.29 ± 0.81

Total mean score 18 30 24.1 ± 3.39

x
_
  – Mean; SD – Standard Deviation

 Table 4
Frequency distribution regarding perceived impact of the app on user knowledge, attitudes, intentions and beha-
viour changes on significance of extension movement (n=28)

Section Strongly disagree
n (%)

Disagree
n (%)

Neutral
n (%)

Agree
n (%)

Strongly agree
n (%)

Awareness 0(0) 0(0) 12(42.9) 11(39.3) 5(17.9)

Knowledge 0(0) 0(0) 10(35.7) 12(42.9) 6(21.4)

Attitudes 0(0) 0(0) 12(42.9) 7(25.0) 9(32.1)

Intention to change 0(0) 0(0) 6(21.4) 13(46.4) 9(32.1)

Help-seeking 0(0) 0(0) 6(21.4) 10(35.7) 12(42.9)

Behavioural changes 0(0) 0(0) 6(21.4) 6(28.6) 14(50.0)

% – percentage

Table 5
Frequency distribution  responses on area of app focus App (n=28)

Target Yes
n (%)

No
n (%)

Increasing happiness/well-being 13 (46.4) 15 (53.6)

Mindfulness/meditation/relaxation 12 (42.9) 16 (57.1)

Reducing negative impression 0 (0) 28 (100)

Depression 0 (0) 28 (100)

Anxiety/stress 0 (0) 28 (100)

Anger 0 (0) 28 (100)

Behavioural changes 17 (60.7) 11 (39.3)

Alcohol/substance use 0 (0) = 10 (35.7) 18 (64.3)

Relationships 0 (0) 28 (100)

Physical health 28 (100) 0 (0)

Other 4 (14.3) 24 (85.7)

The mean score for app rating was 
3.61 ± 0.83 (out of 5 in total). The 
app usability score was 27.8 ± 3.09 
(out of 33). Based on the System Us-
ability Scale comprising 10 state-
ments about application usage, the 
mean score was 27.8 ± 3.09 out of 
50, and frequent usability of app 

(82.1%), integration of app function 
(64.3%), and ease of use (60.7%) 
were mostly positively rated. The 
correlation of the participants’ pain 
scores and app quality rating scores 
is presented in Table 6. The corre-
lation co-efficient between the to-
tal app quality score and initial and 

post intervention QVAS was 0.337 
(0.080) and 0.352 (0.066), respec-
tively. Also, the app subjective qual-
ity scores and initial and post-trial 
QVAS were 0.262 (0.178) and 0.313 
(0.105), respectively. There was no 
significant correlation between app 
rating parameters and pain charac-
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 Table 6
Correlation between app rating scores and patients’ pain characteristics pre- and post- ACBSC app use
Total pain rating score

Section Pre
r (p)

Post
r (p)

Objective quality rating

Engagement 0.0956 (0.630) 0.195 (0.320)

Functionality 0.297 (0.125) 0.323 (0.094)

Aesthetics 0.200 (0.306) 0.146 (0.457)

Information 0.243 (0.214) 0.300 (0.120)

App Quality Score 0.337(0.080) 0.352 (0.066)

Subjective quality rating

App subjective quality score 0.262 (0.178) 0.313 (0.105)

teristics (p>0.05). The correlation 
co-efficient between the total app 
quality score and participant’s app 
rating was 0.55 (0.002). There was 
a significant correlation between the 
total app quality score and the par-
ticipant’s app rating (p<0.05). 

DISCUSSION

In this study, the feasibility of the 
ACBSC app, built on the principles 
of the McKenzie MDT extension ex-
ercises plus back hygiene education, 
was developed and tested. The devel-
opment of the ACBSC app followed 
12-step technological stereotypes, as 
described by Naji26. Video-staging 
was used as the template for cartoon 
animation development in this tri-
al. For feasibility testing of the app, 
a minimum of 6 sessions over a 14-
day period was deemed sufficient to 
elicit users’ experience. This was in 
tandem with previous studies on fea-
sibility testing of apps, where 7 to 14 
days were used as a test window33.

Based on the MARS subscale and 
total scores in this study, the ACB-
SC app obtained a good to satisfac-
tory rating that is comparable with 
Lower Back Pain App-V2.2, 3 Steps 
to Cure Back Pain-V1.1 and Back-
ache-V2.0.6, which are among the 
most popularly and positively rated 
apps for the self-management of LBP, 
based on their being interesting, en-
tertaining, interactive and customisa-
ble, as well as having a high level of 
visual appeal and content25. Similar 
to the ACBSC app, the Lower Back 

Pain App-V2.2, 3 Steps to Cure Back 
Pain-V1.1 and Backache-V2.0.6 apps 
were based on biomechanical exer-
cises (e.g. strengthening, stretching, 
core stability or McKenzie exercises).

Zhao et al.34 suggests the need to 
assess the quality and effectiveness of 
apps as a requirement to know their 
usefulness for behavioural changes in 
health. Findings regarding the per-
ceived impact of the ACBSC app on 
likelihood of change in the target-
ed health behaviour shows that the 
app mostly led to an increase rate in 
help-seeking and behavioural change, 
intention to change, and the impor-
tance of extension movement of the 
back in LBP. These results indicate that 
the ACBSC app can serve as a viable 
mean to impact health behaviour34. 
These perceived effects should be fur-
ther investigated since 2 weeks may 
not be sufficient to demonstrate chang-
es in many of these variables. It is suf-
fice to say that 2 weeks were adequate 
to assess the feasibility of a new tool, 
which was the primary focus of this 
study. Furthermore, frequent usabili-
ty of the app, integration of app func-
tion and ease of use are the most high-
ly rated on the usability scale. These 
findings are consistent with users’ rat-
ing of apps in feasibility studies for the 
majority of apps perceived as good33. 
Moreover, the ACBSC app total qual-
ity score and pain intensity were not 
significantly correlated. Thus, the usa-
bility of the app seems not to be predi-
cated based on the level of pain experi-
enced by the patients. It is implied that 
the worst or best pain scenarios do not 
affect the use of the app. 

CONCLUSIONS

The animated cartoon-based self-care 
LBP app has moderate to high usabil-
ity, functionality, aesthetics and qual-
ity rating, and may serve as an effec-
tive mobile-app for self-management 
in long-term LBP.
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