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Abstract

:

Low back pain is a leading cause of disability worldwide, putting a significant strain on individual sufferers, their families, and the economy as a whole. It has a significant economic impact on the global economy because of the costs associated with healthcare, lost productivity, activity limitation, and work absence. Self-management, education, and adopting healthy lifestyle behaviors, such as increasing physical activity, are all widely recommended treatments. Access to services provided by healthcare professionals who provide these treatments can be limited and costly. This evaluation study focuses on the application of the MyRelief serious game, with the goal of addressing such challenges by providing an accessible, interactive, and fun platform that incorporates self-management, behavior change strategies, and educational information consistent with recommendations for managing low-back pain, based on self-assessment models implemented through ontology-based mechanics. Functional disability measured using the Oswestry Disability Questionnaire showed the statistically significant (p < 0.001) improvement in subjects’ self-evaluation of their health status. System Usability Scale (SUS) test score of 77.6 also suggests that the MyRelief serious game can potentially influence patient enablement.
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1. Introduction


Low back pain (LBP) is a common problem, affecting around one in five people at some time in their life [1], it is prevalent in low, middle and high income countries and has been ranked as one of the leading causes of years lost to disability, according to measured number of healthy life years lost as a result of illness, comparing the relative effect of risk factors [2], as well as tracking public health over time [3]. Healthcare usage and costs associated with LBP vary across countries, however, there is a general consensus that the prevalence of LBP is likely to increase as populations continue to age. Therefore, it is not surprising that there have been calls for increased research efforts to help address the burden of LBP [4]. Accessible and scalable interventions are attractive as these forms of intervention may encourage wider participation and potentially minimise costs associated with other forms of healthcare interventions [5]. Clinical guidelines for the management of LBP consistently recommend that efforts are made to support self-management, to provide education, to encourage resumption of normal activities including return to work and to support engagement in physical activity and exercise. However, the burden of LBP continues to rise and despite increased spending and research in this area, there appear to be no significant improvements in outcomes or prevalence. Clinical guidelines are in place to support consistent best practice [6] and to reduce variation in care that an individual may receive but research suggests that clinical practice is not always in line with clinical guideline recommendations [7]. In recent years there has been an increase in the delivery and development of web-based interventions and in apps supporting self-management of LBP. The effectiveness of such interventions varies [4], but given the scale and costs associated with LBP, interventions that can be individually tailored, provide advice consistent with clinical guidelines that are potentially clinically effective, cost effective and capable of reaching large numbers of people, may be of considerable value. Clinical recommendations regularly urge self-management, which includes components such as greater education, symptom monitoring, and physical exercise, as cost-effective techniques for LBP management, and there is growing interest in the potential use of digital health [8].



Media applications are gradually playing a larger part in the field of physical therapy and psychotherapy as the digital age progresses [9]. While games and apps are still in the early stages of becoming established in the treatment of mental problems, testing with more familiar media such as serious games is still continuing strong. A serious game is one in which the purpose is both teaching [10,11] and behavior modification [12], as well as amusement. Serious games and dedicated apps have been shown to be a successful strategy used to support the self-management of a range of different health procedures [13] and conditions [14] including LBP. In terms of new technology, younger patients preferred visual and dynamic assistance that provided a fun and demanding setting as well as feedback on their performance. Patients who were somewhat older preferred the option of having their workouts coached. Patients expected that whatever tool was provided, they would learn how to use it in a supervised session and have their performance assessed on a regular basis by care professionals; they also expected that adherence would be addressed with them [15].



Gamified approaches have been demonstrated to relieve several types of acute pain, their impact on chronic pain is still in its early stages. Trost et al. [16] emphasize the importance of virtual reality (VR). VR gaming can be used to improve existing chronic pain therapies and examine the potential limitations of traditional VR interfaces in the context of chronic pain, according to researchers who claim that VR gaming can be used to improve existing chronic pain therapies and examine the potential limitations of traditional VR interfaces in the context of chronic pain (CP) [17]. Cryoslide [18], a VR game, was created to test its analgesic impact on chronic pain sufferers, the game’s ultimate users, in a clinical setting. Cryoslide considerably decreased felt pain when compared to the baseline and control groups, according to the authors. The findings show that Cryoslide can be utilized as an analgesic intervention for chronic pain treatment in order to reduce pain intensity during symptom spikes. Mbada et al. investigated the usefulness, satisfaction, and gaming experience of a Kinect Xbox controlled non-immersive back extension-glide VR game in patients with moderate severity chronic low-back pain [19]. The RabbitRun game [20] was created to be fun to play and learn, and the majority of participants were willing to play it at home. It was also shown to be capable of improving rehabilitation outcomes because patients with LBP can use the system at home and train for longer periods of time using a smartphone and a low-cost virtual reality device [21]. The recent findings of the study by Stamm et al. also shown a smilar trend that the VR application can reduce the pain intensity [22]. Thirteen people with chronic low back pain (cLBP) and significant pain-related fear participated in the quite recent study [23], which included six VR modules that provided incremental movement exposure across three sessions over a one-week period. The VR application was found to be feasible. Virtual dodgeball was found to be beneficial for increasing lumbar flexion both within and between gameplay sessions, according to Thomas et al. [24]. Participants expressed a very good opinion of the game, as well as no changes in medication use, discomfort, or handicap, as well as no negative side effects.



In contrast to the VR games, there are less research based traditional format games for managing the back pain, but these also continue to exhibit a promising trend. For persons with nonspecific low back pain, digital therapeutic care applications give a new effective and scalable strategy (LBP). Personalized decision-support treatments that enable the user in self-managing LBP are also driving digital therapeutic care applications, which may induce long-term behavior changes to lower the frequency and intensity of pain episodes.



Although serious games show promise, there are still many questions surrounding how these games should be developed, organised, and delivered [25], and as such there is a need for pragmatic evaluations to inform theory around the proposed mechanism by which the game works and the influence it has on patient outcomes. Furthermore, most existing applications require using expensive VR equipment which is often not available at a general household [22,26,27].



The main goal of our research was to investigate interactive approach aimed at improvement of knowledge and skills of working adults regarding evidence based strategies that can help individuals manage their low back pain. Therefore, in line with clinical guidelines, a MyRelief serious game was developed as a smartphone app to support knowledge acquisition regarding self-management strategies, and to support individuals in adopting behaviours that are more consistent with a better prognosis, with different modifiers identified, such as physical factors, psychological factors and socio-environmental factors [28]. This paper describes the content and development of the MyRelief game, and the results of an evaluation study conducted in Lithuania, over the autumn period of year 2020 (original) and 2021 (control).



Paper is structured as follows. Section 2 presents and discuses the challenge model of the MyRelief game, the knowledge transfer model, and describes their implementation as an app. Section 3 presents and describes the results. Section 4 presents discussion, and finally, Section 5 concludes the manuscript.




2. Materials and Methods


2.1. The Challenge Model


This section explains how the challenge model works that enables estimations of a player’s capacity and degree of challenge, enabling for the automatic provision of a suitable activity at an appropriate challenge to the players - is presented in this section. The challenge model of the MyRelief game is depicted in Figure 1. The serious game has to balance between the active gameplay (to stay involved) and knowledge transfer leading to a behavior change, through changing of self-assumed concepts, directing self-efficacy, developing physical and psychological capabilities as well as communications and social aspects. Active gameplay challenges the user in 3 main ways: first in modified MYMOP [29] based assessment of self-tracking symptoms and pain related issues. Then, second, physical activity monitoring (either through services like Strava or in-app entered data of physical activity). And most importantly, third, knowledge component, knowledge base of learning materials terraformed into interactive quizzes and handbook materials, in a cooperation with Udemy based MOOC on these issues [30].



The game motives users to continue by offering unlock points of various different characters, combat arenas, and themes enhancing the game experience. Role Model is a hero representing the avatar fighting the monster of pain, which can never be truly defeated, but can be made less scary or even friendly. Performance and feedback are closely related as the game represents a gain in knowledge and in a general pain management through travelling and combating pain monsters within the actual interaction with the user, thus providing enjoyment in learning.



Thus, the challenge model leads to increased coping with back pain by indirectly changing the behaviors of the player: Tracking physical activity might lead to more physical activity and possibly even workouts, better habits of healthy life, and a knowledge transfer model is needed to lead to better psychological handling and activities.




2.2. Knowledge Transfer Model


Knowledge transfer models (KTMs) are commonly used to model knowledge transfer in complex social collaborative processes such as teaching/learning process [31,32] and this section illustrates our adaptation. Figure 2 illustrates a KTM which was developed to boost the player’s (typically a mature worker) self-confidence in pain management and complement the knowledge in the MOOC related to back pain management (openly accessible with the game). The game starts in a close relation to MYMOP mechanism [29] to assist the user on setting goals and criteria leading to an advancement in managing the back pain. This KTM has built in knowledge assessment (game performance) evaluation mechanisms, closely related to learning activities, and depending on the user’s responses, can be categorized as adequate or insufficient levels of effectiveness in knowledge transfer. The model is designed to track the progress of learning and offer insights through an interactive scoring system.




2.3. Ontology Based Approach


To address the issue of semantic variety in data sources, this section explains models of representation with defined concepts and stated connections linking them, as we have adopted the ontology based approach for developing educational activities and systems [33]. The mechanics of the game were based on the ontology based scenarios depicted in Figure 3. Each person starts the game by setting his own personal objective—the baseline of pain-related issues as well as general physical activity levels. The game tries to survey the progress in weekly follow-ups as well as daily (or on each run) questionnaire (knowledge-based) mechanisms while combating the pain monster. This interactive assisted self-assessment method can quickly measure up and lead towards developing a healthier lifestyle and higher confidence towards back pain issues. Alternatively, in an inefficient case, the user can reset a progress and try a different path.



The ontology based approach can be categorized in three different levels. Level 1 depicted in Figure 4 explains the first stage of generalizing the initial knowledge of a learning phase. The app introduces objectives (what our user should be aiming to achieve), self-assessment criteria (what are the mechanisms, later on represented by character interaction as our avatar combats pain), and how will progress be measured (through the increase of scores and a number of pain monsters fought).



A second level approach explains a more complex running phase of a learning process. User creates an avatar and starts the flow of self-survey and knowledge assessment (see Figure 5). App allows triggering numerous knowledge assessment scenarios based on the knowledge base offered in MyRelief project’s MOOC in the Udemy platform [30]. Feedback is illustrated through successful (or not) combat with pain monsters which represent how efficiently a user was able to solve a given quiz task. In case of an incorrect answer a user might be directed to a brief description of a given topic in builtin handbook or more in depth materials in the mooc and relate it to current handling of back pain (based on MYMOP tracking mechanism) which also influence the game flow.



Third and final stage (see Figure 6) is geared towards assessing the effectiveness of knowledge comprehension. User might be offered to reset his progress or switch to a new series of game quizzes, better assessing his skills in a given set or even in a different topic to attract and keep the user within the game.




2.4. Logical Flow of The App


This section explains how the logic of the app was implemented. The implementation of the above ontology based knowledge transfer model is displayed in Figure 7. MyRelief serious game starts the workflow by displaying greeting messages and retrieving step count (from phone data, from online sources such as Strava or manually). This value is one of the common measures of a user’s physical activity and depending on the norm or deterioration from norm, it greets, encourages, and motivates our player. Furthermore, an interactive MYMOP based survey is launched to initiate or track user’s pain coping progress. In addition, the ontology-based knowledge assessment model is initiated and user knowledge and motivation is survey through generated questions with correct (or not) answers dictating game avatar’s performance in combat with pain monsters. Depending on player efficiency different sets of ontologies might be employed as was illustrated in Figure 4, Figure 5 and Figure 6.




2.5. Evaluation of Functional Disability


Functional disability is measured by the Oswestry Disability Questionnaire (ODI) [34], following the guidelines on the low back pain scenario [35,36]. The ODI is made up of ten components, each with six levels (with a maximum score of five points in each area) that measure a person’s limits in various everyday tasks. The total potential score is divided by the sum of all 10 parts, and the result is multiplied by 100 to produce a percentage score. The scale runs from 0 (best health status) to 100 (worst health state), with chronic back pain individuals scoring 43% on average. For an individual patient, a minimum significant shift of 10–12 points over time or a 20–30% improvement from baseline has been advised.



The patient’s ability to understand and cope with LBP and life following the use of the Serious game is measured with an adapted version of the Patient Enablement Instrument (PEI) [37], following the guidelines of best practices in back pain [38,39].




2.6. Statistical Analysis


For statistical analysis, the Games-Howell test is used to compare all conceivable combinations of group differences, when the assumption of homogeneity of variances is not supported. This post hoc test calculates confidence intervals for group mean differences and determines if they are statistically significant. The test evaluates the differences between each pair of means, with multiple testing appropriately adjusted. As a result, no more p-value modifications are required.




2.7. Evaluation of Usability


The usability of the serious game is evaluated with the System Usability Scale (SUS) [40]. SUS is a ten-item scale that provides a global picture of subjective usability judgments. The SUS’s selected statements are rated on a five-point Likert scale and include a wide range of factors of system usability, such as the need for help, training, and complexity, and so offer a high level of validity for assessing a system’s usability [41]. Participants will provide a score from 1 to 5 to each question based on how much they agree with the statement they are reading. They agree entirely with a score of 5, while they strongly disagree with a score of 1. The 10 questions are asked on the system and the subject’s interaction with the system on: Intended frequency of use (Q1), complexity (Q2), ease of use (Q3), the need for assistance (Q4), integration of functionalities (Q5), inconsistencies (Q6), learning curve (Q7), convenience to use (Q8), confidence (Q9), and the need of prior knowledge (Q10).





3. Participants and Results


3.1. Participants


The study included 48 participants recruited in the Grand Office Building (two groups: The first of 21 person, serving as control, and the second of 27 person, playing the game). Participants were surveyed in 2020 and in 2021 (for a total period of three months per year). Age distribution was from 24 to 76 years old (mean 34 years old), 18% identified themselves female, 1% as other, and 71% as male. Non of the participants were payed and people involved participated on a voluntary basis, correlating with the relevance of the problem of back pain.




3.2. Results


The results of ODI are presented in Figure 8. Our results show statistically significant (  p < 0.001  ) between game group and control group after the conclusion of the experiment.



There was no statistically significant variations between all genders surveyed.



The results of PEI are presented in Figure 9. The difference between the game group and the control group was not statistically significant (  p = 0.182  ), although the game group achieved better result (  μ = 5.7  ) vs. the control group (  μ = 4.81  ).



The results of SUS are presented in Figure 10. The interpretation of SUS scores follows the following heuristic scheme: >80.3 (excellent), 68–80.3 (good), 51–68 (poor).



The results of SUS evaluation showed poor learning curve (  Q 7 = 67.0  ) meaning that the game may have been too difficult for subjects to master, perhaps, due to some inconsistencies (  Q 4 = 84.0  ). On the other hand, the subjects liked the game and wanted to use it frequently (  Q 1 = 88.0  ) and the interface of the game was convenient (  Q 8 = 87.3  ).





4. Discussion


The mean score for patient enablement reported was 5.7 among those taking part in the intervention (game) group, compared to 4.8 in the control group. The level of patient enablement in the intervention group corresponds to previously published studies. In a study in a primary care setting in Lithuania, the average reported patient enablement was 6.43% [42]. Similar a Croatian study reported a mean score of 6.6 [43]. Slightly lower levels have been reported from Sweden, France, with levels ranging between 3.0 to 5.06 [44,45]. Patient enablement highlights patients’ important role in their own care where patients understand their health conditions and are able to participate in self-care or shared decision-making [46]. The original PEI assesses change in patients’ ability to cope, and their understanding of their disease, following a consultation [47]. We used a modified version of PEI to evaluate the effect of a serious game developed to support knowledge acquisition regarding self- management strategies, and to support individuals in adopting behaviours that are more consistent with a better prognosis.



Previous studies have mainly focused on patient enablement as an effect of a physical general practitioner or nurse consultation, where consultation length, relational continuity and empathy have been shown to influence patient enablement [43]. Moreover cultural and linguistic differences are also likely to impact enablement, as patient enablement has previously been found to increase when patients consult for biomedical problems [42] and independently negative association is found with the complexity of consultation [48]. A possible explanation for the relatively high level in the current study may be that the content of the serious game is not intended to solve a complex problem but instead aims to increase the participant’s knowledge acquisition regarding self-management strategies, i.e., it may hence be affected by the expectations that a patient has of a game compared to a healthcare professional consultation. The relationship between patient enablement and health outcomes have been investigated both in primary and secondary care and effects seem to remain after 1 month [48], whether the same long-term effect can be seen by a Serious game is not known. The result suggests that the MyRelief Serious Game seems to be able to influence patient enablement, however potential components within the serious game relating to the improvement needs to be further investigated.




5. Conclusions


This evaluation study focused on applying MyRelief serious game, aiming to address such challenges by providing an accessible, interactive, and fun platform that incorporates self-management, behaviour change strategies and educational information consistent with recommendations for managing low-back pain, based on self-assessment models implemented through ontology-based mechanics.



Functional disability measured by the Oswestry Disability Questionnaire (ODI) showed the statistically significant (  p < 0.001  ) improvement in subjects’ self-evaluation of their health status, which means that the clinical effect of the game was achieved The patient’s ability to understand and cope with their disease, and life following the use of the Serious game was measured with Patient Enablement Instrument (PEI), which showed no statistically significant change, meaning that the game did not lead to knowledge transfer regarding the disease. The usability of the Serious game was evaluated with the System usability Scale (SUS), with the subjects providing the overall positive results (means SUS score is 77.6). The result suggest that the MyRelief Serious Game can influence patient enablement, however potential components within the serious game relating to the improvement needs to be further investigated.
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The following abbreviations are used in this manuscript:





	LBP
	Lower Back Pain



	VR
	Virtual Reality



	CP
	Chronic Pain



	Xbox
	Xbox game console



	cLBP
	Chronic Low Back Pain



	ODI
	Oswestri Disability Index



	Wii
	Nintendo Wii game console



	AI
	Artificial Inteligence



	MYMOP
	Measure Yourself Medical Outcome Profile



	MOOC
	Massive Online Open Course
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	Knowledge Transfer Model
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	Patient Enablement Instrument



	SUS
	System Usability Scale







References


	



Husky, M.M.; Ferdous Farin, F.; Compagnone, P.; Fermanian, C.; Kovess-Masfety, V. Chronic back pain and its association with quality of life in a large French population survey. Health Qual. Life Outcomes 2018, 16, 195. [Google Scholar] [CrossRef] [PubMed]

	



Kinnaird, E.; Kimergård, A.; Jennings, S.; Drummond, C.; Deluca, P. From pain treatment to opioid dependence: A qualitative study of the environmental influence on codeine use in UK adults. BMJ Open 2019, 9, e025331. [Google Scholar] [CrossRef] [PubMed]

	



Devleesschauwer, B.; Maertens de Noordhout, C.; Smit, G.S.A.; Duchateau, L.; Dorny, P.; Stein, C.; Van Oyen, H.; Speybroeck, N. Quantifying burden of disease to support public health policy in Belgium: Opportunities and constraints. BMC Public Health 2014, 14, 1196. [Google Scholar] [CrossRef] [PubMed]

	



Hartvigsen, J.; Hancock, M.J.; Kongsted, A.; Louw, Q.; Ferreira, M.L.; Genevay, S.; Hoy, D.; Karppinen, J.; Pransky, G.; Sieper, J.; et al. What low back pain is and why we need to pay attention. Lancet 2018, 391, 2356–2367. [Google Scholar] [CrossRef]

	



Maher, C.; Underwood, M.; Buchbinder, R. Non-specific low back pain. Lancet 2017, 389, 736–747. [Google Scholar] [CrossRef]

	



Matz, P.G.; Meagher, R.; Lamer, T.; Tontz, W.L.; Annaswamy, T.M.; Cassidy, R.C.; Cho, C.H.; Dougherty, P.; Easa, J.E.; Enix, D.E.; et al. Guideline summary review: An evidence-based clinical guideline for the diagnosis and treatment of degenerative lumbar spondylolisthesis. Spine J. 2016, 16, 439–448. [Google Scholar] [CrossRef]

	



Marley, J.; Tully, M.A.; Porter-Armstrong, A.; Bunting, B.; O’Hanlon, J.; Atkins, L.; Howes, S.; McDonough, S.M. The effectiveness of interventions aimed at increasing physical activity in adults with persistent musculoskeletal pain: A systematic review and meta-analysis. BMC Musculoskelet. Disord. 2017, 18, 482. [Google Scholar] [CrossRef]

	



Nicholl, B.I.; Sandal, L.F.; Stochkendahl, M.J.; McCallum, M.; Suresh, N.; Vasseljen, O.; Hartvigsen, J.; Mork, P.J.; Kjaer, P.; Søgaard, K.; et al. Digital Support Interventions for the Self-Management of Low Back Pain: A Systematic Review. J. Med. Internet Res. 2017, 19, e7290. [Google Scholar] [CrossRef]

	



Eichenberg, C.; Schott, M. Serious Games for Psychotherapy: A Systematic Review. Games Health J. 2017, 6, 127–135. [Google Scholar] [CrossRef]

	



Maskeliūnas, R.; Kulikajevas, A.; Blažauskas, T.; Damaševičius, R.; Swacha, J. An interactive serious mobile game for supporting the learning of programming in javascript in the context of eco-friendly city management. Computers 2020, 9, 102. [Google Scholar] [CrossRef]

	



Swacha, J.; Maskeliūnas, R.; Damaševičius, R.; Kulikajevas, A.; Blažauskas, T.; Muszyńska, K.; Miluniec, A.; Kowalska, M. Introducing sustainable development topics into computer science education: Design and evaluation of the eco jsity game. Sustainability 2021, 13, 4244. [Google Scholar] [CrossRef]

	



Maskeliunas, R.; Damaševičius, R.; Lethin, C.; Paulauskas, A.; Esposito, A.; Catena, M.; Aschettino, V. Serious game iDO: Towards better education in dementia care. Information 2019, 10, 355. [Google Scholar] [CrossRef]

	



Vasiljevas, M.; Damaševičius, R.; Połap, D.; Woźniak, M. Gamification of Eye Exercises for Evaluating Eye Fatigue; LNAI, Lecture Notes in Computer Science (Including Subseries Lecture Notes in Artificial Intelligence and Lecture Notes in Bioinformatics); Springer: Cham, Switzerland, 2019; pp. 104–114. [Google Scholar]

	



Maskeliūnas, R.; Blažauskas, T.; Damaševičius, R. Depression Behavior Detection Model Based on Participation in Serious Games; LNAI, Lecture Notes in Computer Science (Including Subseries Lecture Notes in Artificial Intelligence and Lecture Notes in Bioinformatics); Springer: Cham, Switzerland, 2017; Volume 10314, pp. 423–434. [Google Scholar]

	



Palazzo, C.; Klinger, E.; Dorner, V.; Kadri, A.; Thierry, O.; Boumenir, Y.; Martin, W.; Poiraudeau, S.; Ville, I. Barriers to home-based exercise program adherence with chronic low back pain: Patient expectations regarding new technologies. Ann. Phys. Rehabil. Med. 2016, 59, 107–113. [Google Scholar] [CrossRef] [PubMed]

	



Trost, Z.; Zielke, M.; Guck, A.; Nowlin, L.; Zakhidov, D.; France, C.R.; Keefe, F. The promise and challenge of virtual gaming technologies for chronic pain: The case of graded exposure for low back pain. Pain Manag. 2015, 5, 197–206. [Google Scholar] [CrossRef]

	



Tack, C. Virtual reality and chronic low back pain. Disabil. Rehabil. Assist. Technol. 2019, 16, 637–645. [Google Scholar] [CrossRef]

	



Jin, W.; Choo, A.; Gromala, D.; Shaw, C.D.; Squire, P. A Virtual Reality Game for Chronic Pain Management: A Randomized, Controlled Clinical Study. Stud. Health Technol. Inform. 2016, 220, 154–160. [Google Scholar]

	



Mbada, C.E.; Salami, A.J.; Dada, O.O.; Gambo, I.P.; Odole, A.C.; Adejumobi, A.S.; Olatoye, F.S.; Makinde, M.O.; Bateye, O.; Fatoye, F.A. Development and feasibility testing of a back extension-glide virtual reality game for low-back pain. Int. J. Telemed. Clin. Pract. 2020, 3, 243–256. [Google Scholar] [CrossRef]

	



Alazba, A.; Al-Khalifa, H.; AlSobayel, H. RabbitRun: An Immersive Virtual Reality Game for Promoting Physical Activities Among People with Low Back Pain. Technologies 2018, 7, 2. [Google Scholar] [CrossRef]

	



Alazba, A.; Al-Khalifa, H.; AlSobayel, H. A Proposed Game for Promoting Physical Activities among People with Low Back Pain using Virtual Reality. In Proceedings of the 11th PErvasive Technologies Related to Assistive Environments Conference, Corfu, Greece, 26–29 June 2018; 2018; pp. 141–144. [Google Scholar] [CrossRef]

	



Stamm, O.; Dahms, R.; Reithinger, N.; Ruß, A.; Müller-Werdan, U. Virtual reality exergame for supplementing multimodal pain therapy in older adults with chronic back pain: A randomized controlled pilot study. Virtual Real. 2022, 1–15. [Google Scholar] [CrossRef]

	



Hennessy, R.W.; Rumble, D.; Christian, M.; Brown, D.A.; Trost, Z. A Graded Exposure, Locomotion-Enabled Virtual Reality App During Walking and Reaching for Individuals With Chronic Low Back Pain: Cohort Gaming Design. JMIR Serious Games 2020, 8, e17799. [Google Scholar] [CrossRef]

	



Thomas, J.S.; France, C.R.; Applegate, M.E.; Leitkam, S.T.; Walkowski, S. Feasibility and Safety of a Virtual Reality Dodgeball Intervention for Chronic Low Back Pain: A Randomized Clinical Trial. J. Pain 2016, 17, 1302–1317. [Google Scholar] [CrossRef] [PubMed]

	



Ašeriškis, D.; Damaševičius, R. Gamification of a project management system. In Proceedings of the ACHI 2014—7th International Conference on Advances in Computer-Human Interactions, Barcelona, Spain, 23–27 March 2014; pp. 200–207. [Google Scholar]

	



Trombetta, M.; Bazzanello Henrique, P.P.; Brum, M.R.; Colussi, E.L.; De Marchi, A.C.B.; Rieder, R. Motion Rehab AVE 3D: A VR-based exergame for post-stroke rehabilitation. Comput. Methods Programs Biomed. 2017, 151, 15–20. [Google Scholar] [CrossRef] [PubMed]

	



Šalkevicius, J.; Damaševičius, R.; Maskeliunas, R.; Laukienė, I. Anxiety level recognition for virtual reality therapy system using physiological signals. Electronics 2019, 8, 1039. [Google Scholar] [CrossRef]

	



Boutevillain, L.; Dupeyron, A.; Rouch, C.; Richard, E.; Coudeyre, E. Facilitators and barriers to physical activity in people with chronic low back pain: A qualitative study. PLoS ONE 2017, 12, e0179826. [Google Scholar] [CrossRef] [PubMed]

	



Ishaque, S.; Johnson, J.A.; Vohra, S. Individualized health-related quality of life instrument Measure Yourself Medical Outcome Profile (MYMOP) and its adaptations: A critical appraisal. Qual. Life Res. 2018, 28, 879–893. [Google Scholar] [CrossRef]

	



MyRelief MOOC in the Udemy Platform. Available online: https://www.udemy.com/course/self-management-strategies-for-people-with-low-back-pain/ (accessed on 20 March 2022).

	



Damaševičius, R. Towards Empirical Modelling of Knowledge Transfer in Teaching/Learning Process; Communications in Computer and Information Science; Springer: Cham, Switzerland, 2014; Volume 465, pp. 359–372. [Google Scholar]

	



Stemberkova, R.; Maresova, P.; David, O.O.; Adeoye, F. Knowledge management model for effective technology transfer at universities. Ind. High. Educ. 2021, 35, 638–649. [Google Scholar] [CrossRef]

	



Tankelevičiene, L.; Damaševičius, R. Towards the development of genuine intelligent ontology-based e-Learning systems. In Proceedings of the 2010 IEEE International Conference on Intelligent Systems, IS 2010—Proceedings, London, UK, 7–9 July 2010; pp. 79–84. [Google Scholar]

	



Chiarotto, A.; Maxwell, L.J.; Terwee, C.B.; Wells, G.A.; Tugwell, P.; Ostelo, R.W. Roland-Morris Disability Questionnaire and Oswestry Disability Index: Which Has Better Measurement Properties for Measuring Physical Functioning in Nonspecific Low Back Pain? Systematic Review and Meta-Analysis. Phys. Ther. 2016, 96, 1620–1637. [Google Scholar] [CrossRef]

	



Smeets, R.; Köke, A.; Lin, C.W.; Ferreira, M.; Demoulin, C. Measures of function in low back pain/disorders: Low Back Pain Rating Scale (LBPRS), Oswestry Disability Index (ODI), Progressive Isoinertial Lifting Evaluation (PILE), Quebec Back Pain Disability Scale (QBPDS), and Roland-Morris Disability Questionnaire. Arthritis Care Res. 2011, 63, S158–S173. [Google Scholar] [CrossRef]

	



Kim, G.m.; Yi, C.h.; Cynn, H.s. Factors Influencing Disability due to Low Back Pain Using the Oswestry Disability Questionnaire and the Quebec Back Pain Disability Scale. Physiother. Res. Int. 2014, 20, 16–21. [Google Scholar] [CrossRef]

	



Pawlikowska, T.R.; Walker, J.J.; Nowak, P.R.; Szumilo-Grzesik, W. Patient involvement in assessing consultation quality: A quantitative study of the Patient Enablement Instrument in Poland. Heal. Expect. 2010, 13, 13–23. [Google Scholar] [CrossRef]

	



Molgaard Nielsen, A.; Hartvigsen, J.; Kongsted, A.; Öberg, B.; Enthoven, P.; Abbott, A.; Lauridsen, H.H. The patient enablement instrument for back pain: Reliability, content validity, construct validity and responsiveness. Heal. Qual. Life Outcomes 2021, 19, 116. [Google Scholar] [CrossRef] [PubMed]

	



Enthoven, P.; Peolsson, A.; Landén Ludvigsson, M.; Wibault, J.; Peterson, G.; Öberg, B. Validity, internal consistency and self-rated change of the patient enablement instrument in patients with chronic musculoskeletal pain. J. Rehabil. Med. 2019, 51, 587–597. [Google Scholar] [CrossRef]

	



Lewis, J.R. The System Usability Scale: Past, Present, and Future. Int. J. Hum. Comput. Interact. 2018, 34, 577–590. [Google Scholar] [CrossRef]

	



Vlachogianni, P.; Tselios, N. Perceived usability evaluation of educational technology using the System Usability Scale (SUS): A systematic review. J. Res. Technol. Educ. 2021, 1–18. [Google Scholar] [CrossRef]

	



Skarbalienė, A.; Jurgutis, A.; Strandberg, E.L.; Pawlikowska, T. Patient involvement in assessing consultation quality: Validation of patient enablement instrument (PEI) in Lithuanian general practice. BMC Fam. Pract. 2019, 20, 167. [Google Scholar] [CrossRef] [PubMed]

	



Adžić, Z.O.; Katić, M.; Kern, J.; Lazić, Đ.; Nekić, V.C.; Soldo, D. Patient, Physician, and Practice Characteristics Related to Patient Enablement in General Practice in Croatia: Cross-sectional Survey Study. Croat. Med J. 2008, 49, 813. [Google Scholar] [CrossRef] [PubMed]

	



Rööst, M.; Zielinski, A.; Petersson, C.; Strandberg, E.L. Reliability and applicability of the Patient Enablement Instrument (PEI) in a Swedish general practice setting. BMC Fam. Pract. 2015, 16, 31. [Google Scholar] [CrossRef]

	



Hudon, C.; Fortin, M.; Rossignol, F.; Bernier, S.; Poitras, M.E. The Patient Enablement Instrument-French version in a family practice setting: A reliability study. BMC Fam. Pract. 2011, 12, 71. [Google Scholar] [CrossRef]

	



Pekonen, A.; Eloranta, S.; Stolt, M.; Virolainen, P.; Leino-Kilpi, H. Measuring patient empowerment—A systematic review. Patient Educ. Couns. 2020, 103, 777–787. [Google Scholar] [CrossRef]

	



Howie, J.G.; Heaney, D.J.; Maxwell, M.; Walker, J.J. A comparison of a Patient Enablement Instrument (PEI) against two established satisfaction scales as an outcome measure of primary care consultations. Fam. Pract. 1998, 15, 165–171. [Google Scholar] [CrossRef]

	



Mercer, S.W.; Neumann, M.; Wirtz, M.; Fitzpatrick, B.; Vojt, G. General practitioner empathy, patient enablement, and patient-reported outcomes in primary care in an area of high socio-economic deprivation in Scotland—A pilot prospective study using structural equation modeling. Patient Educ. Couns. 2008, 73, 240–245. [Google Scholar] [CrossRef] [PubMed]








[image: Informatics 09 00040 g001 550] 





Figure 1. Challenge model of the MyRelief game. 
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Figure 2. Knowledge transfer model. 
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Figure 3. Ontology based scenario driver. 
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Figure 4. Ontology based approach—level 1. 
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Figure 5. Ontology based approach—level 2. 
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Figure 6. Ontology based approach—level 3. 
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Figure 7. Execution logic of MyRelief serious game. 
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Figure 8. Results of Oswestry Disability Questionnaire (ODI). 
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Figure 9. Results of Patient Enablement Instrument (PEI). 
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Figure 10. Results of System Usability Scale (SUS): Red—poor, yellow—good, green—excellent scores. 
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